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COMSAT Speakeasy Srzplaics 

A Status Xepsrt 

John H. Reynolds* 

INTRODUCTION 

This note will describe the stctus of the Speakeasy 
gra2hics system developed at COMSAT Laboratories. The objective 
of this system is to provide an uncomplicated. graphics facility. 
Like many ~thcr Sg~a!:casy linl:ules, graphics linknles c5.n be 
thougkit of as generalized cperators which. map' data onto a yrap!lic 
displ-ay in a readily understandabl-e form. The. internal workings 
of this process while quite complicated are and should be invis- 
ib1.e to the user. The inherent problem is that a format which is 
"readily understandable" for one user or one application may be 
inccmplete or inappropriate for another user or application. The 
solut.ion is to provide a stable; modular means of modifying the 
form of the graphic ou.tput. Stability here means that various 
sets of "bells and whistles" do not interfere with one another. . 
It requires adherence to a central guiding philosophy and stan- 
dards. Modularity means that the user can select only those 
modifications of interest to him. He should in fact be able to 
proceed without knowing the fu1.l capabilities of t!le systea. 

The ability to modify the graph has been steadily 
strengthened. The original version had scaling and labeling 
optiohs and the ability to change the location and size of the 
axes. Later versior~s provided alternate axis formats such as 
probability scales and a USERAXIS which allows the user to 
specify the axis axis format in some detail. The flexibility of 
test output has been steadily improved and now exploits the 
capabilities of newer graphic devices. Spzcial capabilities of 
supported devices, such as graphic input, have also been utilized. 

This work is by no means complete. Because its develop- 
ment has been driven primarily by the requirements of COXSAT, the 
.present system was designed tc plot scientific and engineering 
dat2: line graphs on orthogonal axes. This format is of course 
also appropriate for many other ap2lications but other formats 
such as histograms are also needed. Additional axis formats such 
as calendar sca les  are required for some z~plications. Ccrtpat- 
i b l e  three--d .i..msrisi.onal. graphics .s5o?.!ld he supported,. If t.hc 

. . . . . . . . 
--- 
*Author's address: 

Device Physi .cs  Departmelit 
CGKSAT Ilabol-a tor j. e s 
Clzrknburg, MD 20734 



system is to continue to grow, these and other capabilities 
should be added. 

A basic design principle is that present and future 
capabilities be compatible with all supported devices. When a 
requested £.unction, such as graphic input, can not be performed. 
by the device, a reasonable action must be taken. An example of 

. . this is shown later when the new character rotation facility is 
illustrated. A corollary is that a graph specification (and 
graphics programs) should be portable; that is, once a graph has 
been,generated on one device a "similar" graph should be produc- 

.. . .  ible on any other supported device. 

The next section contains an overview or the graphic3 
system design. The means by which the system meets the objectives 
of stability, modularity, and portability are briefly described. 
Areas requiring improvement or development are pointed out. The 
last section illustrates some recent enhancements. Many of then 
.were added to exploit the capabilities of the Tektronix 4662 
pen plotter. but can be adapted to similar new graphics devices. 
The-result of recent work has been the ability to. generate graphs 
of increasingly high 'quality on a greater variety of devices. 

11. SYSTEM OVERVIEW 

The operational part of the system, cons-ists of: 

1. graphics linkules which are compatible with the standard 
Speakeasy processor; 

2. sets of device dependent parameters used to initialize 
the system, control the hardware interface software, 
and provide appropriate default values for the graph 
specifications; 

3. Help Documents and other user-oriented documentation. 

. . ~ r a ~ h i c ~  linkules are classified as device indepcndcnt 
or device dependent. The former are'used to set up graph specifi- 
cations and to interact with the Speakeasy processor. The latter 
interact with a graphic device or return results which depend on 
the' characteristics of the device. Each device dependent linkule 
is self contained incorporating all necessary'device driver soft- 
ware. Since the driver software is unique to a specific device 
or device family, multiple linkule libraries are required .to 
s-upport diverse graphic devices. As described below, the appro- 
priate library is automatically attached to the processor and 



used by the graphics system. At present, suppdrt is available 
for Tektronix CRT terminals, the Tektrorlix 4 6 6 2  pen plotter, and 
Anderson-Jacobson terminals. 

Figure 1 illustrates the overall flow of a graphics 
session.. The GRAPHICS linkule initializes the system. The 
initialization process, which is discussed in more detail beiow, 
creates communication areas (TERMPARM and PLOTPAFUI) which remain 
in Named Storage for the duration of the graphics session. Graph 
specifications stored in PLOTPARM are.modified by device indepen- 
dent linkules such as SETXSCALE. Device dependent linkules, such 
as GRAPH, ANNOTATE, and CURSOR, interact with the graphic device. 
For example, the GRAPH linkule which is described in more detail 
below, 'uses the graph specifications in PLOTTARI4 and the device 
dependent parameters in TEPJ9PAX.: to generate a graph. 

Most graphics linkules are. straightforward but two key 
linkules, GRAPHICS and GRAPH, require a more detailed description. 
Figure 2  illustrates the initialization procedure performed by 
the GRAPHICS linkule. One of the parameters passed to GRAPHICS 
is a word (such as TEK4014) which identifies the graphic device. 
This must be the name (or alias name) of a member of an attached 
library. The member contains the appropriate device dependent para- 
meter set. (In the present implementation, the parameters are 
stored in members of 'SPEAK.PROCLIBt). The parameters are used 
to initialize TERMPARM. One of them is the file name of the 
supporting device de~endent linkule library. This file'is dynani- 
cally attached to the processor using the Speakeasy Data Management 
Facility. 

If P L O T P M  already exists in Named Storage, it is 
retained; otherwise it is allocated and initialized. GRAPHICS 
itself does not initialize the graphic device; instead it schedules 
the-device initialization linkule, STARTGRA, and returns control 
to the processor. The processor then calls STARTGrUi from the 
newly attached device dependent linkule library. 

Figure 3 shows the processing done by the GRAPH linkule. 
After verifying the argument list, GRAPH plots the data according 
to the specifications in PLOTPARM using the device dependent 
para:neters in TERMPAItY. GRAPH does not generate axes or labels. 
Instead it schedules the axis generation linkules and a label 
generation linkule and returns to thc processor. The proczssor 
calls the scheduled linkules. An axis can be generated either by 
special axis linkules or by default linkules. Special axis 
linkules which create special formats such as a probability ccale 
are specified by keywords stored in PLOTPARM by the SETXAXIS and 
SETYAXIS linkules. By convention, the corresponding linkule 
names are @XREYWOR (for an X axis) and @KEYNOR (for a Y axis). 
KEYWOR is the axis keyword shortened if necessary to six characters. 
A-keyword is validated simply by determining that the correspolld- 
ing 1 i n k u l e  is in all attached iibrary. This mechanism makes it 



quite simple to add special axes. The default situation is 
signaled by a blank keyword parameter. . The default axis linkule 
name is determined by the data scaling mode (linear and logarithmic 
scaling are currently supported). Only a default lzbeling 
linkule is presently available, but alternate linkules could be 
specified via a similar mechanism. 

A logical improvement is to move the curve generation 
code into another linkule. Then the GRAPH linkule would become 

. . . .  device independent, serving primarily as a checker and scheduler. 
.Additional data formats, such as histograms, could then be pro- 
vided by adding alternate data plotting linkules. 

The other graphics linkules are more straightforward 
and will not be disczssed i i l  this overview. They perform elemen- 
tary function9 such as modifying ~pecificatj,ons i n  PLOTPARM or 
.generating text. The graphics .Help Documents provide a functional 
description. 

B. Support and Development Components 

The graphic software is organized into three levels. 
The highest is the graphic linkule code. The second is the 
graphic subroutines called by the graphic linkules. There are 
two classes: 1) utility subroutines which perform internal 
functions such as scaling or extracting data from the communica- 
tion areas; 2) device interface subroutines which interface 
between the linkules and the device driver software. Device 
interface subroutines perform elementary functions such as drawing 
a straight line or generating a line of t e x t .  All communication 
with graphic devices must occur through int.erface subroutines. 
(An exception is the startup linkule which may make direct calls 
to the driver software.) The lowest level is the device driver 
software supplied by the device manufacturer. Only elementary 
driver.routines are required. 

This organization allows expansion in two direc.l.ions: 
1) new or improved linkules can be written; 2) new device interface 
libraries can be added to support other graphic devices. The 
system.has the patentidl t c r  grow goometrica1l.y as new capabilities 
are added and aew dcviccs are suppnrted. . t 

System documentation and source text for the graphic 
,help documents is in Waterloo Script readable form. Procedures 
have.been developed which generate a formatted Help Documeni;" 
listing and which build a'standar? Speakeasy Help Document library 
directly from the source text. Other support facilities include 
a linkule to create or modify the device parameter sets. 

'. , 



111. RECENT WORK 

Recent  h7oi-k h a s  c o n c e n t r a t e d  on p r o v i d i n g  s u p p o r t  f o r  
t h e  Tektr.0ni.x 4662  pen p l o t t e r .  The p l o t t e r  h a s  g r a p h i c  i n p u t  
c a p a b i l i t i e s .  A new v e r s i o n  of  t h e  CURSOR l i n k u l e  u s e s  t h i s  
c a p a b i l i t y  and i s  u s z f u l  f o r  d i g i t i z i n g  e x i s t i n g  g r a p h s  o r .  drawings .  
The p l o t t e r  a l s o  h a s  improved c h a r a c t e r  o u t p u t ,  i n c l u d i n g .  v a r i a b l e  
c h a r a c t e r  s i z e  and c h a r a c t e r  r o t a t i o n . .  T h i s  c a p a b i l i t y  i s  used 
by b o t h  t h e  GRAPH and ANNOTATE l i n k u l e s .  C h a r a c t e r  r o t a t i o n  i s  
i l l u s t r a t e d  i n  F i g u r e s  4 th rough  6 .  F i g u r e  4 c o n t a i n s  a  Speakeasy 
program which c a l l s  t h e  new ANNOTATE. The r e s u l t i n g  o u t p u t  on a  
pen p l o t t e r  i s  shown i n  F i g u r e  5. The same program u s i n g  a  
T e k t r o n i x  4014 CRT t e r m i n a l  which d o e s  n o t  s u p p o r t  c h a r a c t e r  
r o t a t i o n  i s  shown i n  F i g u r e  6 .  I t  i s  seen  t h a t  t h e  t e x t  a r r a n g e -  
ment h a s  been a l t e r z d  s o  t h a t  it remains  r e a d a b l e  i n  a l l  o r i e n t a -  
t i o n s .  T h i s  i s  a n  example o f  p o r t a b i l i t y  -- F i g u r e  6 is  " s i m i l a r "  
t o  F i g u r e  .5. 

The p l o t t e r  a l s o  s u p p o r t s  v a r i a b l e  c h a r a c t e r  w i d t h  and 
and h e i g h t .  T h i s  f e a t u r e  i s  e x p l o i t e d  by a  v a r i a b l e  p i t c h  o p t i o n  
which g e n e r a t e s  a  v e r s i o n  o f  Eng inee r ing  Goth ic  s c r i p t :  t h e  
c h a r a c t e r  width  and s p a c i n g  i s  v a r i a b l e ;  some c h a r a c t e r  p a i r s  
such  a s  "LT" a r e  over lapped .  The r e s u l t  i s  comparable t o  h a n d  
drawn l e t t e r i n g .  S u p e r s c r i p t  and s u b s c r i p t  n o t a t i o n  i s  a l s o  ' 
support-ed.  s u p e r s c r i p t  c h a r a c t e r s  which a r e  p a r t  of  t h e  "TM 
t r a i n "  c h a r a c t e r  se t  can  be  g e n e r a t e d .  They a r e  s i g n a l e d  by 
escape .  c h a r a c t e r s  i n  t h e  t e x t  s t r i n g ;  f o r  example, t h e  e x p r e s s i o n  
"X t o  t h e  minus one"  can  be  d e s i g n a t e d  by t h e  Speakeasy s t a t e m e n t :  
ANNOTATE(1, 1 , " X 8 - % l l ' ) .  The p e r c e n t  s i g n s  are  e s c a p e  c h a r a c t e r s  
which i n d i c a t e  t h a t  t h e  f o l l o w i n g  c h a r a c t e r  i s  t o  be t r a n s l a t e d  
t o  a s p e c i a l  c h a r a c t e r .  Genera l  s u b s c r i p t  and s u p e r s c r i p t  n o t a t i o n '  
i s  p rov ided  by t h e  e s c a p e  seqxences :  " % > "  and " % < " .  The former  
( r e a d  a s  h a l f  s p a c e  up)  i s  used t o  p r e f i x  a  s t r i n g  of  s u p e r s c r i p t s ;  

- t h e  l a t e r  bread a s  h a l f  s p a c e  down) p r e f i x e s  a  s t r i n g  of  s u b s c r i p t s .  
Half s p a c e  down i s  a l s o  used t o  r e t u r n  from t h e  s u p e r s c r i p t  mode 
t o  t h e  normal t e x t  mode; s i m i l a r l y ,  h a l f  s p a c e  up t e r m i n a t e s  t h e  
s u b s c r i p t  mode. Mixed s u b s c r i p t s  and s u p e r s c r i p t s  a r e  allovred. 
An example of  t h e  new t e x t  ~ u t p u t  on a  pen p l o t t e r  i s  shown i n  
F i g u r e  7 .  The program i s  shown i n  F i g u r e  8.  S u b s c r i p t s  and 
s u p e r s c r i p t s  can  be  g e n e r a t e d  on a l l  s u s p o r t e d  d e v i c e s .  

Another  new f e a t u r e  j.s t h e  ORIENTGMPH command. T h i s  
command a l l o w s  t h e  u s e r  t o  e f f e c t i v e l y  o v e r r i d e  t h e  g raph  l o c a t i o r i  
and i e n g t h  s p e c i f i c a t i o n s ;  t h e  modi f i ca t io r r s  remain i n  e f f e c t  f o r  
t h e  d u r a t i o n  of t h e  s e s s i o n .  ORIENTGRAPH u s e s  t h e  g r a p h i c  i n p u t  
f a c i l i t y  o f  t h e  g r a p h i c s  d e v i c e  ( t h e  c r o s s h a i r s  on T e k t r o n i x  CRT 
t e r m i n a l s  and t h e  pen p o s i t i c n  on t h e  T e k t r o n i x  pen p l o t t e r )  t o  
i n d i c a t e  t h e  l o c a t i o n  o f  t h e  q raph  boundary. The a x i s  l e n g t h s  
a r e  a d f u s t e d  and t h e  d i s p l a y  c o o r d i n a t e s  a r e  t r a n s l a t e d  and ( i f  
n e c e s s a r y )  r o t a t e d  t o  a l i g n  t h e  g raph  w i t h  t h e  i n d i c a t e d  p o i n t s .  
The c o o r d i n a t e  t r a n s f o r m a t i o n  i s  a p p l i e d  t o  all s u b s e q u s n t  g r a p h i c  



. . 

output including text generated by the ANNOTATE command. It is 
- also applied by the CURSOR linkule which returns values relative 

. . . - 
to the adjusted graph location. This facility is useful when ., .. . digitizing.' The ORIENTGRAPH Help Document contains more detailed 
information. One of the available options can be used to align 
the graph with respect to a- calibration point (or benchmark) 
located at an arbitrary position. A sample program illustrating 
ORIENTGRAPH is s,hown in Figure 9; sample output is shown in 
Figures 10 and 11. The top graph was generated according to the 
specifications while the bottom graph was generated after the 

. . specifications were overridden by ORIENTGRAPH. Figure 11 shows 
that the graph can be rotated to correct for misalignment of the 
paper. 

The last example illustfates a nsw data sncothing - 
linkule as well as a Speakeasy program used t ~ 5  plot smoothad da.ta  
with gaps in the neighbarhood.of the original data points. The 
linkule, SMOOTHCURVE, is an interface to IMSL data smoothing 
subroutines. It is described in detail in the SMOOTHCURVE Help 
Document. A notable option is DEGLITCH which invokes an empirical 
procedure. to eliminate NON-random errors in the data. It adjusts 
data values which differ significantly from neighboring points. 
GAPCURVE shown in Figure 12 is the Speakeasy program. It uses 
SMOOTHCURVE and a number of other graphics linkules. Sample 
output from GAPCURVE is plotted in Figure 13 which also shows the 
original data points. 

.. - . Two variations of SMOOTHCURVE, SMOOTHlD and SMOOTH2D, 
return respectively the first and second derivatives of the 
smoothed curve. 
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STEPS 2 A?!D 3 CAN BE REPEATED 
AS REQUIRED 

# - 
8 .  I N I T I A L I Z A T I O N  
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b. A t tach  requ i red  dev ice  
dependent 1 i nku le  1 i b r a r y  
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c a l l e d  t o  a1 t e r  the graph -- 
s p e c i f i c a t i o n s  x 
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as GRAPH an ANNOTATE can be 
c a l l e d  t o  generate a graph 

PLOTPAR11 - -  
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and 
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THE GMPHICS LINKULE 
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1. ANALYZE ARGUMENT LIST 
a.  Ver i f y  syntax . 
b. V e r i f y  t h a t  ,un i t  nahe i s  .a 

member name i n  'SPEAK.PROCLIBt 

k 
.. . , . 

3..ATTACH DEVICE DEPENDENT LINKULE 
LIBRARY 
a. Obtain f i  l e  name from TERf4PARf:I 

L i n k u l e  b. V e r i f y  t h a t  l i b r a r y  i s  
L i b r a r i e s  . a v a i l a b l e  

' c. t3ynil111,lcdl l y  dLLacli 1 i bl-al-y 

4 . . 

.L 

4. SET UP TERClINAL INDEPEidDEbiT 
PARAf4ETERS 
a. I n i t i a l i z e  PLOTPARf.1 i f  i t  d i d  

-------.I 

I I .  
n o t  e x i s t  o r  i f  t h e  "RESET" 
o p t i o n  was s p e c i f i e d  

1 PLOTPAR~I I-** b. Otherkliseretdillexisting PLOTPARr.1 

t ' ve rs ion  L -- - - - - -- c. I n i t i a l i z e  g raph ic  s t a t u s  
f l a g s  . . 

. . 

A DOLINE 
5. SCHEDULE D E V I C E  CEPENDENT 

START-UP LINKULE AND EXIT ' 

dependent 6. THE SPEAKEASY PROCESSOR CALLS 
THE START-UP LINKULE 

1 
I -  

, F igure  2 



GRAFtI LItiKULE -- - - .-----,- 

a. V e r i f y  argument 1 i s t  
b. V e r i f y  t h a t  t h e  g raph i cs  

system i s  i n i t i a l i z e d  
c. V e r i f y  t h a t  t h e  r e q u i r e d  a x i s  

and l a b e l  gene ra t i on  l i n k u l e s  
a r e  ava i  l a b l o  

L i b r a r i e s  

a KC! 
TERtIPARP1 , 

I 

; - 2. PLOT CURVES AilD UPDATE GRAPHICS 
PLOTPARII SYSTEM STATUS PLOTPA?;+ f i 

. . . . . . .  . . 

'r. 

xi 

LINKULES 
XALIMK: \ .  

/ 
a. I f  a s p e c i a l  a x i s  l i n k u l e  was 

'PROEA!31Lt s p e c i f i e d ,  t h e  l i n k u l e  name 
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name, determined by t h e  s c a l i n g  .. 
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f 
. ..-. 

NYSCAL: 2 c. Schedule t h e  l a b e l  g e n e r a t i o n  . l i n k u l e  ( a t  p resen t  t h e  o n l y  
v a l i d  name i s  '@DSYSLAB1 

. . . .- ;,. . . ,,.. . -- 
- .- 

L 
- . -+. 

4 .  EXIT. THE PROCESSER TilEN CALLS 
Device THE SCHEDULED AXIS AND LA8EL 

Dependent GENERATION LINKULES 
Li nltul  es 

F i gu re  3 



1 
EDITING DEMO2 

1.0 PROGRAM 
2 . 0  0 PROGRQ?I TO DEROMSTRATE bKNOTAFE 
3 . 0  GRAPHICS RESET 
4 . 8  ANGLES IN DEGREES 
4.5 ERASE 
5 . 0  FOR THEY'Am0,338,38 ' 
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:%end 1 
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: g9,7 
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: , d e ~ o 2  
EXECUTIOH STARTED 

Figure 4 







SPECIAI- CHARACTER OUTPUT 

T N  CHARACTERS 

is d i sp layed  as: k-12 = x Z  y2 

GEPdFRAL SUBSCRIPT AND SUPERSCRIPT 
NOTATION 

in d i s p l a y e d  as: U I d J  = Vo <- t ~ f  

Figure 7 
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'Figure 8 
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. Figure 9 
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SPEAKEC: MINICOMPUTER SPEAKEASY 

Mike"Bai ley 

Dave Anderson1 

Abstract 

Speakec is a minicomputer-based interpretive language modeled after 
Speakeasy[l]. It is being developed at the Computer Aided Design and 
Graphics Laboratory in Purdue University's School of Mechanical 
Engineering. Speakec runs in 18K on a PDP 11/40 under the UNIX 
operating system. 

Introduction 

Although there has been an effort to maintain compatibility with 
Speakeasy, certain concessions have been made to the limitations of a 
minicomputer. Speakec has only the manual ( :- ) mode, and the sole 
variable "kind" is real. However, variable "klasses" include scalars, 
arrays, vectors, matrices, and a special geonetric modeling data 
structure of our own design. 

The attempt to model the Speakeasy environment on a minicomputer 
has its origins in several goals: 

e Our primary objective is research into interactive 
c.omputer graph'ics methods and techniques. Speakeasy's 
powerful ability to manipulate numbers seemed to be an 
excellent method for achieving very tight control over the 
definition and modification of a 3D object. 

0 The on-site existence of a Speakeasy-bassd system would 
enhance our educational environment. 

63 using Speakec as a central monitor and data manipulator, 

-- 
'Authors' address: 
Computer Aided Design and Graphics Lab 
School of Mechanical Engineering 
Purdue University 
W. Lafayette, IN 47907 



many graphical ideas and techniques may be integrated intc 
one Computer Aided Design (CAD) system. 

This third objective, using Speakec a s  a framework for a CAD 
system, has been of particular interest to us. The use of the "plug- 
in" linkules creates a unique CAD environment: minicomputer-based with 
a large' variety of functions, but all functions available within one 
program rather than a loosely scattered group of programs. This lends 
a coherence that, to our knowledge, is unavailable elsewhere on a 
minicomputer. 

Speakec is implemented on a PDP 11/40 under UNIX621, a PDP-11 
opel-ating cyetem developed at Bell Telephone Laboratories. UNIX is a 
multi-user system for PDP-11's that has been rapidly g ~ o w i n g  in 
popu1arit.y. The implementaisn language for Speakec is C (hence the 
name SpeakeC), a structured programming language running under UNIX 
which is similar to PL/I and Pascal. 

The UNIX-C combination produces a very powerful environment. It 
would not be an exaggeration to say that our minicomputer model of 
Speakeasy would have been impossible without it. This team allows the 
user access to system routines without nightmarish encounters with 
assembly language. The system routines are useful in performing such 
difficult tasks a s  expanding the program's data area, linkule loading, 
special disk accesses, and the initialization of other processes on 
the system from-within a program. 

The heart of Speakec is its linkule loader. When a linkule is to 
ha used, the loader first searches met:iory to see if that linkule has 
already been loaded from a previous use. If not, the loader searches 
a list of available linkules to deLermine its disk location. A linked 
list of allocated memory is then examined to determine if a large 
enough slot exists for the linkule. If not, other linkules are 
removed from memory, consolidating slots until either a large enough 
slot opens up or the load ultimately fails. 

A s  the linkule is loaded, certain machine language words are 
relocated (changed to reflect the memory locations at which the 
linkule is being loaded) according to flags imparted to the linkule by 
a standard option of the C compiler. Thus, linkules may be loaded 
f'rom the disk t6 any available memory slot. 

The Speakec processor occupies 18K words of PDP-11 memory. Our 
current linkule libraries consist of about 150 linkulesl31. 

App 1.ications 

Some of the current developments in Speakec are shown in the 
figures. Figure 1 shows a cross section for a keyed shaft being 
created by graphically editing a 14-sided polygon. Figure 2 shows a 



twisted keyed shaft produced. by simultaneously rotating and 
translating the cross section. Figure 3 shows the same object with 
hidden lines removed. Although this particular hidden line program is 
not a part of the Speakec system, a linkule was written to.'produce a 
data file to be used as input to the hidden line program [ 4 ] .  

Figure 4 shows a goblet constructed with 36 points. Figure 5 shows 
the same goblet with surface patches fitted through the .points. 
Surface patches are continuous, analytically defined elements of 
surface area which are also continuous with adjacent patches. Each 
boundary curve of the patch is formed with a parametric cubic curve. 
Because of their smoothness, surface patching is a popular tool for N/ 
C machining. While only the patch boundary curves are shown in Figure 
5, Figure 6 demonstrates the same patch network with interior cross- 
hatching applied to each patch. 

Figure 7 is a quarter section of a disk being analyzed for radial 
(from the top toward the center) loading. Figures 8 and 9 show the 
results of Speakec's plane stress finite element routines. A linkule 
produced a data file representing the geometry of the quarter disk. 
An analysis program capable of reading this data file was then 
triggered and ran in the "background" (in UNIX one job may start 
another). When completed, the analysis program produced an output 
data file which was then accessed by other linkules. Figure 8 shows 
exaggerated deflections and Figure 9 shows the stress distribution 
represented as vertical displacements. The conversion from output 
data to meaningful graphical constructs was easily accomplished using 
standard Speakeasy grammar. 

Another application currently being developed is in geometric 
modeling. Closed volumes are defined and may be translated, rotated, 
or scaled. Given two bodies, it will be possible to take their union, 
intersection, or difference to form a third body. In this manner, 
fairly complex 3D objects may be built very quickly and painlessly. 
Physical properties such as surface area, volume, center of gravity, 
and moments' of inertia will be computable from the body data 
strt.~ot,i.~re . 

The Future 

One of the main drives in our future work is to move Speakec to a 
minicomputer which is less obsolete than the 11/40. Recently we have 
had limited access to a PDP 11/70, and preliminary tests show speed 
increases by more than a factor of 50 times! Also, UNIX on the 11/70 
allows a program's instruction and data areas to be separated and each 

, occupy its own 32K block of memory. Under the 11/40, the entire 
program must occupy a single 32K.block. Thus, more program expansion 
will be possible in the future. 

Another advantage that the 70 would allow us is the presence of 
Fortran IV-Plus. We believe that a suitable interface may be 
developed to utilize the power of the Fortran IV-Plus compiler to 
allow Fortran linkules to be written, even though the Speakec 



processor is written in C. 

Another idea on the drawing board is the use of virtual data, that 
is, allowing certain parts of the user-defined data area to be placed 
out on disk when not in use. This will allow for larger overall data 
structures, necessary for more elaborate 3D surface and finite element 
work. 
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Figure 2: 
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Figure 4: 

Goblet with straight line connection: 

Figure 5: 
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Goblet.with patch boundary curves 
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One quarter of a disk 

Figure 7: 

Figure 8: 
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COLOUR GRAPHICS within SPEAKEASY 

- .  

A. J. JONES 
Software Consultant . . . . 

UNILEVER COMPUTER SERVICES LIMITED 

What do the figures 38, 22, 36 conjure up in your mind ? Perhaps a colour 
picture of the object you imagine would be appreciated. 

Disappointed when i t  turns out to be a squat box (Slide 1) ? There i s  no doubt 
that a coloured diagram i s  more easily understood than a table of numbers o r  
even a black and white sketch use different shading patterns'to p.rovide contrast. 

Few people today, with a l l  the visual aid devices available, would make a 
presentation without the use of colour to emphasise words o r  detail on their slides. 
Nevertheless even for exception reports most systems designers do not look beyond 
printing columns of figures; few people, if any, think of printer plotting to produce 
simple bargraphs or histograms. 

With the increasing availability and use of interactive processing, the problem has. 
been shifted back on the user. By putting him in front of a Vdu, he i s  persuaded 
to view his own data in a reactive manner. Unfortunately there is  not an abundance 
of softw.are tools designed for use by the non-dp person. Some do exist, such as 
RAMIS and ~ a s ~ t r i e v e ,  and achieve varying levels of useability; I have given these 
systems the group name of CUDOS - Complete User Direct Operated Systems. 
Pre-eminent in this class i s  Speakeasy. 

As you a l l  know Speakeasy allows the user to manipulate his data without the need 
to know the more intricate details of programming. This has been extended into 
the area of graphical representation on such devices as storage tubes and plotters. 
As colour diagrams are easy to appreciate, UCSL decided to investigate the 
availability of a suitable colour vdu to use as a terminal into Speakeasy via our 
timesharing system. We could then extend Speakeasy to have the ability to produce 
histograms and bargraphs with the same ease as current graphics operators. 

We were unable to find a colour vdu that had a standard ASClI code interface. 
Apparently most colour vduls have been used in the process control field and 
normally dlrectly coupled to minis. Sn the end we chose an Intecolor 8051 produced 
by Intelligent Systems Corporation as being the easiest to program to f i t  into our 
tp environment. This involved translating between the internal code of the micro 
in the vdu and standard ASCII transmission code. 



The vdu has a 48 line by 80 character screen; has six colours as well as black 
and white, any of which can be used as background o r  foreground for any 
character position. I t  had been extended to include internal software to facilitate 
the plotting of points, rectors and bars automatically on a 160 by 192 gr id 
(slides 2 - 4). 

Our f i rs t  aim was the production of histograms to meet the need to present 
financial data. To present a picture that was understandable and would be left 
undisturbed while further commands were entered, the screen i s  split into three 
areas when in graphtcs mode. A t  the top i s  a four l ine key area, then a histogram 
area of forty one lines giving. a, plot area of 160 x 160 .grid a,nd a, three, l ine scrolled 
area for command entry. 

A listing of the various Upart help documents i s  attached (shown on slide3 6 - 10). 
Also attached are tabulations of the various groups of data used in producing the 
examples of histograms from the minimum input to the most comprehensive. 

Unfortunately, i t  has proved impossible to get colour prints of the pictures of the 
displays produced in time to go with this synopsis of my presentation. 



h e 1  i n t e c o l r  
COLOU! GRAPHICS * 

UCSL h a s  p rog rammed  a n  INTECOLOR 8 0 0 0  s e r i e s  vdu t o  a c c e p ' t / s e n d  ACSII  
t r a n s m i s s i o n  c h a r a c t e r s  ( e g  7  b i t )  by a p p l y i n g  c o n v e r s i o n  t o / f  rom i t s  
i n t e r n a l  8  b i t  c o d e .  * 

When u s e d  i n  g r a p h i c s  mode e h e  s c r e e n  i s  s p l i t  i n t o  t h r e e  a r e a s : -  
( i )  A t i t l e  a n d  k e y  a r e a  o f  4  l i n e s ;  

( i i )  A h i s t o g r a m  a r e a  o f  4 1  L i n e s ;  
( i i i )  A command a r e a  of  3 l i n e s  w h i c h  i s  s c r o l l e d .  * 

T h e r e  a r e  t h r e e  commands a n d  two o b j e c t s  u s e d  i n  t h e  g r a p h i c s  mode. * 
COLHISTO ( D l ,  . . o  ,D6: I :K1,  ...) d r a w s  a  h i s t o g r a m .  
ADDHISTO (D:IO a d d s  c o l u m n s  t o  t h e  c u r r e n t  h i s t o g r a m .  
CUMHISTO ( D l , . - . , D 6 : I : K l , . . . )  d r a w s  a  c u m u l a t i v e  h i s t o g r a m .  
TITLE i s  u s e d  t o  t i t l e  t h e  h i s t o g r a m .  5 .  

COLOUR="f gbgVlV2V3V4V5V6" i s  u s e d  t o  s e t  t h e  s e l e c t i o n  o r d e r  of  c o l o u r s  * 
A J J  UCSL 

- 

h e l p  c o l h i s t o  

COLHISTO ( D l , .  . . , D 6 : I : K l S . .  .) d r a w s  a  h i s t o g r a m .  
D 1 i s  a  two d i m e n s i o n a l  a r r a y  mxn w h e r e  m=<6 a n d  mxn=<72;  

e a c h  raw i s  t r e a t e d  38 a  d i f f e r e n t  v a r i a b l e .  
O R  
D l ,D2 , . . . ,D6  a r e  a  s e t  o f  1 t o  6 o n e  d i m e n s i o n a l  a r r a y s  of  e q u a l  s i z e  

s u c h  t h a t  t h e  t o t a l  n u m b e r  of  e l e m e n t s  i s  n o t  m o r e  t h a n  72.  
T h e s e  r e p r e s e n t  t h e  d e p e n d e n t  v a r i a b l e ( s ) ; a u t o m a t i c  s c a l i n g  t a k e s  p l a c e ;  
t h e y  a r e  d r a w n  s i d e  by s i d e  i n  d i f f e r e n t  c o l o u r s  a s  s e t  i n  C O L O U R .  
I i s  t h e  i n d e p e n d e n t  v a r i a b l e  a n d  i s  a  l x n  a r r a y ,  w h e r e  n  i s  t h e  

n u m b e r  of c o l u m n s  i n  D l .  T h e  v a l u e s  o f  I a r e  c o n v e r t e d  t o  
c h a r a c t e r  i f  n e c e s s a r y  a n d  u s e d  t o  t i t l e  t h e  X a x i s o  

K 1  c a n  b e  a t w o  d i m e n s i o n a l  c h a r a c t e r  object; 
K l , K 2 , 0 ~ e , K 6  c a n  b e  a  s e t  of 1  t o  6  o n e  d i m e n s i o n a l  c h a r a t e r  o b j e c t s ;  

t h e  v a l u e s  o f  t h e  K ( s )  a r e  u s e d  t o  t i t l e  t h e  k e y  o f  t h e  h i s t o g r a m ;  
i f  n o t  p r e s e n t  t h e  names  o f  t h e  d e p e n d e n t  v a r i a b l e ( s )  a r e  u s e d .  

A J J  UCSL 

- 



h e 1  a d  h i s t o  
A D D H I ~ T O  4D:X)  a d d s  c o l u m n s  t o  t h e  c u r r e n t  h i s t o g r a m  f o r  t h e  d e p e n d e n t  

v a r i a b l e  D w h i c h  i s  a o n e  d i m e n s i o n a l  a r r a y  w i t h  t h e  same number  
o f  c o l u m n s  a6 t h e  o r i g i n a l  D l .  
I f  any  v a l u e  i n  D.  e x c e e d s  t h e  c u r r e n t  h e i g h t  of  t h e  h i s t o g r a m ,  a 
comment is i s s u e d  a n d  r l ie  co lumn  f o r  that trslr~e d r a w n  t o  t h e  t o p  
o f  t h e  h i s t o g r a m .  
K i s  u s e d  t o  a d d  t o  t h e  k e y ; i f  n o t  p r e s e n t  t h e n  t h e  name "D" i s  
u s e d o  

AJJ UCSL 
- 

h e l p  c u u h i s t o  
CUMHISTO ( D l , .  ... ,D6:I :K1, .  . .) d r a w s  a c u m u l a t i v e  h . i . s tograw.  

D 1 i s  a two d i m e n s i o n a l  a r r a y  mxn w h e r e  m=<6 a n d  mxn=<lO; 
e a c h  row i s  t r e a t e d  a s  a d i f f e r e n t  v a r i a b l e .  

Df , . . . ,D6 a r e  a s e t  of 1 t o  6  o n e  d i m e n s i o n a l  a r r a y s  o f  n  e l e m e n t s  
e a c h  where n  =< 71;  - T h e s e  a r e  t h e  d e p i a d e n c  v a r i t i b 1 e s ; a u t o m o t f c  s c a l i n g  t a k e s  g l a c e ;  

t h e y  are d r a w n  o n e  a b o v e  t h e  o t h e r  i n  t h e  o r d e r  g i v e n , e a c h  i n  a  
d i f f e n t  c o l o u r  a s  s e t  i n  COLOUR. 
I i s  t h e  i n d e p e n d e n t  ' v a r i a b l e  a n d  i s  a  l x n  a r r a y ,  w h e r e  n  i s  t h e  

number  of c o l u m n s  i n  D l .  T h e  v a l u e s  o f  I ' a r e  c o n v e r t e d  t o  
c h a r a c e e r  i f  necuosary  and u a e d  6 0  t i t l e  t h e  X a x l s .  

K 1  c a n  b e  a  two d i m e n s i o n a l  c h a r a c t e r  o b j e c t ;  
K l , K 2 , . . . , K 6 . c a n  b e  a  s e t  o f  1 t o  6  o n e  d i m e n s i o n a l  c h a r a t e r  o b j e c t s ;  

t h e  v a l u e s  of  t h e  K ( s )  a r e  u s e d  t o  t i t l e  t h e  k e y  o f  t h e  h i s t o g r a m ;  
i f  n o t  p r e s e n t  t h e  names  o f  t h e  d e p e n d e n t  v a s i a b l e ( s )  a r e  u s e d .  

A J J  U C S L  



h e l p  t i t l e  
I .  ,. , .-$.-, *-,*: ;c - 

TITLE i f  a  c h a r a c t e r  o b j e c t  name-d TITLE exists i t  i s  u s e 2  t o  t i t l e  
t h e  h i s  t o g r a m .  

AJJ UCSL 

h e l p  c o l o u r  
COLOUR="fgbgVlV2V3V4VSV6" i s  u s e d  t o  s e t  t h e  c o l o u r s  u s e d  f o r  

f o r e g r o u n d , b a c k g r o u n d  a n d  t h e  s e v e r a l  d e p e n d e n t  v a r i a b l e s o  
The  d e f  a u l r  v a l u e  i s  White,Black,Red,Yellow,G~een,Cyan, 
M a g e n t a ,  B l u e .  
T h e  v a l u e s  u s e d  t o  s e t  t h e  c o f o u r s  a r e  t h e  c h a r a c t e r s  w h i c h  h a v e  
k e y s  o f  t h e  a p p r o p r i a t e  c o l o u r  i . e .  P f o r  b l a c k , W  f o r  w h i t e , T  f o r  
b l u e , R  f o r  g r e e n , Q  f o r  r e d , S  f o r  y e l l o w , V  f o r  c y a n  a n d  U f o r  
m a g e n t a .  

AJJ UCSL 

. . 

INFORMATION USED I N  COLHISTO A N D  ADDHISTO SLIDES 

LANG ********** 
PL/I OPT. 
A N 5 4  COBOL 
FORTRAN G 1  
EXSYTRIEVE 
RXMIS l8OK 
RAXIS 210K 

- . -- 
: t i t l e  
LZIGUAGE C O M P A R I S O N  



TARGETS 
******* 

50 
5 4 
5 4 
61.5 
5 5 
55 
-4 8 
45 
4 8  
4 9 
4 9 
4 8  

WORST LIKELY BEST ***************.. ******** ************** 
4 8  47 46 2 2 2 1.5 1.5 1.5 
5 3  47 4 6 2 2 2 1.5 1.5 1.5 
49 49 50 ' 2 2 2 1.5 1-5 1.5 
5 6 5'8 5 9 2 ,  2 2 1.5 1.5 1.5 
55 54 5 6 2 2 '  2 1.5 1.5 1.5 
54 '54 5 5 2 2 2 1.5 1.5 1.5 
4 6  46 4 6  2 2 . 2 1.5 1.5 1.5 
4 3  43.5 4 4  . 2 2 2 1.5 1.5 1.5 
4 6  45 45 2 2 2 1.5 1.5 1.5 
4 7  48 47.5 2 2 2 1.5 '1.5 1.5 
48. 47.5 0 2 2 0 1.5 1.5 -0 
0 0 0 0 0 0  0 0 d 

: title 
R ~ V E N U E  . P E R F O R M ~ M C E . .  
: colour 
WFRPS VQT. 
:-key 
T ARG ET 
WORST 
LIKELY 
B E S T  
ACTUAL 
: - xtitle 
JAM HEB MAR APR 

ACTUAL ******  
47 
49 
5 1 
6 0  ' 

MAY J U N  I U L  AUG SEP OCT NOV DEC 

: edit perform 
EEIT COMMAND MODE 
:%1 
EDITING PERFORM 

1 PROGRAM 
2 GETLIST LEN 
3 GETLIST REVENUE 
4 J=INTEGERS(1,56,5) 
5 T=AlD(6O);W=T;L=T;B=T;A=T 
6 T(J)=TARGETS 
7 K=INTEGERS(5,60,5) 
8 A(K) =ACTUAL 
9 II=AlD(24:J,K) 

10 I=INTEGERS(1,60);I=RELCOMP(I,II) 
1 1  W(I)=AlD(:WORST);L(I)=AlD(:LIKELY);B(I)=AlD(:BEST) 

*12 CUMHLSTO T W L B A:XTITLE:KEY 
: %end 
MANUAL MODE 

- 







B A S I S  - AN OUTLOOK AND S I T U A T I O N  I N F O R M A T I O N  SYSTEM 
FOR THE U - S *  DEPARTMENT OF AGRICULTURE 

M A R T I N  W *  SCHWAR.TZ AND GEORGE € 0  - S T -  GEORGE ................................................................ ................................................................ 

The design and implementation of a computer-based infor- 
mation system for research and for outlook and situation 
processing within the Economics Statistics, and Cooperatives 
Service uncovered many critical areas: user orientation, data 
management, analytical capability, and clarity of output. ' 

Many computer-related design.criteria were considered, such 
as free-format vocabulary, extendability, linkage to different 
data and program storage devices. and error detection-correc- 
tion capabilities. Data storage and manipulation techniques 
.were emphasized since thne form a vital part of tho outlook 
and situation process. The resulting system is one in which 
the casual or novice user i an  communicate a problem to the 
computer in a natural manner with little knowledge about 
programming or internal workings of the computer. 

e Keywords: Information management. data bases, program- 
ming languages, computers, research support system. 

--- 
A major function of the Economics, Statistics, and '... 

Cooperatives Service (ESCS) is to  provide economic in- 
telligence on the agricultural sector to public andprivate 
decisionmakers. In this article, we describe the develop- 
ment of an effective, efficient process for analyzing and 
reporting this information--OASIS: Outlook and Situa- i 

tion Information System. 

THE NEED 
FOR A COMPREHENSIVE SYSTEM 

Behold, I set before you this day a bless- 
i 

ing and a curse: the blessing, if ye shall 
hearken unto the commandments . . . 
which I con~mand you this day; m d  the 
curse, if ye shall not hearken unto the com- 
mandments . . . but turn aside out of the' 
way which I command you this day. 

Deuteronomy Ch..ll:26-28. 

While much of the operational structure needed 
already existed in ESCS, the information flow was frag- 
mented before OASIS'and no uniform format existed. 
This situation resulted, in part, because of the size and 

diversity of the staff and the distribution of functions in . 
the food and fiber divisions. Further, .conflicts occur 
between conducting basic research,and performing such 
sfaff functions as special analyses, ot~tlook and situation 
work, and providing current economic intelligence. 
Finally, no common research and information system 
*th a strong data base existed through which research- 
en ,  analysts, and policymkers could interact. 

Up to 1977, the Economic Research Service (ERS, 
now part of ESCS) had been establishing the roots of a 
strong, common research system and data base, but 
progress moved slowly because support was informal and 

vested in an ad hoc group of  researchers, modelea, and 
. 

computer specialists drawn together by comnlon inter- 
ests. Then, in 1977, a multitude of events in the agricul- 
tural sector intensified the demand for quick and'com- 
prehensive analysis. The existing system could not keep 
up with the flow of analysis and informztion required, 

0 

and ERS Acting Administrator Kenneth Fanell formed 
the OASIS task force which began work in October 
1977. . 

THE DEVELOPMENT OF OASIS 
, .. 

Formation of the Task Force 

The makeup and operational license of the task force 
were somewhat unique. A number of ESCS staff mem- 
bers wen? selected, and were asked to work in a large 
room; they were charged (commanded) with analyzing 
and recommending a completely integrated, quick-turn- 
around information retrienl, analysis, and ciisplay 
system. They were relieved of  their normal. duties as 
much as possible so that they could attend the task 
force meetings. These were held in a different building 
from the members' office building t o  minimize distrac- 
tions. The task force was established with no designated 
chairperson; no one was charged with maintaining order, 
or with keeping a cool head amidst the ensuing discussions. 

Thus unconstrained, most of the members dredged up 
from the depths of their knowledge and/or biases, any 
points that they felt would have relevance to the task at 
hand. Members often emphasized their ideas by deliver- 
ing them eyeball t o  eyeball at maximum volume: they 
uttered dire, prophetic warnings of bureaucratic retribu- 
tion; hurled exquisite insults and heroic metaphors; used 

.ways to  attract attention o r  pose precise alternatives and , 

ways to ease tension and cope with the objections of 
people who were not on the task force; and they knew 
when and where to adjourn at  the end of a hard day. 
Despite the outward appearance of total chaos, it was a 

strikingly successful exercise in group dynamics. The 
task force produced a set of problem statements and 
recommendations and prescntcd them to Agency man- 
agement in late 1977 and early 1978. 

Recommendations of the Task Force 

The task foice recommended that a computer-based .. 

system be developed which was capable of the quick 
turnaround necessary to support the outlook and situa- 
tion process. In brief, the recommended system would 
consist of a well-maintained 'data.basc of historical and 
forecasted data, the software to effectively analyze and 
report this data. and a staff within a workable organiza- 
tional arrangement. 



FIGURE 1 
The OASIS Computer System 
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DATA MANAGEMENT . . . T-DAM 
AND DATA BASES 

T- DAM'^^ the data management system used for the 
.A relevant. well-mintained data base is, of course, OASIS data base. It is specifically designed for economic 

.essential for outlook and situation work. Data manage- tme-series data: In 1976, dewlopment began on T-DAM 
ment is necessary to  assure the integrity of  the data and ' because there was no efficient time-series data rnilage. 

... t0 provide for timely updating and.a consistent variable merit iystem available to  the former Econotnic Research 
nomenclature. Rapid data access. though, is .only one Service. 
-conditign for complete data Support. Thus, a program of  . ' T-DAM contain any number of variables, and it: 
thorough, careful data updating and maintenance is also. has 50 million observations. Variables are divided into 

' .needed t o  assure both quality and timeliness. . logical groups (each group has a 3character name a ~ ~ d  
In addition to the primaly OASIS data base, usen belongs to  a specific user o r  project), plus a 20-cha-acter 

" ' -'need access to  other da ta  Detailed data maintained by variable name (though OASIS allows only 7 
.other ESCS/ECON units, ESCSISTAT units, other for Speakeasy use). OASIS data currently make up 
USDA agencies, and other outside sources are all helpful about 10 pergnt.of,the total data available in:T-DAM. 

. ..-.broutIook work and they are sometimes a c c w t y  for' . , White all OASIS usck'can read flmost all T-DAM 
research.* Thus, OASIS must be linked to  other data data, a logical group's owner can restrict even the read- 
management syitems. In addition, individual users ate- h g  of his data to specific jjerso'rrs. Users can create new 

I need to  be able to store their own programs and data. variables and update existing variables only within logi- 
OASIS currently provides facilities to  maintnin its cat groups that they own. Both password-protection and 
c ~ n t r a l  data base, to acccss any other from T-DM1 :.=@-auditing systems are included in T-DAM. 
..(TTme-Series Data Access method), t o  access data in i T-DAM allows varioiis periodlcltles, and the user lrkay 
.some commercial data management system, read and : specify the beginning and ending periods. All retrievals 
write character image files, and .to maintain private .may be started a t  the same time period, and the 

-.. libraries for users. . retrieved results will be padded; that is, equivalent dates 
; . are alined in columns. ,- . . . ' Other sa l iv~~ t  features of T-DAM appcar in tablc 2. 

"ESCSIECON refers to ;he former Economic Research PRMf (Page Relative A C ~ S  Method) is a recently devel. 
Service. and ESCSIS'I'AT to the former Statistical Report- oped enhancement which improves both space manage. ing Service., Both are now parts of the Economics. Sta- 
tistics, and Cooperatives Service formed January.l.1978. merit and user performance. 

- ... - - 
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Table 2-feeturcl o f  T-DAM-PRAM, dam 
management systcm used in  ESCS 

Feature 

Ability t o  interface t o  any user's program via a "rtandard- 
ized" subroutine call 

Almost'unlimited amount o f  data on-line at  one time 

Data series logically divided into "logical groups", but i n  
one centralized physical file 

System operable in  both interactive and batch m o d e  

Data a c m s  proiected so only the owner of a "logical 
group" (or someone he specifies) can alter his.daca, and 
s r  the owner can restrict even the reading of his data 

&sired 

C ~ m p l e t e l ~  ;?n-nronic name for the data variables 

Capability for mainta~ni,:~ bc;;mrntation information. 
such as units of  measure. source. description. owner. last 
updater, and date last updated for each variable 

Flexibility of internal data formats, including INTEGER. 
REAL, and DOUBLE-PRECISION 

Automatic handling o f  periodicities such as annual. 
- 

quarterly. and monthly: 

Space-accounting facility which reclaim space from . 

deleted variaSles. facilitates addition o f  new observations 
to an existing variable. and allows each variable t o  have 
an almost unlimited number o f  observations 

'Retrieval of any desired contiguous subset of  possible 
observation8 . 

. Auditing facility t o  log who (which user) is doing what t o  
which data;can be valuable in  tracking system or  user 
problems and i n  supplying managemenr: information 

Archive facility for holding logical groups of variables not 
currently requiredon-line ( t o  reduce o.n-line disk cons). 
and t o  be a system backup 

Linkes t o  Various software packages, such as SAS. SPSS, TPL 

Other Data Bases and Data- 
Management Packages 

As the operating system permits Fortran subroutine 
-..calls, it is relatively easy to  interface OASIS with any 

- .commercially available, or user-developed data manage- 
ment package which has a For tnn interface. Some pack- 
ages for which interfaces have been developed include 
~ o t a l ,  Ramis, Starmnap, SPSS, and the Federal Reserve's 
MDL The Fortnn input-o.utput capabilities allow inter- 
facing (with some decreasc in efficiency) with any data 
set or  data management package formatted in either 
.character image o r  Fortran informatted format. 

THE OASIS PRESENTATION 
SUBSYSTEM 

An ounce of image is worth a pound of per- 
formance 

-Peter's Placebo 

The information presentation facilities were designeq 
to have a set of  commands for creating and maintaining 
table, text, and graphics units. Furlher, these units were 
to be merged into user-oriented products known as 
BRIEFs and REPORTs. The T-D.bI1. data management 
system interacts 'with these BRIEFs and REPORTs so 
that data required for tables and graphs can be auto- 
matically retrieved for use. 

Speakeasy offers a tabulate command which produces 
tabular listings of  data. While this command is flexible, it 
does not offer such required features as footnotes, easy . 
dating of periodicities, and multiple labels per data line. 
Therefore, a series of commands were set up to  allow 
creation, alteration, and prirltirlg of table specifications. 
Clerical and research staff with no computer background 
hive learned to create table specifications within a few 
h o ~ .  Tables are designed t o  be generated from within 
REPORTs and BRIEFs. They require a specific environ- 
ment which is. created by the commands REPORT, 
BRIEF, and SHOWTABLE. A typical table is shown as 
table 3. 

Text 

Textual material is required to  explain "hard data" 
' 

presented iq tables and graphs. Therefore, OASIS .needed 
facilities for creating, editing, and printing textual infor- 
mation. Speakeasy provides some textual facilities. i t  
was determined that judicious use of these commands 
within a Speakeasy program would provide the basic. 
facilities required for.OASIS' initial operation. Hqwever, 
four new commands were added. Figure 2 shows a 
BRIEF, including text and a TABULATE table. 

Graphics 

Graphical displays are a highly convenient. way of 
conveying economic information. An integral part of  
OASIS, they have two levels of implementation. The 
first level 'was developed a't Communications Satellite 
Corporation and is supplied with Speakeasy. The second 
level is created by, combining the first-level graphics 
commands with other Speakeasy commands into linkule- 

.. driven prompting programs. Both levels have unique 
advantages and limitations. 

The graphics package as supplied with Speakeasy is 
designed to support' many different terminal types. 
Others can be added by the installation without undue 
difficulty. The main feature is that all of the graphics 



U. S O ,  CElJARCiEMT OF A(;EfCLZTUKE 
ECOIO:.iICS, STATISTICS, AKD COOPERATIVES SERVICE 

OUTLOOK AliD SITUt1TIO:I IKFOr\l~'ATIO~! . SYSTEJI 

TABLE 3.--WORLD GRAIN PRODUCTION BY 'CROP ASD MAJOR. PRODUCING REGION 

,-.____O------_----------------------------- 

l 
. : 1473 : 1974 : 1975 : 1976 

ID: vAKIAf$LE N L , E  : w:ITS : HISTORY : HISTORY : l1LSTORY : HISTOf:Y 
----.---.------..-----------------.--------- . 
~:%~:EAT (TOTAL j : SO@(! ?!.To . : . 372,005: 356,141:. 349,198:. 415;528 
20 UaS's . 46,560: . :48,496: 57,751:. 58,296 
3: CANADA . .. . 16,159: 1'3,295: 17,075: 23,581 
4 : AsxxP;T I?JA 6,560: 5.970: 8,570: . 11,000. 
5: USSF. l : 109,784: €3,913: 66,224: 96,882 
6: EEC-9 : 41,393: 45,391: 38,105: 39,539 
7: 0Td.W. L'UPIOPE: . . : . 9,372:. 11,305: 10,397: 1.1,561 
8: EO ELT.OPE . : 31,631: 34,107: 28,485: 34,614 

. 9: AUSTRALIA : : 11,987: 11,357: 11,982: 11,713 
1 . . l 

1.O:COARSE Gi!AIHS : 1000 X.T. : 661,178: 621,536: 635,406: 693,875 
11: U.S.  . : 1~6~~777: 150,905: le5,057: 193,853 
2 ARGEKTIBA . :  . 17,935: 13,793: 12,438: 16,&60 
13: C M : ~ A  l : 20,411: . 17,436: i9,9~7: 21,125 
I 4: AUSTRALIA . : : 24,976: 21,968: 20,702: 16,543 
15: BL4ZIL l . 16,851: 16,926: 18,452: 19,381 
16: ZIAILAEQ a 0 .  2,520: 2,730: 3,350: 3, GCo . 
17: USSR . . , : . 100,951:. 99,744: 65,820: 114,979 

l l . ' . 
. IS:'EICE KOUGlI :I000 XoTi .:. 223,468:' 227,339: ' 243,169: :235,402 
19: U.S. . . 3,034 r 3,667 : b,C91: 3,777 
20: TiiXILArn l . . . O 9,471.: 9,570: 10,032: 10,428 

- .  . c~m&nds  are the same for all terminal types; thus, 
lasers need ::=?I only one set of graphics commands. 

While the s t a n k 2  yaphics commands provide easily 
.qndeatood methods for generating tailored graphial 
output, however, users identified three needs that 
dictated the second level of graphics capabilities. first, 

. policymakers often must haw graphics quickly. These 
requests cannot be planned; frequently, they must be 
completed mithin 1 or  2 working days. Second, standard 

' - graphs are needed that can be easily reproduced follow- 
, ing updates of the data series. Many ESCS program are& 

keep files of such graphs for a large volume of data, 
some of which are updated monthly. Third, many graphs 
are needed only once, either as an analytical aid or for a 

.. briefing. Often, the user drew such graphs by hand. 
The OASIS task force had to provide for these needs 

in a comprehensive yet user-oriented mznncr, one that 
could adapt l o  usen' different requirements. In. any 
system adopted, updates had to be handlcd easily. Also, 

many potential users of the new system did not have 
time to  write and "debug" a led-one program whenever 
they needed a complex graph; thus, OASlS had to be , 

able to meet their needs. 
The solution was to install in the OASIS system a 

' 

second:graphics level consisting of linkule-driven S p a k -  
easy programs which prompt the user for the appropri- 
ate prametes  needed to create a graph and producc'the 

. desired graph with a single command. The graphics are ' . . 

also designed so that they can be driven by the REPORT . . 
..and.BRIEF commands. 

This graph& facility h a  already demonstrated its 
worth, as it is quick and easy to  use. While being devel- 
-oped, it was used, to meet needs of Department and 
agency level policymakes. Reduction of a single graph 
takes about, 10 minutes, specification and production 
included. Because little or no programming is involved. 
and on-8ntinstructions are available for every portion of . ' 



FIGURE 3 
An OASIS Graph 

A L L  F I G U R E S  R E P O R T E D  O N  C R O P  Y E A R  B A S I S  
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kept in OASIS showing the last date and time that an 
the OASIS system, the uninitiated easily produce . .,,thodrnd recipient of brick receirid an lilting 
useful results in a short time. Several improvements will of available briefs. When such a user types the OASIS 
be made t o  the graphics at both levels, and the system command BRIEFME, an index of new or altered briefs is -.-will be able to provide, more .varied types' of graphics. "produced. After seeing this; the user can ask for a print- . Figure 3 shows an OASIS graph. 

I out  of all indexed briefs or terminate the automatic 

A BRIEF is a self-contained set of materials not 
dtcrablc by the final user. It covers specific time periods 
and data, and it is produced for a specific purpose-gen- 
eraUy to describe a current situation or  t o  respond to  a 
specific question. 

OASIS briefs arc designed to  provide information to  
Users who have a minimum knowledge of computer 
systems. While a report requires the user to  specify time 
periods and some othcr optional information, a brief is 
compIetely self-contained. After typing "BRIEF(name1 
,namc2. . .)", the user receivcs briefings on the named 
subjects. 
. An extension of the briefing facility is the "time- 
stamped" briefing. Each BRIEF is recorded in a table 
with the date and time of its storzge. Another table is 

C O R N : P L A N T , E D  A C R E A G E ,  P R O D U C T I O N ,  F A R 3  P R I C E  

.briefing and, using the BRIEF command, request'only 
..certain briefs. At this t i m ,  the zscr's profile .is altered 
to reflect that he or  she is up to date. 
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forecast scenarios, periodicitics, and some othir environ- 
::mental attributes are specified at the time thc report.is 
requested, allowing flcsibility in displaying tablcs and 
graphs in response to  ad hoc needs of researchers or 

: analysts. 
: TechnicaUy;the REPORT command ietrievcs ea=h 
: requested report specification and writes its individual 

lines into one scquentiai file. The computer sets the 
environment based upon the parameters included with ' 
the ~ E P O R T  command, and it shifts the control input 

- -- 

PRODU.CTION ' ( B I L .  BU) 

- - - ,  - FARM P R I C E  ( $  / B U )  - 
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. 
from the terminal (or card reader) to that file.of control 

. .cards. 
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The'recommendations of the task force were 
accepted by the managemeni team, and the task force 
was instructed to develop (1) an information presenta- 
tion subsystem for displaying tcxt, tables, and graphs, 

'and (2) an improved data basc and data maintenance 
procedures. 

The starting point for OASIS proved to  be the deci- 
sion to  combine Speakeasy, a user-oriented, interactive 
conput'er language,and T-DAhl (Time-series Data Access 
Method), the ESCS/Economics time-series data rnanage- 
ment system. 1Iizi1-priority data for OASIS reports are 
currently maintained in T-DAM. The OASIS operating * 

system is Speakeasy with a few additional routines. 

. .  THE PURPOSE FOR OASIS 

The basic reason OASIS exists is t o  enable its usen t o  
store, manipulate, and display information as desired . 

with a minimum of effort and wasted time. Within ESCS, 
however, a substantial amount of research and analysis is ' 
used in the outlook and situation process. Thus,'the 
.OASIS task f o r e  recognized the benefits of a system 
that would support both research and forecasting activi- 
ties. With'such a system, the end result, the report, . 

would emerge as a natural result of the underlying 
.analysis. While most of the phase one implementation of 
OASIS involved data management and display . a m p  
nents, the marriage of the analysis and research compo- 

. .nents.to them was kept in mind, especially in selecting 
an operating system 

More specifically, the long-range OASIS goals are: 
(1) to provide an effective time-series data management 

'system for 'outlook and sitGation and research activities; 
(2) to assist in an integrated, comprehensive flow, of 
infonnation within ESCS; (3) to increase the stock of 

, useroriented tools; and (4) t o  provide a central focus for 
the agency's outlook and situation modeling efforts. 

CHOOSING/DESIGNING 
THE OPERATING SYSTEM 

Build a system that even a fool can use, and 
nnly a f w l  will. want to use it. 

--Shaw'r Principle 
. . 

The basic criterion. for OASIS was that it be an inter- ' 
-active, welldocumented, user-oriented system capable of 
.-prodding results q'dckly; The following. additional cri- 
&ria were also important. 

Additional Criteria 

OASIS must also operate in a "batch" environment 
so that Iage o r  low-priority requirements can be filled at 
loyer dollar costs. .The same commands and syntax 

- &odd be used in both interactive and "batchn'modes. 

The system should incorporate facilities for the 
rctrieml of nriables with different structures (such as 

' scalars one- and two-dimensional arrays of numbers and 
literals) into a temporary workpace, the manipulation 
of these objects, and storegc of the results. 

The vocabulary should be "free-format" and extend- 
able through standard programming t o  accomplish addi- . 
tional tasks. Some mechanism for the creation of "pro- 
gram" of the system's vocabulary should be provided 
to help with recurring o r  iterative task ,  and some 
method should exist for storing and retrieving these 
Uprqramsn.. 

t ' individual users should be able to  maintain their own 
: _libraries of temporary data. program, and vocabulary 

extensions, so, they can keep their own materials with- 
a 

out affecting tither the performance or the cost for, 
other uses. 

Design Alternatives 

The OASIS task force had several alternatives availa- 
ble. Excellent software for the individual pieces of the 
overall computer system exist; there are data base 
management systems, statistical packages, linear pro- 
g r a F n g  systems, and the like, which satisfy very 
demanding people. But they satisfy only a small part of 
the.requirements for OASIS. The task force could have . ' 

chosen one system. to  satisfy the numerical information 
communication needs, another t o  satisfy the text corn'-, 

-munication, a third for econometric modeling, a fourth 
for linear programming modeling, and so forth, and i t  
could have tried to merge them toggther. . 

Ad hoc merging was rejected for several PtiUOiU, . . 
- .  First, i t  G s  fel,t.thaC in integrated system would serve 

not only to  link the iarious parts, but as a basis for 
common comniunlcatlon among users. Second, the time 
available for the task force to  complete the work was 

- -.--%wry short. Finally, a system that already met.several of 
: the needs would allow concentration on only those 

pieces that were weak o r  missing. 

THE OPERATING SYSTEM 

A graphic w d o n  of OASIS is shdwti In ngure 1. The 
function of the.operating system, at the center of the 
computer system, is to provide effective applications 
.control. The user retrieves djta fro'm the data bases and . 

navigates.it through assorted analyses into dispidy QP 
'storage for further use. Table 1 shows some of the capa- 
bilities. Their extrenlcly broad nnge makes it difficult t o  
categorize or list Lhcm effectively in the limited available 

: . space. Those wishing more dctail should contact the . . . 

- Speaheasy Center. , 



Bleaed is he  who expects.nothing for he 
&all not be disappointed. 

Franklin's Rule 

m i l e  acknowledging that OASIS could not operate 
without data and the appropriate manipulative tools. the 
task force realized that the entire process had t o  be 
engineered to  account for the basic fallibility of the 
human animal. The software that produces the tables, 
text, and graphs allows the most unsophisticated user 
the maximum number of opportunities t o  make a 
maximum number- of mistakes and still correct the 
enon. This ability removes the system from the pur- 

view of the technicians and places it directly in the 
hands of users who might want t o  take advantage of the 
full range of services under the OASIS umbrella. 
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An Approach t o  Writing Input-Burdened Linkules 
by 

Roy Conley 
F e d e r a l  Reserve Bank of San Franc i sco  

One o f  SPEAKEASY'S strong points  i s  the  ease with which new commands 
can be added t o . t h e  language. To add a command, a  user  merely wri tes  a  
FORTRAN subrout ine , .ca l led  a l inkule ,  which performs t h e  desired operation. 
By giving t h i s  . l inkule the  proper argument l i s t  and placing it i n  t h e  
l inkule  l ib ra ry ,  the  l inkule  becomes a new SPEAKEASY command. 

Most problems associated with wr i t ing  SPEAKEASY l inkules  a r e  common 
t o  a l l  programming. One way i n  which l inkule  wr i t ing  d i f f e r s  from o the r  
programming is  t h e  way i n  which input is handled. Normally t h i s  poses no 
problems. However, when a l inkule  requires a  grea t  deal  of  input ,  f inding 
an e f f e c t i v e  way t o  supply t h a t  input can be a challenge. 

Of course, the re  i s  no such th ing a s  a  typ ica l  l inkule .  Linkules vzry 
as widely i n  form and function as  do any o the r  programs. However, the re  
a r e  some general izat ions which can be made. Most l inkules  operate on a 
s ing le  SPEAKEASY object  o r  a  few r e l a t e d  objec ts .  They e i t h e r  modify t h e  
objec t ,  de tec t  some property of  the  objec t ,  o r  c rea te  a  new objec t  r e l a t e d  
t o  t h e  oid one i n  some way. The point ,  here,. i s  t h a t  t h e  input objec t  already 
e x i s t s  a t  the  time the  l inkule  is  used. It is  not general ly necessary t o  
modify an object  o r  c rea te  a  new one s p e c i f i c a l l y  t o  provide input  t o  the  
l inkule .  For these  l inkules ,  input  i s  no problem. 

There i s  a type of  l inkule  f o r  which input  does become a problem. 
I t  d i f f e r s  from "typical1' i n  two major ways. F i r s t ,  i t s  purpose is t o  
perform involved ca lcula t ions .  I t  i s  not intended t o  modify o r  c rea te  
SPEAKEASY objects .  I t  may, i n  fact', c rea te  o r  modify ob jec t s ,  but  t h i s  i s  
a by-product o f  i ts  operation r a t h e r  than a primary object ive.  Second, a  
g rea t  deal  of input  is required. In p a r t i c u l a r ,  many d i s s imi la r  pieces 
of  information a r e  required a s  input .  Dissimilar i n  the  sense t h a t  they would 
not  normally be col lec ted  together  i n  a  s ing le  objec t .  Given t h e  need t o  
implement such a l inkule ,  the  d i f f i c u l t y  faced by t h e  l inku le  w r i t e r  i s  how 
t o  provide a l l  t he  input t o  t h e  l inkule .  

There a r e  many ways t o  move:input t o  a  l inkule .  The most common way i s  simply 
t o  pass t h e  da ta  a s  arguments. This assumes t h a t  a l l  da ta  required by t h e  
l inkule  already e x i s t  i n  some objec t  o r  objec ts .  This is  normally the  
case. A SPEAKEASY user  is  more o f t en  concerned with which l inku le  w i l l  
provide a p a r t i c u l a r  r e s u l t ,  given the  data ,  than with how t o  modify the  da ta  
i n  order t o  use a p a r t i c u l a r  l inkule .  When a l inkule  requi res  a  la rge  amount 
of input ,  t h i s  method w i l l  not work. Too many arguments would be required.  
Other ways of handling the  input  must be found. 



A linkule may receive its input interactively. Based on what it 
already Mknows", it can prompt the user for more information. This approach 
is useful for some on-line applications. Such linkules can be run in batch 
mode, but the input tends to be cumbersome. 

Data can be passed to linkules thru the use of keywords. Keywords are 
names for SPEAKEASY objects in which the linqule will look for data. These 
names are fixed at the time the linkule is written and cannot be changed 
later. Since the data will be in a location whose name is known to the 
linkule, it is not necessary to pass these objects as arguments. 

A linkule can obtain data by doing a FORTRAN "READu of an external 
dataset. This requires that the external dataset be crea'ted i r ~  advance. 
It also requires the user to set up the appropriate linkage prior to 
entering SPEAKEASY. 

Finally, it is possible to combine existing objects into new objects' 
to be passed as arguments. This is similar to the first method of passing 
data, but differs in one important aspect. That is that it requires the 
user to prepare an object specifically for.use as input to the linkule. The 
user must give this. object a structure imposed by the linkule. 

Which input method is best for a given situation? There are no absolute 
answers. However, some observations can be made about the possible uses of each 
method. 

The use of interactive input generally should. be reserved for linkules to 
be used only on-line. This is particularly true. in the case.where branching 
occurs within the linkule and different input is requested depending on what 
has already been entered. In any case, it is somewhat awkward for someone ' 

setting IJP a batch run to provide a series of answers without seeing the 
questions. Even for strictly on-line linkules, if a great deal of input f s 
required, interactive input is very slow. The.problems of slow response and 
long transmission times are aggravated by the interaction. Interactive input 
should be reserved for on-line linkules which require only a few responses 
or for linkules which actually require decisions to be made by the user during 
execution. 

The use of keywords should be approached with caution. ... Admittedly, their 
use may,be attractive for certain optional inputs. The use of keywords allows 
options to be set without altering the calling'.sequence of the linkule.4- In 
addition, options can be set  which will apply to severai reiated linkules. 
However, the benefits do now come without cost. The user must be aware of which 
names are keywords to the kinkules he is. using. This is true even though he does 
not wish to make use of the keywords. The linkule cannot. tell if an object 
with the required name was created deliberately or was left over from another 
application. The use of keywords restricts a use.r"s choice of object nzulies. 
It is common for users to gi've objects descriptive names. The use of keywords 
will limit their ability to do so. Keywords also force the linkule writer to 
be aware of keywords used by other linkules at his site. Failure to do so 
could result in users having to change the names of objects between calls to 
various linkules, in order to satisfy the keyword requirements of each. 
Keywords can be useful, but should be used carefully and in moderation. 



Interaction and keywords, then, are not the answer for input-burdened 
linkules. This leaves FORTRAN "READMs and passing existing or specially 
created objects as arguments. The use of FORTRAN "READn statements in a 
linkule could be an effective way to pass large quantities of data to 
a linkule. This is especially true when the linkule is being adapted 
from a batch-type program. The original input statements of the program 
could be retained intact. There are several limitations to this method, 
however. The input file must be created in advance and could not easily 
be changed during the SPEAKEASY session. This would make it difficult, 
for example, to run the linkule several times during a session with 
slightly different inputs. Thus flexibility, one of SPEAKEASY'S strong points, 
is lost. The use of FORTRAN llREADMs also assumes the user to be familiar 
with the linkage mechanism between FORTRAN and the input data set (JCL,TSO . . .  

ALLOCATE,...). This may or may not be the case. It may not even be possible 
to set up this linkage at a given site. If FORTRAN "READ1's are to be considered', 
then careful consideration must be given to who the users of the linkule will 
be and to the environment in which SPEAKEASY is being run. 

This leaves passing arguments to the linkule. Certainly, this is the 
way most linkules handle input. But if a linkule requires more than a little 
input, some combining of objects must be done. Once again, there is no "best" way 
to do this, but some suggestions can be made. 

A very important decision to be made is the number of arguments to be. 
passed. SPEAKEASY has a limit of thirty arguments. Most people have a much 
smaller limit. The more arguments passed, the greater the risk of transposing 
two arguments, omitting one, misspelling one or making some similar error. 
Five to ten arguments seems to be a good range. Most people can handle that 
many without much trouble. 

Limiting the number of arguments means each of those arguments will have to 
contain a lot of data.   an^ small objects will have to be combined into a few 
large ones. . Of course, small objects are easier to handle than large ones. 
But given a.choice between passing a few large objects or many small ones, it is- 
generally better to opt for a few large ones. 

Given that the input to the linkule will be contained in a few large 
objects, careful thought must be given as to what each object should contain. 
Often the way the particular linkule is to be used will provide some clues. 
As much as possible, all data in a given object should be related in some 
way. This may be possible only in a very general sense, such as control 
parameters and raw data. Data which is likely to change from one call to the 
linkule to allotlies should be seperated from data which is likely not to change. 
This allows the user to make changes, yet not worry that he has inadvertently 
altered something which previously worked. It may be desirable to combine 
individual values into one-dimensional arrays while combining groups of 
values into two-dimensional arrays. Also, the intended user of the linkule 
may have strong feelings about how the data should be grouped, and should 
certainly be consulted. 

The goal of any linkule writer should be to produce a linkule which is 
powerful enough that the user will want to use it, yet flexible enough that 
the user will be able to use it. The problems associated with input-burdened 
linkules certainly make this much more difficult. But by considering the 
peculiarities of each input method, the SPEAKEASY environment, the intended user, 
and how the linkule is to be used, the linkule-writer should be able to achieve 
this goal. 
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The Forecast  Support Group weather/Yield System has  evolved frpm 

two ' re la ted  e f f o r t s :  F i r s t ,  y i e l d  equations based on "weather-up-to-the- 

present" have been developed f o r '  within-the-year fo recas t ing  arid ana lys i s  
. . 

. . 

o f  U.5 .  y i e l d s  f o r  s e v e r a l  major crops; second, a l a r g e  d a i a  bank o f '  

h i s t o r i c a l  and recen t  weather and economic d a t a  has been c rea ted ,  along. 
' 

. . . . 

with a softwa-ke system (wr i t t en  in, Speakeasy) permit t ing  convenient 

manipulation a n d ' a n a l y s i s  . . of t h e  data.  

The system. is now f u l l y  opera t iona l  and permi t k  i s s e n t i a l l y  

automatic fo.=ecasting of crop y i e l d s  based on "weatheb-up-to-the-present." 
, . 

The weather d a t a  bank and assoc ia ted  software have been designeci 

not only t o  genera te  weather-variable values  f o r  use i n  t h e  y i e l d  

equations,  but  a l s o  t o  serve  a s  a genera l  resource i n  answering weather- 

r e l a t e d  quest ions.  . Monthly records  of temperature, p r e c i p i t a t i o n ,  and 

- the. palmer Drought. Index a r e  avai labf  e '  f o r  each c l i m a t i c  subdivis ion of 

each of 'the 48 contiguous s t a t e s .  The c l i m a t i c  subdivis ions  a r e  those 

'used by the  l a t i o n a l  oceanic and Atmospheric Administration; they cor- 

respond somewhat t o  t h e  Agr icul ture  Department's Crop ~ e p o p t i n g  Districts. 

The d a t a  bank cur renr ly ' covers  J m u a ~ . ~  1931 t o  present f o r  temperature 

and p r e c i p i t a t i o n  and January 1931-~acember 1975 f o r  the  Palmer Drqught 

...... Index. The temperature and p r e c i p i t a k i o n  series a r e  auiomat ica l iy  up- . 

dated each week during the  grqying season and each month ou t s ide  t h e  

growing. season. 

This  paper. represents  the  views of the  author  and not necessa r i ly  those 
of the  U.S. Departmenr of Agriculture..  



The weather da ta  system is capable of manipulating weather records 

f o r  any chosen groupings of years ,  months, s t a t e s ,  and state c l ima t i c  

subdivisions.  Examples of its use, i l l u s t r a t i n g  a c t u a l  operat ion of 

por t ions  of the  system a s  experienced by t h e  user  a t  the  computer terminal,  

appear on the  following pages. The use r ' s  typed e n t i r e s  a r e  . c i r c l ed .  

Example 1: (cf .  pa. 3 - 1 . ). 

'The user wishes t o  create a t ime-series of quar t e r ly  p rec ip i t a t ion  

indices  f o r  Iowa. The f i r s t  qua r t e r  is t o  begin. with December. 

The user  e n t e r s  the  weather type ("PRCP"); the  s t a t e  name ("IA") ; 

t h e .  climzitic subdivisions 'of. Iowa rinder constderat ion ("ALL") ; the  

months ("DEC," "JAN," e tc . )  ;' and the  years  ("1931," "1975"). H e  then 

ind ica tes  how the  quar ters .  a r e  t o  be formed (and, add i t iona l ly ,  asks 

f o r  .a semi-annual index). The output  is shown on. page 4 .  

Example 2: (cf .' p. 5 ) .  

The user  wishes t o  fo recas t  the i478 l7.S'. soybean y ie ld  uSifig 

"weather-up-to-the-present." H e  e n t e r s  the  Speakeasy manual mode and 

gives th ree  simple commands. H e  obta ins  the  fo recas t  t a b l e  shown. 



Example 1:. Ouarterly Indices 

SPECIFY blERTMR TYPE '(TEHPI PRCP, UR PDI) 
WTYPE =@-> 
ENTER STFtTE N M E  'R~BREVIRTIUNS . 
S T A T N W  =a 
ENTER 'FILL' OR LIST CHOSEN CLIPlATIC SUBDiOIilDr(S IN 
ORDER UITMUT LEfWIHG ZERBES 
SUS3VSrn =a 
ENTER ROMTHS. IH B9DER . .. 

,i. 

NON'IRCS = Gsc ~ a w  F Z ~  n* *a nwr JIJN .u~c irro SEP UCT n3!3 
ENTER STMTIiJrJ .mD Erj3IHG YEWS FUR FIRST FIBNTH 
STRRTYR =e 
LRSTYR = I? ,  
USING D2IOR VERSION 06-13-?7, 1 1 0 0  <Vf.32) 
USING 3RTR FILE OF 02*'11/73 RT 1222a 

STRTCOL IS R 551 EBEtlENT RE% WRW 
RNSldERflT IS f3 540 3Y 1 R E X  R R ~ ~ + Y  
WANT TU COMSINE HONTHS? 
RNS =- 
ENTER MQHTHS TO 3E COm91NED I N  ORDER 
C M I C E S  =QEC J M  F E ~  

W ITWfJT SLrlFIKS 1 EHTER N M E  OF FORTHCUM I r(G RCCUIIULAT IDH PIHTR 13 c s a ? J  
3ECFEB IS 9 45 9Y 1 RE% M R R Y  
WRNT TU CUfl3ItE MaNTHS M R I N ?  
A N S  =m 
ENTER PIQNTHS TO 3E' COM3IHED I!'4 ORDER 
ClW1CE.S -=Gw WR r*/ . . 

w I T w u T  xmKs wfiE aF F m T K a n m G  RCCUP~UL~PT ian IIHTR 13~- 
MARWRY IS FP 43 9Y 1 'REX WRW 
WWT TO C U ~ ~ I N E  naNTHs =&IN? 
FtNS =- 
ENTER nQtYTHS TU 9E CUN3INED I N  ORDER . 
CWICES =Gurd JIJL r u ~ ~  
WITnmT x F t n K s  , EfiTER'wHE uF F a R T m n x  w c u ~ u L i + T x m  NHTR IX Q ~ G >  
JUN&G IS-R 45 SY I RE.% WPRY 
WANT TO CUMBIME MONTHS RGHIN? 
ANS == 
ENTER RtlNTktS TO 3E CUnSLHED IN QRDER 

NFHIE O F  MRTKOnING ACCUPlULHTIDH II~TRIX- 
SEBMY IS R 45.9'~' 1 RE% WRRY 
WWT m' CUMSI.NE ROHTHS wfixn? 
FHJS == 
ENTER MClHTHZ 'W 9E CUm3fNED IN OPDER 
CWICES =@E,z J- F E ~  *a= w., 
IJITHDUT S L H K S  P EhTEiZ rfWP OF FUR~KUPIIHG FltCUFlb)LF+TI&n F I R T R I X ~ ~ ~  
3ECHHY IS F) 45 BY 1 RE% RRRfW 
WWT TO COR3IM WP4TH.S =IN? 
ms =a - - 
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Example 2: Soybean Y i e l d  Forecast 

i1.3. SO'IBER3 YIELD FURECRST 

ECaNOflIC BSSUMPTfaNS: 
1-1. ,;. !#RvE~TED B)REPr,E OF ZOYSEFHIS FUR 1378: 63.173 flILm 
EZfInfiTE nF E s C ~ . J ~ T ~ ~ ~ I ~ T ~ C S  FERTILIZER INDEX FOR $973: 133 



Thomas L. Jacobs & Associates 
53 W. Jackson 
Suite 1339 

Chicago, Illinois 60604 



Property Analysis System (PAS) 

This paper introduces a set of programs which allow the 
small investor to analyze the. financial character istics of a 
proposed investment in income property. The computations 
required to pro'duce 'such an analysis, though simple, 'are 
nonetheless tedious and error-prone. Their length may cause 
the investor to overlook potentially profitable investments 
during his initial screening, and the possibility for.. 
computational error carries the risk of making a bad 
investment. The Property Analysis System described in this 
article addresses these problems in real estate investment in a 
useful way. 

Introduction 

The system was designed to provide the individual investor 
with a financial analysis of an investment (income) property. 
It is set up for simple purchases and is generally not capable 
of doing swaps and property exchanges, or of handling 
complicated partnership arrangements or investment trusts in 
which different partners share tax and appreciation benefits in 
different proportions. 

PAS is used in SPEAKEASY'S interactive mode which allows 
the investor to change. estimates and investment profile 
characteristics and produce financial analyses reflecting those 
changes very rapidly. . It does not, however, automatically 
search for an "optimal" strategy in any sense; i.e., no 
parametem of the analysis are varied over a range to.select 
the "bestn investment choice. 

The PAS system is reasonably designed from a human 
engineering standpoint - it generally converses with its user 
in english, gives intelligent error messages, assumes 
reasonable defaults, and is forgiving when presented with 
unexpected or erroneous input. 



Overview of Operation 

Two sets of data are needed to produce a property analysis: 
an investor profile, containing money market data and 
investor-related information; and property data specific to the 
investment being considered. 

When a user signs on to the system, he is prompted for his 
initials, which are used as an investor identification. If he 
has previously established his investor profile, it is 
re-printed for his review (see pg 2 of the attachment) and he 
is given the opportunity to modify it. If this is his initial 
use of PAS, he will be prompted on an item-by-item basis to 
supply information which constructs the profile. Suitable 
defaults and a method for changing them are provided. When 
completed, the profile will be filed, to be used in all future 
property analysis work. This entry path into the system is 
shown on pg 1 of the attachment. 

The contents of the profile are deta i l ed  in both examples. 
As is apparent, some items are related to the mortgage market, 
some to the investor's financial situation, and some to general 
assumptions about the property's investment characteristics and 
transaction costs. Most of this information should remain 
fairly static, or vary over restricted ranges in the course of 
a particular analysis. 

Some general comments about the content of the investor. 
' profile should be made: 

1) There is not much error checking, done on the 
reasonability of the informatian snppl.ied, i.e, one 
could enter a negative useful life or mortgage rate, 
and it would be accepted. The financial' analysis 
could probably be carried through with bizarre data 
values, but would be of course, useless. A system 
designed for less sophisticated users than those 
expected to use this version of PAS would require more 
thorough edits and cross-checks,. 

2) No legal or IRS rules are applied. For example, no 
check is made to see whether the useful life of a 
property qualifies it for the use of accelerated 
depreciation. 



3) Item 11, years of analysis to produce, not only . 

controls the amount of printout produced, but has a 
major impact on the financial analysis, since the 
property is assumed to be sold at the end of the last 
year shown. 

4 )  $Item 12, -level of .analysis, should be left at zero 
(the default) if a full analysis of cash flows and 
rate of return information is wanted; setting this to 
one will eliminate the printout of cash flows. 

After the investor profile is retrieved or built, an 
existing property description is retrieved from the user Is 
file, or built. Page 3 shows how an "index scanning" function 
is used to print a summary of properties on file, and provides 
an example of how a previously created property description is 
retrived, then printed. (An example of creating a new property 
is shown on page 7.) The property description is free-form and 
contains descriptive information, e.g., address, physical 
characteristics, broker name, etc. (at the option of the user) 
and five numeric data elements related to the property, i.e., 
purchase price, land value, estimated revenue, operating 
expense (including taxes), and cost of required capital 
improvements. Each. property in an investor ' s file is 
identified by a two-character code, chosen by the user. 

Once both investor and property data are present, the 
financial characteristics of the investment are produced by 
invoking the analysis function (see page 4). This consists of 
some descriptive information, a taxable income analysis, cash 
flow analys,is, and an analysis of proceeds, including after tax 
rate of return on investment. Key elements of this printout 
are: cash flow before taxes (which shows to what extent the 
property "carries" itself'); cash flow after taxes (which shows 
net financial impact on the investor); and annual after-tax 
rate of return (which allows the comparison of returns with 
alternative investments). 

After the intitial pass has indicated that a specific 
property is worth further analysis, elements of the property 
description and/or investor profile can be modified to check 
various financing alternatives and financial projections or to 
perform crude sensitivity analyses. The examples of pages 5 
and 6 show how the depreciation method to be used is modified 
(from 125% declining balance to straight-line) and the results 
of this change. Any property description and/or investor 
profile component can be altered and the analysis program 
re-run, and this sequence is repeated as often as necessary. 
Each change to either set of data alters the saved copy and 
remains in effect until subsequently modified. 
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EIYTER MORTGRGE :-: QF PRICE r 
ENTEE 1I:LOS 1 t .4~ EXPENSES ~5 -% OF PUF:CHRSE PE I CE:~ i 
ENTER MORTGRGE T E R ~  ~ Y E A P ~ ~  !. 
ENTER MORTGRGE RNPIURL x RRTE r 
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ENTER HNNURL ' :.: I NCRERSE I N  0PEF:RT I NG EXP I 
ENTER VRCRNCV RLLOWRNCE AS % OF GROSS I N C U ~ E  -1 i 
ENTER DEPF:ECIRTI~~~J PIETHUD i I@@ FOR S&s. 125 OR ?a@) 
EMTER USEFUL LIFE i IN YERRS:I I 
ENPER 1 N~..!ESTOR I NCOmE TRX BRRCKET 1. 

ENTER P ~ u ~ ~ E R  OF VRS OF RI.IRLYSIS TO PEODUCE t 
ENTER LEVEL OF RNRLYSI~ TO PRODUCE I. 

ENTER SRLES COSTS ( A S  2 OF ~ R L E S  PF:ICE:I i 
EPiTER P~551m I  TI c E%T OF YRLY APPREC I RTI ON (2  5 I 
EM?ER MOST L I K E L Y  E S T  OF YRLY RPPRECIRTION I 
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DE!sCR 1 PT 1 a*************~******+*~*****+*a+***a:*.O:****** . .. .. .. .. .. . .. .. .. .. .. .. .. .. .. .. .. .. .. .. . .. . . . .. .. .. .. .. . .. .. .. .. .. .. .. .. .. .. . .. . . 
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.-. C ~ n s I t - 4 ~  EXpEt -JsEs f ~5 ?: @F PUECHRSE  PRICE^ 
3 . MORTGRGE TERII IYEARS:~ 
4 MORTGREE RNNURL :.: RRTE 

5 " HI.II.IURL f': I t4CRERSE I t.4 GROSS ,-I NCOIIE' 
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FROPERT I ES I N  F ILE :  

: +I..JPE:LURET 
PROPEFTY IDENT I F  I ER? I2 CHHHHCTERSI R 1  
PROPEGT%i' R l  RETR I El..!ED HND MHDE 'CURRENT PROPERT'I 
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SCREHTE NEllJ PROPERTY DESCB I PT I ON 
: 4)PELDCEE . . . . 

PROPERTY ID? [z CHHRHCTERSI RX 

ENTER LINES UF UESCRIFTIVE, TEST; IHDURESS ON FIRST LINES 
ti1 T RETURN Ti1 W I T  

3.123 MHIN ST 
*? ANYWHEREI I L  
C J 

ENTER PURCHRSE PEICE 15Qi38t.3 
. E~~TEP.  LAIJC~ L~ALUL , 18008 . 

ENTER HNNURL GROSS I NComE 12~t875 
ENTER HNN OPER EXP i I NCL TRXES :I 150i3+ 12% 1 75 
E ~ ~ T E R  CRP 1 TRL 1 IIPF:OVEFIENT~ z<icl@. - - 
: + 
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S e c t i o n  1 -- GSPEAK 

A.  Commands 

Long term s t o r a g e  o f  i n f o r m a t i o n  s u c h  3s p r o g r a m s  a n d  
o b j e c t s  d e f i n e d  i n  Naaed S t o r a g e  i s  a v a i l a b l e  i n  S p e l k e a s y  
u s i n g  t h e  commands KEEP a n d  KEPT. T h e s ?  commands, h o w e v e r ,  
a r e  n o t  p r a c t i c a l  i f  a v e r y  l a r g e  number  o f  o b j e c t s  a r e  t o  
b e  s a v e d  s i n c e  e a c h  mus t  b e  a s s i g n e d  .a u n i q u e  r e f e r e n c e  
name. The G e n e r i c  S t o r a g e  p r o g r a m m i n g  p a c k a g e  i s  d e s i g n e d  t o  
s t o r e  a n d  c a t a l o g  many h u n d r e d s  o f  o b j a c t s  a n d  t o  r e t r i e v e s  
t h e m  i n d i r e c t l y  t h r o u g h  r e f e r e n c e  t o  t h e i r  a s s o c i a t e d  
c a t a l o g  e n t r i e s .  

The a c t i v a t i o n  o f  G e n e r i c  S t o r a g e  is  a z c o m p l i s h e d  by 
t h e  command GSTART, w h i c h  is  o f  t h e  form 

GSTART (name: NOBUFS=n, nAXSIZE=m,RECOVERY=m) . 
A l l  o f  t h e  p a r a m e t e r s  a re  o p t i o n a l ,  a n d  t h o s e  af ter  t h e  
c o l o n  c a n  a p p e a r  i n  a n y  o r d e r .  

The p a r a m e t e r  'name '  a l l o w s  t h e  u s e r  t~ s p e c i f y  t h e  
d a t a s e t  t o  b e  o p e n e d  f o r  G e n e r i c  S t o r a q e .  O b j e c t s  w i l l  b e  
s a v e d  i n  t h e  d a t a s e t  USERID.name.GDATA, w h i s h  w i l l  
a u t o m a t i c a l l y  b e  c r e a t e d  i f  i t  d o e s  n o t  a l r e a d y  e x i s t .  
However,  i n  B a t c h  S p e a k e a s y ,  t h e  d a t a s e t  c a n n o t ' b e  c rea ted  
d y n a m i c a l l y ,  s o  i t  must  e x i s t  a n d  b e  a l l o c a t e d  by j o b  
c o n t r o l  s t a t e m a n t s  t o  t h e  ddname 'name' .  i f  t h e  p a r a m e t e r  i s  
o m i t t e d ,  t h e  d a t a s e t  name d e f a u l t s  t o  USERID.  GSPEAK. G D A T A .  

I f  ' n o b u f s = n *  a p p e a r s  i n  t h e  a r q u m e n t  l ist ,  a maximum 
o f  n b u f f e r s  w i l l  b e  r e t a i n e d  i n  c o r e .  T h e  d e f a u l t  v a l u e  i s  
two ,  wh ich  is a l s o  t h e  minimum a l l o w a b l e .  A l t h o u g h  t h e  
l i n k u l e  w i l l  r u n  more e f f i c i e n t l y  f o r  s g r e a t e r  n ,  a  
c o m p r o m i s e  m u s t  b e  made b e t w e e n  e f f i c i e n c y  a n d  t h e  e x t r a  
s p a c e  u s e d  i n  Named S t o r a g e  s i n c e  e a c h  b u f f e r  u s e s  s p a c e  
e q u a l  t o  t h e  BLKSIZE o f  t h e  d a t a s e t ( s e e  b e l a w ) .  F o r  a o s t  
a p p l i c a t i 6 n s .  t u o  b u f f e r s  s h o u l d  b e  sufficient. 

The H A X S I Z E  p a r a m e t e r  o f  GSTART a l l o w s  t h e  u s e r  t o  s e t  
a n  u p p e r  l i m i t  on Named S t o r a g e  s p a c e  o c c u p i e d  by nSSPEAK 
d u r i n g  e x e c u t i o n .  The  l a r g e r  t h e  s i z e ,  t h e  more e f f i c i e n t  
t h e  l i n k u l e  w i l l  o p e r a t e .  T h e  d e f a u l t  s i z e  is s i x t e z n .  F o r  
e a c h  e x t r a  b u f f e r  t h a t  is r e q u e s t e d  t o  b e  k e p t  i n  Named 
S t o ~ a g e ,  space equivalent to t h e  b l o c k  s i z e  o f  the Generic 
S t o r a g e  d a t a s e t  mus t  b e  a d d e d  t o  a l l o w  p r o p s t  o p e r a t i n g  room 
f o r  GSPEAK. 

The RECOVERY p a r a m e t e r  s p e c i f i e s  t h e  number  o f  



k i l o b y t e s  o f  t h e  g e n e r i c  d a t a s e t  which  w i l l  b e  r e s e r v e d  f o r  
r e c o v e r y  f rom e r r o r s  which i n v o l v e  t h e  d a t a s e t  r u n n i n g  o u t  
o f  room. W i t h o u t  t h i s  area, s u c h  a n  e r r o r  c o u l d  l e a d  t o  a n  
u n u s a b l e  d a t a s e t .  F o r  maximum p r o t e c t i o n ,  t h e  RECOVERY s i z e  
s h o u l d  b e  a s  l a r g e  a s  MAXSIZE. 

A d e f i n e d  o b j e c t  i n  S p e a k e a s y  i s  p u t  i n  t h e  G e n s r i c  
S t o r a g e  d a t a s e t  by t h e  command SAVE. I n  u s i n g  t h e  command, 
it is n e c e s s a r y  t o  d e s c r i b e  t h e  c a t a l o g  en t r i e s  t h a t  w i l l  b e  
u s e d  t o  r e f e r e n c e  t h e  i n f o r m a t i o n  a t  a l a t e c  time a n d  t o  
s p e c i f y  t h e  name o f  t h e  o b j e c t  t o  b e  saved .  I n  p a r t i c u l a r  

SAVE (X: A , I ,  J) 

i n d i c a t e s  t h a t  t h e  object named X is t o  be  c o p i e d  i n t o  t h e  
G e n e r i c  S t o r a g e  d a t a s e t  a n d  t o  b e  s a v e d  f o r  l a t e r  r e f e r e n c e  
u n d e r  t h e  g e n e r i c  name A,  w i t h  c a s e  number I a n d  item number 
J. E x e c u t i n g  a  SAVE command d o e s  n o t  d a s t r o y  t h e  o b j e c t :  i t  
stil l  e x i s t s  i n  S p e a k e a s y ' s  Named S t o r a g e .  However, 3 
p e r m a n a n t  c o p y  is a l s o  a v a i l a b l e  f o r  13ter use.  

The command SAVED is u s e d  t o  r e f e r e n c e  a p r e v i o u s l y  
s a v e d  o b j e c t .  Once a g a i n ,  t h e  g e n e r i c  name, c a s e  number, a n d  
item number a r e  u s e d  t o  se lect  a p a r t i c u l a r  o b j e c t .  I n  
S p e a k e a s y . t h e  word SAVED p r o d u c e s  a  t e m p o r a r i l y  d e f i n e d  
o b j e c t  t h a t  c a n  i t s e l f  b e  u s e d  i n  e x p r e s s i o n s .  Thus, 

Y=U*SQRT (SlVED ( A ,  I, J) ) 

w i l l  take t h e  s q u a r e  r o o t  o f  t h e  o b j e c t  s a v e d  as  ( A , I , J )  , 
m u l t i p l y  t h e  r e s u l t  by f o u r ,  a n d  a s s i g n  t h e  name Y t o  t h e  
f i n a l  r e s u l t .  To m e r e l y  r e c o v e r  an o b j e c t ,  3 s t a t e m e n t .  s u c h  
a s  

X = S A V E D  (A, 1,J) 

w i l l  s u f f i c e .  
The SAVE a n d  SAVED commands can b e  u s e 9  i n  a b b r e v i a t e 4  

forms i f  d e s i r e d .  F o r  example ,  t h e  s t a t e m e n t  

SAVE (Y)  

i s  e q u i v a l e n t  t o  

a n d  c o p i e s  t h e  c u r r e n t l y  d e f i n e d  o b j e c t  Y i n t o  t h e  d a t a b a s e  
u n d e r  t h e  g e n e r i c  name Y. T a b l e  1 p r o v i d e s  3 c o m p l e t e  list 
o f  t h e  a v a i l a b l e  SAVE a n d  SAVED commands. 

The command 

GEND 

e n d s  a s e s s i o n .  I f  t h e  keyword SAVE is s p e c i f i e d ,  a l l  o f  t h e  
d a t a  s t o r e d  i n  t h e  G e n e r i c  S t o r a g e  d a t a s e t  i u r i n g  t h a t  
s e s s i o n  i s  r e t a i n e d , '  w h i l e  t h e  keyword NOSAVE w i l l  c a u s e  t h e  



TABLE 1. C o m p l e t e  list o f  t h e  a v a i l a b l e  S A V E  a n d  SAVED 
commands u s a b l e  i n  GSPEAK 

G e n e r i c  Case 1 t e m  S p e a k e a s y  
Command Name Number Number O b j e c t  ............................................................. 

SAVE (X: B ,  I, J) A I J R 

SAVE (X:  A, I) 

S ~ V E  (X: A )  

SAVE ( X )  X 

SAVED (A,I,  J) A 

S A V E D  (A.1)  A' 

S A V E D  ( A )  A 0 0 - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

d a t a  t o  b e  d i s c a r d e d .  The u s e  o f  t h e  command w i t h o u t  a 
keyword  is t h e  e q u i v a l e n t  o f  a GEND(SAVE) if t h e  SAVE 
command h a s  b e e n  u s e d  a t  l e a s t  o n c e  d u r i n g  t h e  s e s s i o n ;  
o t h e r w i s e ,  t h e  e q u i v a l e n t  o f  a GEND(N0SAVE) i s  done .  

The command 

, GRESTORE (name:GENERATION=n) 

i s  u s e d  t o  r e s u m e  g e n e r i c  a c t i v i t y  a f t e r  a  S E N D  command h a s  
b e e n  used .  B o t h  p a r a m e t e r s  a r e  o p t i o n a l ,  w i t h  'name'  g i v i n g  
t h e  d a t a s e t  n a m e ( s e e  G S T B R T ) ,  a n d  'GENERATI3N=n' s p e c i f y i n g  
w h i c h  g e n e r a t i o n  o f  t h e  da tase t  t o  r e s t o r e .  Each  G E N D  
command w h i c h  r e s u l t s  i n  t h e  s a v i n g  o f  d a t a  a d d s  a 
s u c c e s s i v e  g e n e r a t i o n  t o  a g e n e r a t i o n  s t a c k .  Each s u c h  
g e n e r a t i o n  a c t s  l i k e  a ' c h e c k p o i n t ' ,  a l l o w i n g  t h e  u s e r  t o  
r e s t o r e  t h e  e x a c t  e n v i r o n m e n t  i n  G e n e r i c  S t a r a g e  a f t e r  a n y  
o f  h i s  p r e v i o u s  s a v i n g  G E N D s .  The  number  @ n l  is t h e  a l t h  
g e n e r a t i o n  o f  t h e  d a t a s e t ,  s o  t h a t  

would eestore t h e  f i g s t  prcevisus  generation, w h a l e  

GRESTORE ( : G E N E R A T I O N = Y O S T R E C E b l T )  

i s  e q u i v a l e n t  t o  GRESTORE a n d  r e s t o r e s  t h e  p r e s e n t  
g e n e r a t i o n  ( i . e .  t h e  i n f o r m a t i o n  s ' a v e d  by t h e  mos t  r e c e n t  
G E N D  command). For most cases, a simple GAESTORE w i l l .  . 

s u f f i c e .  



The g e n e r a t i o n  s t a c k  c a n  b e  d i s p l a y , e d  w i t h  t h e  command 

GHISTORY (name) 

which w i l l  p r i n t  o u t  t h e  g e n e r a t i o n  number, d a t e  and  time 
f o r  e a c h  g e n e r a t i o n  o f  G e n e r i c  S t o r a g e .  The p a r a m e t e r  @name1 
i s  o p t i o n a l .  I f  GSPEAK is a c t i v e ,  t h e  p a r a m a t e r  is i g n o r e d  
a n d  t h e  i n f o r m a t i o n  i s  d i s p l a y e d  f r o m  t h e  c u r r e n t l y  a c t i v e  
d a t a s e t ,  w h i l e  i f  GSPEAK i s  n o t  a c t i v e ,  t h e  g e n e r a t i o n s  of 
USERID.name.GDATA w i l l  b e  p r i n t e d .  O m i t t i n g  t h e  p a r a m e t e r  i n  
t h e  l a t t e r  case i m p l i e s  t h a t  t h e  d a t a s e t  name is 
USERID.GSPEAK .GDBTA.  

Two commands a re  p r o v i d e d  t o  examine  t h e  c a t a l o g  o f  
s t a r e d  i n f a r m a  t i o n :  GNALTES a n d  GINVEITORY- rhe command 

w i l l  p r o d u c e  a  list o f  c u r r e n t l y  d e f i n e d  g e n e r i c  names. It 
c a n  a l s o  b e  u s e d  i n  t h e  form 

which w i l l  a s s i g n  t h e  c o r r e s p o n d i n g  n a m e l i s t  t o  N.  T h e -  
GINVENTORY command g i v e s  a v a r i e t y  o f  more d e t a i l e d  
i n f o r m a t i o n  d e p e n d i n g  o n  which  f o r m  is used. A s i m p l e  

b e h a v e s  e x a c t l y  l i k e  GNALIES, p r i n t i n g  o u t  t h e  c u r r e n t l y  
d e f i n e d .  g e n e r i c  names,. . w h i l e  

d i s p l a y s  a l l  of t h e  g e n e r i c  names a l o n g  w i t h  t h e i r  
a s s o c i a t e d  c a s e ,  item p a i r s .  To o b t a i n  c a s e ,  item p a i r s  f o r  
s p e c i f i c  g e n e r i c  names, 

G I 1 V E I T O B Y  (gnamel ,  gname2- - . I  

is used .  I f  c a s e  numbers  are a l l  t h a t  is n e e d e d ,  
t h e n  

G I N V E N T O B Y  (gnamel ,  gname2.. . :CASES) 

w i l l  p t i n t  o u t  t h e  d e s i r e d  i n f o r m a t i o n .  Item numbers  
a s s o c i a t e d  w i t h  s p e c i f i c  cases c a n  b e  3 i s p l n y e d  by 

G I H V E N T O R Y  (gnamel ,gnsme2... . :CASES c a s e 1  , case2. .  . ) . 
It  s h o u l d  a l s o  b e  n o t e d  t h a t  t h e s e  comsands  c a n  a p p e a r  on  
t h e  r i g h t  s i d e  o f  a n  e q u a l  s i g n  i f  o n l y  o n e  g e n e r i c  name is  
used  i n  t h e  a r g u m e n t  list. I n  t h e s e  cases, a n  a p p r o p r i a t e  
S p e a k e a s y  o b j e c t  w i l l  b e  d e f i n e d .  

The r e m o v a l  o f  unwanted  items f r o m  G e n e r i c  S t o r a g e  i s  



a c c o m p l i s h e d  t h r o u g h  t h e  GDELETE command. I f  t h e  u s e r  
s p a c i f  i e s  

GDELETE (gnme) 

t h e  name a n d  a l l  of i t s  a s s o c i a t e d  case, i t s n  p a i r s  a r e  
e r a s e d .  To r e m o v e  o n l y  a s i n g l e  case, i t e m  p a i r ,  t h e  
command 

GDELETE ( g n m e , c a s e ,  item) 

i s  u s e d ,  w h e r e  case a n d  item a re  t h e  i n d i c e s  o f  t h e  e l e m e n t  
t o  b e  d e l e t e d .  

The  command 

a l l o w s  r e s p e c i f i c a t i o n  o f  t h e  NAXSIZE p a r a m e t e r  t h a t  is s e t  
i n  GSTART. 1s i n  t h a t  'command, t h e  number I n 1  is t h e  number  
o f  k i l o b y t e s  w i t h i n  wh ich  GSPEAK w i l l  restrict i t se l f  d u r i n g  
e x e c u t i o n .  

E v e n t u a l l y ,  t h e  g e n e r i c  d a t a s e t  w i l l  become f u l l  o f  
u n w a n t e d  a n d  i n a c c e s s a b l e  d a t a .  T h i s  i s  e s p s c i a l l y  t r u e  
s i n c e  a c t u a l  r e m o v a l  o f  t h e  i n f o r m a t i o n  is n o t  p o s s i b l e  w i t h  
GSPEAK1s s e q u e n t i a l  datasets .  S i n c e  t h i s  r t p r e s e n t s  w a s t e d  
s p a c e ,  a me thod  f o r  g a r b a g e  c o l l e c t i o n  h a s  b e e n  p r o v i d e d .  I f  
t h e  u s e r  t y p e s  

GCOHPRESS ( r eadname ,  w r i t e n a m e :  i;ENEIiBTION=n) 

i n f o r m a t i o n  c u r r e n t l y  i n  G e n e r i c  S t o r a g e  d a t a s e t  
USER1D.readname.GDATA w i l l  b e  c o p i e d  i n t o  a new d a t a s e t ,  
USERID. w r i t e n a m e .  G D A T A .  I n a c c e s s i b l e  d a t a  w i l l  n o t  be  
c o p i e d .  

I f  n o  p a r a m e t e r s  i n  t h e  GCOMPRESS comm3nd a p p e a r  b e f o r e  
t h e  c o l o n ,  t h e  name o f  t h e  r e a d  d a t a s e t  ( i .  e. t h e  d a t a s e t  t o  
b e  c o m p r e s s e d )  is a s s u m e d  t o  b e  USERID.GSPEAK. GDATA,  a n d  
t h a t  o f  t h e  write d a t a s e t  USEPID.COMPEZSS.GDBT8. I f  o n l y  o n e  
p a r a m e t e r  is  u s e d ,  i t  is  i n t e r p r e t e d  as  t h e  read d a t a s e t  
name, i n  w h i c h  case t h e  write d a t a s e t  name is assumed  t o  b e  
a s  a b o v e .  A s  w i t h  GSTART, TSO S p e a k e a s y  w i l l  c r e a t e  t h i s  
write d a t a s e t  if it d o e s  n o t  e x i s t ,  w h i l e  B n t c h  S p e a k e a s y  
r e q u i r e s  t h a t  i t  e x i s t  a n d  b e  a l l o c a t e ?  w i t h  ddname 
' w r i t e n a m e ' .  I n  a n y  c a s e ,  t h e  t w o  d a t a s e t s  n u s t  h a v e  t h e  
same s p e c i f i c a t i o n s ;  i n  p a r t i c u l a r ,  t h e  S L K S I Z E s  must  b e  
i d e n t i c a l .  

The  t h i r d  p a r a m e t e r  ofl  GCOHPRESS, 'GENERATION=nl, 
a l l o w s  t h e  s p e c i f i c a t i o n  o f  t h e  p a r t i c u l a r  g e n e r a t i o n  t o  be  
c o m p r e s s e d .  I t  is a l s o  o p t i o n a l ,  w i t h  t h e  d s f a u l t  b e i n g  t h e  
mos t  r e c e n t  g e n e r a t i o n .  

The GCOMPRESS command c a n  b e  i n v o k e d  a n y t i m e  d u r i n g  a 
S p e a k e a s y  s e s s i o n  s o  t h a t  G e n e r i c  S t o r 3 g e  n e e d  n o t  h a v e  b e e n  
a c t i v a t e d  by  a  GSTART o r  GBESTOBE comaand. However,  i f  
GSPEAK i s  a c t i v e ,  t h e  e q u i v a l e n t  o f  a " J N E ( S A V E )  command 



w i l l  b e  d o n e  t o  p r e p a r e  f o r  . t h e  compress .  - 

D. D a t a s e t  S t r u c t u r e  a n d  Programming C o n s i d e r a t i o n s  

The- f a c i l i t i e s  d e s c r i b e d  h e r e  are d e s i g n e d  t o  o p e r a t e  
a s  n o r m a l  l i n k u l e s  w i t h  t h e  Mu+ v e r s i o n  o f  t h e  S p e a k e a s y  
p r o c e s s o r .  T h e r e f o r e ,  i n  o r d e r  t o  u s e  GSPEAK, no s p e c i a l  
p r e p a r a t i o n s  a re  n e c e s s a r y  f o r  S p e a k e a s y  i t s e l f .  However, t o  
b e  a b l e  t o  r e a d  a n d  write i n t o  G e n e r i c  S t o r a g e  f rom GSPEAK, 
i t  is n e c e s s a r y  t o  h a v e  a d a t a s e t  a v a i l a b l e .  

The d a t a s e t  u s e d  f o r  G e n e r i c  S t o r a g e  i s  a n o r m a l  
s e q u e n t i a l  d a t a s e t .  An a p p r o p r i a t e  d a t a s e t  = a n  e i t h e r  he  - 
d e f i n e d  by t h e  u s e r ,  or  l e f t  up t o  GSPEAK f.n create when t h o  
GSTART l i n k u l e  is i n v o k e d .  S i n c e  a l l o w i n g  GSPEAK t o  c reate  
t h e  d a t a s e t  r e s u l t s  i n  d e f a u l t  s p e c i f i c a t i o n s  b e i n g  u s e d ,  i t  
is o f t e n  d e s i r e a b l e  t o  c r e a t e  t h e  d a t a s e t  b e f o r e  a c t i v a t i n g  
G e n e r i c  S t o r a g e .  T h i s  is d o n e  p r i o r  t o  e n t e r i n g  S p e a k e a s y  o r  
w i t h i n  S p e a k e a s y  u s i n g  t h e  TSO submode. 

To a l l o c a t e  a new G e n e r i c  S t o r a g e  d a t a s e t  t h e  
a p p r o p r i a t e  T S O  commands a r e  as f o l l o w s :  

ATTRIB DCB LRECL (6000) BLKSIZE (6000) RECFM (P) 
ALLOC D A  (USERID. name. G D A T A )  USING (DCB) SPACE (1 0 , s )  ' 

FILE (name) BLOCK (7000) 

The s p a c e  a l l o c a t i o n  o f  t e n  t r a c k s  f o r  t h e  p r i m a r y  
a l l o c a t i o n  a n d  f i v e  t r a c k s  f o r  t h e  s e c o n d a r y  e x t e n t  i s  
s u f f i c i e n t  f o r  a p p l i c a t i o n s  where  less  t h a n  t e n  t h o u s a n d  
d a t a  e l e m e n t s  a re  s a v e d .  Data sets t h a t  a r e  f i l l e d  close t o  
c a p a c i t y  o r  f o r  which  a  " f u l l  d a t a s e t w  error has  been 
r e c e i v e d  c a n  b e  s t r i p p e d  of t h e i r  i n a c c e s s a b l e  d a t a  a n d  
c o p i e d  i n t o  a  new d a t a s e t  by u s e  of t h e  GCOUPRESS command. 
I f  a  " f u l l  d a t a s e t n  error h a s  n o t  y e t  been r e c e i v e d  a n d  more 
t h a n  o n e  g e n e r a t i o n  is n e e d e d ,  t h e  e n t i r e  d a t a s e t  s h o u l d  b e  
c o p i e d  i n t o  a l a r g e r  o n e  v i a  t h e  TSO-Copy command. The 
BLKSIZE may b e  o t h e r  t h a n  6000,  b u t  t h e  RECPH must  r e m a i n  P. 

To u s e  a  p r e v i o u s l y  c r e a t e d  d a t a s e t  i n  G S P E A K ,  o n e  n e e d  
only s p e c i f y  i ts name i n  t h e  GSTART o r  GRESPORE command. I f  
t h e  d a t a s e t  h a s  n o t  b e e n  a l l o c a t e d  t o  t h e  p r o p e r  f i l e ,  t h e  

- l i n k u l e  w i l l  d o  so a u t o m a t i c a l l y .  A l t e r n a t i v e l y ,  t h e  u s e r  
can d o  t h e  a l l o c a t i o n  m a n u a l l y  i n  TSO. T h i s  method h a s  t h e  
a d v a n t a g e  o f  b e i n g  s l i g h t l y  more e f f i c i e n t .  To a c c o m p l i s h  
t h i s  a l l o c a t i o n ,  t h e  command 

ALLOC D A  (USERID. name. G D A T A )  FILE(name) 

is used .  The  d a t a s e t  name mus t  s t i l l  a p p e a r  i n  t h e  GSTART o r  
GRESTORE a r g u m e n t  list, however.  

T h r e e  GSPEAK k e y w o r d s  refer d i r e c t l y  t3- o p e n i n g  a n d  
c l o s i n g  o f  t h e  G e n e r i c  S t o r a g e  d a t a s e t .  They a r e  t h e  GSTART 
command, u s e d  t o  o p e n  t h e  d a t a s e t ;  t h e  GRESEORE command, 
u s e d  t o  r e o p e n  a d a t a s e t  t o  r e f e r e n c e  p r e v i o u s l y  s t o r e d  d a t a  
o r  t o  add new d a t a ;  a n d  t h e  GEND command, u s e d  t o  c l o s e  t h e  



d a t a s e t  s o  t h a t  new da t a  a d d e d  is k e p t  a s  a  p s r m a n e n t  p a r t  
o f  t h e  d a t a s e t .  No - . r e f e r e n c e  c a n  b e  made t o  G e n e r i c  S t o r a g e  
u n t i l  e i t h e r  GSTABT o r  GRESTORE h a s  b e e n  u s e d  t o  open  t h e  
f i l e  a n d  i n i t i a l i z e  c e r t a i n  i n t e r n a l  e l e m e n t s  o f  t h e  GSPFAK 
l i n k n l e .  I n  a d d i t i o n ,  b e c a u s e  o f  t h e  way i n  w h i c h  t h e  , 

l i n k u l e  is  c o n s t r u c t e d ,  n o  i n f o r m a t i o n  i s  s f v e d  p e r m a n e n t l y  
u n t i l  t h e  SEND command is u s e d  w i t h  t h s  SBVE keyword. 
However,  t h e  SAVE keyword  is  n o t  i n t e n 3 e d  t3 b e  u s e d  
i n d i s c r i m i n a t e l y  s i n c e  i n  t h e  p r o c e s s  o f  c l o s i n g  t h e  
da tase t ,  a t  l e a s t  o n e  b l o c k  o f  d a t a  is a d d e d  t o  t h e  d a t a s e t .  
T h i s  a c t i o n  o c c u r s  e v e n  i f  n o  i n f o r m a t i o n  h3d  b e e n  s a v e d  
d u r i n g  t h e  s e s s i o n .  T h e r e f o r e ,  i n  o r d e r  t o  p r e v e n t  t h e  
n e e d l e s s  waste of t h e  d a t a s e t ,  t h e  u s e r  who s i m p l y  w a n t s  t o  
t e r m i n a t e  t h e  GSPEAK s e s s i o n  w i t h  n o  r e t e n t i o n  of d a t a  
s h o u l d  u s e  t h e  G E N D  command w i t h  t h e  N O S A V E  keyword .  



S e c t i o n  2 -- RSPEAK 

RSPEAK is a n  a t t e m p t  t o  p r o v i d e  a s i m p l e  r e l a t i o n a l  
,- d a t a b a s e  f a c i l i t y  f o r  Speakeasy .  Commands are p r o v i d e d  t o  

create,  m a n i p u l a t e ,  a n d  u p d a t e  r e l a t i o n s  a s  well a s  comaands  
t o  d i s p l a y  d a t a b a s e  i n f o r m a t i o n  t o  t h e  u s e r .  The b a s i c  
s y n t a x  o f  t h e  v a r i o u s  RSPEAK commands is d e s c r i b e d  below,  
w h i l e  more g e n e r a l  i n f o r m a t i o n  on  t h e  r e l a t i o n a l  a p p r o a c h  t o  
d a t a b a s e  management,  a s  well a s  e x a m p l e s  o f  RSPEAK i n  u s e  
c a n  be f o u n d  i n  t h e  longer  document ,  n D a t a b 3 s e  H a n i p u l a t i o n  
i n  S p e a k e a s y "  b y  8. S c h l i c h t i n g .  

1. C r e a t i n g  a R e l a t i o n  

The RSPEAK command 

CREATERELATION r e l a t i o n - n a m e  U I T B  n  COLS 

p r o v i d e s  f o r  t h e  i n i t i a l  c r e a t i o n  o f  a r e l a t i o n .  B e f o r e  t h i s  
command is e x e c u t e d ,  however ,  p r e p a r a t i o n s  mus t  b e  made t o  
d e f i n e  t h e  r e l a t i o n ' s  d a t a  i n  s u c h  a way t h a t  a p p r o p r i a t e  
i n p u t  c a n  b e  p r o v i d e d  f o r  t h e  l i n k u l e .  

T h e s e  p r e p a r a t i o n s  c o n s i s t  o f  d e f i n i n g  b o t h  d e s c r i p t i v e  
i n f o r m a t i o n  a b o u t  t h e  r e l a t i o n  a n d  t h e  d a t a  i t se l f .  r h e  
a t t r i b u t e ,  o r  co lumn h e a d i n g s ,  are d e f i n e d  i n  a S p e a k e a s y  
n a m e - l i t e r a l  a r r a y .  One way of d o i n g  t h i s  i s  by u s i n g  t h e  
NAYELIST f u n c t i o n  i n  t h e  f o l l o w i n g  manner: 

at t r ibs=NAMELIST ( a t t r i b l  , a t t r ib2 , .  . . , a t t r i h N )  

. . There ,  s h o u l d  b e  a s  many a t t r i b u t e  names a s  t h e r e  a r e  c o l u m n s  
i n  t h e  r e l a t i o n .  A s  w i t h  a l l  S p e a k e a s y  n a m e - l i t e r a l  o b j e c t s ,  
a  maximum of e i g h t  c h a r a c t e r s  is p e r m i t t e d ;  l o n g e r  names 

. . w i l l  b e  t r u n c a t e d .  
The a t t r i b u t e  t y p e s  a r e  a l s o  d e f i n e d  i n  a  n a m e - l i t e r a l  

a r r a y ,  w i t h  t h e  k e y w o r d s  NUU and C H A R  i n d i c a t i n g  t h e  t y p e  o f  
e a c h  column. Thus ,  t h e  command 

would i n d i c a t e  t h a t  t h e  f i r s t  and t h i r d  c o l u m n s  a r e  n u m e r i c ,  
w h i l e  t h e  s e c o n d  c o n t a i n s  c h a r a c t e r  l i t e r a l s .  These  sre t h e  
o n l y  two t y p e s  p r e s e n t l y  s u p p o r t e d .  

After t h e  d e s c r i p t i v e  i n f o r m a t i o n  h a s  b e e n  d e f i n e d ,  t h e  
d a t a  i t se l f  n e e d s  t o  b e  p u t  i n  Named S t o r a g a .  Each c ~ l u m n  
s h o u l d  b e  d e f i n e d  a s  e i t h e r  a n  a r r a y  of numbers  o r  a  two 
d i m e n s i o n a l  c h a r a c t e r  o b j e c t .  The l a t t e r  t y p e  is c r e a t e d  by 
t y p i n g  

E D I T  a t t r - n a m e  NEW NONUn 

which w i l l  c a u s e  t h e  S p e a k e a s y  e d i t o r  t o  b e  invoked .  The 
d a t a  e l e m e n t s  a r e  t h e n  t y p e d ,  o n e  t o  a  l i n e ,  w h i l e  i n  E D I T  



INPUT BODE. After a l l  o f  t h e  e l e m e n t s  h a v e  b e e n  e n t e r e d ,  a 
n u l l  l i n e - p u t s  t h e  u s e r -  i n  E D I T  COH!lAND N O D E .  I n  t h i s  mode, 
a n y  o f  t h e  n o r m a l  S p e a k e a s y  e d i t o r  comaands  c a n  b e  u s e d  t o  
a l t e r  t h e  i n f o r m a t i o n  a s  d e s i r e d .  When t h e  e l e m s n t s ,  wh ich  
c a n  b e  a maximum o f  e i q h t p  c h a r a c t e r s ,  are  f u l l y  d e f i n e d  t h e  
u s e r  t y p e s  

DEFINE a t t r - n a m e  N O B U H  

t o  h a v e  t h e  o b j e c t  e n t e r e d  i n t o  Named S t o r a g e  u n d e r  t h e  
a p p r o p r i a t e  name. An E N D  command r e t u r n s  t h e  u s e r  t o  H A N U A L  
elODE. 

When t h e  i n f o r m a t i o n  h a s  b e e n  p r o p e r l y  d e f i n e d ,  t h e  
CREATERELATION command c a n  b e  i n v o k e d  as  shown above .  The  
command w ~ l l  t h e n  r e q u e s t  t h e  name u n d a r  w h i c h  t h e  
a t t r i b u t e s  h a v e  b e e n  d e f i n e d ,  and ,  f o l l o w i n g  t h a t ,  t h e  
n a m e l i s t  w h i c h  h o l d s  t h e  t y p e  d e f i n i t i o n s .  r h e  a t t r i b u t e  
names  o f  t h e  p r i m a r y  k e y s  a re  t h e n  r e q u e s t e d .  T h e s e  s h o u l d  
b e  e n t e r e d  w i t h  s e p a r a t i n g  commas. Up t o  f o u r  c o l u m n s  c a n  b e  
d e s i g n a t e d  a s  t h e  p r i m a r y  key .  

The u s e r  is t h e n  a s k e d  i f  a l l  o f  t h e  c ~ l u m n s  a r e  s t o r e d  " I  

u n d e r  t h e i r  a t t r i b u t e  names. I f  t h e y  are, RSPEAK w i l l  
a u t o m a t i c a l l y  r e t r i e v e  t h e  i n f o r m a t i o n  a n d  s t o r e  it. 
O t h e r w i s e ,  t h e  u s e r  w i l l  h a v e  t o  t y p e  i n  t h e  name u n d e r  
which  e a c h  co lumn  is s t o r e d  a s  RSPEAK a s k s  f o r  it. T h e  
f o r m e r  me thod  i s  o b v i o u s l y  p r e f e r a b l e .  After a l l  t h e  d a t a  , 
h a s  b e e n  i n p u t  t o  t h e  l i n k u l e ,  a m e s s a g e  w i l l  b e  t r a n s m i t t e d  
t o  t h e  u s e r  i n d i c a t i n g  t h a t  t h e  d e f i n i t i o n  of t h e  r e l a t i o n  
h a s  b e e n  a c c o m p l i s h e d .  

w h i l e  t h e  p r o c e s s  f o r  c r e a t i n g  a r e l a t i o n  map seem 
o v e r l y  c o m p l i c a t e d ,  e a c h  s t e p  i s  n e c e s s a r y  f o r  t h e  p r o p e r  
d e f i n i t i o n  o f  t h e  r e l a t i o n .  T h e r e  a r e ,  h o w e v e r ,  c e r t a i n  
f ace t s  o f  S p e a k e a s y  w h i c h  a l l o w  t h e  c i g c u m v e n t i o n  o f  some o c  
t h e  most  a r d u o u s -  p r e p a r a < i o n s .  F o r  e x a m p l e ,  * a l l  *of t h e  
r e q u i r e d  d e f i n i t i o n s  a a n  be  p e r f o ~ m e d  i n  a p r e v i o u s  
S p e a k e a s y  s e s s i o n  a n d  t h e n  s tored u n t i l  t h e  r e l a t i o n  is. 
a c t u a l l y  c r e a t e d .  The  KEEPLIST f u n c t i o n ,  w h i c h  a l l o w s  t h e  
s t o r i n g  o f  s e v e r a l  o b j e c t s  u n d e r  a  s i n q l e  name, is 
e s p e c i a l l y  u s e f u l .  A n o t h e r  p o s s i b i l t y  is t h s  g e n e r a t i o n  o f  
t h e  a p p r o p r i a t e  o b j e c t s  f r o m  a P o r t r a n  p r o g r a m  which  c o u l d  
t h e n  s t o r e  t h e  o b j e c t s  i n  a p r i v a t e  KESP l i b r a r y  f o r  l a t e r  
r e t r i e v a l  i n  a n  i n t e r a c t i v e  S p e a k e a s y  s e s s i o n .  T h i s  
a l t e r n a t i v e  means  t h a t  t h e  d a t a  i n  t h e  r e l a t i o n  n e e d  n o t  b e  
l a b o r i o u s l y  e n t e r e d  from a t e r m i n a l .  T h i s  i s  e s p e c i a l l y  n i c e  
i f  t h e  r e l a t i o n  c o n t a i n s  a l a r g e  a m o u n t  o f  i n f o r m a t i o n .  A 1 1  
o f  t h e s e  d e v i c e s  f a c i l i t a t e  t h e  u s e  o f  t h e  C E E A T E R E L A T I O N  
comaand.  

2. B a n i p u l a t i n g  R e l a t i o n s  

T h e r e  a r e  t w o  b a s i c  o p e r a t i o n s  which  c a n  be p e r f o r a e d  
o n  r e l a t i o n s  i n  RSPEAK, c o m b i n i n g  a n d  p r o j e c t i n g .  

To c o m b i n e  two  r e l a t i o n s ,  t h e ,  COPIBRELBTIDN command is 



u s e d  i n  t h e  f o l l o w i n g  manner: 

COflBBELATIOIJ  r e 1 1  U I T H  r e 1 2  O V E R  common-domain [ INTO 
r e s u l t n a m  ] 

T h i s  command m e r g e s  two r e l a t i o n s  by f irst  s c a n n i n g  f o r  l i k e  
e l e m e n t s  i n  t h e  common domain ,  a n d  t h e n  upon f i n d i n g  them, 
c o m b i n i n g  t h o s e  two r o w s  i n t o  one.  I f  t h e r e  a r e  e l e m e n t s  i n  
t h e  common domain  of o n e  r e l a t i o n  b u t  n o t  t h e  o t h e r ,  t h a t  
row d o e s  n o t  p a r t i c i p a t e  i n  t h e  c o m b i n e  o p e r a t i o n .  
C o n v e r s e l y ,  i f  a n  e l e m e n t  h a s  many l i k e  e l e n e n t s  i n  t h e  
o t h e r  r e l a t i o n ,  i ts row is r e p l i c a t e d  t o  p a r t i c i p a t e  i n  t h e  
combine.  The o p t i o n a l  keyword I N T O  a l l o w s  t h e  s p e c i f i c a t i o n  
o f  a name fnr *-he r e s u l t i n g  r o l s t i o a .  I f  t h i s  keywucd is 
o m i t t e d ,  t h e  name RESULT w i l l  a u t o m a t i c a l l y  b e  a s s i g n e d  t o  
t h e  a n s w e r ,  a l l v w i u y  it t o  b e  u s e d  i n  s u b s e q u e n t  command3. 
T h e  COHBRELATION command is i l l u s t r a t e d  s e v e r a l  times i n  t h e  
s a m p l e  TSO s e s s i o n s  i n  t h e  a p p e n d i x .  

The PROJRELATION command i s o l a t e s  a s p e c i f i c  s u b s e t  o f  
c o l u m n s  f r o m  t h e  r e l a t i o n .  By t y p i n g  

P R O J R E L A T I O N  r e l n a m  OVER c o l l  , co l2 , .  .. co lN IblTO t e s u l t n a m ]  

a r e s u l t  i s  f o r m e d  i n  which  o n l y  t h o s e  c o l u m n s  s p e c i f i e d  
w i l l  a p p e a r .  I t  s h o u l d  a l s o  b e  p o i n t e d  o u t  t h a t  t h e y  w i l l  b e  
d e f i n e d  i n  t h e  order g i v e n  i n  t h e  command, s o  t h a t  i t  a l s o  
c a n  b e  u s e d  t o  r e a r r a n g e  t h e  c o l u m n s  o f  a  r e l a t i o n .  A s  w i t h  
t h e  COMBRELATION command, t h e  keyword INTO a l l o w s  
s p e c i f i c a t i o n  of a  name f o r  t h e  r e s u l t i n g  r e l a t i o n .  

flany q u e r i e s  i n t o  r e l a t i o n a l  d a t a b a s e s  i n v o l v e  t h e  
r e p e a t e d  u s e  t h e  t h e  COMBBELATION a n d  I?ROJRELATIO# commands 
b e f o r e  a  f i n a l  r e s u l t  is e s t a b l i s h e d .  When t h i s  is t h e  
case, t h e  i n t e r m e d i a t e  r e l a t i o n s  g e n e r a t e d  by t h e  commands 
t e n d  t o  b e  t r a n s i t o r y ,  e x i s t i n g  o n l y  f o r  a  s h o r t  time u n t i l  
a n o t h e r  o p e r a t i o n  c a n  b e  p e r f o r m e d  o n  it. I n  o r d e r  t o  s a v e  
b o t h  time a n d  s p a c e ,  s p e c i a l  c a p a b i l i t i e s  h a v e  b e e n  p r o v i d e d  
i n  RSPEAK t o  f a c i l i t a t e  t h e s e  mul t ip le-commnnd q u e r i e s .  
They make u s e  o f  what  is c a l l e d  a r e s u l t  r e l a t i o n .  

I f  t h e  u s e r  a p p e n d s  t h e  keyword RESULT t o  t h e  e n d  o f  
e i t h e r  t h e  COMBRELATION o r  PBOJRELATION commands, a  r e s u l t  
r e l a t i o n  is  f o r m e d  i n s t e a d  o f  a  r e g u l a r  r e l n t i o n .  T h i s  
resul t  r e l a t o n ,  which  is faster  t o  g e n e r a t e  and u s e s  less 
s p a c e  t h a n  a r e g u l a r  r e l a t i o n ,  c a n  t h e n  by m a n i p u l a t e d  by 
s p e c i a l  v e r s i o n s  o f  t h e  COMBRELATION and  PROJRELATION 
commands. 

The COMBRESULT command a l l o w s  t h e  l a s t  p r e v i o u s l y  
g e n e r a t e d  r e s u l t  r e l a t i o n  t o  be combined  w i t h  a n y  r e g u l a r  
r e l a t i o n  i n  t h e  same way a s  t h e  COtlBRELATION command. 
The  p r o p e r  f o r m a t  is 

COMBRESULT U I T H  r e l n a m  O V E R  common-domain 

where  'common-domain' is  t h e  a t t r i b u t e  h e a d i n g .  



The command 

PROJBESULT O V E R  ~ 0 1 1 ,  ~ 0 1 2 ,  . , C O ~ N  

t h e  l a s t  ' g e n e r a t e d  r e s u l t  r e l a t i o n  o v e r  t h e  
s p e c i f i e d  c o l u m n s .  

T h e s e  t w o  commands f o r m ,  a s  .a c o n s e q u e n c e  o f  t h e i r  
e x e c u t i o n ,  a n o t h e r  r e s u l t  r e l a t i o n  w h i z h  r e p l a c e s  a n y  
p r e v i o u s l y  g e n e r a t e d  r e s u l t  r e l a t i o n .  T h e r e f o r e ,  s i n c e  o n l y  
t h e  l a s t  g e n e r a t e d  r e s u l t  is a c c e s s a b l e  a t  s o y  g i v e n  time, 
t h e s e  s p e c i a l  r e l a t i o n s  a r e  t r u l y  t r a n s i t o r y ,  ' One f u r t h e r  
p r o p e r t y  s h o u l d  b e  n o t e d :  s i n c e  t h e  r e s u l t  r e l a t i o n s  a r e  
n a m e l e s s ,  t h e  I N T O  keyword  ( u s e d  w i t h  t h e  COMBRELATION a n d  
P R O J R E L A T I O N  commands) is i n c o m p a t a b l e  w i t h  t h e  u s e  o f  t h e s e  
s p e c i a l  t y p e s  o f  r e l a t i o n s .  T h u s ,  I N T O  s h o u l d  n o t - b e  u s e d  i n  
c o n j u n c t i o n  w i t h  t h e  RESULT keyword ,  o r  on t h e  COHBRESULT o r  
PROJRESULT commands, 

The  u s e r  w i l l  g e n e r a l l y  want  t o  r e t a i n  t h e  r e s u l t  o f  a 
l o n g  se r ies  o f  commands. A me thod  o f  c o n v e r t i n g  a  r e s u l t  
r e l a t i o n  t o  a r e g u l a r  r e l a t i o n  h a s  b e e n  p r o v i d e d .  The  
command 

KEEPRESULT AS r e l n a m  

w i l l  c o p y  t h e  l a s t  g e n e r a t e d  r e s u l t  i n t o  t h a  r e l ~ t i o n a l  
d a t a b a s e  p s  a r e g u l a r  r e l a t i o n  u n d e r  t h e  n a n e  * r e l n a m t .  The 
r e s u l t  r e l a t i o n  s t i l l  e x i s t s ,  h o w e v e r ,  a n d  c a n  b e  u s e d  i n  
f u r t h e r  c o m p u t a t i o n s .  

3 .  U p d a t i n g  Commands 

I n  a d d i t i o n  t o  t h e  m a n i p u l a t i v e  commands, t w o  
o p e r a t i o n s  a r e  p r o v i d e d  f o r  t h e  a l t e r a t i o n  a f  r e g u l a r  

' r e l a t i o n s .  T o  i n s e r t  a new row, t h e  command 

ROWADD r e l n a m  T O  e l l , e l 2 , . . . e l N  

i s  u s e d .  I n  t h i s  case, N is t h e  number  o f  c o l u m n s  i n  t h e  
r e l a t i o n .  T h e  e l e n e n t s  w h i c h  c o n s t i t u t e  t h e  new row map b e  
c o n s t a n t s ,  e i t h e r  n u m e r i c  o r  c h a r a c t e r ,  o r  t h e  names o f  
o b j e c t s  d e f i n e d  i n  Named S t o r a g e .  T h e  row i s  a d d e d  t o  t h e  
e n d  o f  t h e  s p e c i f i e d  r e l a t i o n ,  d e f i n i n g  a new r e l a t i o n  wh ich  
r e p l a c e s  t h e  o l d .  It s h o u l d  b e  n o t e d  t h a t  t h i s  r e l a t i o n  i s  
n o t  t r e a t e d  a s  a r e s u l t  r e l a t i o n ,  b u t  s i m p l y  a s  a m o d i f i e d  
v e r s i o n  oE t h e  o r i g i n a l  r e l a t i o n .  

To d e l e t e  a r o w ,  t h e  command 

BOWDELETE r e l n a m e  OF e l l  , e l 2 , .  . . elK 

is u s e d .  The  number  o f  e l e m e n t s  s p e c i f i e d  l o  t h e  command 
s h o u l d  b e  e q u a l  t o  t h e  number  o f  a t t r i b u t e s  wh ich  s e r v e  a s  
t h e  p r i m a r y  key.  The  row w i t h  t h a t  k e y  is t h e n  s e a r c h e d  o u t  
a n d  d e l e t e d  f r o m  t h e  r e l a t i o n .  A s  w i t h  ROWitDD,  t h e  new 
r e l a t i o n  r e p l a c e s  t h e  o l d .  



4.  I n f o r m a t i o n a l  Commands 

T h e r e  a r e  t h r e e  words  which  c a n  b e  u s e l  t o  p r i n t  o u t  
r e l a t i o n s .  The command 

DISPRELATION r e l n a a  

w i l l  c a u s e  t h e  s p e c i f i e d  r e l a t i o n  t o  b e  p r i n t e d  o u t .  To 
d i s p l a y  a  r e s u l t ,  t h e  command 

DISPRESULT 

i s  u s e d .  The names o f  a l l  c u r r e n t l y  d e f i n e d  r e l a t i o n s  c a n  b e  
o b t a i n e d  by t h e  command 

RELATIONS. 

5. M i s c e l l a n e o u s  commands 

The u s e r  m i g h t  f i n d  it a d v a n t a g e o u s  t o  b e  a b l e  t o  u s e  
n o r m a l  S p e a k e a s y  commands on c e r t a i n  columns o f  a  r e l a t i o n .  
To f a c i l i t a t e  t h i s  t y p e  o f  o p e r a t i o n ,  two commands c a n  be  
u s e d .  The word 

USERELATION r e l n a a  

w i l l  d e f i n e  e a c h  co lumn of t h e  s p e c i f i e d  r e l a t i o n  i n  l amed  
S t o r a g e  u n d e r  i ts  co lumn h e a d i n g  (i.e. a t t r i b u t e  name) . 
Numeric  c o l u m n s  w i l l  be d e f i n e d  as o n e  d i m e o s i a n a X  a r r a y s ,  
w h i l e  c h a r a c t e r  i n f o r m a t i o n  w i l l  become two d i m e n s i o q a l  
c h a r a c t e r  a r r a y s .  The command 

USERESULT 

p e r f o r m s  t h e  same o p e r a t i o n  o n  t h e  l a s t  g e n e r a t e d  r e s u l t  
r e l a t i o n .  

The command 

R E N D  
- - - . -- - - - - - - . - - 

allows t h e  u s e r  t o  e n d  t h e  RSPEAK s e s s i o n  i n  much t h e  same 
way a s  t h e  G E N D  command o f  GSPEAK. I f  t h e  k e y u o r d  SAVE is 
s p e c i f i e d ,  a l l  o f  t h e  r e l a t i o n s  c r e a t e d  d u r i n g  t h a t  s e s s i o n  
a re  r e t a i n e d ,  w h i l e  t h e  keyword NOSAVE w i l l  c a u s e  t h e  
r e l a t i o n s  t o  b e  d i s c a r d e d .  T h e  u s e  o f  t h e  command w i t h o u t  a 
keyword is t h e  e q u i v a l e n t  of an  R E N D  SAVE i f  a t  l e a s t  o n e  
r e l a t i o n  h a s  been s a v e d  d u r i n g  t h e  s e s s i o n ;  o t h e r w i s e  t h e  
e q u i v a l e n t  of a  R E N D  BOSAVE is done.  Eowevec, a n y  r e s u l t  
r e l a t i o n s  which  were g e n e r a t e d  a r e  v a l i d  o n l y  d u r i n g  t h e  
s e s s i o n  i n  which  t h e y  were d e f i n e d  a n d  a r e  n e v e r  
i n c o r p o r a t e d  i n t o  t h e  r e l a t i o n a l  d a t a b a s e .  

S e v e r a l  o f  t h e  commands which wers u s e 3  i n  GSPEAK a r e  
a l s o  n e c e s s a r y  f o r  t h e  o p e r a t i o n  o f  RSPEAK. T h e s e  a r e  



GSTBRT, GBESTORE, and  GSIZE. For a+ d e s c r i p t i o n  of each, see 
t h e  pcevious section. 



Appendix I 

GLOSSARY OF GSPEAK COMMANDS 

. GCOHPRESS--Writes a l l  c u r r e n t  i n f o r m a t i o n  f r o m  o n e  
g e n e r a t i o n  o f  G e n e r i c  S t o r a g e  i n t o  a naw d a t a s e t .  

GDELETE--Removes e i t h e r  a n  e n t i r e  g e n e r i c  name a n d  its 
a s s o c i a t e d  c a s e ,  item p a i r s  o r  o n e  cass, itsm p a i r  o f  a 
s p e c i f i c  g e n e r i c  name f rom G e n e r i c  S t o r a g e .  , 

GEND--Closes t h e  G e n e r i c .  Storage dat.aset. and r e t a i n s  t h o  
data s t o r e d  d u r i n q  t h e  s e s s i o n .  

GUTSTORY--Prints o u t  t h e  d a t e ,  time, aad g e n e r a t i o n  l i~ imber  
far each g e n e r a t i o n  o f  G e n e r i c  S t o r a g e .  

G I I V E I T O R Y - - L i s t s  case a n d  item n u m b e r s  a s s o c i a t e d  w i t h  a 
g e n e r i c  name. 

GNAHES--Lists a l l  t h e  G e n e r i c  Names. 

GRESTORE--Opens a n d  i n i t i a l i z e s  a G e n e r i c  S t o r a g e  d a t a s e t  
which h a s  p r e v i o u s l y  b e e n  w r i t t e n  i n ,  

. G S I Z E - - A l l o w s  r e s p e c i f i c a t i o n  of  t h e  HAXSIZE p a r a m e t e r  t h a t  
is se t  in CSTART. 

GSTART--Ini t ia tes  a new G e n e r i c  S t o r a g e  d a t a s e t .  

S A V E - - W r i t e s  o b j e c t s  i n t o  t h e ' G e n e r i c  S t o r a g e  d a t a s e t .  (See 
T a b l e  1) 

SAVED--Reads o b j e c t s  f rom t h e  G e n e r i c  S t o r a g e  d a t a s e t .  (See 
T a b l e  1) 



Appendix  I1 

G L O S S A a Y  OF RSPEAK COUaBNDS 

COLJBRELATION--~orms  a r e l a t i o n  by c o m b i n i n g  two o t h e r  
r e l a t i o n s .  

COHBRESULT--Forms a  r e s u l t  r e l a t i o n  by c o m b i n i n g  a r e g u l a r  
r e l a t i o n  w i t h  t h e  l a t e s t  r e s u l t  r e l a t i o n .  

C R E A T E R E L A T I O N - - C r e a t e s  a r e l a t i o n .  

DISPRELATION--Displays a  r e l a t i o n .  

DISPRESULT--Displays t h e  l a t e s t  r e s u l t , ?  r e l a t i o n , ,  

KEEPRESULT--Creates a r e g u l a r  r e l a t i o n  f rom t h e  l a t e s t  
r e s u l t  r e l a t i o n .  

PROJRELATION--Forms a new r e l a t i o n  by p r o j e c t i n g  a r e l a t i o n  
o v e r  s p e c i f i e d  columns.  

PROJRESULT--Forms a new r e s u l t  r e l a t i o n  by p r o j e c t i n g  t h e  
l a t e s t  r e s u l t  r e l a t i o n  o v e r  s p e c i f i e d  columns.  

RELATIONS--Prints o u t  t h e  names o f  t h e  c u r r e n t l y  d e f i n e d ,  
r e l a t i o n s .  

REND--Terminates a n  RSPEAK s e s s i o n .  

BOWADD--Adds a  row t o  a r e l a t i o n .  

ROBDELETE--De'ketes. $ row f r o m  a ' r e l a t i o n .  

USERELATION--Defines t h e  co lumns ,  o f  a r e l a t i o n  i n  Named 
S t o r a g e  u n d e r  t h e i r  a t t r i b u t e  h e a d i n g s .  

USERESULT--Defines t h e  c o l u m n s  of  t h e  L a t e s t  r e s u l t  r e l a t i o n  
i n  Named S t o r a g e  u n d e r  t h e i r  a t t r i b u t e  h e a d i n g s .  



A Preview of some upcoming Developments in RSPEAK 

S. Massaquoi August 1978 

The evolution of Speakeasy's relational data base facility will 
involve primarily the introduction of a new set of high-powered words. 
Soon the relational data base vocabulary will probably consist of the words: 
RCOMBINE, RAPPEND, RPROJECT, RCREATE, RDELETE, RUPDATE, RSHOW, RCOUNT, RCOPY 
RDESCRIBE, RDESCRIPTION and RREFERENCE. The capabilities of these words 
will greatly extend both the power and convenience of data manipulation 
in RSPEZKo 

The impetus for developing these new words comes from the real- 
ization that a relational data base is more efficient and powerful when it 
consists of many different relations, each containg a conceptually different 
set of data, than when it is made up of a few catch-all relations. Such 
poorly refined data bases tend to have a great deal of redundancy of in- 
formation and suffer many types of manipulation anomalies.* With an increas- 
ed number of relations, however, it becomes much more tedious to execute 
the basic manipulations necessary to retrieve the widely distributed data. 
Thus the new RSPEAK words RUPDATE, RSHOW, RCOUNT, RDELETE and RCOPY will 
be designed to automatically combine, append, and project all of the relations 
needed to isolate the data. The words RREFERENCE and RDESCRIBE will enable 
the user to, respectively, specify which relations in the data base are to 
be included in the automatic searches, and to store short descriptions of the 
data contained in each relation (RDESCRIPTION will recover this description). 
Finally, RCREATE, RAPPEND, RCOMBINE and RPROJECT will retain the user's 
ability to manually manipulate relations if desired. 

The tentative drafts of the help documents for these words are 
given at the end of this handout to better explain their individual functions, 
but first, an example of how some of this vocabulary might be used. 

Imagine for a moment that it is 10:50 A.M. and Sam, an attendant 
at Speakville airport, has just discovered a fat wallet lying in a corridor 
apparently having been just dropped by a hurried traveler. Incredibly, the 
only sources of possible identification are part of a torn social security 
card displaying the digits: 37-2011 , and a torn portion of a newspaper ad- 
vertisement which reads: "...fly our wide-bodied jets to Hawaii!" Being 
uncompromisingly honest and quite resourceful to boot, Sam rushes to the 
nearest computer terminal and logs onto Speakeasy. Once invoking RSPEAK he 
has access to FLIGHTINFO, the data base consisting of the following relations. 

9 For a discussion of optimal relational data base organization and man- 
ipulation anomalies, seenRelational Data-Base Management Systems" by 
Donald D. Chamberlin. ACM Computing Surveys: Vol. 8, #1 March 1976 
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He then enters: 

: - RDESCRIPTION FLIGHTINFO 
DEPARTURES IS A RELATION HAVING 6 ATTRIBUTE HEADINGS: 

TIME, FLIGHTNO, AIRLINE, DESTINATION, PLANEI GATE 
THERE ARE CURRENTLY 8 RECORDS UNDER THESE HEADINGS. 

DEPARTURES IS A CONSTANTLY UPDATED RELATION WHICH CONTAINS INFORMA- 
TION REGARDING FLIGHTS DEPARTING WITHIN THE NEXT HOUR. 

ARRIVALS IS A RELATION HAVING 6 ATTRIBUTE HEADINGS: 
TIME, FLIGHTNO, AIRLINE, DESTINATION, PLANE, GATE 
THERE ARE CURRENTLY 9 RECORDS UNDER THESE HEADINGS. 

ARRIVALS IS A CONSTANTLY UPDATED RELATION WHICH CONTAINS INFORMATION 
REGBRDING FLIGHTS WHICH HAVE ARRIVED DURING THE PAST HALF-HOUR OR ARE 
SCHEDULED TO ARRIVE IN THE NEXT HALE'-HOUR. 

PASSENGERS IS A RELATION HAVING 5 ATTRIBUTE HEADINGS: 
NAME, FLIGHTNO, AIRLINE, ADDRESS, S.S.NO 
THERE ARE CURRENTLY 1,314 RECORDS UNDER TRESE HEADINGS. 

PASSENGE,RS CONTIANS INFORMATION ABOUT ALL OF THE PERSONS WHO CURRENTLY 
HAVE RESERVATIONS ON FLIGHTS ARRIVING AT OR DEPARTING FROM SPEAKVILLE AIRPORT. 

PLANETYPE IS A RELATION HAVING 4 ATTRIBUTE HEADINGS: 
PLANE, NOSEATS, BODYTYPE, NOENGINES 
THERE ARE CURRENTLY 6 RECORDS UNDER THESE HEADINGS. 

PLANETYPE CONTAINS PHYSICAL SPECIFICATIONS OF THE TYPES OF AIRCRAFT 
CURRENTLY USED BY AIRLINES OPERATING AT SPEAKVILLE AIRPORT. . 

$ Note that FLIGHTINFO is merely a namelist of the reXafioris-in the 
$ data' base. 
$ He continues: . . 

: - RREFERENCE DEPARTURES, PLANETYPE 
: - RSHOW "TIME~FLIGHTNO~AIRLINE,GATE FROM DEPARTURES WHERE DESTINATION IS & 
*HONOLULU' AND BODYTYPE IS 'WIDEBODY* IN PLANETYPE" 

TIME FLIGHTNO AIRLINE GATE 
******* ********** ******** ******** 
10:55 139 GAMMA C3 

So Sam rushes off to C3 only to find that flight 139 had left 
seconds earlier. Not to despair, though, he logs back onto the system and 
enters : 



: RREFERENCE PASSENGERS , DEPARTURES - 
: RSHOW "NAME, ADDRESS, S.S.NO FROM PASSENGERS WHERE DESTINATION IS f - 
'HONOLULU' IN DEPARTURES" 

NAME 
************ 
Abbate, L 
Ardmore,P 
Aston, J 
Bimer , & 

ADDRESS 
***r************+**+*********** 

13 East Drive, Pitt. Pa. 
506 W. Highbrook,. Minn. Minn. 
218 E. Lombard, Reno Nev. 
192?,~assidy, N.Y., N.Y.. 

And voila! the last digits of Mr. Ardmore's social security number match 
those on the stub--all is not lost!' Thanks to Sam and F L ~ p ~ k t h e  wallet 
will be returned! 

Finally, the important thing to note is that the real drama 
of this example lies in the fact that the last simple query alone replaces 
essentially the following sequence of current commands: 

: - ATTRIBS=NAMELIST(DESTINATION) 
: - TYPES=MAMELIST (CHR) 
: EDIT DnETINA'PION IIEN NOPNW - 
1. HONOLULU 
: %DEFINE DESTINATION -NONUM 
: %END 
: - CREATERFLATION TEMPS WITH 1 COL 
: - COMBRELATION DEPARTURES WXTB TEMPI OVER DESTTNATION INTO TEMP2 
: - PROJRELATION TEMP2 OVER FLIGHTNO, AIRLINZ INTO TEMP3 
: - COMERELATION TEMP3 WITH PASSENGERS OVER FLIGHTNO RESULT 
: - COMBRESULT WTTEI TEMP3 OVER AIRLINE 
: - PROJRESULT O'VER NAME, -ADDREgg, 3.S.MO 
: - DISPPESULT 



T e n t a t i v e  E S P E A R  H e l p  D o c u m e n t s  

RAPPEND R32PEND j o i n s  r ~ l a t i o n s  w i t h  t h e  same a t t r i b u t e  h e a d i n g s .  
KBPPEND(rel1 ,  r e 1 2 ,  ... r e l n  I N T O  r e s u l t n a m e  ) p r o d u ~ e s  

a s i n g l e  r e l a t i o n  named ' r e s u l t n a m e '  w h i c h  c o n s i s t s  a f  
a l l  o f  t h e  r e c o r d s  c o n t a i n e d  i n  r e l a t i o n s  re11 ... r e l n  
( w i t h  d u p l i c a t e  r e c o r d s  r e m o v e d ) .  Re11 .. . r e l n  m u s t  
t h e r e f o r e  a l l  h a v e  t h e  same a t t r i b u t e ' h e a d i n g s .  . . 

I f  t h e  k e y w o r d  I N T O  a n d  t h e  r e s u l t n a m e  a re  o m i t t e d ,  t h e  
r s s u l t i c g  r e l a t i o n  i s  b y  d e f a u l t  named l1RESULTW. 

8lPPEBD is  o n e  o f  s e v e r a l  words u s e d  w i t h  S p e a c e a s y l s  
r e l a t i o n a l  d a t a  b a s e  f a c i l i t y .  S e e  t h e  RSPEAK l a r q e r  
d o c u m e n t  f o r  m o r e  i n f o r m a t i o n .  

P C O ~ Y  R C O T Y  c o p i e s  d a t a  f r o m  a r e l a t i o n  i n t o  a n o t h e r  o b j e z t .  
T h e  f o r m  of t h e  command is: RCOPY " q u a l i f i e r n  

w h e r e  t h e  q u l l i f i e r  i s  a l w a y s  e n c l o s e d  b y  a s i n q l e  p a i r  
o f  q u o t a t i o n  marks. W i t h i n  t h e  q u a l i f i e r ,  t h r e e  k e y w ~ r d s  
may b e  u s e 3 :  FROY, WHERE ( o r  WHEREVER) a n d  AS. 

FROM s p e s i f i e s  t h e -  name o f  t h e  r e l a t i o n  f r o m  w h i c h  t h e  
d a t a  i s  t o  b e  r e t r i e v e d .  

WHERE i n t r o d u c e s  3 l o g i c a l  c o n d i t i o n  w h i c h  m u s t  be 
s a t i s f i e d  h y  t h e  d a t a  s e a r c h .  T h e  c o n d i t i o n  c o n s i s t s  
o f  u n i t s  o f  t h e  f o r m :  

c o n d i t i o n a t t r i b u t e  v e r b  c o n d i t i o n v a l u e  I N  r e l a t i o n n ? t m e  
c o n n e c t e d  t o g e t h e r  b y  t h e  l o g i c a l  c o n j u n c t i o n s  A?JD, 3R o r  
ETCEPT ( o r  CNLESS)  ; o p t i o n a l l y ,  A N D  WHFRYD, O R  W H 3 R E  3r 
EKCEPT WHERE may b e  u s e d .  F u r t h e r ,  u p  t o  8 l e v e l s  o f  
p a r e n t h e s e s  map b e  u s e d  t o  l o g i c a l l y  g r o u p  t h e  e x p r e s s i o n .  
When p a r e n t h e s e s  a r e  n o t  u s e d  t h e  d e f a u l t  p r e c e d e n c e  ~f t h e  
l o g i c a l  c o n i u n c t , i o n s  is: A N D  b e f o r e  O R  b e f o r e  EXCEPT. 
T h e  v e r b  may be:  I S ,  ISNOT, EQUALS, . EQ., . GE., .LE., 
eGT., .LT., . N S . ,  I S B E F O R E ,  ISAFTER, ISBETWEEN.. IND.., 
COWTAINS. T h e  c o n d i t i o n v a l u e  map b e  a  l is t  of d a t a  i tems 
e n c l o s e d  i n  a p o s t r o p h e s ,  a name o f  a n  o b j e c t  c o n t a i n i n g  t h e  
l i s t  of d a t a  items ( e a c h  item i n  t h e  list is c o n s i d e r s 3  a  
c o n d i t i o n v a l r l e  a l t e r n a t i v e ) ,  o r  a n  e x p r e s s i o n  b r ~ c k e t a i  i n  
a n g l e  b r a c k e t s  ( o r  a t - s i q n s )  w h i c h  w i l l  b e  e v a l u a t e d  b y  t h e  
S p e a k e a s y  P r o c e s s o r  b e f o r e  b e i n g  u s e d  a s  a v a l u e .  Thz 
s p e c i f i c a t i o n  o f  3 p a r t i c u l a r  r e l a t i o n  t o  b e  s e a r c h e d  b y  
t h e  k e v w o r d  I N  i s  o p t i o n 3 1  b u t  s p e e d s  l o c a t i o n  o f  d s t n .  



AS s p e c i f i e s  t h e  names  wh ich  t h e  r e s u l t i n g  r e l 3 t i o n s  
w i l l  b e  g i v e n .  AS ARSAYS may b e  u s e d  t o  i n d i c a t e  t h a t  
t h e  r e s u l t s  a re  t o  be  i n  t h e  f o r m  o f  1 - d i m e n s i o n a l .  a r r a y s  
w i t h  t h e  q i v e n  names.  I f  t h e  names a r e  o m i t t e d ,  t h e  
s t t r i b u t e  h e a d i n g s  w i l l  b e  u s e d  a s  names  by d e f a u l t .  

The p o r t i o n  o f  t h e  q u a l i f i e r  p r e c e e d i n g  a n y  keywords  
i n d i c a t e s  wha t  p a r t  o f  t h e  d a t a  is t o  b e  c o p i e d .  T h i s  
may b e  a l i s t  o f  a t t r i b u t e  h e a d i n g s ,  1tBEC09DSft i f  d a t n  
u n d e r  a l l  h e a d i n g s  i s  t o  b e  c o p i e d  or  a  list o f  
r e l a t i o n n a m e s  i f  t h e  e n t i r e  r e l a t i o n s  a re  t o  b e  c o p i e i  
( i n  t h i s  case n o  o t h e r  k e y w o r d s  f o l l o w ) .  A c o p y  . 

o f  j u s t  t h e  a t t r i b u t e  h e a d i n g s  o f  a g i v e n  relation 
c a n  b e  o b t a i n e d  by u s i n g  t h e  s y n t a x :  

RCOPY ATTRIBUTES PROM r e l a t i o n n a m e  
F i n a l l y  i f  the s y n t s r  R C O P Y  : is u s e i  t h e  u s e r  

w i l l  b e  a u t o m a t i c a l l y  p r o m p t e d  w i t h  t h e  p o s s i b l e  keyw3rds .  
A b l a n k  l i n e  r e s p o n s a  c a u s e s  a n  a d v a n c e  t o  t h e  n e x t  
keyword ,  a  b r e a k  c a u s e s  t h e  p rompt  t o  b e  r e i s s u e d  a n d  t w o  
c o n s e c u t i v e  b r e a k s  c a u s e  t e r m i n a t i o n  o f  t h e  command w i t h  
. n o t h i n g  d o n e .  

RCOPY is o n e  o f  s e v e r a l  w o r d s  u s e d  w i t h  S p e a k e a s y ' s  
r e l a t i o n a l  d a t a  b a s e  f a c i l i t y .  F o r  more  i n f o r m a t i o n  
a n d  exam 'p le s  of t h e  RCOPY s y n t a x ,  see t h e  RSP.EAK l a r g e r  
documen t .  

RCOUNT RCOUNT c o u n t s  s e l e c t e d  d a t a  items i n  a r e l a t i o n .  
The f o r m  o f  t h e  command is: R C O U N T  " g o a l i f i e t I 1  where 

t h e  q u a l i f i e r  i s  i d e n t i c a l  t o  t h a t  u s e d  w i t h  RSH9U ( s z ~  
s e p a r a t e  h e l p  d o c u m e n t )  w i t h  t h e  s i n g l e  e x c e p t i o n  t h a t  
RCOUNT may b e  u s e d  i n  a r e p l a c e m e n t  e x p r e s s i o n :  

N U U  = RCOUIT ~ ~ q u a X i f i c r w  
which  a s s i g n s  ths c o u n t  o b t a i n e d  t o  t h e  v a r i a b l e  N U N .  

RCOUNT i s  o n e  o f  s e v e r a l  w o r d s  u s e d  w i t h  S p e a k e a s y ' s  
r e l a t i o n a l  d a t a  b a s e  f a c i l i t y .  S e e  t h e  RSPEAK l a r g e r  ' 

documen t  f o r  more i n f o r m a t i o n .  

RCREATE * 
PDELETE RDELETE d e l e t e s  s e l e c t e d  r e c o r d s  f r o m  a  r e l a t i o n .  

T h e  form o f  t h e  command is: RDELETE o q u s l i f i e r n  w h e r e  
t h e  q n a l i f i e r  is e n g l i s h - l i k e  a n d  i s  a l w a y s  e n c l o s e d  b y  
a s i n g l e  p a i r  o f  q u o t a t i o n  marks. T h e  two s y n t a x e s  
of t h e  command are: 

RDELETE r e l a t i o n l , .  . . . r e l a t i o n N  w h i c h  d e s t r o y s  r e l a t o n s  
1 t h r u  N. 

RDELETE FRON r e l a t i o n  WHERE c o n d i t i o n  w h i c h  c a u s e d  a l l  
r e c o r d s  wh ich  c o n t a i n  d a t a  i tems s a t i s f y i n g  t h e  c o n d i t i o n  
t o  b e  d e l e t e d  f rom r e l a t i o n .  The c o n d i t i o n  c o n s i s t s  3 f  
u n i t s  o f .  t h e  form:  

c o n d i t i o n a t t r i b u t e  v e r b  c o n d i t i o n v a l u e  I N  s e a r c h r e l a t i o n  . 

c o n n e c t e d  t o g e t h e r  b y  t h e  l o g i c a l  c o n j u n c t i o n s  A N D ;  3 8  o r .  
EXCEPT ( o r  UNLESS) ; o p t i o n a l l y ,  A N D  WHERE, O R  W H E R E  9 c  
EXCEPT WHERE may b e  used..  F u r t h e r ,  u p  t o  8 l e v e l s  o f  
p a r e n t h e s e s  may b e  u s e d  t o  l o g i c a l l y  g r o u p  t h e  e x p r e s s i o n .  
The  v e r b  map be:  I S ,  ISNOT, EQUALS, .EQ., . G E . ,  .LE. ,  



.GT., .LT. ,. .YE. ,  ISBEFORE, ISAPTER, I S B E T W E E N . .  . B N D o . .  , 
C O N T A I N S .  The  c o n d i t i o n v a l u e  may b e  a  l i s t  o f  d 3 t 3  i tems 
e n c l o s e d  i n  a p a a t r o p h e s ,  a name of a n  o b j e c t  c o n t a i n i n g  t h z .  
l i s t  o f  d a t a  items ( e a c h  item i n  t h e  l is t  -is c o n ~ i d e r t i ,  a 
c o n d i t i o n v a l u e  a l t s r n a t i v e ) ,  o r  a n  e x p r e s s i o n  b r l c k e t a d  i n  
a n q l e  b r a c k e t s  ( o r  a t - s i g n s )  w h i c h  w i l l  b e  e v a l u a t e d  . b y  t h e  
S ~ e a k e l s y  p r o c e s s o r  b e f o r e  b e i n g  u s e d  a s  a  v a l u e .  r h a  : 

s p e c i f i c a t i o n  o f  a r e l a t i o n  t o  b e  s e a r c h e d  f i r s t  by t h e  
keyword  IN is o p t i o n a l  b u t  s p e e d s  l o c a t i o n  o f  d a t a .  

R D E L E T E  i s  o n e  o f  s e v e r a l  w o r d s  u s e d  w i t h  S p e a k e a s y ' s  
r e l a t i o n a l  d a t a  b a s s  f a c i l i t y .  F o r  more  i n f o r m a t i o n  
see t h e  RSPEAK l a r q e r  d o c u m e n t .  

\ 

B D E S C R I B  PDESCRIBE e n t e r s  a d e s c r i p t i o n  of a r e l a t i o n .  
R D E S C R I B E (  r e l a t i o n n a m e  WITH d e s c r i p t i o n  ) i s  a s e d  t~ 

e n t e r  a d e s c r i p t i o n  o f  t h e  d a t a  c o n t a i n t e d  i n  t h e  r e l 3 t i o n  
named " r e l a t i o n n a m e " .  1 ' d e s c r i p t i o n "  i s  t h e  c h a r a c t e r  
o b j e c t  wh ich  c o n t a i n s  t h e  d e s c r i p t i o n .  T h i s  o b j a c t  n a p  be  
c r s a t e d  w i t h  a s i m p l e  r e p l a c e m e n t  s t a t e m e n t  u s i n q  q u o t a t i o n  
marks  o r  w i t h  t h e  S p e a k e a s y  word TEXT (see h e l p  rlocuossnt 
f o r  TE KT) . 

A l t e r n a t i v e l v ,  t h e  s y n t a x  RDESCRIBE( r e l a t i o n n 3 m e  : ) 
may b e  u s e d  t o  c a u s e  t h e  u s e r  t o  b e  p r o m p t e d  w i t h  " : a r n  
t o  e n t e r  l i n e s  o f  t h e  d e s c r i p t i o n  d i r e c t l y .  

R D E S C R I B E  is o n e  o f  s e v e r a l  w o r d s  u s e d  w i t h  S p e a k e a s y ' s  
r e l a t i o n a l  d a t a  b a s e  f a c i l i t y  ( s e e  l a r q e r  documen t :  
" R e l a t i o n a l  Data S a s e s  i n  S p e a k e a s y "  f o r  more  i n f o r m a t o n ) .  

F D E S C R I P  RDESCBIPTION(re1a t ion)  lists t h e  d e s c r i p t i o n  o f  r e l l t i o n .  
The  d e s c r i p t i o n  w h i c h  t h e  u s e r  h a s  s t o r e d  u s i n q  t h e  word 

RDESCRIBE (see s e p s c a t e  h e l p  d o c u m e n t )  is p r i n t e a  o u t  
p r e c e e d e d  b y  t h e  m e s s a g e :  

" l r a l a t i o n '  is  a  r e l a t i o n  h a v i n g  N a t t r i b u t e  h e a d i n g s :  
attheadl,atthead2,...attheadn 
T h e r e  a r e  c u r r e n t l y  k r e c o r d s  i n  ' r e l a t i o n ' . ' '  

I n  o r d e r  t h 3 t  k ,  t h e  number of r e c o r d s ,  b e  a l w a y s  a c c u r a t e ,  
t h e  number  is a u t u m a t i c a l l y  revised w t e n  when c h a n g e s  a r e  
made t o  ' r e l a t i o n ' .  Also, t h e  e n t i r e  d e s c r i p t i o n  i s  
a u t o m a t i c a l l y  d e l e t e d  w h e n e v e r  ' r e l a t i o n 1  is d e s t r o y e d .  

The  d e s c r i p t i ~ n  c a n  b e  s a v e d  a s  a c h a r a c t e r  o b j e c t  X ,  
r a t h e r  t h a n  b e  d i s p l a y e d ,  v i a  t h e  command: 

X=RDESCRIPTION ( r e l a t i o n  ) . 
RDESCaIPTION i s  o n e  o f  s e v e r a l  w o r d s  u s e d  w i t h  S p e a k -  

e a s y ' s  r e l a t i o n a l  d a t a  b a s e  f a c i l i t y .  S e e  t h e  R S P E B K  
l a r g e r  documen t  f o r  more  i n f o r m a t i o n .  

RPROJECT * 
FREFEFEN RREFERENCE s p e c i f i e s  r e l a t i o n s  f o r  a u t o m a t i c  s s a r c h s s .  

REPFERENCE r e l l , .  . . re lN s p e c i f i e s  wh ich  r e l a t i o n s  of 
t h o s e  c u r r e n t l y  d e f i n e d  a r e  t o  b e  s e a r c h e d  a u t o m 3 t i c a l l y  
by o t h e r  RSPEAS words  v h i c h  u s e  t h e  keyword  W H E R Z  
( p r e s e n t l y  t h e s e  i n c l u d e :  RSHOW, RCOUNT, RCOPY, S D E L E E E ,  
a n d  ROPDITE). Wi th  t h e s e  w o r d s  t h e  keyword  F R O Y  o r  IY 



may b e  o m i t t e d  wheneve r  e x a c t l y  o n e  r e l a t i o n  h a s  b e e n  
r e f e r e n c e d .  

RREFERENCE ALL r e f e r e n c e s  a l l  c u r r e n t l y  d e f  i n a d  
r e l a t i o n s .  

R e l a t i o n s  c a n  b e  f r e e d  f r o m  b e i n g  r e f e r e n c e d  by  
u s i n g  t h e  coaimands RFREE re11 ,. .. relN o t  BFREE A L L  

RREFERENCE is  o n e  o f  s e v e r a l  w o r d s  u s e d  w i t h  S p e a k e s s y l s  
r e l a t i o n a l  d a t a  b a s e  f a c i l i t y .  F o r  more  i n f o r m a t i o n ,  see 
t h e  RSPERK l a r g e r  documen t .  

RSHOW RSHOW d i s p l a y s  s e l e c t e d  d a t a  items f r o m  a  r e l a t i o n .  
T h e  f o r m  o f  t h e  command is: RSHOH l 8 q u a l i f  ierw w h e r e  

t h e  s y n t a x  o f  q u a l i f i e r  is e n g l i s h - l i k e  a n d  is a l w a y s  
e n c l o s e d  i n  a s i n g l e  p a i r  o f  q u o t a t i o n  marks .  W i t h i n  t h e  
q u a l i f i e r  t w o  k e y w o r d s  may b e  used :  FROM a n d  WHERE. 

FROM s p e c i f i e s  t h e  name of t h e  r e l a t i o n  f r o m  which  t h e  
d a t a  i s  t o  bo r a t r i e v e d .  T h i s  keyword may b e  o m i t t e d  i f  
t h e r e  is e x a c t l y  o n e  r e l a t i o n  c u r r e n t l y  r e f e r e n c e d .  

Y H R R E  lntroduces a l o g i c a l  c o n d i t i o n  wh ich  m u s t  b e  
s a t i s f i e d  by  t h e  d a t a  s e a r c h .  The  c o n d i t i o n  c o n s i s t s  O f  
u n i t s  o f  t h e  form: 

c o n d i t i o n a t t r i b u t e  v e r b  c o n d i t i o n v a l u e  I N  r e l a t i o n n a m e  
c o n n e c t e d  t o q e t h e r  by  t h e  l o g i c a l  c o n j u n c t i o n s :  AND, 2 R  
o r  EXCEPT ( o r  UNLESS) ; o p t i o n a l l y ,  A N D  WHBRE, OR WHERE o r  
EXCEPT UBERZ may b e  u s e d .  F u r t h e r ,  up  t o  8 l e v e l s  o f  
p a r e n t h e s e s  may be  u s e d  t o  l o g i c a l l y  g r o u p  t h e  e x p r e s s i o n .  
The  v e r b  may be: I S ,  ISNOT, EQUALS, .EQ., .GE., .LEO,  
-9T.p .LT., O N E . ,  ISSEFORE, ISAFTER, ISBETWEEN.. .AND..  , 
CONTAINS. The c o n d i t i o n v a l u e  may b e  a  list o f  d s t a  i t e m s  
e n c l o s e d  i n  a p o s t r o p h e s ,  a  name o f  a n  o b j e c t  c o n t a i n i n g  t h e  
l ist o f  d a t a  items ( e a c h  item i n  t h e  l ist  is c o n s i d e r a d  a 
c o n d i t i o n v a l u e  a l t e r n a t i v e ) ,  or  a n  e x p r e s s i o n  b r a c k e t a d  i n  
a n g l e  b r a c k e t s  ( o r  a t - s i g n s )  w h i c h  w i l l  b e  e v a l u a t e d  by t h e  
S p e a k e a s y  p r o c e s s o r  b e f o r e  b e i n g  u s e d  a s  a  v a l u e .  r h a  
s p e c i f i c a t i o n  o f  a s e a r c h r a l a t i o n  w i t h  fN is o p t i o n s 1  b u t  
s p e e d s  t h e  l o c a t i o n  o f  d a t a .  

The p o r t i o n  o f  t h e  q u a l i f i e r  p r e c e e d i n g  a n y  keywords  
i n d i c a t e s  wha t  p a r t  a €  t h e  d a t a  is t o  b e  d i s p l a y e d .  P h i s  
may b e  a l ist o f  a t t r i b u t e  h e a d i n g s ,  "RECORDSw i f  d a t a  
u n d e r  a l l  h e a d i n g s  is t o  be  d i s p l a y e d  o r  a l is t  of 
r e l a t i o n n a m e s  i f  t h e  e n t i r e  r e l a t i o n s  are  t o  b e  shown 
( i n  t h i s  c a s e  n o  o t h e r  k e y w o r d s  f o l l o w ) .  A l i s t i n g  
of j u s t  t h e  a t t r i b u t e  h e a d i n g s  o f  a g i v e n  r e l a t i o n  
c a n  b e  o b t a i n e d  by u s i n g  t h e  s y n t a x :  

RSH6W ATTRIBUTES FBOH r e l a t i o n n a m e  
F i n a l l y ,  i f  t h e  s y n t a x  RSHOW : i s  u s e d ,  t h e  u s e r  

w i l l  h e  a u t o m a t i c a l l y  p r o m p t e d  w i t h  t h e  p o s s i b l e  k e y w a r d s .  
word,  a b r e a k  c a u s e s  t h e  p r o m p t  t o  b e  r e i s s u e d  a n d  tw3 
c o n s e c u t i v e  b r e a k s  c a u s e  t e r m i n a t i o n  o f  t h e  command w i t h  
n o t h i n g  done .  

RSHOW is o n e  o f  s e v e r a l  w o r d s  u s e d  w i t h  S p e a k e a s y ' s  
r e l a t i o n a l  d a t a  b a s e  f a c i l i t y .  F o r  more i n f o r m a t i o n  a n d  
e x a m p l e s  of  t h e  RSHOW s y n t a x ,  see t h e  RSPEAK l a r q e r  
document  



BUPD.4TE RUPDATT r e p l l c e s  s e l e c t e d  d a t a  items i n  a  r e l a t i o n .  
The f o r m  o f  t h e  conmand is: RUPDBTE t t q u a l i f i e r w  whsce  

t h e  q u a l i f i e r  i s  e n g l i s h  l i k e  a n d  is a l w a y s  e n c i o s e d  i n  
3 s i n g l e  p a i r  o f  u u o t a t i o n  marks .  The two b a s i c  s p n t 3 x e s  
o f  t h e  command a r e :  

EtJPDATE r e l a t i o n n a m e  : w h i c h  c a u s e s  new r e c o r d s  t o  b e  
a d d e d  t o  t h e  r s l a t i  on  named r e l a t i o n n a m e .  T h i s  is  d 3 n e  
by h a v i n q  t h e  u s e r  b e  p r o m u t e d  s e q u e n t i a l l y  w i t h  t h e  
a t t r i b u t e  h e a d i n q s  s n d  h a v i n g  t h e  u s e r  e n t e r  t h e  d a t a  items 
t o  be  s t o r e d  u n d e r  t h e s e  h e a d i n q s .  A b r e a k  c h a r a c t e r  i n  t h e  
m i d d l e  o f  a n  i n p u t  l i n e  c a u s e s  a p r o m p t  t o  b e  r e i s s u e 3  w h i l e  
w h i l e  3 b r e a k  i m n e d i a t e l y  f o l l o w i n s  a  prompt  t e r a i n a t s s  t h e  
command. No te  t h a t  i f  t h e  l a s t  r e c o r d  was n o t  c ~ m p l e t e d  i t  
w i l l  n o t  be  r e t a i n e d .  

!?UPDATE a t t h e a d l , . . . a t t h e a d N  : w h i c h  c a u s e s  t h e  u s s r  
t o  be ~ r o m p t e d  w i t h  a t t r i b u t e  h e a d i n q s  1 t h r u  N . The d a t a  
which is e n t e r e d  i n  r e s p o n s e  t o  e a c h  p r o m p t  is u s e d  t 3  
r e p l a c e  t h  d a t s  u n d e r  e a c h  r e s p e c t i v e  h e a d i n g .  
RUPDATE RECORDS : i s  t h e  s a m e  a s  a b o v e  e x c e p t  t h a t  t h e  
s e r  i s  p romted  a u t o m a t i c s l l y  w i t h  a l l  o f  t h e  a t t r i b u t e  
h e a d i n g s  b e l o n q i n q  t o  t h e  r e l a t i o n .  

I n  s d d i t i o n ,  7 k e y w o r d s  may b e  u s e d  w i t h  t h e  b 3 s i c  
s y n t a x e s  a b o v e .  

I N  s p e c i f i e s  t h e  name o f  t h e  r e l a t i o n  i n  w h i c h  d a t a  i s  t o  
b e  u p d a t e d .  T h i s  keyword  may b e  o m i t t e d  i f  e x a c t l y  o n e  
r e l a t i o n  is c u r r e n t l y  r e f e r e n c e d .  

WHERE i n t r o d u c e s  a l o q i c a l  c o n d i t i o n  which  m u s t  b e  
s a t i s f i e d  by t h e  d a t a  s e a r c h .  The  c o n d i t i o n  c o n s i s t s  
o f  u n i t s  o f  t h e  form: 

c o n d i t i o n a t t r i b u t e  v e r b  c o n d i t i o n v a l u e  I N  r e l a t i o n n a m e  
c o ~ n e c t e d  t o  g e t h e r  b p  t h e  l o q i c a l  c o n j u n c t i o n s  A N D ,  3R o r  
EXCEPT ( o r  UNZESS): o p t i o n a l l y ,  A N D  WHERE, O R  WBSFE 3 c  
EXCEPT WHERE mlp  b e  u s e d .  F u r t h e r ,  up t o  8 l e v e l s  o f  
p a r e n t h e s e s  may b e  u s e d  t o  l o a i c a l l y  g r o u p  t h e  e s c p r e s s i o n .  
When p a r e n t h e s e s  a r e  n o t  u s e d  t h e  d e f a u l t  p r e c e d e n c e  3f t h e  
l o q i c a l  c o n j u ~ c t i o n s  is: A N D  h e f o r e  O R  b e f o r e  EXCEPr .  
The  ve.rb may be: I S ,  ISNOT, EQUALS,  .EQ., .GE.,  . L E O ,  
.GT., 0LT.V O N E .  ISBEFORE, ISAFTER, ISBETWEEN.. .AWE-. 
C O N T A I N S .  The  c o n d i t i , o n v a l u e  way S e  a  s i n g l e  d a t a  i t a m  
e n c l o s e d  i n  a p o s t r o p h e s ,  a name o f  a n  o b j e c t  c o n t a i n i n g  a 
d a t a  item, a  l i s t  o f  c o n d i t i o n v a l u e  a l t e r n a t i v e s ,  an a b j e c t  
c o n t a i n i n g  a  list o f  c o n d i t i o n v a l u e  a l t e r n a t i v e s  o r  3 o  
e x p r e s s i o n  b r a c k e t e d  i n  a n g l e  b r a c k e t s  ( o r  a t - s i g n s )  w h i c h  
w i l l  b e  e v a l u a t e d  b y  t h e  s p e a k e a s y  p r o c e s s o r  b e f g r e  b e i n g  
u s e d  a s  a  v a l u ? .  The s p e c i f i c a t i o n  o f  a  s e a r c h r a l a t i ~ a  
w i t h  I N  is a l v a p s  o p t i o n a l  b u t  s p e e d s  l o c a t i o n  o f  d a t s .  

WITH r e p l a c e s  t h e  c o l o n  a n d  s p e c i f i e s  d i r e c t l y  t h ?  i a t a  
o r  n a a e s  o f  o b j e c t s  c o n t a i n i n g  t h e  d a t a  w h i c h  is t o  r a p l a c e  
t h e  o l d  d a t a .  The d s t a  is  s e p a r a t e d  b y  s e m i c o l o n s  F n t ~  
f i e l d s  c o r r e s p o n d i n g  t o  t h e  a t t r i b u t e  h e a d i n g s .  Each f i e l d  
may c o n t a i n  a s i n g l e  d l t a  item e n c l o s e d  i n  a p o s t r o p h e s ,  
t h e  name o f  an  o b i e c t  w h i c h  c o n t a i n s  t h e  d a t a  item, o r  a n  
e x p r e s s i o n  i n  a n g l e  b r a c k e t s  o r  a t - s i g n s  wh ich  w i l l  b e  
e v 3 l u a t e d  by  t h e  S p e a k e a s y  p r o c e s s o r  b e f o r e  b e i n g  u s e 3  a s  
a d a t a  item. 



RUPDATE i s  one o f  s e v e r a l  words used with Speakeasy's  
r e l a t i o n a l ,  data. base f a c i l i t y .  For more informat ion,  s e e  
t h e  BSPEAK l a r g e r  document. 

* The he lp  documsnts f o r  t h e s e  words w i l l  be  s u b s t a n i t i s l l y  
t h e  same a s  t h o s e  now e x i s t i n g  f o r  C O b l B R E L A T I O N , C R E A T E R E L A T I O N  
and PROJRELATION. 



_APPLICATIONS OF RSPEAK: A RELATIONAL 
DATA MANAGEMENT FACILITY IN SPEAKEASY 

Bill A. Bavinger 
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INTRODUCTION 
. ~ 

For the past four years the Rice Architecture Computer Lab 
(RACL) in the School of Architecture at Rice University has used 
Speakeasy as its primary access to computing capabilities. .Utilizing 
Speakeasy's provision for extension the lab has developed numerous 
linkules that are specifically related to geographic information 
processing. This subsystem of.linkules is called RAGIS (Rice Archi- 
tecture Geographic Information System). Speakeasy has provided the 
capability to integrate under a single information processing system, 
a number of special purpose functions and operations that jointly 
allow acceptance, organization, and representation of spatially re- 
lated data at the regional, urban, and the built form scales. The 
addition last year of a relational data management facility in Speak- 
easy (Rspeak) provided the opportuntty to integrate a data base manage- 
ment capability into the lab's work. In practice the relational 
approach to data management greatly extended the lab's research and 
applications. This paper will briefly describe the concepts of the 
relational data model and the specific use of Rspeak in four different 
applications: (1) a Watershed Management Project for the U.S. Army 
Corps of Engineers, (2) Urban Research at RACL, (3) Information 
Management for Health Planning and Facility Design, and ( 4 )  a 
management application concerning chemicals and research related to 
the nation's Enhanced Oil Recovery (EOR) program. 

There are three general conceptual ~ilodels for data management: 
hierarchical (tree) ,. 'rie'twork (complex) , and 'relational (tabular) . 
Of these three models the relational seems to offer many advantages 
(Date, 1977) . Relations are. straightforward, relatively easy to 
understand, and their uniformity of representation allows an oper- 
ational simplicity that is much more easily managed than either the 
network or hierarchical models. Also, since its organization does not 
not depend on physical analogs, or pointers, to create relations 
between data the 'relational model offers a minimum of organizational 
or informational bias. The network approach, from which heirarchical 
models can be considered a special case, has many constructs which 
are essential in the data set. This one fact establishes the differ- 
ence between relational and network models: relations are simple 
because they have one uniform construct, networks are complex because 
they have many operational constructs, all of which are necessary 
for data management and manipulation. 

Since its inception in the early 19701s, RACL has been con- 
cerned both with complex problems related to regional and urban 
analysis and with large amounts of data. Many approaches to data 
management related to these problems have been explored and developed 





under RAGIS. Included in these approaches are pattern finding capa- 
bilities (multi-variate clustering and factoring), data association 
capabilities (the matrix approach to data organization), and capa- 

..bilities to determine context (connectivity and adjacency). The 
introduction of Rspeak and the concepts of the relational data man- 
agement have allowed the perception of the interrelationships between 
the results'of analysis and the raw data describing the original 
problem context. These capabilities' are implemented very simply 
by adding attributes (columns) containing,the results of various kinds 
of. analysis to tables of attributes in Rspeak containing data (re- 
lations), Thus in addition to finding relationships between data, it 
is possible to find relationships both between various kinds of 
analysis and data, and among the results of the analyses. The merger 
of Rspeak with RAGIS analysis capabilities has allowed perceptions 
through first order data organizations to a second order of relation- 
ships describing the first order. For the first time many of the 
original goals of RACL, which included the integration of diverse 
information into the design process at all scales, and the view of 
design as a series of representations in the relationships between 
information, are manageable. 

.. . . 

While at the technical level the relational approach to data 
management has received much attention in recent articles and books, 
little has been written concerning actual applications. Work at 
RACL with Rspeak has revealed a number of operational considerations 
related to the use.of a relational data management model and "relation- 
al thinkingn. In practice Rspeak provides a number of powerful data 
management capabilities, but more importantly, it introduces a number 
of concepts.for problem organization and solving. An understanding 
of these concepts has greatly expanded the scope of RACL applications. 
It is difficult to specifically state these concepts as operational 
rules at ,this point in time, but the general influence of relational 
thinking emerges in the following descriptions of specific applications. 

Watershed Management 

RAGIS has been used on several flood plain projects (Rowe and 
Blackburn, 1977; Bedient, 1978) primarily for the purposes of organ- 
izing the.'inventory and analysis of land use and environmental data, 
and in support of land use and hydrologic modelling,activities (Figure 
2). On the most recent of these projects (Bear Creek, Texas) Rspeak 
was explored for its utility to the overall. data management requirements. 
The spatial data base constructed for Bear Creek.conformed to the 
Universal Transverse Mercator (UTM) cardinal referencing system. The 
data points themselves took the form of a uniform gird cell system 
with individual grideells of 1/4h X 1/4km or 15.45 acres. Spatial 
information was coded as discrete images which are stored as logical 
bit strings. Thus each data pattern was either present or absent in 
each grid cell.  h his raster-like technique for data capture and 
storage is one of the major aspects of RAGIS. The image data base 
incorporated land use and ground cover information, soils information 
by hydrologic sub-group, and other environmental and economic data 
such as the location of natural hazard conditions. and land value. 
To improve the spatial resolution of the 'data representation 
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. . . .  . 

the capability to allow the parti a1 present= of a *data f eatute .;is 
incorporated. 

Through Speakeasy each data pattern was converted-to a numerical 
array of zeros (for absence) and any interger value desired .(for .pre- 
sence). These arrays were combined under their major headings and 
loaded as attribute cdumns in Rspeak. Rspeak provided a centralized 
data management facility to support the numerous uses of the data 
required in this project. In addition, it allowed the results from 
one area of the project such as land use growth pro.jections to be 
related to results from other areas of the proj.ect such as the 
determination of flooding. Thus the end purpose of the project, 
which was to identify the. relationship between these two dynamic 
and competative systems at'any point in time and related to economic. 
criteria was readily accomplished in Rspeak (Figure 3). Any state, 
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. . Figure 3 
or condition. in'either land use srowth or floodins could be mapped 
directly 
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In practice while Rspeak is TSO bound, it was nonetheless 
possible in a 512K TSO region to construct relations that contained 
as many as 14 data categories across 4074 grid cells. Queries to 
these numerical relations were vefy,economical. The advantage of 
Rspeak in this application was that it provided a unified format for 
data analysis. 

Urban Analysis 
The focus of information processing in RAGIS at the urban scale 

has been to support the exploration of spatial data for the purposes 
of defining inherent structures and relations in urban spatial distri- 
butions and processes. In addition to the processing of data to support 
theories and models, well managed data processing is beginning to yield 
new insights into the nature of urban problems. Descriptive data 
processing (Figure 6) is increasingly becoming a problem identification, 
solving and monitoring process by iteslf. The traditional sequence of 
problem identification, model building, data gathering, data processing 
and conclusion making is breaking up into more integrated relation- 
ships with the information descriptive of the problem. Rspeak pro- 
vided an excellent capability to implement this integrated approach. 

DESCRIPTIVE DATA PROCESSING 
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The operative mechanism of descriptive data processing is organi- 
zation and the capability to reorganize interactively at any time to 
accomodate the nature of explorative inquiry. RAGIS is designed to 
relate to the ill-defined class of problems involving urban socio- 
logical, economical, and environmental criteria. Rspeak also offered 
the opportunity to deal with objective and subjective concerns. While 
a vast amount of information descriptive of urban'characteristics and 
growth has a spatial index, an equally vast amount does not. Generally, 
information that deals with cause related issues falls into the latter 
category. Subjective information related to policies, issues, opinions, 
and feelings is a large subset in this area and is not usually recorded 
as raw data on a map. Subjectivity generally has objective precedents, 
but the relationships between the two are neither necessarily direct 
nor logical. It is essential that any study of cause and effect be 
capable of not only working in consideration of spatial and non-spatial 
information, but that it also have the capability for relating the two 
with sensitivity-; By implementing special case relations dealing with 
issues with relations containing the data descriptive of urban blocks, 
an operational integration of these concerns was achieved. 

Futher capabilities of the relational data base allowed data to 
be perceived in relationship to time and change. This was accomplished 
directly with the data and was not dependent on analytical simulation. 
This capability was implemented through the arrangement of relations 
in terms of time increments allowing the amount of change to be mapped 
(Figure 7). Alternatively, when the tables are organized in increments 
of change, the time spans can be equally perceived. The relationship 
between the amount of change and units of time is one of the most 
important perceptions that any planner or decision maker can gain 
from urban data management. Perceived relationships are gained so 
directly using Rspeak that nonspecialists can visualize and implement 
these relationships. 

Health Planning 

Passage of the National Health Planning Resources Development 
Act (PL 93-641) has provided this country with a singular framework 
for health planning w i t h  goals written at the macro scale and guide- 
lines written at the mirco scale. The resulting differences in scale 
among the sources of information needed by health planners frustrated 
conventional information management approaches unable to deal with 
such inconsistencies among the data. The relational data approach 
was used to overcome these problems of scale of information and to 
explore a data management approach to the understanding of such issues 
as health status in a clinical and a social sense;. incorporating the 
concepts of illness and wellness indicators and predictive epidemio- 
logical planning; the urban and natural environments as a context for 
for health planning separated from the health and medical care delivery 
system; the use of the map as the means for seeing not only the spatial 
distribution of the population and their health status but also the 
care delivery system available to meet their needs; and facility plan- 
ning based on the design of environments at the room scale to deliver 
specific kinds of care. The relational data model has managed success- 
fully the varying scales of information both in original data and in 
the relationships between diverse data sets, and has proven to be a 





most effective mechanism for representing the interrelationships among 
variously scaled data to the 'information manager. 

The matrix organization of data relationships has proven to be 
a workable approach to organizing on a fundamental level the infor- 
mation relationships relating to this complex application (Figure 8) . 
The relational data model' was used to make 'functional a multi-dimen- 
sional matrix. RACL has been studying an urban area of Houston called 
the Montrose and a coastal region near Houston for ways in which 
information relationships could describe 'the forces' which shape the 
development of an urban or natural envrio'nment, and with the addition 
of the Census information organization it is now possible to relate 
changes in populations .to those forces'. Joining the 'health care 
delivery system organization to the.matrix has'made it possible to 
incorporate the principles'of demographic-based planning into the nature 
of growth 'and decay in the 'urbanization process, providing a compre- 
hensive population-based planning capability. Spatially' representing 
the management of those 'diverse'data sets. .in the relational data 
model provides a very powerful visual aid to health 'planners. 

The flow of relationships axpres'sed in the 'matrix organization 
can best be represented in the'connectivity of a network diagram. The 
health status of a population can be 'studied both clinically and 
socially, and in terms of the map, which 'serves as a context for the 
interrelating of the four major subj'ect areas in the 'matrix: the urban 
and natural environments,. the 'census and health (Figure '9). The impacts 
of changes in health status on services',. facilities and manpower 
planning can be traced throught the series of relations in each of 
those three health 'res'ource"areas. Facility des'ign is linked to the 
network through 'the 'International ~lassi-fication'of Disease Index 
(ICDA-8), making it possible 'to measure 'the 'impact on built form of 
changes in the"hea1th 'status indicators of a population. To be 
effective, population-based health 'planning must be able to incorporate 
this holistic approach 'to studying the 'interrelationships among the 
population, their environmqts, and the health 'care delivery system. 

The use of generic facility names by health planners obscures the 
detail of design data, making it difficult .to plan accurately for 
the allocation of manpower and service 'resources in the community. 
RACL has used the rexational data base 'capabilities of Rspeak to 
discover how relationships fuctionally and structurally between 
designed environments for the 'delivery of care can be 'directly linked 
to specific population health care 'needs and related resources required 
for the delivery of care.' Using a data base 'containing data describing 
the environment in each 'of approximately 500 rooms across 167 criteria, 
tremendous progress has been made into to very nature of design, 
particularly the potentials for systems design and modular construction. 
The relational approach has greatly aided research into a process for 
the design of population-based environments or collections of environ- 
ments for the delivery of health care 'without relying on the generic 
facility planning process. 

This approach offers the first workable solution that actually 
deals with 'the information associated with 'thes'e 'complex areas. Man- 
aging the interrelationships between diverse 'data sets with differently 
scaled data has enriched the proces's of population-based health planning, 
and has allowed the development of a comprehensive analysis and 
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management capability keyed to performance 'for health information 
and health 'planning, 

A Management. .Appl kc;a;tjion . 

The U.S. Department of Energy (DOE). for a number of years has 
sponsored research 'and field applications .in the 'Enhanced Oil Recovery 
(EOR) program, In conjunction wi'th 'a local research group the 
applicability of Speakeasy and Rspeak 'to manage data'related to this 
project was explored. EOR-proces:s.es' are both 'hi'ghSy technical and 
touch a number of specialized sciences' including chemical engineering,and 
geology. Across the 'nation many different approaches have been taken 
to this probaem which furthelf compounds the'cmplexity of gaining 
insight into the 'overall problem area. Data .related to these many 
appbications and different prace's'ses' had to be 'organized and saarchcd 
both for specific and general relhtionships. 

The major advantage of Speakeasy and Rspeak was that a piece meal 
approach .to the 'construction of a comp.lex data base could be under- 
taken. Thus .data related to .the 'aspects .of the overall problem which 
were well defined could be 'organized and used to clarify the problem 
aspects which 'were 'les's we'll defined, There can exist no singular 
description of the overall problem: area which satisfies' all criteria. 
Chemical species',. field conditions,. res'earch 'assumptions, recovery 
processes, government policy, and, varying data.'condieions all 
be interrelated and managed across time'.' Speakeasy and Rspeak sup- 
ported a "cut and pasten' approach'to the'construction of a complex data 
base. The relational approach 'to data management required that neither 
an overall framework be defined nor all of'the specific relationships 
identified and understood. The .result was that an overall schema for 
data management emerged from fragmented sections of the problem. 

CONCLUSION 

As computer applications leave the age of the individual data 
file and enter the age of data base management systems, a unique set 
of problems begins to appear, One of the major problems with packaged 
data management systems is that their command languages are generally 
so weak, AS Speakeasy, which is one of the most powerful interactive 
command languages in use today, incorporates data base management 
capabilities (Gspeak and Rspeak) and concepts it offers a viable system 
for today'@ data management problems, 

Through the various applications one theme remained constant. 
Rspeak was as much a tool for data management as a vehicle for seeing 
and understanding relational data management concepts. This under- 
standing has greatly expanded RACL's problem organization and solving 
capabilities, Also, the perception of Speakeasy as a relational 
structure emerged. This is mainly an .aspect of Speakeasy's "umbrellan 
effect on diverse data processing. The perception of Speakeasy as a 
growing concept emerged over the perception of Speakeasy as a set of 
finite capabilities. 
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8 b * + 4 b  4 b + * * W  4-4.- @ Q  + 4 d 4 4 6 9  b b b b @ * r  

25  ) L . L Z I  .BE666 3i .441 .14559 
CPTL CAT,? CAT3 O f I A 0 L  1kIAUL C l l % f  LS CAKl  CAT2 
* a s #  c e . 0 ~  . * re++  + v Q * * * ~ * w  8 ( + * * + 6 a + e  a e a e  

B L I 5 4 .1 ll(l .CC6C1I 3 2 1 
1 1 2 3 ? .3506 0036723 2 I 
a b 3 '8 1.1a01 2.1683 2 I 
L L 5 C 6.1399 .24Y 26 2 1 
I 1 P 3 i o 9 5 1 Y  oCOl5U 2 I 
a D a I I.YESS .49216 2 I 
1 2 D 1 6  IC. h56 3.0159 2 2 
A 2 8 5 1 2C 4 2 . t l 4 3 3  2 2 
fi 2 3 2 i .8212 e87231  2 2 
II 2 5 LO I I . C ! l  .0')6435 2 2 
L 2  7 1 te!OJ1 . O 6 Y 2 1  2 2 
L 2 0 3 4.2115 .38153 2 2 
B 3 1 2 i .COB4 eC69247 2 3 
II a 2 z 1.6asc 062893 2 a 
B 3 3 0 .a9005 e 8 9 C C 5  2 3 
a I 5 6 i . 5 ~ ~ 4  4.5911 2 a 
k 3 . I  0 1 . 4 6 6  1.416 2 3 
1 3 8 0 e9S476 .SS416 2 3 



IhYUT... i i h T  l 3 4 0 1  
**- 3-H IY CLINT INGEACI TABLE b ITH HYPOT~IESI s.. . 
bff J - C Q I € I ~  l&TEdACT 1CtI 

S f b I .  CCNCL. CANCEF. 8 4 TIIEOR .FWEQ. < 1 
SrbT. CONCL. OANCCF. 1 64.661 8 IH. FHEQ. < 5 

'CECiJE Cl i IVAL' PACBbl  LCGCHI PROBA2 
4 *be+*-* +**#*** * # b 1  b**@ 

1 J 3.O45l: .4f 419  J l . 2 t 8  .3.3)81 
CAT1 C.AT2 CA13 CFlAUL lFTA0L  CHlELS CAT1 . CAT2 
* + + C  + * + C  W*L +*+@++ @***a* * * *  e b e * * h . b * e *  **0* *+*4 

I I 1 I 5 ( - 1 2 6 3  .20't05 2 I 
I I 2 3 i . 1421  - 3 4 3 0 1  ' 2 1 
I I 3 4 2.1158 - 3 2 1 2  ' 2  1 
L 1 5 4 i .2260 018526 2 ,l 
1 .  1 7 3 4.0594 .21'648 2 I 
1 1 8 1 - 1.4262 e l 2 1 3 8  2 1 
1 2 1 16 14,615 -11666  2 '2 
1 2 2 5 . t  e 6 8 4 l  -082344  2 2 
1 . 2 3 2 i . 1101  18631  2 2 
1 2 5 10 1 i .744 .5SC12 2 2 
i 2 7 1 4.7802 1 . 0 3 ~ 8  2 2 
1 2 8 3 i.4C8 .14552 2 2 
I 3 1 2 ;. I S 8 9  . O l  1992 2 . 3  
I 3 2 2 i .I 122 - 0 1  3197 2 
I 3 3 10 -21356  -21356  2 

3 
3 

1 3 .  5 6 4 .OiS5 ' .56367 . 2 3 '  
1 3 1 0 1.1694 1.1604 2 3 
1 3 tl 0 16515  16515 2 3 

INPUT... FAT=' ICF2.0, lX ,  3 A Z l '  
IAFUT... d A I l E F  I L E I ~ O ~ F H ~ , ~ I O I C I ~ S T ~ T D S E ) ~ ~ P R O F , R E A S O N ~ C ~  aC2eC3 1SEXe l I  

l o  ges. A m l r r r N  C K  E ~ E  FILE 'FOR 22 08s. PROCESSED 
INPUT... Pl i  I t4f lb lT 1'PA'tS. SEX I CDbJIAT AND REASO,NeI 

TEA1 1 9  4HC. P ' t I N I E E  SOHEEh PRINTED 
ILPUT... ~ ~ I I I E I I ~ C I I C ~ , C ~ X C  I 
ILPUT... AI l lC I S  C16 i i kA l  I S  C 

C l  I i  IYJT CEFENED 
C IS  b 219  OY 3 : $ P I E +  ITERAL AItRAV 

IhPliT... Ad l IVbNICe ' ,  ' b 
a * *  6PE.J. OJSC. i lF  H U T I R E  bNS. VAR. C 

T.II. YII.~BEP OF ors. t 2 1 0  
n s r .  'JU.48ER OF A A S W E R S  2 
~ E l C t i l S  USED 1' 3.000 2.000 l.OC0 
w l S . v . t L .  a fREC .a 5 8 

c n J L  n i r r \ c i L  P c r u G r  
4 -  r b b r  rr r @ * r * + * r l ~  

1 1  l L 5  14.115 
1 2  3 4 d.0156 ' 

13  1 2 2  13..4Uli 
1 4  1 9 9  17.CS6 
15 5 3 5.4134 
16 , 26  i . i ? ? l  
17 2 5 0  21.41d 
1 O 6 0  5.1546 
19 J I b.S5f;8 
2 0  LO . 2.4025 
2 1 4 6  3.F5L9 
2 2 2 C 2.C6M 
3 1 I .C€f:411 
33 3 - 2 5 1 1 3  -, n - m a . n  -. 



I 

INPUT... E A I H ~ C ' T I Y ' L ! ~ V L I W ~ , C E # ~ S E X ~ I I  
U 3  iEZ. E X I P A C T L C  

I~PUT ... INCEb'L(YlXY2) 
9 4 s  2 - . d J Y  COhT  I N C E I C b  VAOLE. 

1 FIlR I N C E P E N O E N C E  
V I P .  S A l E S  6 Y1 Y2 
S A r C L E  S I Z E  8 03 
srar. c.'.~!cL. C A N C E R .  . a  4 II~EIW.FPE~). < L 
S I b T e  C - I N C L e  CANCER.  I 71eC00 t l l d e  IFREQ. < 5 

C E C F F E  C t i I V A h  P P O I A  I L Q C C I I I  P R U B A Z  
r ( . # r 4 &  * *ou&+a a 4 * + 4 + * * + +  d * b + + r a  d * * b @ * a b * b  

1 u 57.122 l . i b93E-6  44.701 le4902E-6 
C b T l  CAT2 O F T A I L  I f l A l J L  C I l l E L S  C A I  L 
* * *u I  6 + * i  * * *A@*  d a * * * + * 4  b * * *  b*4  **** 

0 0 6 ,43383 i 9 0 3 2 3  2 
0 1 a . . 2 d Q l &  . .28916 2 
0 2 3 1.2040 I e Z C 4 8  3 
o 3 a .IIICO . ~ I A C B  3 
0 4 B 0 e3012 1.3C62 3 
b 0 0 I .C843 1.0e43 3 ' 
1 I a . I 2 2 8 9  .7228'J 3 
B 2 1 3.012 e 3 4 3 0 5  4 
A 3 B 6 .S277 .44b46 ' C 
L 4 7 3 - 2 5 3  4.316 4 
a I )  a s .3qs5 . B O C I ~  c 
2 L P 1.5SC4 eL0551  4  
2 2 4 . 6 . t i b 5  1 . 0 ~ 1 I  

IhPUl... O F ~ A E R 4 Y L Z ~ 2 8 L 7  25 bO 3 2 1  
INPC I.. . ?H ECCNZ I O F  I 
I hPU I . . e  l A C E P 2  

** L - ~ A V   CON^ ~ ~ ( G E N C I I  IABLE 
1 6 J A  I N C E F E N O E N C E  

. O E C T R f  C H I Y A L  P A C 0 4  1 L C C C h I  P H U B A 2  
O I + 4 +  4 be*+** a * * + * * *  b 9 4 * * * *  * * * d 9 &  

a 2,6145 .ICl.S7 i . 6 1 i 5  ,1004 
CAIL c a r 2  C F ~ A U L  ~ C T A B L  c n l E L s  
$ 0 - b  ac+.sa* *,:+&*a C L O + * * ~  

I 6 9 1 13.5 .9C14L 
L 2 2 5  2E.5 . 4 i f 8 2  
2 1 1 9  12.5 e9C741 
a 2 32 28.5  . 4 i 9 6 L  

I b P L I . . .  j C F E E f i  
+ a *  a - i a v  CONT ~IICEE;CV IAULE 

S T  F:OR i N O E P E h C E N C E  
D E C i P E  I:IIIYAL PPOUbl b C C C t t l  PRO082 
0 4 9 4 ~ 4  e + w o a o  **+a+-* * a l a s * *  ( * * * a +  

A 2.8145 .LClS7 i , t 9 8 5  e1CG5 
C b l l  Ci\ l2  O F V A d L  8f  TAUL C t i K E L S  
e r a *  c r b b  . q b ~ 1 1 4 +  b a r + * +  ( * 'b+&bb 

1 L I 7  62.5 .90141 
6 2 2 5 zq.5 . 4 2 r 0 2  
2 L 8 3 63.5 090741  

S P A C k  J S E U  . LY K Noh, 2 9  k BEAK,  S l 6 E  00 K 
. ~ ~ ~ ~ ~ * * m r ~ a * * ~ ~ + a . ~ + ~ ~ ~ + ~ e e * ~ ~ ~ ) + ~ * ~ * r * ~ ~ e ~ e ~ . * ~ + * i + * ~ e * * + ~ e ~ ~ ~ + + ~ e  



) 4 t  a (  ( 1 1 & + 4 4 ?  b -  b d . r m + . r h i i * * - * L , * * 4 b 1 I ) , * b b I ) , * & A t . &  

* 4 

* U L i J l 0 1  70.L94 l t .C1.50 
? U 2 i  1101. f l ?  I f 3 3 1  1, * * 

L 

d e 4 4 i 4  t W 4 t  t  # * ~ 1 * h b v * 4 * . * * * * * * 4 - 4 * b  b * d + * * * * b , * 4 * * + * 4 1  
# * +  2-LIAi  CO:il IIJiiENCY T bU1. E 

1 E S l  F C G  Ih l l iPENCEhCE 
VPR. h r . r t s  : SEX.  P E P S O ~ I  
P I S .  VtLUES 8 NOtlE 0 .0 
OJS.  LC21  : 1s CUT O f  2 1 0  I , € .  8 9.048 
SACFLE S I L E  c 1 3 1  , 

C C G C R E  i t  l V d L  POQUb 1 LOlCtl .1 PWUUAZ 
) t . V * *  L ( * C * r *  C.* * , t# *  .****** r b * * s * *  

5 6 .(I 14JJ .1'C53i 6.1652 .ZfC411 
C P l 1  C A l i  IFT4UL T f I P U L  C t  IELS 
* b * ?  $ 4  ~ : * * r c +  c * ~ - r r & *  O Z L I * * W * ~  

1 1 a!>  . 1 1 . 5 d l  D . 0 1 2  
1 2 1 U 12.22 . rC614 
1 b i . 604S1C . (38315 
1 5 L !1 10.120 . t € t  4 2 9  
1 1 1 'I 11.102 .<45SF? 
1 t C 1.2LLO 1 . 4 t 5 1  
2 1 .  2 3 28.413 10C2?3 
2 2 2 2 I S . ? ?  e i C I l t 3  
2 1 1 1 1C.503 . C i 3 5 5 f  
2 s LY 11 .212 . c ! 3 4 t r  
2 1 Ltr 11.250 oC2U4!4 
2 U 1 5  11.138 ,506  3 1  

L S E  Cf S V f l E T 2  
Ch VLRS L.2 A:lO V3 - - - - -  - - - - -  - - -  - - - - - - -  -C-- 

* * *  2-WPt (11 (1 I I J G E I ~ C I  TABLE 
S T  f G F  SYY3ElR'I  
STL1. CihC1. I)ANCM. 8 L 1tEOH .FItEiJo < 1 
S l b l .  iCpi.L. CA?(GGt. : 25.0110 I TI*. FHEJ. < 5 

CEGFRE O I J A L  P P I b I A l  LOGCEI PHOUAZ 
< ( r ? r (  ~ b b u ~ * s  O & L ( - *  * b ~ i t b @  * C * b * b I  

I 10. 16.) m i 1 7 1  IC.36L . e l 1 0 2 4  
C P T l  CACL t l? lAU!.  ;rfTJC!L C k I E L S  
l . I * + . M L  *r:aas+ * *L I ( *+*#  

1 '  e 0 'l 0 
1 2 5 4.5 . .Of f 5 5 t  
1 J (I t . a  
1 I 1 C 11.5 -! 4248 
2 Y 4 4.5 .05 5556 
2 2 6 b 0 

.2 1 1 1  1 i . 5  . I€ 
2 i 1 9  14.5 1.?St6 
.1 I I b c 
3 r 14 12.5 , IU  
3 I J a C 
3 i JI> ' 2 2 2.9CSI 
4 L *) 11.5 .5 4 140  
C 2 LO L4.5 Im" i t 6  
4 . I  1 6  22 i.9C51 
(1 C L 9 2 '1 0 
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F4STAT and Its Future  Under SPEAKEASY 
D. Saxe and W. ~ a n ~ a s ' s e l  

6 t h  Annual SPEAKEASY Conference 
August 1 8 ,  1978 

The Linkules  w r i t t e n  a t  ETS a ~ e  based on o u r s t a t i s t i c a l  . . . .  

i u b r o a t f n e s  package,  F4STAT. S p e c i a l  s t a t i s t i c a l  m a t r i x  o p e r a t o r s  
f o r  performing l e a s t  s q u a r e s  a n a l y s i s  form t h e  c o r e  of bo th  ' 

F4STAT and t h e  ETS l i n k u l e  l i b r a r y .  Vers ions  of t h e  F4STAT 
r o u t i n e s  f o r  frequency d i s t r i b u t i o n s ,  c r o s s t a b  a n a l y s i s  . 

and summary s t a t i s t i c s  have been added t o  ETS l i n k s  d u r i n g  
t h e  l a s t  y e a r .  During t h e  coming y e a r  we w i l l  be working 
toward' implementation of r e g r e s s i o n  ( u n i v a r i a t e ) ,  a n a l y s i s  
of v a r i a n c e  (ANOVA), and perhaps  o t h e r  r o u t i n e s  ( m u l t i v a r i a t e .  
r e g r e s s i o n ,  f a c t o r  a n a l y s i s ,  MANOVA). We hope t o  work c l o s e l y  
w i t h  t h e  U n i v e r s i t y  of Liege i n  o r d e r  t o  complement and . n o t .  , 

d u p l i c a t e  e f f o r t s  toward p rov id ing  a wider  assor tment  of 
s t a t i s t i c a l  r o u t i n e s  for.  SPEAKEASY. 

So f a r ,  our  L inku le  w r i t i n g  h a s  been a t  l e a s t  p a r t l y  
exper imenta t ion  w i t h  d i f f e r e n t  t echn iques .  This p r o c e s s  
w i l l  probably  con t inue  through t h i s  n e x t  y e a r  b e f o r e  we 
dec ide  on a comprehensive approach t o  our  g o a l  of p rov id ing  
i n t e r a c t i v e  s t a t i s t i c a l  suppor t  f o r  t h e  novice  u s e r .  Our 
h e l p  documents a r e  a t t a c h e d  f o r  your review. We would welcome 
your comments on any a s p e c t  of o u r  e f f o r t .  



FISTAT l ists words  a v a i l a b l e  f rom t h e  ETS PQSTAT l i b r a r y ;  
ACCUM s e e  ACCUlrlULATE 
ACCUNULATE computes  w e i g h t e d  f r e q u e n c y  d i s t r i b u t i o n s .  
Ch(jSS4rAB cbmputes  two-way w e i g h t e d  6 unweighted  t a b l e s .  ' 

U I RPRO computes  t h e  d i r e c t  p r o a u c t  o f  2  o b j e c t s .  
MSIG r e t u r n s  means, s t a n a a r d  a e v i a t i o n s  a n d  r a n g e s .  
MSTO r e t u r n s  a  m u l t i s t a n o a r d i . z e a  s q u a r e  m a t r i x  o r  2 di,m o b j e c t .  
PFROMZ r e t u r n s  t h e  p r o b a b i l i t y  o f  a  s c o r e ,  i n  a  n o r m a l  d i s t r i o u t i o n .  
POLY ' p o l y t o m i z e s  a  d i s c r e t e  v a r i a b l e .  
S D G  r e t u r n s  a  s t e p - d i a g o n a l i z e d  s q u a r e  m a t r i x  o r  2  a i m  o b j e c t .  
ST0 r e t u r n s  a s t a n a a r a i z e d  s q u a r e  m a t r i x  o r ' 2  d i m e n s i o n a l  o b j e c t .  
SrJP r e t u r n s  a  s w e p t  s q u a r e  m a t r i x  o r  2 o i m e n s i o n a l  o b j e c t .  
TCM. r e t u r n s  a  t r a n s f o r m e a  s q u a r o  m a t r i x  o r  2 a i m e n s i o n a l ' o o j e c t .  
X'I'AB s e e  CROSSTAB . . 

ZEROMP r e t u r n s  t h e  z s c o r e  a s s o c i a t e a  w i t h  a  p r o b a b i l i t y .  

For  more i n t o r m a t i o n  on  PQSTAT o p e r a t o r s  and  t h e i r  u s e s  s e e :  
'Tne Use o f  S p e c i a l  M a t r i x  O p e r a t o r s  i n  S t a t i s t i c a l  C a l c u l u s '  by 
A l b e r t  B e a t o n ,  E o u c a t i o n a l  T e s t i n g  S e r v i c e ,  R e s e a r c n  B u l l e t i n  RE-64-51, 
P r i n c e t o n ,  & J ,  1964. A v a i l a b l e  on  r e q u e s t .  , 

To f i n o  o u t  more a b o u t  a  command 'XXX' e n t e r  'BELP XXX". a h s  

ACCUMULATE computes  w e i g h t e d .  f r e q u e n c y  d i s t r i b u t i o n s .  . 
ACCUMOLATE(W:C) r e t u r n s  t h r e e  new o b j e c t s ,  t h e  f i r s t  c o n t a i n s  t h e  
d i s t i n c t  v a l u e s  found  i n  ' C ' ,  t h e  s e c o n a  c o n t a i n s  t h e  o b s e r v e d  
f r e q u e n c i e s . o f  t h o s e  v a l u e s ,  and  t h e  t n i r d  c o n t a i n s  t n e  w e i g n t e d  

. f r e q u e n c i e s  o f  t h o s e  v a l u e s  u s i n g  t h e  c o - r e l a t e d  w e i g n t  v a l u e s  
c o n t a i n e d  i n  ' W ' .  

Tne a e f a u l t  naming c o n v e n t i o n  f o r  t h e  newly  c r e a t e d  o b j e c t s  
i s  a s  r o l l o w s :  The o r i g i n a l  name o f  'C' w i l l  b e  t r u n c a t e d  t o  f o u r  ' 

c h a r a c t e r s ,  i f  n e c e s s a r y ,  i n  o r a e r  t o  append  t h e  l e t t e r s  'VALU' 
f o r  t n e  u i s t i n c t  v a l u e s ,  'FHEQ' f o r  t h e  0 b s e r v e d . f r e q u e n c i e s  and  
t h e  f i r s t  f o u r  l e t t e r s  o f  ' W '  name f o r  t h e  a c c u m u l a t e d  w e i g h t s .  
T n e s e  o e f  a u l t s  c a n  o e .  o v e r r i d a e n  by t h e  c a l l  ACCU#ULATE.(W:C:NAhEl, 
&ABE2,tiANE3). 

ACCUMULATE(WI,W~,...WN:C~,C~,...,CN) COMPtiTES dULTIPLE O I S T R I ~ ~ T I O ~ S .  
' wnen n c  i s  t h e  number of  'C' o b j e c t s  a n d - n w  i s  the number o f  ' W '  

o o j e c t s ,  nc*(nw+2) o b j e c t s  w i l l  oe  c r e a t e d .  ACCUdtiLA'PE(W1,bw2,... 
in:Cl,Ci,...Cn:dA14El,NAmE2,...~kAEn) a g a i n  o v e r r i d e s  t h e  d e f a u l t  
naming c o n v e n t i o n s .  Names s n o u l a  be  e n t e r e a  i n  t h e  f ' o l l o w i n g  o r a e r ,  
CIbALti, ClFHBQ, ClL41, Clwi , . . .C lkn ,  CZVHLU, CZFPLQ, C2N1, C2W2, ... C2Wn....CnVALti e t c .  

I t  t h e  number o f  ' g i v e n '  names a o e s  n o t  e q u a l  t h e  number o f  
o o j e c t s  t o  be  c r e a t e d ,  t h e  r o u t i n e  e i t h e r  u s e s  o r  d e f a u l t s  a s  many 
names a s  needed.  I f  a n  o b j e c t  w i t h  a  c r e a t e d  o r  ' g i v e n '  name a l r e a d y  
e x i s t s ,  i t . w i l 1  b e  r e p l a c e d .  & o , i n d i c a t i o n  o f  t h i s  a c t i o n  is 
r e t u r n e a .  An a t t e m p t  t o  c r e a t e  more t h a n  o n e  o b j e c t  w i t h  t h e  same , .  
name w i l l  t e r m i n a t e  t h e  r o u t i n e .  

' C '  o b j e c t s  must  be  1 d i m e n s i o n a l  rea.1 o r  n a m e - l i t e r a l ,  ' W '  
o b j e c t s  must b e  1 d i m e n s i o n a l  r e a l  o b j e c t s .  A l l  o b j e c t s  mus t  h a v e  
t h c  game number of e l e m e n t s .  



When t h e r e  is o n l y  o n e  'C '  o b j e c t  and  no names  a r e  g i v e n ,  t h e  
. . c a l l i n g  s e q u e n c e .  ACCUMULATB ( W 1  , W Z , .  . .Wn,C) may b e  u s e d  ( i e ,  t h e  

c o l o n  may be  o m i t t e d ) .  
' ACCUMULATE W 1  M 2 , . . .  Wn BY C1 C2 ... Cn is a n  a l t e r n a t e  c a l l i n g  

s e q u e n c e  when n o  names a r e  g i v e n .  
Unweighted d i s t r i b u t i o n ( s )  may b e  computed by a n y  o f  t h e -  

f o l l o w i n g  c a l l s :  
ACCUMULATC (C) 
ACCUMULA'PE(:Cl,C2,...Cn) 
ACCU~ULATE(:C~,C~,...C~:NAME~,~AME~,...NAME~) 

ACCUH is a synonym f o r  ACCUMULATE. 

. i 

CR0SSTAB.computes two way w e i g h t e d  f r e q u e n c y  d i s t r i b u t i o n s . ,  
CROSSTAB(H,C) r e t u r n s  t h r e e  new o b j e c t s , ,  t h e  f i r s t  c o n t a i n s  t h e  
d i s t i n o t  v a l u e a  Eound i n  'R', bho b i ~ o o n a  ~ o n t a i n a  t h e  d i s t i n c t  v a l u e s  
f o u n d  i n  'C ' ,  a n a  t h e  t h i r a  c o n t a i n s  t h e  o b s e r v e d  t r e q u e n c i e s ' a f  
t h o s e  v a l u e s  ( u s i n g  t h e . d i s t i n c t  v a l u e s  o f  'H' f o r  t h e  Cow d i m e n s i o n  
a n d  t h e  d i s t i n c t  v a l u e s  o f  ' C '  f o r  t h e ' c o l u m n  d i m e n s i o n ) .  

-The  d e f a u l t  naming c o n v e n t i o n  f o r  t h e  newly  c r e a t e d , o b j e c t s  
I S  AS PGLLOh'S: TtiE.ORIGINAL NAMES OF 'R'  AND 'C '  KILL BE TRUNCATED . 
t o  f o u r  c h a r a c t e r s ; . i f  n e c e s s a r y , ,  i n  o r d e r  t o  append  t h e  l e t t e r s  ' 

'VALU' f o r  t h e  f i r s t  two- o b j e c t s  r e s p e c t i v e l y .  The t h i r d  o b j e c t  
is named by c o n c a t e n a t i n g  t h e  f i r s t ,  two l e t t e r s  of  'R '  name a n d  'C.' 
name and  a p p e n d i n g  t h e  l e t t e r s '  'FREQ'. T h e s e  d e f a u l t s  may b e  
o v e r r  i d d e n  by t h e  c a l l  CROSSTAB (R,C:NAMEl ,NAi4E2,NAEIE3). 

CROSSTAB(R,C,WI;W2,.'..Wn) r e t u r n s  t h e  same t h r e e  o b j e c t s  a s  
a b o v e  a n d  i n  a d d i t i o n ,  r e t u r n s  a  two d i m e n s i o n a l  o b j e c t  f o r  e a c h  ' k g ,  
c o n t a i n i n g  t h e  t w o ' w a y ' w e i g h t e d  d i s t r i b u t i o n  o f  t p e  d i s t i n c t  v a l u e s  
f o u n d  i n  ' R '  a n d  'C' u s i n g  t h e  c o - r e l a t e d  v a l u e s  f o u n d  i n  'W'. 
The d e f a u l t  names may b e  o v e r r i d d e n  by t h e  c a l l  CkOSS'rAa(R,C,Wl, 
ki2,...kn:NAdEl,NAME2,...NAMEn). 
&ames s h o u l d  oe e n t e r e d  1.n t h e  f o l l o w i n g  o r d e r :  RVALU, CVALU, RCFHEQ, 
RCk1, RCb+2,...RCi4n. 

I f  t n e  number o f  ' g i v e n '  names d o e s  n o t  e q u a l  t n e  number o f  
o b j e c t s  t o  be  c r e a t e d ,  t h e  r o u t i n e  e i t h e r  u s e s  o r ' d e f a u l t s  a s  many 
names a s , n e e d e d .  I f  a n  o b j e c t  w i t h  a c r e a t e d  o f  ' g i v e n '  name a l r e a d y  
e x i s t s ,  i t  w i l l  b e  r e p l a c e d .  No i n d i c a t i o n  o f  t h i s  a c t i o n  is r e t u r n e d .  
Any a t t e m p t  t o  c r e a t e  more t h a n  o n e  o b j e c t  w i t h  t h e  same name w i l l  
c a u s e  t h e  r o u t i n e  t o  t e r m i n a t e .  

. . ' R '  and 'C' o b j e c t s  mus t  b e  1 d i m e n s i o n a l  r e a l  or  n a m e - l i t e r a l ,  . 
'W' o b j e c t s  must  be  1 d i m e n s i o n a l  r .eal .  A l l  0 b j e c . t ~  mus t  h a v e  t h e  
same number o f  eLements .  

1TAB. is a  synonym f o r  CROSSTAB. 
. \  

UIHPRO RETURNS TilE DIRLCT PRODUCT OF TKO OBJECTS. 
DIRPRO(A,B). RETURNS THE .DIRECT PRODUCT 'OF A A N D  B. I T  I S  UFTLN USED 
TO FORM A CELL MEMBERSHIP VECTOR FOR SEVERAL DISCRL'TE VAfcIABLES USING 
THE RESULT UF A POLY OPEHATIUtl. A AND B ARE REAL AND USUALLY VLCTOHS. 
THE RESULT I S  AM O ~ J E C ~  OF d O t L S ( A ) * d 6 ~ ~ b ( ~ j  ELLfiLflTS i lO~TAlkldC ALL 
THE PAIRUIGE PRODUCTS OF THE ELENENTS.OF A AND I). THE ELEMENTS OF d 
VARY EIOST RAPIDLY SO..THB HLSULT CONTAINS ( ~ ( l ) * ~ ( l ) , ~ ( l ) * B ( 2 ) , .  ... 1 .  
TtiIS I S  EGUIVALENT. TO VEC (hVELS ( A )  'NOELS ( 6 )  :tiUUrtRPRO (A,B) ) . I F  A AND 
B  AKE VECTORS, THE RESULT KS A VECTOR.' I F  EIThBR A OR B  I S  A SCALAR, 
ThE RESULT I S  THE NORMAL SPEAKEASY PRODUCT. I F  EITHER OR BOTH A A N U  B  



ARE 1 DIMEFiSIONAL ARRAYS, THE RESULT k I L L  BE A 1 L)IMENSTONAL.ARRAY. 
I F  B 0 T h . A  AND B ARE 2 DIMENSIONAL U I T t i  THE SAME NUMBER OF' ROWS, T n E N  

,ThE  RESULT k 1 L L  k E  2 DI i - l~NSIOc lAL rtI 'PH Tht; SAME NbMBLR 3 F  R W S  AS A AND 
.B AND NOCOLS(A) * I JOCOLS(d)  CGLUMkS. I N  T H I S  CASE,  LACH k3v3 OF THE HESULT 
I S  T h E  SAML AS THL D1,RPAO EXPLAINED ABOVE; 1:E. RON O N t  i)F THE HESULT 
IS  Ti lE SAME AS U I R P R O ( A ( l ) , d ( l ) ) .  THE RESULT WILL BE AN A R U Y  UNLESS 
BOTH A A ~ O ' B  ARL MATRICES,  I h  WhICH CASE THE RESUL'P W I L L  BL A k A T R I X .  
S E E  ALSO T H I ~  HELP DOCUMLLJ'PS FOR YOLY ,OO'TEkPRO,HIwIDE,  F4STAT.  . DHS 

MSIG(A,B , . . .C )  r e t u r n s  m e a n s ,  s t andara  d e v i a t i o n s  and ranges.  ' 

M S I G ( A , B , . . . C )  r e t u r n s  t h e  m e a n .  s tandard o e v i a t i o n  and r a n g e  . . 
t o r  e a c h  ' c o l u m n '  o f  t h e  i n p u t  v a r i a b l e  l is t .  I n p u t  v a r i a b l e s  
m u s t  be r ea l ,  o u t  m a y  be vec tors ,  a r r a y s  o r  m a t r i c e s .  I f  
a n  i n p u t  v a r i a b l e  is a t w o  o i m e n s i o n a l  o b j e c t ,  t h e  c o m p u t a t i o n s  
a r e  aone o n  t h e  c o l u m n s .  T h e  o u t p u t  is a two dimensional ( n x 5 )  r e a l  
a r r a y  c o n t a i n i n g  one r o w  f o r  e a c h  ' c o l u m n '  i n  t n e  i n p u t  list: 
T h e  c o l u m n s  o f  t h e  o u t p u t  a r r a y  are: 
( 1 )  n u m o e r  o f  observa t ions ,  ( 2 )  mean, ( 3 )  s tandard  aev ia t ion , ,  
( 4 )  lowest o o s e r v e o . v a l u e  a n d . ( 5 )  h i g n e s t  observea v a l u e .  

I i l S S I k G  DATA: T h e  r o u t i n e  c n e c k s  f o r  t h e  p r e s e n c e  o f  an  oo jec t  
n a m e d  MISVAL, i f  i t  e x i s t s , , a i l  o b s e r v e d  v a l u e s  equal t o  i t s  v a l u e ( s )  
a r e  e l i m i n a t e d  f r o m  the c o m p u t a t i o n s .  
T n e  s t anoara  d e v i a t i o n  is c o m p u t e a  a s :  

SQRT (SdMXSQ-SUMX'blEArul) / (L-1  ) 

& S T 0  RETURNS A MULTISTANDARDIZED'MATRIX OR 2 D I I E K S I O N A L  A R M Y .  
M S T D ( A , L I S T )  RETURNS TBE, RESULT O F  hULTISTAdO,AMIZI@lG T B E  O B J E C T  A 
USIlvG A CHOLESKY TRIAtitiULAR FACTUHIZATIOti  O F  THE, SUBMATRIX, 
A ( L I S T , L I S T ) .  A IS  A REAL, SGUARE, SYMMETRIC OR S'KEw SYdMETRIC 
NATRIX O h  2 D I M b N S I r j h h L  ARRAY i i I T H  A ( L I S T ,  L I S T )  SY~I . IETHIC.  TtIE 
NUMBER OF ROWS (CULUEINS) OF  A i3UST BE GREATLH TiiAN ONE. A I iEr lAINS 
UNCHAMGEU a Y  MSTD. THE R E T U H ~ E D  O ~ J E C T  W I L L  AAVE T ~ E  S A ~ E  S I Z L  
AND C L k S S  AS A. L I S T  I b  A SCALAR bh 1 DIPi&NSIONAL'OBJECT COr i ' rk INING 
THE kUki AND.COLbMN I N D I C E S  OF THE SUBMATRIX TU BE flULTISTAl4DAriDIZED. 
MORE THAN ONE L I S T  MAY B E ' U S E U  A S  I d  THE ALTERNATE CALLING 
SEQUEhrCE: MSTD(A,LISTl,LIST2,.,.LISTN). THE TRANSFOi(lrlATI0N MATRIX 
(CBOLESKY THIANGULAR FACTORIZATIOrJ)  MAY BE OBTAINED BY THE CALLING 

SBQUENCE: rlSTD(A,LISTI,LIST2,...LISTN:T). UNLESS OTHERMISE 
S P E C I F I E D ,  T H I L L  BE DEFINED AND I N I ' P I A L I Z E D  TG AN I D E N T I T Y  
MATRIX ( 2  D T A ~ E ~ ~ S I O N A L  ARRAY I F  A IS  AN A R M Y )  BEFORE THE TRANSFORMATION 
IS COIlPLiTED. T N I L L  HAVE -THE SAME S I Z E  A S  A. . THE P O S I T I O N A L  
E A ~ M L T E H ,  A S I S ,  MAY BE USED 'PO I h U I C A T E  THAT ' T ~ E ;  USER HAS ALREADY 
b E F I h E D  ArJb PLACED I N I T I A L  VALUtS  TH T. E.G.: H S T O ( A , L I S T : T , A S I S ) .  
U S I N G  THE PARAAETGR U N I T  114 PLACE O F  A 3 1 9  IS THE S U E  AS PiSTD(A,LIST) . .  

S E E  ALSO THE h E L P  DOCUMEMT FO* F I S T A T .  UCS 

PFROMZ RETURNS THE P R O ~ A ~ I L I T Y  OF A SCORC I ~ J  A N O ~ A L  DISTRIBUTION. 
PFhOMZ ( 2 )  RETLiRNS THE P R O a A a I L I T Y  OF A STAliDAKD SCORE 114 A &ORMAL 
D I S T I ~ I ~ U T I O & .  THE P h O B A B I L I T Y .  I s  T n E  AREA U6DER'THE NORNAL CURVE TO 

' T n L  R I G h T  O F  TfiE GIVEN SCORE. THE HETUhtiEU t ' R U ~ A M I L I T I E S  WILL HAVE THE 
SANE CLASS AND STRUCTUhE AS 2, ,WtiICH KUST i3E RLAL. S E E  ALSO THE HELP 
~ O c U r l ~ ; r i ~ j :  FOR ZPRGPIP AIJU FISTAT. DHS 



POLY POLYTOhIZES A DISCRE'PE VARIABLE. 
POLY(kUMCAT,CATEGORY) POLYTOMIZES T h t  DISCRETE VAAIABLE 'CATE~OHY AND' 
RETURNS A VECTOR FOR USE I N  FOiUlItiG A CROSS PHODUCTS mATRIX. NUPICAT 
IS  THE M A X I M U N ~ N U M B . ~ ~  OF CATLCOHIES AND CATEGORY IS A SCALkH G I V I G  
THE CATEGORY VALUE FOR OfjE OBStRVATTOfl.  Tt iE RESULT O F  POLY W I L L  BE 
A VECTdA OF NclMCA'P-1 ELElriE[J'rS. THE CC)NTEtiTS O F  T h E  VECTUH DEPEliDS ON 
Tl iE  VALUE OF CATEGORY: 

CA'rLGOHY EQ hUNCAT: ALL THE ELLi4Eh'I'S OF THE VECTOR AhE S E T  TO -1. 
CAl'LtiORY LE NUNCA'P AND GT U: THE CA'PEGORY ELEmLkT IS S E T  'PO 1 AluD 

ALL OTHER ELEIILNTS. ARE S E T  TO 0 .  
' CATEGORY EQ 0 :  A \nAWJIIJti II1ESSAGE I S  I S S U E D  AND l ' h E  VEC'POR S E T  'PO O .  

CATEGORY LT ld. OR GT NUMCAT: AN EPROH biESSAGE I S  I S S U E D  AN& NO 
RESULT IS DEFINED. 

MCRE THAN O h E  OBSERVATION MAY 8 E  HAkOLLL) BY USING AN' ALTERNATE 
C A L L I h G  SEQUENCE:  POLY(HUNCAT,CAl'l,CAT2,...CATP;r) WHERE CAT1 1'0 CAT# 
ARE SCALAkS OH ONE D I I ' I E ~ S I O N A L  OBJLCTS.  Ifj T H I S  CASE,  YOLY Rt'PURNS 
A M A T H I I  riI'PH NOCOLS = NUPICAT - 1 AlGD EiOROWS .= S U n  OY THE NUMBEk 
OF ~;L~;I .~LNTS OF C R r l , .  . .CA'PN. ' EACH ROW OF T ~ L  WESULTING M A T R I X  

' REPHESLNTS T d E  RESULT O F  A S I N G L E  POLY G P E ~ w T I O N ' A S  DEFI l iEO I N  THE , 

F I R S T  C'ALLIhG SEyUEhCE.  
S'EL ALSO THE HELP DOCUkENTS FOR F 4 S T A T  AND D I R P ~ O .  

' 

DHS 

' SDG RETURNS A S'PEP-DIAGONALIZBD SQUARE MATfiIX OR 2 QIHENSIONAL OBJECT.  
S D G ( A , L I S T )  RETURNS T h E  HESULT O F  STEP-DIAGONALIZING T n E  OBJBCT A USIEJG. 
A M O D I F I E D  JACOB1 NETl-iOD. TtiE'ADVAN'PAGE OF T H I S  METHOD IS THAT YJdILE 
COMPUTING T d E  EIGLtiVALUES VECTORS). I T  SIMULTANEOUSLY T W I J S O W B  THE 
REST OF T n E  OBJECT.  A IS  A REAL, SQUARE, SYMMETRIC O n  SKEW-SYMMETRIC 
MATRIX OR 2 DIMENSIOLjAL ARRAY WI'PH A ( L I S T ,  L I S T )  SYMMETRIC. Ti-IE EJUMBBR 
O F  ROwS (COLUMNS) OF  A MUST BE GREATER THAh ONE. THE HETURNLO O B J E C T  
N I L L  ~ A V E  ~ d i i  SAM.E S I Z E  A N D  CLASS AS. A. L I s e r  IS A 'SCALAR OH 1 
D I t i E b S I G N A L  O B J E C T  C O ~ T A I N I N G  T h E  ROW AND COLUdN 114DICES OF THE 
SU8#AThIX TC d E  DIAGONALIZED. MORL ThAN ONE L I S T  MAY USED I N  THE 
ALTERhATE CALLING SEQUENCt :  SDG(A,CISTl,LIJTZ....LISTN). SEVERAL ' 

' OP'PIONS ARE AVAILABLE AND b1US.r APPEAR AFTER A COLON, BUT MAY BE' ' IN 
' AhY ORDER. THE O P T I O N S  H I L O ;  L O H I ,  NOSORT S P E C I F Y  THAT THE EIGENVALUES 

AND CORHESPOND1NG.PARTS OF A SHOULD BE SORTED HIGH TO LON, LOW TO HIGH, 
OR NGT AT ALL, RESPECTIVELY. H I L O  IS THE LEPAULT. I F  AN ARGUMENT 
APPEARS WHrCH I S  NOT A SORT OPTION AEJD NOT A S I S  OR UNIT  (EXPLAINED 
B E L O W ) ,  THEN THE AR$UMEHT vr'T&L 86 DEFIdED kITil  THE SAME STR[ICTURE AS 
A AND h I L L  CONTAIN THE EIGENVECTGRS O F  A { L I S ' P , L I S T ) ' I N  T H E ,  
CORRESPOfjDTNG LOCATIONS. S P E C I E ' Y I I ~ G  T H E ' O P T I O N  UNIT I N D I C A T E S  T d A T  
T d E  O B J L C T  TU RECEIVE THE t I G E k V E C T O R S  SHOULD BE I N I T I A L I Z E D  AS AN 
I D L N T I T Y  MATRIX. A S I S  INGICATES THAT THE O a J E C T  IS ALREADY DEFINED 
AH0 I N I T I A L I Z E D  AND SHOULD BE 'l'IUNSFORklED. I&? TJE OBJECT IS T A I ~ G  THE 
L I G d N v d C , r o r i  MATRIX IS V, THE RESULTING T ( U S I N G  A S I S )  WILL BE T"V dHERE 
* DENOTES MATRIX NUL'PIPLICATION. IE' N E I T h B H  A S I S  NOR UNIT  IS G I V E N ,  
U N I T  IS ASSUMED. AN EXARPLE OF THZ CALLING SEQUENCE USING O P T I O N S  I S :  
SDG(h,1,2,I:ASIS,TtLOHI). SDG USES A,CONSTANT, SDGCON, TO CHECK FOR 
COkVERGENCE DUfiIhG I T S  ITERATIONS.  T h E  DEFAULT VALUE IS . 0 0 6 W l .  
T H I S  VALUE MAY BE ChANGED d Y  S E T T I N G  SDGCON T O  THE DESIRED VALUE 
BEFORE U S I d G  SDG. NEGATIVE VALUES ARE IGNGRED AND THE DEPAJLT USED, 
S E E  ALSO THE H E L P  DOCUrlENTS FOR F 4 S T A T ,  OEIGEN,  EIGENbYS,  E I G E h V A L S ,  
A N D  EIGCNLECS.  DHS 



STD RETURNS A STAIUDARDIZED S Q U A ~ ~ E  EIATRIX OH 2 DIPIEIJSIONAL ARRAY. 
S T U ( A )  RETUaNS Ti iL ,RESULT OF STANDAI<DIZItiG THE O B J L C T  A, WHERE A IS  
A REAL SQUARE MATRIX OH 2-DIliitbiSIiiFiAL AHHAY k I T H  NUN-NEGATIVE DIAGONAL. 
ELEMENTS. I F  T IS A DIAGONAL ~ A ' r k I x  d I T H  S Q R T ( O I A G E L S ( A ) )  ON I 'TS  
UIAGONAL, THEk  S T D ( A )  IS  THE S A h E  AS T h A & S P O S ( T ) * A S T  rinBHE T d E  l 

D t h O T E S  MATRIX MULTIPLICATION.  I F  A DIAGONAL ELEMENT IS NELA'PIVE, S T D  
d R I T L S  AN LRROR MESSAGE AND RE'PURNS Nu  kESULT.  1 F . A  ISIAGOlJAL ELEMENT IS 
EXACTLY ZERO, THE ELEFCNTS OF THAT kOW AND COLUMN W I L L  0 6  S E T  TU ZERO 
AtiD A HARIJING MESSAGE ISSUED.  THE DIAGONAL. ELEkENTS O F  T t iE  TIUNSF'OtG\IINC 
blA'I'RIX, T, MAY BE .OtiTAINED BY AN AL'PSRNATE :CALLIHG SLQUEiJCE: STU ( A , i J ) .  

. THC RESULT OF S T 0  WILL HAVE Td t ;  SAME CLASS AND.STRUCTURE AS A. I F  A IS  
A MATRIX, D k I L L  d E  A VECTOH; I F  A IS  A14 ARRAY, D W I L L  BE AN A R M Y .  
S E E  ALSO THE HELP DOCUMENT FOR P.4STAT. UHS 

S h P  RETURNS A S E E P T  SQUARE MATRIX.OR 2 DIMENSIONAL OBJECT.  
S k P ( A , L I S T )  HETUBNS THE RESULT O F  S h Z E P I h B  THL O B J E C T  A. EACH ROW 
AhD COLUMN S k E P T  REFHESEhTS ONE S T E P  I N  THE GAUSSIAN ELIMINATION 
MATRIX INVERSION ALGORITHM. A IS  A REAL SQUARE SYMME'PRIC OR SI(Et4 
SYMMETRIC POSI 'P IVE OR SEMI  D E F I N I T E  MATRIX OR T h o  DIMENSIONAL 
A R M Y  WITH NGROhS(A)=NOCOLS(A)  GREATER 'THAN 1. THE RETURNED O d J E C T  
NI'LL iiAVE THE .SAME CLASS AS A. L I S T  IS A SCALAR, ONE DIMEhSI t iNAL 
ARkAY OH VECTOR C O N T A I N I ~ G  TfiE I N U I C E S  OF T d E  ROWS AND COLUMNS 
TO BE SNEPT.  I F  THE ELEMEHTS OF L I S T  ARE NOT INTEGERS,  l ' h E  T d E  
TRONCATED INTEGER VALUES ARE USED. A h  ALTEkNATB CALLING SEQUEL4CE, 
SWP(A,LISTI,LIS'P2,...,LISTN), NHERE L I S ' P l  THROOZd LISTEJ ARE L I K E  
L I S T  ABOVE, fiETURNS AIJ' U t l JECT WITH ALL THE ELEMENTS O F  L I S T 1  
THROUGH L I S T N  S d E P T  FRO13 A ,  SWE (A)  RETURNS THE MATRIX ILuVERSE O F  A. 
I r i V E R S E ( A )  SHOULD BE USED IrjS'PEAU OF T h I S  LAST CALLING SEQUSNCE 
WdEh ANSiiEkS G F  HIGHER NUhERICAL ACCUkACY ARE REGUIRED. S 6 P  USES 
T n E  VALUE OF AC,CURACY (DEFAULT=lO€-6 )  TO CHECK THE MAGkITCiUE OP 
T n L  DIAGONAL BEPORE S W E E P I N G .  I F  T d Z  DIAGONAL I5 L E S S  THAN ACCURACY 
TdELi T h E  MATRIX IS  ASSUrlED TO d i  SINGULAR, A h  ERROW d 6 S S A G E  IS 
rvRITTLk ,  AND S w P  RE'PLidhS w1ThOUT C i F I L J I r i G  A RESULT. S E E  ALSO 
Tt i& h L L E  OOCUMENTS FOR I N V E k S E ,  A C C U U C Y ,  LETEPAINANT AND F4STAT.  

3 B S  

TCbI RETURNS A TRANSFORMED SQUARE NATRIX OR 2 DIMENSIONAL GBJECT.  
T C m ( A , T )  RETURNS T R A N S P O 5 ( T ) * A W T  WHERE THE FIULTIPLICATIdN IS 
MA'PRIX MULTIPLICATION.  A IS A REAL, SQUARE, S Y I ~ M L T R I C  OR SKEW 
S Y ~ I P I E T H I C  MATRIX OR T k O  DIMEIJSICJNAL ARRAY. T IS A R&AL O B J L C T  WITH 
NROwS (TI =hCOLS (A)  . NROhS (A)  =NCOLS (A)  MUST BE. GkEATER THAN 1. 
THE ~ L T U ~ ~ N E D  OBJECT W I L L  BE N a Y  ~ . r  IF  T IS ~1 BY N. IF N = I ,  THEN 

+ T h E  RETURNED O B J E C T  WILL BE A SCALAR; I F  N IS GREATER THAN 1, THE& I T  
H I L L  BE O F  T h E  SAblE, CLASS AS A. S E E  ALSO THE HELO DOCIIMEIUT FClR F451'4T. 

DHS 

ZFROMP RETURNS THE z SCORE ASSOCIATED WITP A PROBABILITY. 
ZFROMP(P)  RETURSS THE' STANDARD SCORE C O R R E S P O N I N  TO A PROBABILITY . 
1 N . A  LmORMAL DISTRIBUTION.  P I S  ANY WEAL O B J E C T  CONTAINING 
9 R U B A B I L I T I ~ S , S T R I C T L Y  L E S S , T B A N  1 AND GHBATZH THAN 0 .  THE 
P R O B A d I L I T Y  IS ASSUMED TO i3E THE AREA UNDER THE NORMAL CURVE TO THE 
L E F T  O t  THE RE'PURtiED'STAIJDAEU; SCOkE. , Ski3 ALSO THE .HELP DOeUMEiirTS . 

' FOR PFROblZ A.ND FQSTAT. DHS 
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The p h y s i c a l  w o r l d  o f f e r s  a  w i d e  r a n g e  of  p r o b l e m s  which 
c a n  b e  m a t h e m a t i c a l l y  mode led  u s i n g  , p a r t i a l  d i f f e r e n t i . a l  
e q u a t i o n s  ( p d e ' s )  . The h e a t  e q u a t i o n  a n 3  t h e  wave e q u a t i o n  
a r e  j u s t  two o f  t h e  many e x a m p l e s  which .come t o  mind. 
However, f i n d i n g  a n a l y t i c  s o l u t i o n s  f o r  p d e c s  is much more 
c o m p l i c a t e d  t h a n  f o r  o r d i n a r y  d i f f e r e n t i a l  e q u a t i o n s .  It 
f r e q u e n t l y  i n v o l v e s  a  c l e v e r  g u e s s  r e g a r d i n g  t h e  n a t u r e  o f  
t h e  s o l u t i o n .  F o r  example ,  i n  a t e x t b o o k  s o l u t i o n ,  i t  may 
l o o k  l i k e  t h e  a u t h o r  is p o l l i n g  a  s a b b i t  o u t  o f  t h e  h a t  when 
h e  s a y s  s o m e t h i n g  l i k e ,  "Suppose  u ( x , y )  = f ( x )  g ( y )  .m But 
t h e r e  a r e  many s i t u a t i o n s  i n  which i t  d o e s n ' t  m a t t e r  how 
c l e v e r  we a r e  b e c a u s e  a n  a n a l y t i c  s o l u t i o n  s i m p l y  d o e s  n o t  
e x i s t .  I n  t h e s e  cases o r  i n  t h e  s i t u a t i o n  where  we h a v e  run 
o u t  o f  c l e v e r  g u e s s e s ,  we m u s t  h e  s a t i s f i e d  w i t h  a  n u m e r i c s 1  
s o l u t i o n .  

. * .  

Even n u m e r i c a l  me thods  f o r  t h e  s o l u t i o n  o f  p d e l s  h a v e  
p r o b l e m s ,  though .  flany methods  w i l l  e x h i b i t  i n s t a b i l i t y  i f  
we are n o t  c a r e f u l  a s  we r e f i n e  t h e  a p p r o x i m a t e  s o l u t i o n  
u s i n g  a f i n e r  a n d  f i n e r  mesh. And e v e n  s t a b l e  m e t h o d s  c a n  
p r o v e  t o t a l l y  u s e l e s s  on l a r g e  p rob lems .  F o r  b e h i n d  e v e r y  
n u m e r i c a l  a p p r o x i m a t i o n  t o  t h e  w o r l d  o f  t h e  c o n t i n u u m  f o r  a 
p d e  l u r k s  a  huge  l i n e a r  s y s t e m ,  p e r h a p s  i a v a l v i n g  .a 1000 b,p 
1000 m a t r i x ,  I n  fac t ,  g i v e n  p r e s e n t  c o m p u t e r  c o r e  s i z e s ,  
o u r  c o d e s  a r e  s e v e r e l y  l i m i t e d  i n  t h e i r  a b i l i t y  t o  s o l v e  
t h r c c - d i m e n s i o n a l  p a r t i a l  d i f  feren t i d l  e q u a t i o n s .  

A r a t h e r  s n c c e s s f  u l  s u b r o u t i n e  p a c k a g e  d e s i g n e d  
s p e c i f i c a l l y  f o r  e l l i p t i c  b o u n d a r y  v a l u e  p r o b l e m s  was 
r e c e n t l y  d e v e l o p e d  a t  t h e  N a t i o n a l  C e n t e r  f o r  A t m o s p h e r i c  
R e s e a r c h  by S w a r z t r a u b e r  a n d  Sweet .  B a s i c a l l y ,  it c a n  s o l v e  
t h e  t w o - d i m e n s i o n a l  m o d i f i e d  E e l m h o l t z  e q u a t i o n  ( a n d  h e n c e  
t h e  more well known e q u a t i o n s  of L a p l a c e  and P o i s s o n )  u s i n g  
c a r t e s i a n ,  p o l a r ,  c y l i n d r i c a l  o r  s p h e r i c a l  c o o r d i n a t e s ,  when 
either D i r i c h l e t  o r  Neuaann b o u n d a r y  c o n d i t i o n s  a r e  given. 
R e c e n t l y ,  a  l a r g e  p o r t i o n  of t h i s  p a c k a g e  was i n c o r p o r a t e d  
i n t o  a  l i n k u l e  c a l l e d  EELHROLTZ i n  t h e  S p e a k e a s y  l a n g u a g e .  
It is  t h e  p u r p o s e  o f  t h i s  p a p e r  t o  d e s c r i b e  some o f  t h e  
f e a t u r e s  o f  t h i s  l i n k u l e .  I n  a d d i t i o n ,  t h e r e  h a v e  b e e n  some 

( 4 )  ~ o f k  d o n e  a s  a  f a c u l t y  r e s e a r c h  p a r t i c i p a n t  a t  Argonne 
National L a b o r a t o r y ,  J u n e  5 t o  Augus t  18, 1978. 



a d v a n c e s  i n  o t h e r  d i r e c t i o n s  w h i c h  w i l l  s o o n  make S p a a k e a s y  
o n e  o f  t h e  m o s t  p o t e n t  a n d  v e r s a t i l e  t o o l s  f o r  t h e  n u m e r i c a l  
s o l u t i o n  of p d e  ' s. 

One o f  t h e  more s i g n i f i c a n t  o f  t h e s e  c h a n g e s  is  t h e  
i n c o r p o r a t i o n  of t h e  LINPACK s u b r o u t i n e  p a c k a g e  i n t o  
S p e a k e a s y .  LIIPACK is a c o l l e c t i o n  o f  s t a t a - o f - t h e - a r t  
s u b r o u t i n e s  f o r  t h e  s o l u t i o n  o f  l i n e a r  s y s t e m s  v h i c h  h a s  
b e e n  u n d e r  d e v e l o p m e n t  a t  Argonne  a n d  s e v e r a l  u n i v e r s i t i e s  
o v e r  t h e  p a s t  few y e a r s .  L i n k u l e s  l i k e  INVERSE, SINEQ a n d  
SIMEQUBT,  t o  name a few, w i l l  s o o n  be  r e p l a c e d  by much more 
e f f i c i e n t  c o d e s  w h i c h  w i l l  t a k e  a d v a n t a g e  o f  b a n d  s t r u c t u r e  
a n d  s y m m e t r i e s  i n  t h e  a r g u m e n t s .  T h e r e  w i l l  a l s o  b e  a d d e d  
p r o t e c t i o n  a g a i n s t  o v e r f l o w  a n d  u n d e r f l o w  p r o b l e m s ,  S i n c e  
t h e  t y p i c a l  l i n e a r  s y s t e m  which  r e s u l t s  f rom n u m e r i c a l l y  
a p p r o x i m a t i n g  a p a r t i a l  d i f f e r e n t i a l  e q u a t i o n  is v e r y  l a r g e  
a n d  s p a r s e  ( p r o b a b l y  w i t h  b a n d  s t r u c t u r e ) ,  i t  is e x p e c t e d  
t h a t  t h e  more  s o p h i s t i c a t e d  l i n e a r  s y s t e m  s o l v e r s  w i l l  h e l p  
u s  c o n s i d e r a b l y  i n  t h i s  area. 

F i n a l l y ,  I wou ld  l i k e  t o  i n d i c a t e  some f u t u r e  d i r e c t i o n s  
f o r  d e v e l o p m e n t  w h i c h  s h o u l d  g r e a t l y  e n h a n c e  o u r  
c a p a b i l i t i e s .  N u m e r i c a l  t e c h n i q u e s  f o r  c o n f o r m a l  m a p p i n g s  
a s  well as  t h e  a d d i t i o n  some a d d i t i o n a l  o r t h o g o n a l  f u n c t i o n  
famil ies ,  l i k e  t h e  C h e b y s h e v  p o l y n o m i a l s ,  w i l l  e n l a r g e  t h e  
d p m a i n  o f  t h e  p r o b l e m s  we c a n  s o l v e . a n d  a l s o  make t h e  u s e  o f  
f i n i t e  e l e m e n t  a n d  s p e c t r a l  m e t h o d s  q u i t e  e a s y .  

T h e  f i rs t  p r o b l e m  I would l i k e  t o  consider i n v o l v e s  t h e  
. d i r e c t i o n  o f  f l u i d  f l o w  a r o u n d  a c y l i n d r i c a l  o b j e c t .  F o r  

t h e  p u r p o s e  o f  s i m p l i f i c a t i o n ,  l e t  u s  a s sume  t h a t  t h e  flow 
i s  i r r o t a t i o n a l  a n d  t h a t  t h e  f l u i d  is i n c o m p r e s s i b l e  w i t h  
low v i s c o s i t y ,  I n  s u c h  a s i t u a t i o n  t h e  v e l o c i t y  p o t e n t i a l  
i s  a harmonic f u n c t i o n ,  ie. i t  is a s o l u t i o n  t o  L a p l a c e ' s  
equation: 

T h e  e l e m e n t a r y  t h e o r y  of c o m p l e x  v a r i a b l e s  t e l l s  u s  t h a t  
t h i s  v e l o c i t y  p o t e n t i a l  is t h e  r ea l  p a r t  of  a n  a n a l y t i c  
f u n c t i o n  a n d  v e  know t h a t  t h e  l e v e l  c u r v e s  3f  t h e  i m a g i n a r y  
p a r t  o f  t h i s  f u n c t i o n  w i l l  g i v e  u s  t h e  s t r e a m l i n e s  
a s s o c i a t e d  w i t h  t h e  f l o v .  R a t h e r  t h a n  u s e  some  e x o t i c  
s u b r o u t i n e  p a c k a g e  t o  s o l v e  t h i s  p r o b l e m ,  we c a n  make u s e  o f  
a n  o b v i o u s  s o l u t i o n  t o  t h e  p r o b l e m  when t h e r e  is n o  
o b s t r u c t i o n  t o  t h e  f l o w ,  a n d  t h e n  u s e  a c o n f o r m a l  mapp ing  t o  
g i v e  t h e  s o l u t i o n  i n  t h e  more c o m p l i c a t e d  r e g i o n .  It is 
e a s y  t o  see t h a t  g ( z ) = z  i s  a n  a n a l y t i c  f u n c t i o n  a s s o c i a t e d  
w i t h  t h e  u n o b s t r u c t e d  f l o w  o f  a f l u i d  a c r o s s  t h e  c o m p l e x  
p l a n e  f r o m  s a p  l e f t  t o  r i g h t .  Now i f  we c o n s i d e r  a n o t h e r  
c o m p l e x  p l a n e  w h e r e  t h e  f l u i d  i s  c o n s t r a i n e d  t o  flow a r o u n 3  
t h e  u n i t  c i rc le ,  it s u f f i c e s  t o  f i n d  a c o n f 2 r m a l  mapp ing  
w h i c h  takes t h e  u p p e r  h a l f  p l a n e  o n t o  t h e  u p p e r  h a l f  p l a n e  



minus  t h e  u n i t  circle. s u c h  a  f u n c t i o n  i s  known t o  e ' x i s t  b y  
t h e  Riemann mapping t h e o r e m  and i n  t h i s  . c a s e J i t  is  q u i t e  
e a s y  and c a n  b e  w r i t t e n  down i n  c l o s e d  form: 

Given t h e s e  e l e m e n t a r y  r e s u l t s  f r o m  p h y s i c s  a n d  t h e  t h e o r y  
o f  complex v a r i a b l e s ,  l e t  u s  now c o n s i d e r  how e a s y  i t  is t o  
g r a p h i c a l l y  d i s p l a y  t h e  s t r e a m l i n e s  a s s o c i a t e d  w i t h  t h i s  
f l o w  u s i n g  a  h a n d f u l  of S p e a k e a s y  commands. 

:-domain c o m p l e x  
: - x = c o l a r r a y  ( g r i d  (-2,2,1/8) ) 
:,y=rowarray(grid(.O1,4.01,1/8)) 

z=x 4 1i*y -- 
a -- w=imag ( z + l / z )  
: - g r a p h i c s  t e k 4 0 9 2  
: - h = g r i d  (0, max ( w )  , mas ( w )  / l o )  
: - con tour  w h  

I n  f i g u r e  1 we see t h e  a s s o c i a t e d  s t r e a m l i n e s .  N o t e  t h e  u s e  
of t h e  f a c t  t h a t  p o i n t s  i n s i d e  t h e  u n i t  c i r c l e  a b o v e  t h e  
rea l  a x i s  a r e  mapped i n t o  t h e  lower h a l f  p l s n e ,  when we o n l y  
c o n s i d e r  p o s i t i v e  v a l u e s  of w i n  d e f i n i n g  t h e  a r r a y  h. 

N e e d l e s s  t o  s a y ,  t h e  a b o v e  e x a m p l e  is h i g h l y  s p e c i a l i z e d  
a n d  even when t h e  domain  is q u ~ t e  simpLe t h e  n a t u r e  3 f  t h e  
b o u n d a r y  c o n d i t i o n s  w i l l  g e n e r a l l y  make t h e  s o l u t i o n  
i m p o s s i b l e  t o  " g u e s s n .  To a i d  u s  i n  t h i s  a c e a ,  we h a v e  a 
new l i n k u l e  i n  S p e a k e a s y  c a l l e d  HELUHOLTZ. T h i s  l i n k u l e  
c a l l s  t h e  s u b r o u t i n e  p a c k a g e  o f  S v a r z t r a u b e c  a n d  S w e e t  
d e v e l o p e d  a t  NCAR. S p e c i f i c a l l y ,  it i s  p o s s i b l e  t o  f i n d  
n u m e r i c a l  s o l u t i o n s  t o  t h e  m o d i f i e d  E e l m h o l t z  e q u a t i o n  ( T h e  
a c t u a l  H e l m h o l t z  e q u a t i o n  is homogeneoos. 1 : 

( L a p l a c i a n )  u  + c o n s t * u  = f  

i n  a n  i n t e r a c t i v e  s e t t i n g .  A t  t h i s  time, o n e  is l i m i t e d  t o  
s o l v i n g  t h e  a b o v e  e q u a t i o n  i n  2 d i m e n s i o n s  w i t h  e i t h e r  
c a r t e s i a n  . o r  p o l a r  ' c o o r d i n a t e s .  A s  a n  e x a m p l e  of how . o n e  
m i g h t  u s e  t h e  new i i n k u f e ,  c o n s i d e r  t h e  f o l l o w i n g  problem: 
i t  is d e s i r e d  t o  s o l v e  

on t h e  u n i t  s q u a r e  

s u b j e c t  t o  t h e  b o u n d a r y  c o n d i t i o n s :  



Figure 1. A two dimensional cross.section of the streamlines associated 
with fluid flow around a cylindrical object. 



T h e  o b v i o u s  a n a l y t i c  s o l u t i o n  t o  t h i s  p rob lem is 

u ( x , y )  = e x p  (x+y)  

To o b t a i n  a n  a p p r o x i m a t e  n u m e r i c a l  s o l u t i o n  o n  an 8 p a n e l  by 
8 p a n e l  mesh u s i n g  t h e  NCAR p a c k a g e ,  o n e  w o u l d  p r o c e d e  a s  
f o l l o w s  i n  a t y p i c a l  S p e a k e a s y  s e s s i o n :  

: -x=grid(O,  l , l / 8 )  
: -bda=exp (x )  
:-bdb=exp (1 + x )  
: - s o l u t i o n = h e l m h o l t z  (x, x,-2,0:0, b d a ,  bdb ,bda ,  bdb)  

A t  t h i s  p o i n t ,  " s o l u t i o n "  is a  9 by  9 a r r a y  s u c h  t h a t  
s o l u t i o n  ( i ,  j) a p p r o x i m a t e s  t h e  v a l u e  u  ( x ( i )  , y  ( j )  ) . To 
v e r i f y  t h i s ,  we m i g h t  t r y  t h e  f o l l o w i n g :  

: - e x a c t = e x p  ( c o l a r r a y  (x)  + r o w a r r a p ( x )  ) 
:-max ( a b s  ( s o l u t i o n - e x a c t )  ) 

which  w i l l  c a u s e  t h e  maximum e n t r y  o f  t h e  d i f f e r e n c e  a r r a y  
t o  b e  p r i n t e d .  I n  t h e  f irst  l i n e ,  n o t i c e  how t h e  h i g h - w i d e  
a r i t h m e t i c  f e a t u r e  o f  S p e a k e a s y  c a n  b e  v e r y  u s e f u l  i n  
d e f i n i n g  a f u n c t i o n  o f  two v a r i a b l e s  which  m i g h t  a p p e a r  o n  
t h e  r i g h t  h a n d  s i d e  o f  t h e  H e l m h o l t z  e q u a t i o n .  

The  s y n t a x  o f  t h e  c a l l  t o  t h i s  l i n k u l e  f o r  c a r t e s i a n  
c o o r d i n a t e s  is 

HELMHOLTZ ( x , y , c o n s t  , f  :' b o u n d a r y  data ' :<PERIODIC>: 
<HORIZONTALl VERTICAL>) 

w h e r e  t h e  f i r s t  f o u r  p a r a n e t e r s  a r e  requires. 
x  is t h e  a r r a y  of x - c o o r d i n a t e s  f o r  t h a  mesh p o i n t s .  
y  is t h e  a r r a y  o f  y - c o o r d i n a t e s  f o r  t h e  mesh p o i n t s .  
c o n s t  is t h e  sca la r  c o n s t a n t  w h i c h  a p p e a r s  i n  t h e  H e l m h o l t z  
e q u a t i o n  g i v e n  a b o v e .  
f is t h e  t u o - d i m e n s i o n a l  a r r a y  w h i c h  d e f i n e s  t h e  r i g h t  hand  
s i d e  o f  t h e  H e l m h o l t z  e q u a t i o n .  
' b o u n d a r y  d a t a '  is a l ist  which  

( i )  c o n t a i n s  5 e l e m e n t s  i f  t h e  keyword  PERIODIC is 
m i s s i n g o -  t h e  f i r s t  e l e m e n t  i s  a n  i n t e g e r  mask, K B D ,  1 
t o  4 d i g i t s  i n  l e n g t h  ( a l l  o f  wh ich  a r e  0 ' s  o r  1  I s )  
s p e c i f y i n g  t h e  k i n d  o f  b o u n d a r y  d a t a  w h i c h  i s  b e i n g  
s u p p l i e d  i n  t h e  n e x t  4 e l e m e n t s  o f  t h e  ( b o u n d a r y  d a t a '  
list. B a s i c a l l y ,  i f  t h e  u n i t s  d i ~ i t  o f  KBD is 0 ,  t h e  
v a l u e s  o f  u ( x , y )  f o r  x=a  a r e  known a n d  g i v e n  i n  t h e  2nd  
e l s n e n t  a f  t h e  ! b o u n d a r y  d a t a '  list. I f  t h e  u n i t s  
d i g i t  o f  K B D  is a 1 ,  t h e  v a l u e s  o f  t h e  p a r t i a l  o f  u  
w i t h  r e s p e c t  t o  x a r e  known f o r  x=a  (Neumann b o u n d a r y  
c o n d i t i o n )  a n d  g i v e n  in t h e  2 n d  e l e m e n t  o f  t h e  l ist.  



I f  t h e  t e n ' s  d i g i t  o f  K B D  is 0 ,  t h e  v a l u e s  o f  u ( x , y )  
f o r  x = b  a re  known a n d  g i v e n  i n  t h s  3 r d  e l e m e n t  3 f  t h e  
list. etc. t h e  h u n d r e d ' s  d i g i t  c o r r e s p o n d i n g  t o  y = c  
a n d  t h e  t h o u s a n d ' s  d i g i t  c o r r e s p o n d i n g  t o  y=d. 
(ii) c o n t a i n s  3 e l e m e n t s  if t h e  keywor3  PERIODIC a n d  
e i t h e r  HOBIZOPTAL o r  VERTICAL b u t  n o t  b o t h  a r e  
s p e c i f i e d .  T h e  f i rs t  e l e m e n t  i n  t h e  l ist  is a g a i n  t h e  
i n t e g e r  K B D  d e s c r i b e d  a b o v e  a n d  t h e  n e x t  two e l e m e n t s  
are  a r r a y s  w h i c h  s p e c i f y  t h e  b o u n d a r y  d a t a  ( D i r i c h l e t  
o r  Neumann) . N o t e  t h a t  t h e  t w o  d i g i t s  o f  R B D  
c o r r e s p o n d i n g  t o  t h e  u n s p e c i f i e d  b o u n d a r y  d a t a  w i l l  b e  
i g n o r e d  -- b u t  s h o u l d  st i l l  b e  0 ar 1. 
{ i i a )  is empty is a l l  t h e  k e y w o r d s  PERIODIC, HORIZONTAL 
a n d  VERTLCAL a re  p r e s e n t ,  i n d i c a t i n g  p e r i o d i c  b ~ u n d a r y  
c o n d i t i o n s  i n  b o t h  t h e  h o r i z o n t a l  a n d  v e r t i c a l  
d i r e c t i o n s .  

When p o l a r  c o o r d i n a t e s  a r e  u s e d ,  t h e  1 i n k . u l e  s o l v e s  t h e  
m o d i f i e d  H e l m h o l t z  e q u a t i o n : .  

(l/r) ( d / d r )  (r* ( d u / d r ) )  + (l/r**2) ( d / d t h e t a )  ( d u / d t h e t a )  
+ c o n s t * u  = f ( r  ,t h e t a ) .  

o n  t h e  e l e m e n t a r y  p o l a r  r e g i o n  

( ( r , t h e t a ) :  a 1 r I b,  c I t h e t a  I d) 

s u b j e c t  t o  e i t h e r  D i r i c h l e t .  or  Neurnann b o u n d a r y  c o n d i t i o n s .  
T h e  s y n t a x  o f  t h e  c a l l  t o  t h i s  l i n k u l e  .when u s i n g  p o l a r  
c o o r d i n a t e s  is : 

w h e r e  t h e  f i r s t  f ~ u r  p o s i t i o n a l  p a r a m e t e s s  a n d  t h e  keyword  
POLAR a r e  a l l  r e q u i r e d .  
r is t h e  a r r a y  o f  r - c o o r d i n a t e s  f o r  t h e  mesh p o i n t s .  
t h e t a  is t h e  a r r a y  o f  t h e t a - c o o r d i n a t e s  f o r  t h e  mesh p o i n t s .  
n c o n s t n  is a g a i n  t h e  scalar  c o n s t a n t  i n  t h e  m o d i f i e d  
H e l m h o l t z  e q u a t i o n .  
f is t h e  t w o - d i u e n s i o n a l  a s f a y  wh ich  d a f i n e s  t h e  r i g h t  h a n a  
s i d e ,  
' b o u n d a r y  d a t a '  is a list which  

(i) c o n t a i n s  5 e l e m e n t s  i f  t h e  keyword  p a r a m e t e r  
PERIODIC i s  n o t  s p e c i f i e d  a n d  t h e  b o u n d a r y  d a t a  for c=a 
i s  g i v e n .  The  f i r s t  o f  these e l e m e n t s  is a n  i n t e g e r  
mask w i t h  t h e  same i n t e r p r e t a t i o n  a s  t h e  o n e  f o r  
r e c t a n g u l a r  c o o r d i n a t e s  (see a b o v e ) .  T h e  n e x t  4 
e l e m e n t s  a r e  o n e - d i m e n s i o n a l  a r r a y s  w h i c h  c o n t a i n  t h e  
b o u n d a r y  da ta  f o r  r=a,  r = b ,  t h e t a = c  a n d  t h e t a = d ,  
r e s p e c t i v e l y  ( e i t h e r  t h e  v a l u e s  o f  u o c  its n o r m a l  
d e r i v a t i v e  d e p e n d i n g  o n  t h e  v a l u e  o f  t h e  i n t e g e r  mask)  . 
(ii) c o n t a i n s  4 e l e m e n t s  i f  t h e  ksywocd p a r a m e t e r  



PERIODIC is n o t  s p e c i f i e d  a n d  t h e  b o u n d a r y  c o n d i t i o n s  
f o r  r=a=O is l e f t  u n s p e c i f i e d .  ( T h i s  c a n  o n l y  b e  d o n e  
when a=O.) I n  t h i s  case, we a r e  o f  c o u r s e  a s s u m i n g  
t h a t  Neumann b o u n d a r y  d a t a  i s  g i v e n  f 3 c  t h e t a = c  a n d  
t h e t a = d ,  s o  t h e  f i r s t  2 d i g i t s  of t h e  i n t e g e r  mask 
s h o u l d  b e  1 ' s .  T h e  i n t e g e r  mask is f o l l o w e d  by  3 
e l e m e n t s  w h i c h  a r e  o n e - d i m e n s i o n a l  a r r a y s  g i v i n g  t h e  
b o u n d a r y  d a t a  f o r  r = b ,  t h e t a = c  a n d  t h e t a = d ,  
r e s p e c t i v e l y .  
( i i i )  c o n t a i n s  3 e l e m e n t s  i f  t h e  keywocd p a r a m e t e r  
PERIODIC i s  s p e c i f i e d  a n d  t h e  b o u n d a r y  c o n d i t i o n s  f o r  
r=a a r e  g i v e n .  I n  t h i s  case, t h e  i n t e g e r  mask i s  
f o l l o w e d  b y  2 a r r a y s  w h i c h  g i v e  e i t h e r  the v a l u e  of u 
o r  its n o r m a l  d e r i v a t i v e  f o r  r = a  and  r=b.  
( i v )  c o n t a i n s  2 e l e m e n t s  i f  t h e  ksyword  p a r a m e t e r  
PERIODIC is s p e c i f i e d  a n d  t h e  b o u n d a r y  c o n d i t i o n s  f o r  
r=a=O a r e  l e f t  u n s p e c i f i e d .  ( a g a i n ,  t h i s  is o n l y  
p e r m i t t e d  when a=O.) i n  t h i s  case t h e  i n t e g e r  mask i s  
f o l l o w e d  b y  a s i n g l e  o n e - d i m e n s i o n a l  a r r a y  g i v i n g  t h e  
b o u n d a r y  d a t a  f o r  r=b .  The  v a l u e  o f  t h e  i n t e g e r  mask 
i n  t h i s  case s h o u l d  b e  e i t h e r  0 o r  1 0 ,  s i n c e  t h e  u n i t s ,  
h u n d r e d s  a n d  t h o u s a n d s  d i g i t s  o f  t h e  mask are i g n o r e d .  

I n  summary, h e r e  are t h e  8 b a s i c  ways t o  c a l l  t h e  l i n k u l e  
HELMHOLTZ. T h e  f irst  f o u r  a r e  c a r t e s i a n  c o o r d i n a t e  
v a r i a t i o n s  a n d  t h e  l a s t  f o u r  a r e  p o l a r  c o o r d i n a t e  
v a r i a t i o n s .  

HELMHOLTZ (X,Y ,CONSTIF:KBD,BDAIBDBI BDCv 3 D D )  
o r  
HELHHOLTZ(X,P,CONST,F:KBD,BDA,BDB:PERIODXC:VERTICAL) 
o r  
E E L H H O L T Z ( X ~ Y v C O N S T ~ F ~ K B D ~ B D C ~ B D D ~ P E R I O D I C ~ K O R X Z O N T A L )  
o r  
HELHHOLTZ ( X , Y  ,CONST,F: :PERIODIC:HORIZONTAL,VERTICAL) 
o r  
HELMHOLTZ (RvTHETA,CONST,P: KBD,BDA, BDB, BDC,BDD:POLAR) 
o r  
HELMHOLTZ (R,THETA,CONST,P: K B D I B D A I  BDB: PERI0DXC:POLAR) 
o r  
HELHHOLTZ (RITHETAvCONST,F:KBDBIBDB,BDC, BDD:PDLAR) 

i f  t h e  f i rs t  e l e m e n t  o f  R is z e r o ,  
Or 
HELMHOLTZ(R ,THETA ,CONSTIF: KBD,BDB: PERIOD1C:POLAR) 

a g a i n  o n l y  i f  t h e  f i r s t  e l e m e n t  o f  R is z e r o  

Now l e t  u s  c o n s i d e r  some  a c t u a l  e x a m p l e s  o f  t h e  u s e  o f  
HELHHOLTZ. I n  e a c h  o f  t h e s e  e x a m p l e s ,  e x c e p t  f o r  o n e ,  t h e  
s o l u t i o n  i s  known a n d  t h e r e f o r e  we w i l l  be  s b l e  t o  c o m p a r e  



t h e  a c c u r a c y  o f  t h e  n u m e r i c a l  s o l u t i o n .  I t  is i m p o r t a n t  t o  
r e a l i z e  t h a t  a l m o s t  a l l  t h e  e r r o r  i n  t h e s e  e x a m p l e s  i s  p u r e  
d i s c r e t i z a t i o n  error. T h a t  is  t o  s a y ,  i t  r e s u l t s  f r a m  a  
f i n i t e  d i f f e r e n c e  a p p r o x m a t i o n  and  n o t  from r o u n d o f f .  I n  
t h e  f i r s t  e x a m p l e  we. w i l l  s o l v e  L a p l a c e ' s  e q u a t i o n  on t h e  
domain: 

s u b j e c t  t o  t h e  b o u n d a r y  c o n d i t i o n s  

The  s o l u t i o n  t o  t h i s  p rob lem is o b v i o u s l y  

A s  i s  well known t h e  l e v e l  c u r v e s  o f  t h i s  f n n c t i o n  a c e  t h e  
c o n t o u r  l i n e s  a s s o c i a t e d  w i t h  a s a d d l e .  The S p e a k e a s y  
s e s s i o n  f o l l o w s  a n d  t h e  p l o t  is f o u n d  i n  F i g u r e  2. 

: - x = g r i d  (-2,2,1/4) 
:-bda=4-x**2 
* -  bdc=x**2-4 
: - s o l u t i o n = h e l m h o l t z  (x,x,O,O:O, bda ,  bda ,bdc ,bdc)  
:-hmax-max ( s o l u t i o n )  
:-hmin=min ( s o l u t i o n )  ._ h e i g h t s = g r i d  (hmin,hmax, (hmax-hmin) /la - -- g r a p h i c s  t e k 4 0 1 2  
: -contour  s o l u t i o n  h e i g h t s  

The f o l l o w i n g  e x a m p l e  d e m o n s t r a t e s  t h e  u s e  o f  HELgFIOLTZ 
w i t h  p e r i o d i c  b o u n d a r y  c o n d i t i o n s .  Be want t o  s o l v e  

o n  t h e  r e c t a n g l e  0 < x C 2 ,  -1 < y  < 3, s u b j e c t  t o  t h e  
boundary  c o n d i t i o n s  

U ( 0 , Y )  = 0  f o r  -1 < y < 3 
(du/dx) (2 ,y )  = ~ * C O S  ( ( p i / 2 )  * ( y + l )  ) 
u is p e r i o d i c  i n  y. 

The  e x a c t  s o l u t i o n  t o  t h i s  p r o b l e m  i s  

Here is  t h e  S p e a k e a s y  s e s s i o n  which  a t t a c k s  t h i s  problem. 

: - p i = 4 * a t a n  (1)  



2 2 Figuxe 2 .  The leve l  curves of u(x,y)=x - y , 
a solution to an e l l i p t i c  boundary value problem found by HELWOLTZ. 



Now l e t  u s  d e t e r m i n e  t h e  d i s c r e t i z a t i o n  e r r j r .  

-- s x a c t  = colarcay (x**2)  *rowarraH(bdb/4)  
:-ma~ ( a b s  ( s o l u t i o n - e x a c t )  ) 
gAX (ABS (SOLUTION-EXACT) ) = -054773 

One m i g h t  a s k  how t h e  d i s c r e t i z a t i o n  e r r o r  d e p e n d s  o n  t h e  
mesh s i z e .  F o r  t h e  f i n i t e  d i f f e r e n c e  a p p r o x i m a t i o n  u s e d  i n  
t h e  NCAB p a c k a g e ,  it is e a s y  t o  see t h a t  f o r  a  s t e p  s l z e  
equal t o  h i n  b o t h  t h e  x a n d  y d i r e c t i o n ,  t h e  d i s c r e t i z a t i o n  
e r r o r  is on  t h e  o r d e r  o f  h+*2. We c a n  e a s i l y  d e m o n s t r a t e  
t h i s  f a c t  by r e p e a t i n g  t h e  a b o v e  e x a m p l e  w i t h  a  mesh which  
i s  twice as f i n e  ( i n  o t h e r  words ,  t h e  a r r a y s  x, y and bda 
s h o u l d  e a c h  h a v e  17  e l e m e n t s ) .  The r e s u l t i n g  d i s c r e t i z a t i o n  
e r r o r  would b e  -013478 ,  w h i c h  is r o u g h l y  o n e  f o u r t h  t h e  
d i s c r e t i z a t i o n  error we had  b e f o r e .  It  s h o u l d  a l s o  b e  
p o i n t e d  o u t  t h a t , ' e v e n  t h o u g h  we h a v e  been p r i n t i n g  ~ u t  t h e  
a b s o l u t e  e r r o r  i n  o u r  e x a m p l e s ,  t h e  r e l a t i v e  e r r o r  would b e  
more m e a n i n g f u l  f o r  t h o s e  e l e m e n t s  o f  t h e  s ~ l u t i o n  m a t r i x  
which a r e  v e r y  l a r g e .  

F o r  o u r  n e x t  e x a m p l e  we w i l l  s o l v e  a n  e q u a t i o n  i n v o l v i n g  
p o l a r  c o o r d i n a t e s .  The  p d e  is: 

( l / r)  * (d /d r )  (r* (du /d r )  ) + ( l / r**2)  * ( J / d t h e t a )  ( d u / d t h e t a )  

o n  t h e  q u a r t e r  d i s k  0 ' <  r < 1, 0  < t h e t a  C p i / 2 ,  s u b j e c t  t o  
t h e  b o u n d a r y  c o n d i t i o n s  

u ( 1 , t h e t a )  = 1 - c o s ( 4 * t h e t a ) . ,  0 1 t h e t a  S p i / 2  

Note  t h a t  u  ( 0 , t h e t a )  need n o t  b e  s p e c i f i e d  i n  t h i s  c a s e  
s i n c e  t h e  o r i g i n  is j u s t  a  v e r t e x  o f  t h e  domain. , 



: ~ s o l u t i o n = h e l m h o l z  ( r , t h e t a , O , f :  11 00 Obdb,bdc ,  bdc: p o l a r )  

Again we e x a m i n e  t h e  d i s c r e t i z a t i o n  e r r o r .  

: - e x a c t = c o l a r r a y  (r**4) *rowarray(bdb)  
= max ( a b s  ( s o l u t  i o n - e x a c t )  ) 
;~TX(ABS(SOLUTION-EXACT) ) = .02351 

I n  l o o k i n g  o v e r  t h e  a b o v e  e x a m p l e s ,  s e v e c a l  l i m i t a t i o n s  
o f  t h e  HELYHOLTZ l i n k u l e  a r e  i m m e d i a t e l y  o b v i o u s .  

(1) T h e  domain  must  b e  e i t h e r  r e c t a n g u l a r  o r  a n  
e l e m e n t a r y  p o l a r  r e g i o n .  
(2) The e q u a t i o n s  which c a n  b e  s o l v e d  i n v o l v e  no time 
d e r i v a t i v e s .  
(3) T h e  domain  i s  o n l y  two-d imens iona l .  
(4 )  C e r t a i n  more e x o t i c  b o u n d a r y  c o n d i t i o n s  a r e  n o t  
a l l o w e d .  

A s  f o r  t h e  first r e s t r i c t i o n ,  we h a v e  a l r e a d y  s e e n  a 
t e c h n i q u e  f o r  h a n d l i n g  more c o m p l i c a t e d  r e g i o n s ,  v i z .  
c o n f o r m a l  mapping. A t  p r e s e n t  t h e r e  are no b u i l t - i n  
f a c i l i t i e s  i n  S p e a k e a s y  f o r  n a p p i n g  a  mesh o f  p o i n t s  i n  o n e  
domain c o n f o r m a l l y  o n t o  a n o t h e r  domain. Of c o u r s e  t h i s  
t o p i c  h a s  b e e n  a  s u b j e c t  o f  c o n s i d e r a b l e  i n t e r e s t  f o r  
n u m e r i c a l  a n a l y s t s ,  and  s e v e r a l  e x c e l l a n t  a l g o r i t h m s  a re  
a l r e a d y  a v a i l a b l e .  I n  t h e  c a s e  o f  P o i s s o n ' s  e q u a t i o n  t h e  
c o n f o r m a l  mapping a p p r o a c h  w i l l  n o t  work. Some t e c h n i q u e s  
i n v o l v i n g  i m b e d d i n g  a n d  s p l i t t i n g  a r e  d i s c u s s e d  i n  1 3 1 .  
B a s i c a l l y ,  t h e  i m b e d d i n g  t e c h n i q u e  i n v o l v e s  s o l v i n g  the 
e q u a t i o n  o n  a  r e c t a n g u l a r  domain  which c o n t a i n s  t h e  more  
c o m p l i c a t e d  r e g i o n ,  w h i l e  t h e  s p l i t t i n g  t e c h n i q u e ' i n v o l v e s  
decompos ing  t h e  more c o m p l i c a t e d  r e g i o n  ( s a y  a n  L s h a p e d  
r e g i o n )  i n t o  r e c t a n g l e s  a n d  p i e c i n g  t o g e t h e c  t h e  s o l u t i o n s  
f o r  e a c h  r e c t a n g l e .  

The s e c o n d  r e s t r i c t i o n  may a l s o  b e  a v o i d e d  i n  c e r t a i n  
c a s e s .  For  example ,  s u p p o s e  we are  r e q u i r e d  t o  s o l v e  t h e  
wave e q u a t i o n  

F u r t h e r m o r e ,  s u p p o s e  we a r e ,  l o o k i n g  f o r  p e r i o d i c  s o l u t i o n s .  
Then i t  is n a t u r a l  t o  a s sume  t h a t  u h a s  t h e  f o L l o w i n g  form: 

u  ( x , y , t )  = e x p  ( - iwt )  *v (x,p)  

I n s e r t i n g  t h i s  i n  t h e  wave e q u a t i o n ,  we g e t  

(Laplaciaa) v = w**f*v 

which of c o u r s e  c a n  b e  s o l v e ' d  f o r  v u s i n g  HELMHOLTZ. 



The t h i r d  r e s t r i c t i o n  c a n  be  removed u s i n g  F o u r i e r  
T r a n s f o r m  t e c h n i q u e s .  The f o l l o w i n g  example  i n d i c a t e s  how 
o n e  s h o u l d  p r o c e e d .  S u p p o s e  we wish  t a  s o l v e :  

s u b j e c t  t o  t h e  f o l l o w i n g  boundary  c o n d i t i o n s :  

u ( O t ~ l , ' l . )  = a x e  ( y )  * s i n  (2*z) u ( 1  , y , z )  = e x p  ( l + y )  * s i n  (2*z) 
u  (x, 0 , ~ )  = e x p  (x)  * s i n  (2*z) u  (x ,  1 ,z) = elrp ( l + x )  * s i n  (282) 

u(x,y,O) = u(x ,y ,2*p i )  = 0 

I f  we assume  t h a t  u  (x ,y , z )  =v(x ,y )  * s i n ( 2 * z ) ,  t h e n  we c a n  
c o n c l u d e  g u i c k l p  f r o m  t h e  above pde t h a t  v must  satisfy 

( L a p l a c i a n )  v  - 4*v = -2*sxp 

which can b e  s o l v e d  u s i n g  HELMHOLTZ. I n  g e n e r a l  o f  c o u r s e  
i t  i s  r e q u i r e d  t o  s o l v e  t h e  more g e n e r a l  P o i s s o n  e q u a t i o n  

( L a p l a c i a n )  u  = f  (x ,  p, z) = 
Sum (v  (x, y) * c o s  (n*z) + w  (x,y)  * s i n  (n*z) ) 

a s s u m i n g  f h a s  a F o u r i e r  e x p a n s i o n .  When u s e d  i n  
c o n j u n c t i o n  w i t h  a  F a s t  F o u r i e r  T r a n s f o r m ,  t h i s  method c a n  
b e  q u i t e  e f f i c i e n t .  A l t h o u g h  S p e a k e a s y  h a s  some F o u r i e r  
t r a n s f o r m  l i n k u l e s ,  t h e y  d o  n o t  u s e  t h a  CooLey-Tukey 
a l g o r i t k a  so the v e r y  p r e c i s e  s o l u t i o n  o f  t h r e e - d i m e n s i o n a l  
p r o b l e m s  s t i l l  l i e s  i n  t h e  f u t u r e .  

A s  f o r  t h e  f o u r t h  r e s t r i c t i o n  n o t e d  a b o v e ,  t h e r e  is o f t a n  
v e r y  l i t t l e  t h a t  c a n  b e  done .  F o r  e x a s p l e  i f  t h e  g i v e n  
boundary  d a t a  fo r  a n  e l l i p t i c  p r o b l e m  i n v o l v e s  b o t h  t h e  
v a l u e s  o f  u  a n d  its n o r m a l  d e r i v a t i v e  3x1 some component  o f  
t h e  boundary ,  t h e n  it is well known t h a t  t h e  r e s u l t i n g  
p r o b l e m  i s  n o t  well posed.  I n  o t h e r  words,  i f  we 
c o n t i n u a l l y  r e f i n e  t h e  d e f i n i t i o n  o f  t h e  b o u n d a r y  v a l u e s ,  
iuakinq t h e  mesh f i n e r  a n d  f i n e r ,  i t  is u i t e  p o s s i b l e  t h a t  
t h e  n u m e r i c a l  s o l u t i o n s  m i g h t  a c t u a l l y  % i v e c g k .  

D e s p i t e  t h e  wide  r a n g e  o f  p r o b l e m s  we h a v e  d e a l t  w i t h ,  
t h e r e  a r e  s t i l l  many p a r t i a l  d i f f e r e n t i a l  e q u a t i o n s  whose 
f o r m a t  d o e s  n o t  match  t h e  e x i s t i n g  f a c i l i t i e s .  I f  we a r e  
r e a s o n a b l y  c a r e f u l  i n  r e p l a c i n g  t h e  pde  b y  3 l i n e a r  s y s t e m ,  
we c a n  t h e n  u s e  some of  t h e  l i n k u l e s  d e s i g n e d  t o  h a n d l e  
l i n e a r  pcob iems .  T h e r e  a r e  some d i s a d v a n t a g e s  t o  u s i n g  t h e  
e x i s t i n g  l i n k u l e s  when t h e  s y s t e m s  a r e  l a r g e  a n d  s p a r s e .  
L i n k u l e s  l i k e  SIMEQ, SIMEQUAT, I N V E R S E  and D E T E R H I N A N T  f a i l  
t o  t a k e  a c c o u n t  of t h e  band s t r u c t u r e  o r  symmetry  which  i s  
common i n  t h e s e  l a r g e  l i n e a r  s y s t e m s .  The i n c o r p o r a t i o n  o f  
t h e  LINPACK s u b r o u t i n e  p a c k a g e  i n t o  S p e a k e a s y  w i l l  g r e a t l y  
e n h a n c e  t h e  p o s s i b i l i t y  o f  e i t h e r  d i r e c t  o r  i t e r a t i v e  



s o l u t i o n s  t o  l a r g e  l i n e a r  s y s t e m s .  . S o m e  o t h e r  a d v a n t a g e s  t o  
t h e  LINPACR r o u t i n e s  i n c l u d e  t h e  a v o i d a n c e  o f  o v e r f l o w -  
u n d e r f l o w  p r o b l e m s  t o  a much g r e a t e r  e n t e n t ,  a n d  t h e  a b i l i t y  
t o  solve complex  l i n e a r  l e a s t  s q u a r e s  problems.  

I n  summary, it is c l e a r  t h a t  S p e a k e a s y  h a s  a l r e a d y  become 
a  p o w e r f u l  t o o l  f o r  t h e  s o l u t i o n  o f  p a r t i a l  d i f f e r e n t i a l  
e q u a t i o n s ,  a t  l e a s t  f o r  t h e  v e r y  i m p o r t a n t  c l a s s  o f  e l l i p t i c  
b o u n d a r y  v a l u e  p rob lems .  One o f  t h e  g r e a t  a d v a n t a g e s  o f  
S p e a k e a s y  is its a b i l i t y  t o  i n c o r p o r a t e  t h e  l a t e s t  a d v a n c e s  
i n  t h e  f i e l d  o f  n u m e r i c a l  a n a l y s i s  q u i c k l y  a n d  e a s i l y .  
p e r h a p s  L e s s  o b v i o u s  is t h e  f a c t  t h a t  o n c e  this i s  d o n e ,  t h e  
l a n g u a g e  a l s o  becomes a v a l u a b l e  t o o l  f o r  t h e  n u m e r i c a l  
a n a l y s t  i n  t h e  f u r t h e r  d e v e l o p m e n t  o f  a l g o r i t h m s .  Ue have  
s e e n  how t h e  g r a p h i c a l  c a p a b i l i t i e s  o f  S p e a k e a s y  make 
p o s s i b l e  t h e  q u i c k  v i s u a l i z a t i o n  o f  a  n u m e r i c a l  s o l u t i o n .  
With b o t h  t h e  r a p i d  a d v a n c e s  i n  s o l u t i o n s  t 3  p d e ' s  a n d  t h e  
r a p i d  d e v e l o p m e n t  of S p e a k e a s y  i t s e l f ,  we c a n  e x p e c t  t h i s  
f i e l d  t o  u n d e r g o  some v e r y  b i g  c h a n g e s  i n  t h e  n e x t  f e u  
y e a r s .  
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ABSTRACT. 

The c o n c e p t s  o f  i n t e r p r e t t i n g  a n d  c o m p i l i n g  a r e  
i n t r o d u c e d  a n d  d i s c u s s e d  w i t h i n  t h e  c o n t e x t  o f  
S p e a k e a s y ,  w i t h  . a n  i n t r o d u c t i o n  t o  t h e  S p e a k e a s y  
c o m p i l e r .  - The l i n k u l e  w r i t i n g  a n d  f u n c t i o n  
c o n s t r u c t i o n  f a c i l i t i e s  a r e  d e s c r i b e d ,  a n d  a n  e x a m p l e  
a p p l i e d  t o  n o n - l i n e a r  o p t i m i z a t i o n  i s  p r e s e n t e d .  

I N T R O D U C T I O N ,  

A t  t h e  h e a r t  o f  t h e  S p e a k e a s y  s y s t e a  i s  s n  i n t e r p r e t i v e  
p r o c e s s o r .  T h i s  means t h a t  e a c h  l i n e  o f  i n p u t  i s  i n d i v i d u a l l y  
a n a l y z e d  by t h e  p r o c e s s o r  which,  b a s e d  on t h i s  a n a l y s i s ,  
p e r f o r m s  t h e  a c t i o n s  r e q u i r e d .  T h i s  i s  a  c3mmon a p p c o a c h  t o  t h e  
d e s i q n  o f  u s e r - o r i e n t e d  s o f t w a r e  a n d  command s y s t e m s ,  a s  i t  
a l l o w s  g r e a t  f l e x i b i l i t y  i n  s y n t a x  a n d  q u i c k  e x e c u t i ~ n  o f  3 
u s e r ' s  command. 

Bany o f  t h e  a c t i o n s  p e r f o r m e d  b y  t h e  p r o z z s s o r  i n v o l v e  t h s  
i n v o c a t i o n  o f  l i n k u l e s  11 1: m a c h i n e  e x e c u t a b l e  p r o g r s m s  i n  t h e  
f o r m  o f  c o m p i l e d  c o d e  f rom a  s o u r c e  l a n g u a g e ,  t y p i c a l l y  P o r t c a n .  
D a t a  i s  p a s s e d  t o  a  l i n k u l e  f rom t h e  p r o c e s s o r  a n d  u s e d  
d i r e c t l y ,  no  i n t e r p r e t a t i o n  of c o d e  is n e c e s s a r y  s i n c e  t h e  
l i n k u l e  h a s  a l r e a d y  been  c o m p i l e d .  Thzs ,  t h e  e x e c u t i o n  o f  a  
t y p i c a l  S p e a k e a s y  s t a t e m e n t  w i l l  i n v o l v e  a s y n t a x  c h a e k  o f  t h e  
s t a t e m e n t ,  c o n s t r u c t i o n  o f  p a r a m e t e r  l i s t s  t o  b e  p a s s e d  t o - t h e  
l i n k u P e ( s )  i n v o l v e d ,  a n d  t h e  a c c e s s  and  e x e c u t i o n  o f  t h e  
l i n k u l e ( s ) .  T h i s  a p p l i e s  a l s o  t o  S p e a k e a s y  p rograms ,  which n r e  
c o l l e c t i o n s  o f  S p e a k e a s y  s t a t e m e n t s .  I n  p a r t i c u l a r ,  e a c h  L i n e  
i s  i n t e r p r e t t e d  e v e r y  time i t  is p r o c e s s e d .  

I n t e r p r e t t i n g  a p rogram h a s  t h e  e f fec t  o f  r e c o m p i l i n g  a l i n e  
e a c h  time i t  is  e x e c u t e d .  A l t h o u g h  n e g l i g i b l e  f o r  p r o g r a m s  3 f  
m o d e r a t e  l e n g t h  u s e d  o c c a s i o n a l l y ,  t h i s  i n t e r p r e t i v e  o v e r h e a d  
becomes s l o w  a n d  e x p e n s i v e  i n  repeated e x e c o t i o e s .  $ b i s  a r i s e s  
when, f o r  e x a m p l e ,  a p rogram p e r f o r m s  r g r e a t  many o p e r a t i o n s  
(eg. a  p rogram w i t h  l o o p s )  o r  when a p r o g r a a  must b e  e x e c u t e d  a  
g r e a t  many times. O p e r a t i o n s  s u c h  a s  n u m e r i c a l  a l g o r i t h m s  
c h a r a c t e r i s t i c a l l y  r e q u i r e  a  v a s t  number o f  e v a l u a t i o n s  o f  a  
f u n c t i o n .  I n  t h e s e  cases, t h e  e x e c u t i o n  o f  S p e a k e a s y  p r o g r a n s  
is  p r o h i b i t i v e l y  c o s t l y .  

I n  o r d e r  t o  r e d u c e  t h i s  o v e r h e a d ,  a new l i n k u l e  msy b e  
w r i t t e n  and  a d d e d  t o  t h e  l i n k u l e  l i b r a r i e s ,  t o  be a c c e s s e d  
d y n a m i c a l l y  b y  t h e  p r o c e s s o r  a s  a  new S p e s k a a s y  word o r  by 
a n o t h e r  l i n k u l e  (eg .  a n  o p t i m i z a t i o n  r o u t i n s )  . The i n t e r p r e t i v e  
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p h a s e  of  e x e c u t i o n  t h e n  i n v o l v e s  o n e  l i n e :  t h e  s t a t e m e n t  t h a t  
u t i l i z e s  t h e  l i n k u l e .  A 1 1  s u b s e q u e n t  o p e r a t i o n s ,  c a r r i e d  o u t  by 
t h e  l i n k u l e  a r e  a t  t h e  m a c h i n e - i n s t r u c t i o n  l e v e l ,  a n d  t h e  
i n t e r p r e t i v e  c o s t  i s  d r a m a t i c a l l y  r e d u c e d .  

The i n c o r p o r a t i o n  o f  a new l i n k u l e ,  however ,  r e q u i r e s  i n -  
d e p t h  knowledge  o f  s e v e r a l  a r e a s  c o n c e r n i n g  t h e  s u p p ~ r t i n g  
e n v i r o n m e n t  [ I  1: f a m i l i a r i t y  w i t h  a n o t h e r  programming l a n g u a g e  
( u s u a l l y  F o r t r a n )  a n d  a l l  t h e  p r o c e s s e s  n e c a s s a r y  f o r  i ts 
p r o c e s s i n g  ( c o m p i l i n g ,  l i n k - e d i t i n g ,  etc.). S i n c e  t h e  d e s i g n  
p h i l o s o p h y  o f  S p e a k e a s y  h a s  been  t o  make s u z h  d e t a i l e d  knowledge  
o f  e x t r a n e o u s  i n f o r m a t i o n  u n n e c e s s a r y  [ 2 ] ,  nn a u t o m a t i c  l i n k u l e  
writer o r  S p e a k e a s y  c o m p i l e r  bas b e e n  d e v e l o p e d .  

O r i g i n a l l y  began  i n  t h e  c o n t e x t  of 4 i f f e e e n t i a l  e g u a t i o n s  
1 3 1 ,  t h e  c o m p i l e r  f a c i l i t i e s  now a v a i l s b l e  ;an b e  u t i l i z e d  bg a  
u s e r ,  w i t h  o n l y  a minimum of e x t r a n e o u s  knowledge,  t o  c o n s t r u c t  
p e r s o n a l  l i n k u l e s  f r o m  a s u b s e t  o f  t h e  S p e a k e a s y  l a n g u a g e .  l!he 
h e a r t  of t h e  c o m p i l e r  i s  a t r a n s l a t o r  which a c t s  o n  S p e a k e a s y  
m o d e l s  ( s t r u c t u r e s  s imilar  t o  p r o g r a m s )  t o  p r o d u c e  F o r t r a n  
s o u r c e .  The s o u r c e  is o p t i o n a l l y  c o m p i l e d  a n d  added  t o  t h e  
u s e r ' s  l i n k u l e  l i b r a r y .  , T h e  c h o i c e  o f  F o r t r a n  a s  a  t a r g e t  
l a n g u a g e  f o r  t h e  t r a n s l a t o r  a l l o w s  more s o p h i s t i c a t e d  u s e r s  e a s y  
a c c e s s  t o  t h e  i n t e r m e d i a t e  s t a g e s  of c o u t p i l n t i o n ,  y e t  d o e s  n ~ t  
r e q u i r e  a n y  i n t e r v e n t i o n  f rom a  c a s u a l  or  n o v i c e  u s e r .  

It s h o u l d  b e  e m p h a s i z e d  t h a t  t h e  t r a n s l a t o r  is e v o l u t i o n a r y .  
A l t h o u g h  n o t  a l l  S p e a k e a s y  s t a t e m e n t s  can bt t r a n s l a t e d ,  the  
c l a s s  of s u c h  s t a t e m e n t s  i s  growing .  Even n t  t h e  e a r l y  s t a g e s  
of d e v e l o p m e n t ,  t h e  t r a n s l a t o r - c o m p i l e r  h a s  b e e n  u s e d  
s u c c e s s f u l l y  t o  write l i n k u l e s  a n d  t o  s o l v e  l a r g e  s y s t e m s  of 
n u m e r i c a l  f u n c t i o n s  e x p e d i t i o u s l y .  

T h i s  document  g i v e s  a n  o v e r v i e w  o f  t h e  t r a n s l a t o r  a n d  t h e  
t r a n s l a t i o n  p r o c e s s  i n  S e c t i o n  A ,  f o l l o w e d  b y  h i g h l i g h t s  o f  t h e  
l i n k u l e .  w r i t i n g  a n d  f u n c t i o n  c o n s t r u c t i o n  a s p e c t s  i n  S e c t i o n s  8 
a n d  C. S e c t i o n  D c o n t a i n s  a n  e x a m p l e  of , tha  c a n s t r u s t i o n  o f  a 
f u n c t i o n  t o  b e  u s e d  d y n a m i c a l l y  by a  m i n i m i z a t i o n  l i n k u l e .  
S i n c e  t h i s  is  i n t e n d e d  t o  b e  a n  e x p o s i t o r y  p r e s e n t a t i o n  o f  t h e  
f e a t u r e s  a v a i l a b l e ,  d e t a i l s  are g i v e n  s e p a r n t e l y  i n  I Y ] ,  
a v a i l a b l e  f rom t h e  S p e a k e a s y  C e n t e r .  

A .  O V E R V I E W  OF THE TRANSLATOR. 

The t r a n s l a t o r ,  i n v o k e d  by.  a s i n g l a  S p e s k e a s y  s t a t e m e n t ,  i s  
used  p r i m a r i l y  t o  t r a n s l a t e  a model  i n t o  F o r t r a n  and  o p t i o n a l l y  
t o  i n s t a l l  t h e  r e s u l t  i n  t h e  u s e r ' s  l i n k u l e  l i b r a r y .  The 
c o m p i l e d  model  may t h e n  b e  i n v o k e d  by o t h e r  S p e a k e a s p  l i n k u l a s  
(eg.  DEQ1E) o r  b e  u s e d  a s  a  new S p e a k e a s y  word. A model  i s  
d e f i n e d  s i m i l a r l y  t o  a  S p e a k e a s y  p rogram u s i n g  t h e  S p e a k e a s y  
E d i t o r ,  b u t  u s i n g  a  s u b s e t  o f  t h e  e x t e n s i v e  S p e a k e a s y  program 
l a n g u a g e .  A d d i t i o n a l l y ,  f o r  u s e  b y  o t h e r  l i n k u l e s ,  t h e  model 
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may u t i l i z e  a  s p e c i a l  symbol  s e t  a n d  class o f  r e s e r v e d  
v a r i a b l e s .  

I n  g e n e r a l ,  mode l s  t o  b e  t r a n s l a t e d  may c o n t a i n  e x e c u t a b l a  
a n d  keyword s t a t e m e n t s .  The e x e c u t a b l e  s t a t e m e n t s  may b e  o f  a n y  
o f  t h e  f o l l o w i n g  forms:  

Comments; 
A s s i g n m e n t s ;  
C o n d i t i o n a l  ( I F )  s t a t e m e n t s ;  
FOR Loops;  

.. GOTO' s ( o r  GO TO' S) . 
T h e s e  are  q u i t e  s i m i l a r  t o  S p e a k e a s y  program s t a t e m e n t s  (eq. 
comments b e g i n  w i t h  $I, c o n t i n u a t i o n s  b e g i n  w i t h  ' C '  , 
s t a t e m e n t s  map b e  l a b e l l e d ,  etc.) , b u t  are r e s t r i c t e d  t o  
i n v o l v i n g  o d l y  s c a l a r  e x p r e s s i o n s .  F u r t h e r l a o r e ,  i d e a t i f i e r s  may 
b e  a t  most s i x  c h a r a c t e r s  l o n g ,  t o  conform w i t h  F o r t r a n  naming 
c o n v e n t i o n s .  Host o f  t h e  S p e a k e a s y  s c a l a r  f u n c t i o n s  may b e  u s e d  
i n  a  t r a n s l a t a b l e  model. 

A model may access S p e a k e a s y  Named S t o r a g e  t o  r e t c i e v e  s c a l a r  a .  

v a l u e s .  T h i s  i s  d o n e  by means o f  a keyword s t a t e m e n t .  O t h e r  
keyword s t a t e m e n t s  are  p r o v i d e d  t o  a l l o w  t h e  u s e r  t o  s p e c i f y  
v a r i o u s  p a r a m e t e r s  of t h e  t r a n s l a t i o n ,  s u c h  a s  t h e  name o f  t h e  
r e s u l t i n g  l i n k u l e ,  w h e t h e r  t h e  r e s u l t  w i l l  b e  r e f e r e n c e d  by 
a n o t h e r  l i n k u l e  o r  b e  u s e d  a s  a  new S p e a k e a s y  word, e t c .  

U n l i k e  S p e a k e a s y  p r o g r a m s ,  a l l  v a r i a b l e s  w i t h i n  a  model  a r e  r 

l o c a l  i n  t h e  s e n s e  t h a t  a n  a c c e s s  of a l o c a L  v a r i a b l e  w i l l  n o t  
a l t e r  a n y  p a r t  o f  Named S t o r a g e .  I n  t h i s  wny, t r u e  l i n k u l e s  c a n  :, 
b e  f o r m e d  t h a t  depend  o n l y  on  v a l u e s  p a s s e d  f r o m  t h e  p r o c e s s D r  
r a t h e r  t h a n  on  o b j e c t s  o f  s p e c i f i c  names d e f i n e d  by t h e  u s e r .  

By u s i n g  o p t i o n s  o f  t h e  t r a n s l a t o r ,  t h e  user may s p e c i f y  
which p o r t i o n s  o f  t h e  c o m p i l a t i o n  p e o c e s s  ace  t o  be  executed. 
T h i s  may r a n g e  f rom a s y n t a x  c h e c k  of t h e  model  by  t h e  
t r a n s l a t o r ,  t o  s a v i n g  t h e  F o r t r a n  s o u r c e  i n  t h e  u s e r ' s  KEEP 
l i b r a r y ,  t o  s u b m i t t i n g  t h e  b a c k g r o u n d  job  t h a t  i n s t a l l s  t h e  
l i n k u l e .  

S i n c e  t h e  t r a n s l a t o r  i s  i n  t h e  d e v e l o p ~ e n t a l  s t a g e s ,  
r e s t r i c t i o n s  a n d  p e c u l i a r i t i e s  of t r a n s l a t i o n  a r e  e v i d e n t .  F o r  
example ,  t h e  u s e r  must  p r o v i d e  J C L  i f  t h e  t r a n s l a t e d  model  i a  t o  
b e  p l a c e d  i n t o  a l i n k u l e  l i b r a r y .  T h i s  is  t s s e n t i a l l p  t h e  o n l y  
knowledge  o u t s i d e  t h e  s c o p e  o f  S p e a k e a s y  i t s e l f  t h a t  t h e  u s e r  
must  have ,  a n d  n e e d  o n l y  b e  a p p l i e d  once ,  s i n c e  t h e  J C L  i s  
o b t a i n e d  f r o m  t h e  u s e r ' s  KEEP l i b r a r y .  T h e  r e s t r i c t i o n  of 
e x p r e s s i o n s  t o  scalars,  d i s a l l o w i n g  more complex  s t r u c t u r e s ,  may 
b e  r e l a x e d  i n  f u t u r e  r e l e a s e s  o f  t h e  t r a n s l a t o r ,  a s  e f f i c i e n t  
a n d  e f f e c t i v e  m e t h o d s  o f  a n a l y z i n g  t h e  r i c h  a n d  p o w e r f u l  
S p e a k e a s y  v o c a b u l a r y  a r e  d e v e l o p e d .  
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The  t r a n s l a t o r  may b e  u s e d  t o  c o n s t r u c t  n new l i n k u l e  from a  
u s e r ' s  model. After t r a n s l a t i o n ,  t h e  l i n k u l e  map b e  used  a s  a  
new S p e a k e a s y  word, j u s t  a s  i f  t h e  l i n k u l e  h a d  been  w r i t t e n  
i n d e p e n d e n t l y  i n  F o r t r a n .  T h e  t r a n s l a t o r  p r o v i d e s  f a c i l i t i e s  
s p e c i f i c a l l y  d e s i g n e d  f o r  t h e  a u t o m a t i c  c o n s t r u c t i o n  of 
l i n k u l e s .  By means o f  a s i n g l e  o p t i o n ,  v a r i o u s  keyw3rds  are 
a v a i l a b l e  t o  f a c i l i t a t e  t h e  d e s i g n  o f  s u c h  n l i n k u l e .  

A l t h o u g h  c o m p u t a t i o n  i n  a model  is r e s t r i c t e d  t o  s c a l a r  
o p e r a t i o n s ,  a l i n k u l e  t r a n s l a t e d  f r o m  3 mods1 w i l l  b e  i n t e r f a c e d  
w i t h  t h e  S p e a k e a s y  Highwide  c o n v e n t i o n s .  I n  t h i s  way, t h e  naw 
S p e a k e a s y  word w i l l  b e  u s a b l e  w i t h  a n y  c l a s s  of v a r i a b l e  
( s c a l a r ,  v e c t o r ,  a r r a y ,  etc.) a n d  r e t u r n  a  v a l u e  o f  
c o r r e s p o n d i n g  s t r u c t u r e .  The t r a n s l a t o r  w i l l  i n s e r t  t h e  . 
a p p r o p r i a t e  a i g h w i d e  s u b r o u t i n e  t o  e n a b l e  s u c h  an  i n t e r f a c e .  

S i n c e  many c a l c u l a t i o n s  c a n  b e  p e r f o r m e d  o n l y  i n  s c e r t a i n  
domain ,  t h e  t r a n s l a t o r  r e c o g n i z e s  a  keywocd s t a t e m e n t  which w i l l  
a s s u r e  t h a t  t h e  a r g u m e n t s  t o  t h e  r e s u l t i n g  l i n k u l e  s a t i s f y  
s p e c i f i e d  r e s t r i c t i o n s .  I n  a d d i t i o n ,  a r g u m e n t s  may b e  
r e s t r i c t e d  t o  t h e  i n t e g e r s  o r  a l l o w e d  t o  b e  a n y  r e a l  number..  
T h i s  w i l l  a l s o  o v e r r i d e  t h e  F o r t r a n  naming : o n v e n t i o n s  f o r  l o c a l  
v a r i a b l e s  p a s s e d  by t h e  p r o c e s s o r .  Using these f a c i l i t i e s ,  t h e  
t r a n s l a t e d  model  c a n  d e t e c t  i m p r o p e r  a r g u m e n t s  a n d  r e s p o n d  w i t h  
a n  a p p r o p r i a t e  d i a g n o s t i c  message  a t  e x e c u t i o n  time. 

By u s i n g  t h e  t r a n s l a t o r  a s  a n  a u t o m a t i c  l i n k u l e  writer,  
v i r t u a l l y  a n y  c o m p u t a b l e  s c a l a r  f u n c t i o n  of u p  t o  30 v a r i a b l e s  
may b e  made i n t o  a  l i n k u l e ,  w i t h  t h e  a i d e d  power of a u t o m a t i c  
p a r a m e t e r  c h e c k i n g ,  access t o  S p e a k e a s y  Named S t o r a g e ,  and  t h e  
S p e a k e a s y  Highwi.de c o n v e n t i o n s ,  Thus ,  e v e n  a  c a s u a l  u s e r  map 
d e s i g n  a n d  i m p l e m e n t  p e r s o n a l  l i n k u l e s  of g c e a t  f l e x i b i l i t y .  

C . DY N A H I C  FUNCTION CONSTRUCTION. 

T h e  S p e a k e a s y  l a n g u a g e  h a s  w e l l - d e v e l o p e d  c a p a b i l i t i e s  f o r  
t h e  m a n i p u l a t i o n  o f  n u m e r i c a l  s t r u c t u r e s .  Bowever, t h e  d i s c r e t e  
n a t u r e  of S p e a k e a s y  o b j e c t s  makes them u n u s a b l e  by  p r o c e s s e s  
which may r e q u e s t  f u n c t i o n a l  i n f o r m a t i o n  a t  many a r b i t r a r y  
p o i n t s .  Such p r o c e s s e s  i n c l u d e ,  f o r  exampla ,  o p t i m i z a t i o n  
a l g o r i t h m s  a n d  n u m e r i c a l  s o l u t i o n  o f  d i f f e c e n t i a l  e q u a t i o n s .  
T h e s e  o f t e n  r e q u i r e  v a s t  numbers  o f  p r e c i s e  e v a l u a t i o n s  n o t  
o b t a i n a b l e  f rom a v e c t o r  o r  a r r a y  o f  f i x e d  p o i n t s .  r h e  
t r a n s l a t o r  may b e  u s e d  t o  c o n s t r u c t  a  f u n c t i o n  t h a t  c a n  b e  
r e f e r e n c e d  d y n a m i c a l l y  by o t h e r  S p e a k e a s y  l i n k u l e s ,  so  t h a t  
e f f i c i e n t  e v a l u a t i o n  o f  a  n u m e r i c a l  f u n c t i o n  a t  a n y  p o i n t  i s  
p o s s i b l e .  

L i n k u l e s  h a v e  b e e n  w r i t t e n  t h a t  s o l v e  s y s t e m s  of o r d i n a r y  
d i f f e r e n t i a l  e q u a t i o n s ,  m i n i m i z e  r e a l - v a l u e d  f u c t  i o n s ,  and 
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m i n i m i z e  t h e  sum of s q u a r e s  o f  v e c t o r - v a l u e d  f u n c t i o n s .  I n  e a c h  
case,. t h e  f u n c t i o n  is a  t r a n s l a t e d  mods1 i n s t a l l e d  i n  t h e  u s e r ' s  
l i n k u l e  l i b r a r y .  Keywords a r e  p r o v i d e d  t h a t  i n d i c a t e  which t y p e  
of f u n c t i o n  t h e  model  is t o  d e f i n e .  

I n  a d d i t i o n ,  a  model  t o  b e  t r a n s l a t e d  a s  a  dynamic  f u n c t i o n  
u t i l i z e s  a  se t  o f  r e s e r v e d  v a r i a b l e s  t o g e t h e r  w i t h  a s p e c i a l  
s y m b o l  s e t .  T h e s e  r e s e r v e d  v a r i a b l e s  and s y m b o l s  d e f i n e  
q u a n t i t i e s  t o  t h e  model  f rom which t h e  f u n c t i o n  w i l l  b e  
c a l c u l a t e d .  A l t h o u g h  e x p r e s s i o n s  w i t h i n  t h e  model  a r e  
r e s t r i c t e d  t o  scalars,  c e r t a i n  r e s e r v e d  v a r i a b l e s  map b e  
r e g a r d e d  a s  v e c t o r s .  I n  t h i s  c a s e ,  e x p r e s s i o n s  i n v o l v e  e l e m s n t s  
o f  t h e s e  v a r i a b l e s ,  a c c e s s e d  by u s i n g  t h e  s p e c i a l  s y m b o l  set. 

For e x a m p l e ,  a  t y p i c a l  model  d e f i n i n g  a  s y s t e m  o f  o r d i n a r y  
d i f f e r e n t i a l  e q u a t i o n s  w i l l  c a l c u l a t e  t h e  v a l u e  o f  n  d s r i v a t i v e s  
d e p e n d i n g  on  a d e p e n d e n t  v a r i a b l e s ,  t h e  i n d e p e n d e n t  v a r i a b l e ,  
a n d  a n y  v a l u e s  r e t r i e v e d  f r o m  Named S t o r a g e .  The n  d e r i v a t i v e s  
a r e  g i v e n  by r e s e r v e d  v a r i a b l e s  Y l * ,  Y2*, .. . , Yn'; t h e  
d e p e n d e n t  v a r i a b l e s  by P I ,  Y2, ..., Yn; a n d  t h e  i n d e p e n d e n t  
v a r i a b l e  by  X. The  number o f  e q u a t i o n s  i n  t h e  s y s t e m  is a l s o  
a v a i l a b l e  a s  t h e  r e s e r v e d  v a r i a b l e  I?. 

D. A N  OPTIUIZATION EXAHPLE. 

T h i s  s e c t i o n  p r e s e n t s  a n  e x a m p l e  o f  t h e  u s e  o f  t h e  transistor 
t o  c o n s t r u c t  a  f u n c t i o n  t o  b e  minimized.  T h e  example  is- i n  two 
p a r t s .  I n  t h e  f i r s t  p a r t ,  t h e  model  ( d e s c r i b i n g  a s i m p l e  
q u a d r a t i c  f u n c t i o n )  is d e f i n e d .  G u i d e 3  by t h e  HELP documents ,  
t h e  model  is c h e c k e d  f o r  s y n t a x  e r r o r s ,  t h e n  t r a n s l a t e d  a n d  
i n s t a l l e d  i n  t h e  l i n k u l e s  l i b r a r y .  The c a m p i l e d  f u n c t i o n  i s  
r e f e r e n c e d  i n  t h e  m i n i m i z a t i o n  l i n k u l ?  a n d  t h e  minimum i s  
found.  I n  t h e  s e c o n d  p a r t ,  t h e  mode l  is c h a n g e d  t o  a c c e s s  Named 
s t o r a g e  f o r  a p a r a m e t e r ,  r e c o m p i l e d ,  a n d  a g a i n  minimized.  
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* -  S 
* -  § FIRST, WE DEFINE THE MODEL WE'LL TRANSLATE. 

$ NOTE TEAT I N  A  MODEL TO BE OPTIHIZED, THE * -  - * -  3 KEYWORD STATEHENT 'MINIMIZE' MUST APPEAR FIRST. 
a- g TBZ FUNCTION VALUE I S  THE RESERVED VARIABLE F, - * -  $ INDEPENDENT VARIABLE VARIABLES A R E  81, X2, ..., X N ;  -- $ A N D  l!J I S  THE DIMENSION OF THE SYSTEtY. 
* -  8 

MODEL FUNCTION .- 
EDIT INPUT HODE 
1 NODEL 
2 $ 
3 3 THIS I S  A SIMPLE QUADRATIC. THE 
4 s amNrauH r s  AT x i  = x2 = ... = 0. 
5 $ 
6 H I N I i Y I Z E :  
7 F = O  
8 FOR J = l , N  
9 F = F + X J * * 2  
1 0  ENDLOOP J 
11 F  = F f 2  
1 2  END 
MODEL FUNCTION I S  NOW DEFINED 
B A N U A L  HODE 

a- HELP TRANSLATE 
TRANSLATE(MNAHE:options) t r a n s l a t e s  a m o d e l  HNAME i n t o  a F o r t r a n  

s u b r o u t i n e  o r  f u n c t i o n  a n d  o p t i o n a l l y  s u p p b i e s  t h e  h i g h w i d e  c o n -  
v e n t i o n  f o r  a l i n k u l e ,  a n d / o r  s u b m i t s  a b a t c h  j o b  t o  i n s t a l l  t h e  
, module  a s  a l i n k u l e  i n  t h e  u s e r ' s  KEEP l i b r a r y .  One or more o f  

t h e  f o l l o w i n g  o p t i o n s  may b e  s p e c i f i e d :  
LIST/NOLIST . LIST w i l l  p r i n t  oa t  on t h e  t e r m i n a l  a c o p y  o f  t h e  

s u b r o u t i n e  o r  f u n c t i o n ,  b u t  n o t  t h e  l i n k u l e  
s o u r c e  i f  HIWIDE is r e q u e s t e d .  NOLIST w i l l  o n l y  
p r i n t  o u t  error m e s s a g e s .  

SAVE/NOSAVE S a v e s  t h e  l i n k u l e  a n d / 3 r  s u b r o u t i n e  i n  t h e  user's 
KEEP l i b r a r y  as member name, where name is e i t h e r  
s p e c i f i e d  i n  t h e  model, o r  d e f a i l l t s  t . ~  t h e  
m o d e l  name 

HIGH#IDE/NOHIGHUIDE p r o c e s s e s  t h e  h i g h w i d e  c o n v e n t i o n  t o  make a 
63: l i n k u l e .  

HI WIDE/NOEIIIDE 
BATCH/NOBATCH S u b m i t s  a b a t c h  j o b  t o  c o m p i l e  t h e  new L i n k u l e .  

T h e  d e f a u l t  o p t i o n s  are  LIST,NOSAVE,NOBBrCH,NOHIGEUIDE* 
T h e s e  c a n  b e  c h a n g e d  by t h e  u s e r  w i t h  t h e  command SETTRANSLATE. 
Note t h a t  a l i n k u l e  w i l l  b e  i n s t a l l e d  o n l y  i f  BATCH is u s e d  
a n d  a member J C L  e x i s t s  i n  t h e  u s e r ' s  or  t h e  s y s t e m  KEEP l i b r a r y .  
TRANSLATE s h o u l d  b e  u s e d  o n l y  u n d e r  TSO. . 



-- $ 
• -- 5 NOH H E  U I L L  TRANSLATE .THE HODEL TC) CEEZK 
: $ FOR ERRORS AND S E E  THE FORTRAN SOURCE.. 
:I0 .- TRANSLATE FUNCTION 
C  
C  T H I S  I S  A S I n P L E  QUADRATIC. THE 
c n I N I a u 1  IS A T  X I  = x2 = ... = 0. 
C  

SUBROUTINE F U N C T I ( B I X I F t I S P d E R I I S P A R f l ~  
I M P L I C I T  REAL*8 (A-E,O-Z) 
DIf iENSION X ( 1 )  , I S P A R f l ( l )  
I F  (ISPARM ( I )  e EQm 1 )  RETURN 
F = 0 
J = 4  
GOT0 1 4  

11 I F ( ( 1 ) - ( N ) )  12, 12, 9 3 
1 2  J = J + 4  

I F  (3. GT. N )  GOT0 I5 
GOT0 9 4  

13 J = ( - 1 )  + J  
IF (J. LT. (N) ) GOT0 15 

1 4  CONTINUE 
P = F  + X ( J )  **2 

GOT0 9 4  
15 CONTINUE 

F = F/2  
RETURN 
END 

* -  
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. . . . . . - -- 8 
S , GOOD* NO ERRORS- NOW, TO INSTALL . . -- . , -- $: -" THE FUNCTION I N  OUR LINKULE LIBRARY - S -- - TRANSLATE FUNCTI0N:SAVE BATCH NOLIST  

;ZB M I N I  SUBMITTED 

HELP MINIMIZE 
~ Y N I I I Z E  (UNAIE,START ,END) m i n i m i z e s  t h e  n o n l i n e a r  f u n c t i o n  !IN ABE. 
H I N I M I Z E  (I!lNAHE,START,END) w i l l  s e e k  a l o c a l  minimum o f  t h e  n o n l i n e a r  
f u n c t i o n  d e f i n e d  by p r e v i o u s l y  TRANSLATEqd m o d e l  MNAME. 
START (real  v e c t o r / a r r a y )  is t h e  s t a r t i n g  p o i n t  f o r  t h e  s e a r c h .  
END ( o p t i o n a l )  w i l l  b e  d e f i n e d ,  i f  t h e  s e s r z h  is  s u c c e s s f u l ,  t o  b e  s 
rea l  a r r a y  t h e  same s i z e  a s  START c o n t a i n i n g  t h e  f i n a l  e s t i m a t e  o f  t h e  
s o l u t i o n .  
U I N I f l I Z E  r e t u r n s  a r e a l  s ca l a r  t h a t  is t h e  f u n c t i o n  v a l u e  s t  END. 
* $  -- - $ NOW WE'LL MINIMIZE THE FUNCTION, -- $ STARTING AT B POINT A LONG VBYS AWAY.,.  
- $  ' . * -  
a .- START = ( 1 0 , l d , 1 0 )  . 

• -- M I W I d I Z E  (FUNCTIONISTART) 
f l INI? l IZE  (FUNCTION ,START) = 0 



THE SPEAKEASY COtIPILER 

-- $ 
8 NOW WE HAVE CHANGED THE FUNCTI0N.e. -- -- $ 

* -  EDIT FUNCTION 
E D I T  CONHAND MODE 
: %L 
EDITING FUNCTION 

1 UODEL 
2 $ T H I S  I S  THE SAflE QUADFiATICv EXCZPT 
3 $ THAT THE M I N I H U M  I S  NOW THE VALUE OF 
4 $ THE PARAHETER 'HEIGHT'.  THE PARANEEERS 
5 S KEYPORD GETS A VALUE FRON THE ALLOCATOR. 
6 S. 
7 S I M c l I Z E  
8 PARAMETERS = (HEIGHT) 
9 F = O  

90 FOR J = 1 , N  
11 F = F + XJ**2 
12 ENDLOOP J 

*13 F = P/2 + HEIGHT 
E D I T  COHUAPD NODE 
: %END 
MANUAL HODE 

$ -- 
8 F I R S T ,  WE RETRANSLATE THE FUNCTION 

-0  - S -- 
TRANSLATE FUNCTION: NOLIST SAVE BATCH -- 

J O B  N I N I  SUBMITTED 

-- $ NOW HE CAN M I N I N I Z E  THE NEW FUNCTION, -- $ AFTER DEFINING THE SCALAR I T  NEEDS 
$ -- - - BEIGBT = -10 -- START = ( 1 0 , 1 0 , 2 0 , 3 0 )  - H I N I i l I Z E  (FUNCTION, STABT) 

MININIZE  (FUNCTIONv START) = -10 . -- 
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