
Language Access to D i s t r i bu ted Data w i th Error Recovery 

Earl D. Sacerdoti 
A r t i f i c i a l I n t e l l i g e n c e Center 

Stanford Research I n s t i t u t e 

This paper discusses an e f f o r t in the a p p l i c a t i o n of a r t i f i c i a l i n t e l l i g e n c e to the access of 
data from a l a rge , d i s t r i b u t e d data base over a computer network. A running system is described 
that provides rea l - t ime access over the ARPANET to a data base d i s t r i b u t e d over several machines. 
The system accepts a ra ther wide range of na tu ra l language questions about the data, plans a 
sequence of appropr ia te queries to the data base management system to answer the quest ion , 
determines on which machine(s) to car ry out the quer ies , es tab l ishes l i n k s to those machines over 
the ARPANET, monitors the prosecut ion of the quer ies and recovers from ce r ta in e r ro rs in execut ion, 
and prepares a re levant answer. In add i t i on to the components tha t make up the demonstration 
system, more soph is t i ca ted f u n c t i o n a l l y equiva lent components are discussed and proposed. 

The work described in t h i s paper represents the j o i n t e f f o r t s of an i n teg ra ted , energet ic group 
at SRI. Members of t h i s group inc lude Rich Fikes (now at Xerox PARC), Koichi Furukawa (now at ETL). 
Gary Hendrix, Paul Morr is (now at UC I r v i n e ) , N i l s N i l sson, B i l l Paxton, Jane Robinsonr Daniel 
Sagalowicz, Jonathan Slocum, and Mike Wi lber. The research reported he re in , other than the 
development of the LIFER system, was supported by the Advanced Research Projects Agency of the 
Department of Defense under cont rac t DAAG29-76-C-0012 w i th the U. S. Army Research O f f i c e . 

A. INTRODUCTION 
Man's use of too ls shapes h is environment. 

Man's use of too ls also shapes h is behavior. As 
technology evolves more complex t o o l s , the 
imposi t ions these too ls make on t h e i r users become 
more s t r i n g e n t . Although i t i s d i f f i c u l t t o 
reproduce s t r i n g s of ten d i g i t s , we learn to do i t 
w e l l , because the i n te r face to the telephone system 
demands i t . Although i t i s d i f f i c u l t t o type very 
fas t (the standard keyboard was o r i g i n a l l y designed 
to a l low enough time between keystrokes to keep 
ear ly t ypewr i te rs from jamming), we t r a i n ourselves 
to use a suboptimal - - indeed, subaverage-
arrangement of keys, because the i n t e r f ace to 
keyboard systems demands i t . 

As the amount of in format ion moving across the 
man-machine i n te r f ace increases, the imposi t ions of 
machines on our behavior a lso increase. Since 
computers exchange large amounts of in fo rmat ion 
wi th t h e i r human users they place great 
Imposi t ions on us. A goal of research in A r t i f i c a l 
I n t e l l i g e n c e is to reduce the extent of these 
impos i t ions , thus making the bene f i t s of computer 
use more widely a v a i l a b l e . 

One example of the impos i t ion set by the 
computer a r i ses in the area of management 
in fo rmat ion systems. Imagine tha t a user in a 
decision-making ro le knows tha t h i s data base 
contains some in format ion tha t per ta ins to a 
dec is ion he must make. The user wishes to ex t rac t 
tha t in fo rmat ion from the data base and 
r e s t r u c t u r e , summarize, or analyze i t in some way. 
I d e a l l y , the user would be able to i n t e r a c t w i t h 
the computer in h i s own terminology and issue a 
request fo r the in fo rmat ion he des i red . But 
today 's computer systems t y p i c a l l y requ i re 
f o l l ow ing a very s t i l t e d , formal mode of 
i n t e r a c t i o n . Even then, the user w i l l only be able 
to obta in c e r t a i n preprogrammed r e p o r t s , and t h i s 
is hard ly what is needed fo r the t y p i c a l dec is ion 
maker in h i s r o l e of managing by except ion. 

If the dec is ion maker wants a new perspect ive 
on the in fo rmat ion in the data base, he must c a l l 
in a programmer who works w i t h the data base on a 
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regular bas is . The programmer ca r r i es in h is head 
four kinds of knowledge that must be used in order 
to gather the desired in fo rmat ion . F i r s t , he knows 
how to t r ans la te the request fo r in fo rmat ion from 
the dec is ion maker's terms in to the terms of the 
data tha t is a c t u a l l y stored in the data base. 
Second, he is able to convert the request fo r data 
from the o v e r a l l data base i n t o a se r ies of 
requests fo r p a r t i c u l a r items of data from 
p a r t i c u l a r f i l e s . Th i rd , he knows how to t r a n s l a t e 
the p a r t i c u l a r requests i n t o programs or c a l l s on 
the data base management system's p r i m i t i v e s in 
order to a c t u a l l y i n i t i a t e the appropr ia te 
computation. Four th , he knows how to monitor the 
execut ion of h i s request to ensure tha t the 
expected data is being obta ined. 

For the past year, a group at SRI has been 
working on automating the a c t i v i t i e s ca r r i ed out by 
our hypo the t i ca l data base exper t . The fo l l ow ing 
sect ion presents an overview of a running system 
tha t performs at l eas t some of the expe r t ' s 
func t ions both r e l i a b l y and e f f i c i e n t l y . Our 
cur rent progress on represent ing and using each of 
the four kinds of knowledge described above w i l l be 
de ta i l ed in the subsequent sec t ions . 

B. Overview of the_ LADDER system 

Our running demonstration system, ca l led 
LADDER ( f o r Language Access to D i s t r i bu ted Data 
w i th Error Recovery) represents an a p p l i c a t i o n of 
s t a t e - o f - t h e - a r t techniques from the f i e l d o f 
a r t i f i c i a l i n t e l l i g e n c e in a r ea l - t ime performance 
system. Because i t cons is ts of a number of ra ther 
independent, modular components, new c a p a b i l i t i e s 
can be incorporated eas i l y as we learn how to make 
them run e f f i c i e n t l y . 

LADDER has been developed as a management a id 
to Navy dec is ion makers, so the examples presented 
throughout t h i s paper are drawn from the domain of 
Navy command and c o n t r o l . App l ica t ions of t h i s 
work to other dec is ion making and data access 
problems should be obvious. 

The LADDER system cons is ts of three major 
f unc t i ona l components, as displayed in Figure 1, 



that provide l eve l s of bu f f e r i ng of the user from a 
data base management system (DBMS). LADDER employs 
the DBMS to r e t r i e v e spec i f i c f i e l d values from 
s p e c i f i c f i l e s j u s t as a programmer might, so tha t 
the user of LADDER need not be aware of the names 
of s p e c i f i c f i e l d s , how they are format ted, how 
they are s t ruc tu red i n t o f i l e s , or even where the 
f i l e s are phys i ca l l y located. Thus the user can 
th ink he is r e t r i e v i n g in format ion from a "general 
in fo rmat ion base" ra ther than r e t r i e v i n g s p e c i f i c 
items of data from a h igh ly formatted t r a d i t i o n a l 
data base 

LADDER'S f i r s t component accepts queries in a 
r e s t r i c t e d subset of na tu ra l language. This 
component, ca l l ed INLAND ( fo r In formal Natural 
Language Access to Navy Data) produces a query or 
queries to the data base as a whole. The queries 
to the data base re fe r to s p e c i f i c f i e l d s , but make 
no mention of how the in format ion in the data base 
is broken down i n t o f i l e s . 

For example, suppose a user types in "What is 
the length of the Kennedy?" (or "Give me the 
Kennedy's length " or even "Type length Kennedy"). 
INLAND would t r ans l a te t h i s i n t o the query: 

((? LGH) (NAM EQ 'JOHN//F. KENNEDY')) . 
where LGH is the name of the length f i e l d NAM the 
name of the ship name f i e l d , and ' J0HN//F. KENNEDY' 
the value of the NAM f i e l d for the record concerned 
w i th the Kennedy. This query is then passed along 
to the second component of the system. 

The queries from INLAND to the data base are 
spec i f i ed wi thout any presumption about the way the 
data is broken up i n t o f i l e s . The second 
f unc t i ona l component ca l l ed IDA ( f o r I n t e l l i g e n t 
Data Access) breaks down the query against the 
e n t i r e data base i n t o a sequence of quer ies against 
var ious f i l e s . IDA employs a model of the 
s t ruc tu re of the data base to perform t h i s 
opera t ion , preserv ing the l inkages among the 
records re t r i eved so that an appropr ia te answer to 
the o v e r a l l query may be returned to the user 

For example suppose the data base cons is ts of 
a s ing le f i l e whose records conta in the f i e l d s 

(NAM CLASS LGH). 
Then, to answer the data base query issued above, 
IDA can simply create one f i l e r e t r i e v a l query tha t 
says, in essence, "For the ship record w i th NAM 
equal ' J0HN//F. KENNEDY ', re tu rn the value of the LGH 
f i e l d " Suppose, however, tha t the data base is 
s t ruc tu red in two f i l e s , as f o l l ows : 

SHIP: (NAM CLASS . . . ) 
CLASS: (CLASSNAME LGH .. ) 

In t h i s case the s ing le query about the Kennedy's 
length must be broken i n t o two f i l e quer ies . These 
would say, f i r s t , "Obtain the value of the CLASS 
f i e l d fo r the SHIP record w i th NAM equal 
»JOHN#F.KENNEDY'." Then. "Find the corresponding 
CLASS record , and re tu rn the value of the LGH f i e l d 
from tha t r e c o r d . " F i n a l l y , IDA would compose an 
answer tha t is re levant to the user s query ( i . e . 
it w i l l r e tu rn NAM and LGH data, supressing the 
CLASS-to-CLASSNAME l i n k ) 

In add i t i on to planning the co r rec t sequence 
of f i l e quer ies IDA must a c t u a l l y compose those 
queries in the language of the DBMS. Our current 
system accesses, on a number of d i f f e r e n t machines, 

a DBMS ca l led the Datacoraputer [ 1 ] [ 2 ] , whose 
input language is ca l l ed Datalanguage. IDA creates 
the re levant Datalanguage by i n s e r t i n g f i e l d and 
f i l e names i n t o pre stored templates. However, 
since the data base in question is d i s t r i b u t e d over 
several d i f f e r e n t machines, the Datalanguage tha t 
IDA produces does not re fe r to s p e c i f i c f i l e s in 
s p e c i f i c d i r e c t o r i e s on spec i f i c machines. I t 
r e fe r s instead to generic f i l e s f i l e s conta in ing a 
s p e c i f i c k ind of record For example, the queries 
discussed above might r e fe r to the SHIP f i l e ra ther 
than f i l e SHIP.ACTIVE in d i rec to ry NAVY on machine 
DBMS 3. It is the func t ion of the t h i r d major 
component of LADDER to f i nd the l oca t i on of the 
generic f i l e s and manage the access to them. 

To carry out t h i s func t ion the t h i r d 
component, ca l l ed FAM ( f o r F i l e Access Manager) 
r e l i e s on a l o c a l l y stored model showing where 
f i l e s are located throughout the d i s t r i b u t e d data 
base. When it receives a query expressed in 
generic Datalanguage, i t searches i t s model fo r the 
primary l oca t i on o f the f i l e (or f i l e s ) to which i t 
r e f e r s . I t then es tab l ishes connections over the 
ARPANET to the appropr ia te computers logs i n , 
opens the f i l e s , and t ransmi ts the Datalanguage 
query, amended to r e fe r to the s p e c i f i c f i l e s tha t 
are being accessed. If at any t ime, the remote 
computer crashes the f i l e becomes inaccess ib le , or 
the network connection f a i l s , FAM can recover and, 
i f a backup f i l e is mentioned in FAM's model of 
f i l e l o c a t i o n s , i t can es tab l i sh a connection to a 
backup s i t e and re t ransmi t the query. 

The e x i s t i n g system, w r i t t e n in INTERLISP 
[ 3 ] , can process a f a i r l y wide range of queries 
against a data base cons i s t i ng of some 14 f i l e s 
conta in ing about 100 f i e l d s . Processing a t y p i c a l 
quest ion takes a very few seconds of cpu time on a 
DEC KA-10 computer. An annotated t r a n s c r i p t of a 
session w i th the system is provided in the 
Appendix 

Thus LADDER provides at leas t some of the 
funct ions of the hypo the t i ca l data base expert in 
each area of exper t i se mentioned in the previous 
sec t ion . The f o l l ow ing sect ions w i l l provide more 
de ta i l ed views of the demonstration programs and 
ongoing research e f f o r t s in each of these areas. 

C iiS-Lyxsi. Language in ter face 
The task of p rov id ing access to the data base 

in the dec is ion maker's terms is served by a 
f unc t i ona l component tha t accepts typed Engl ish 
tex t as input and produces formal queries to the 
IDA component as output . In order to provide t r u l y 
na tu ra l access, t h i s component must a l low each user 
to expand the language d e f i n i t i o n w i th h i s own 
i d i o s y n c r a t i c language use. 

We are developing a fami ly of language 
i n te r face components w i t h increas ing gene ra l i t y and 
t rue "understanding" of the inpu t . In t h i s sec t ion 
we describe our i n i t i a l performance system. 

* In the i n t r oduc t i on we described four a c t i v i t i e s 
that our system would carry out and here we are 
descr ib ing only three func t i ona l components. This 
i s because the t h i r d a c t i v i t y , t r a n s l a t i n g 
p a r t i c u l a r queries i n t o the p r i m i t i v e s o f 
p a r t i c u l a r DBMS's, is shared between IDA and FAM. 
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FIGURE 1 OVERVIEW OF THE LADDER SYSTEM 

Our i n i t i a l system is b u i l t around a package 
of programs f o r language d e f i n i t i o n and p a r s i n g 
c a l l e d Language I n t e r f a c e F a c i l i t y w i t h E l l i p s i s 
and Recursion (LIFER) [ 4 ] LIFER c o n s i s t s of a 
parser and a se t of i n t e r a c t i v e func t ions for 
s p e c i f y i n g a language fragment o r i e n t e d towards 
access of an e x i s t i n g computer system. The 
language is d e f i n e d by what may be viewed as a se t 
o f product ions of the form 

meta-symbol = > p a t t e r n , e x p r e s s i o n , 
where meta -symbol is a meta-symbol in the language, 
p a t t e r n is a l i s t o f meta-symbols and symbols in 
the language, and express ion is a LISP express ion 
whose v a l u e , when computed, is assigned as the 
value of the meta symbol. 

The s e t of product ions is used by LIFER to 
b u i l d i n t e r n a l s t r u c t u r e s , c a l l e d t r a n s i t i o n t r e e s , 
t h a t r e p r e s e n t the language d e f i n e d . * The 
t r a n s i t i o n t r e e s a r e then used to parse user i n p u t s 
in a top-down, l e f t - t o - r i g h t o r d e r . The response 
of the system to a u s e r s inpu t is s imply the 
e v a l u a t i o n o f the response express ion a s s o c i a t e d 
w i t h the t o p - l e v e l p a t t e r n t h a t matches the i n p u t , 
toge ther w i t h a l l the s u b s i d i a r y response 
expressions assoc ia ted w i t h meta-symbols conta ined 
in the expansion o f the t o p - l e v e l p a t t e r n o r any 
expansion of a h i g h e r - l e v e l meta-symbol . 

The most impor tan t f e a t u r e of LIFER from the 
po in t of view of deve lop ing a r i c h and usable . 
language d e f i n i t i o n i s the ease w i t h which the 
grammar can be updated and the consequent changes 
t e s t e d . The ease of a l t e r i n g the grammar is such 

T r a n s i t i o n t r e e s a r e a s i m p l i f i c a t i o n of Woods' 
augmented t r a n s i t i o n networks [ 5 ] . 

t h a t LIFER prov ides a f a c i l i t y f o r casual users to 
add paraphrases to the language d e f i n i t i o n , in 
E n g l i s h . For example the user might type 

DEFINE (? LENGTH KENNEDY) TO BE LIKE 
(WHAT IS THE LENGTH OF THE KENNEDY). 

Subsequent ly , the system w i l l accept 
? COMMANDER KITTY HAWK 

and 
? SPEED AND CURRENT POSITION SUBS WITHIN 
400 MILES OF GIBRALTAR 

and i n t e r p r e t them c o r r e c t l y . Quest ions 8 through 
12 in the Appendix prov ide f u r t h e r examples. 

The LIFER parser has a very powerfu l mechanism 
for processing e l l i p t i c a l i n p u t s , as e x e m p l i f i e d by 
quest ions 2 and 15. Simple k inds of anaphor ic 
r e f e r e n c e , such as t h a t shown in quest ion 4* a re 
handled w i t h i n the language d e f i n i t i o n . 

The n a t u r e of the LIFER parser imposes a 
d i s c i p l i n e on the developer of the language 
d e f i n i t i o n . For pars ing t o opera te e f f i c i e n t l y , 
the grammar must s e v e r e l y r e s t r i c t the number of 
accep tab le words at each p o i n t in a sentence , and 
the t e s t s a p p l i e d t o words i n the l e f t - t o - r i g h t 
scan must be as cheap as p o s s i b l e . These goa ls a r e 
best s a t i s f i e d w i t h a language d e f i n i t i o n t h a t 
d i r e c t l y encodes i n t o the syntax most o f the 
r e s t r i c t i o n s imposed by the semantics of the 
domain. Rather than c o n t a i n meta symbols l i k e 
"noun p h r a s e , " the INLAND grammar is composed of 
e n t i t l e s l i k e "sh ip s p e c i f i c a t i o n , " " c a r r y - v e r b 
p h r a s e , " and " p a i r of p o s i t i o n s . " Quest ions 14 and 
15 g ive examples of a smal l fragment of the INLAND 
grammar. Th is approach of producing a 
s e m a n t i o a l l y - o r i e n t e d syntax i s s i m i l a r t o t h a t 
used by Brown and Burton [ 6 ] [ 7 ] and Wal tz [ 8 ] . 

K n o w l e d g e R e p r . - l : 
1 9 8 

S a c e r d o t i 



Using LIFER'S i n t e r a c t i v e language d e f i n i t i o n 
f a c i l i t i e s we have developed a language d e f i n i t i o n 
tha t we bel ieve is one of the most extensive tha t 
has been incorporated i n t o a computer system. It 
accepts a wide range of queries about the 
in fo rmat ion in the data base as we l l as queries 
about the d e f i n i t i o n s of data base f i e l d s and about 
the grammar i t s e l f . 

D I n t e l l i g e n t Data Access 

A casual user would l i k e to be able to access 
a data base as if it were an unstructured mass of 
i n fo rma t i on . Unfor tunate ly , a data base is in 
r e a l i t y a c o l l e c t i o n o f f i l e s , o f ten w i th very 
complex l inkages among them. Even worse, a 
d i s t r i b u t e d data base may cons is t of d i f f e r e n t 
f i l e s on d i f f e r e n t machines, poss ib ly handled by 
d i f f e r e n t DBMSs. An operat ion amounting to 
automatic problem so lv ing is requ i red to decide how 
to l i n k up the f i l e s in the data base to ex t rac t 
and aggregate the in fo rmat ion requested in a given 
query. An example of t h i s s i t u a t i o n is presented 
in quest ion 6 in the Appendix, where a s i ng le 
quest ion from the user s po in t of view requ i res 
four quer ies of three f i l e s to develop an answer. 

Our i n i t i a l e f f o r t s in t h i s area have 
concentrated on access planning fo r c o l l e c t i o n s of 
data bases support ing a r e l a t i o n a l model of the 
data [ 9 ] . The knowledge necessary to decide how 
to l i n k among r e l a t i o n s is contained in what we 
c a l l a s t r u c t u r a l schema. The s t r u c t u r a l schema 
contains in fo rmat ion for each r e l a t i o n descr ib ing 
how it can be l i nked to other r e l a t i o n s . In 
add i t i on i t contains in fo rmat ion about each f i e l d s 
counterpar ts in other r e l a t i o n s and c e r t a i n 
specia l -case i n fo rma t ion . 

We have taken two approaches to the process of 
i n t e l l i g e n t data access. The f i r s t , embodied in a 
program ca l led IDA [10] uses a h e u r i s t i c approach 
to the problem of l i n k i n g among f i l e s . The 
s t r u c t u r a l schema is embodied in a f rame- l i ke 
representa t ion [11] w i th i n d i v i d u a l frames def ined 
for each f i e l d and each f i l e . The program 
generates a s i ng le query at a t ime, examines the 
r e s u l t s , and then determines the next query to be 
asked. This approach can lead to suboptimal 
sequences of f i l e accesses or can even f a i l to 
answer an answerable quest ion, but i t t rades these 
shortcomings fo r rap id execut ion and 
s t ra igh t fo rward e x t e n s i b i l i t y . 

Our second approach, embodied in a design f o r 
a program ca l l ed DBAP ( f o r Data Base Access 
Planner) [ 1 2 ] , uses a fo rma l , theorem-proving 
approach. The s t r u c t u r a l schema is represented as 
a set of axioms about the elements in the query 
language, the f i e l d s , and the f i l e s . These axioms 
are encoded as QLISP [131 procedures. The program 
bu i lds a complete sequence of quer ies to the data 
base before beginning the ac tua l i n t e r a c t i o n s w i t h 
i t . Thus, i t can plan an opt imal sequence o f f i l e 
accesses, given a s u f f i c i e n t l y de ta i l ed model of 
the data base A p a r t i a l implementation ind ica tes 
that t h i s approach is e s s e n t i a l l y an order o f 
magnitude slower than IDA. For very la rge f i l e s 
t h i s expenditure of planning time would undoubtedly 
be repaid by f as te r data base r e t r i e v a l . 

E Ells. Access Management 
The t h i r d major component of LADDER, ca l l ed 

FAM ( f o r F i l e Access Manager) [ 1 4 ] , locates 
p a r t i c u l a r f i l e s w i t h i n the d i s t r i b u t e d data base, 
estab l ishes connections to them, and t ransmi ts to 
and monitors the responses from the remote 
computers where the f i l e s are loca ted . FAM can 
recover from a range of expected types of e r ro rs by 
es tab l i sh ing l i n k s to backup f i l e s and 
r e t r ansm i t t i ng the f a i l e d query. 

FAM accepts as input Datalanguage commands 
tha t r e f e r not to s p e c i f i c f i l e s on s p e c i f i c 
machines, but to generic f i l e s , as def ined in 
Section B. Based on a l o c a l l y stored model of the 
d i s t r i b u t e d f i l e system, FAM se lects the 
appropr ia te s p e c i f i c f i l e s fo r the generic f i l e s 
mentioned in the commands. I f network l i n k s to the 
machines where the f i l e s res ide do not yet e x i s t , 
they are estab l ished I f the f i l e s in quest ion are 
not yet open they are opened F i n a l l y , the query, 
modi f ied to r e fe r to s p e c i f i c f i l e names, i s 
t ransmi t ted to the remote machine. 

I f c e r t a i n types o f e r ro rs occur dur ing the 
prosecut ion of the query, FAM w i l l attempt to 
recover. FAM cu r ren t l y handles two types of e r ro r 
cond i t i ons . The f i r s t is a f a i l u r e of the network 
connection which is usua l ly not iced by the TENEX 
operat ing system as a lack of i n t e r a c t i o n over the 
network fo r a given i n t e r v a l of t ime. In t h i s case 
FAM attempts to f i n d a l t e r n a t i v e loca t ions fo r the 
f i l e s referenced in the query, es tab l ishes l i n k s to 
them, and re t ransmi ts the query. The second type 
of e r ro r is an e x p l i c i t complaint from the 
Datacomputer. In p r a c t i c e , t h i s usua l ly a r i ses 
when FAM's model is inaccurate , and a f i l e tha t was 
expected to be in a p a r t i c u l a r l o c a t i o n in f ac t was 
not . In t h i s case, FAM updates i t s model and 
attempts to recover as before. 

FAM is implemented by making strong use of the 
features of INTERLISP tha t support m u l t i p l e con t ro l 
and access environments [ 3 ] [ 1 5 ] . When FAM opens 
a connection to a p a r t i c u l a r machine, i t bu i l ds a 
piece of pushdown stack tha t contains as l o c a l l y 
bound var iab les the appropr ia te in fo rmat ion about 
tha t connect ion, and whose con t ro l environment is 
poised to i n t e r a c t w i th the remote machine. An 
i n t e r a c t i o n w i th a p a r t i c u l a r remote machine can 
thus be invoked v ia a generator f unc t i on . 

F. D i rec t ions fo r Further Work 

As of March 1977, the LADDER system has been 
brought to a stage of development where it can be 
used w i th some success and enjoyment by casual 
users. I t accepts a ra ther wide range of queries 
against a simple data base, and is qu i te robust . 
This has been achieved by making many s i m p l i f y i n g 
assumptions. The language component does not 
understand the user ' s queries in any fundamental 
sense; r a the r , i t r e f l e x i v e l y invokes IDA w i t h the 
appropr iate arguments. The data access component 
assumes tha t a l l queries can be answered by Jo in ing 
records from var ious f i l e s . Both systems make 
st rong assumptions tha t the user knows the kinds of 
in fo rmat ion tha t are in the data base and is asking 
re levant quest ions. Now tha t an i n i t i a l system has 
been developed and demonstrated, we can concentrate 
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o n e f f o r t s t o imp rove i t s r o b u s t n e s s g e n e r a l i t y , 
and coverage o f t h e l a n g u a g e . 

U n t i l r e c e n t l y , t h e r e e x i s t e d a c l e a r t r a d e 
o f f between b u i l d i n g two k i n d s o f l anguage sys tems 
O n t h e one h a n d , sys tems e x i s t e d t h a t r a n r e l i a b l y 
i n r e a l t i m e b u t had v e r y meagre s e m a n t i c 
u n d e r p i n n i n g s , whose e x t e n s i b i l i t y was c l e a r l y 
l i m i t e d , and w h i c h d i d n o t t r u l y u n d e r s t a n d i n p u t s 
t o them, i n t h e sense t h a t t h e y d i d n o t compose a n 
i n t e r n a l r e p r e s e n t a t i o n o f t h e i r mean ings . O n t h e 
o t h e r hand t h e r e were sys tems t h a t c o v e r e d t h e 
l anguage much more t h o r o u g h l y , were b e t t e r g rounded 
l i n g u i s t i c a l l y , and d e v e l o p e d a r e p r e s e n t a t i o n o f 
what t h e i n p u t s meant , b u t t h a t c o u l d n o t r u n i n 
r e a l t i m e . Even w o r s e , t h e r e was no c l e a r way to 
i n t e g r a t e t h e e f f o r t s b e i n g pu t i n t o t h e two 
a p p r o a c h e s : t h e u n d e r l y i n g c o n t r o l s t r u c t u r e s and 
l anguage d e f i n t i t i o n sys tems were i n c o m p a t i b l e . 

A f t e r e v a l u a t i n g t h e b e n e f i t s o f t h e LIFER 
a p p r o a c h and r e e x a m i n i n g t h e r e q u i r e m e n t s and 
b e h a v i o r o f t h e more s e m a n t i c a l l y based s y s t e m s , we 
have d e v e l o p e d a " c o r e l anguage sys tem" t h a t i s 
c a p a b l e o f s u p p o r t i n g b o t h a p p r o a c h e s , and o f 
s u p p o r t i n g sys tems a t i n t e r m e d i a t e p o s i t i o n s o n t h e 
t r a d e o f f between r e a l - t i m e pe r f o rmance and 
l i n g u i s t i c g r o u n d i n g . 

The c o r e system a c c e p t s a w ide range o f s t y l e s 
o f l anguage d e f i n i t i o n , r a n g i n g f rom t h e 
s e m a n t i c a l l y o r i e n t e d s y n t a x o f t h e INLAND grammar 
t o a n amalgam o f m u l t i p l e knowledge s o u r c e s s i m i l a r 
to t h a t used by t h e SRI speech u n d e r s t a n d i n g sys tem 
[ 1 6 ] . I t a c c e p t s l anguage d e f i n i t i o n s a t 
i n t e r m e d i a t e p o i n t s w i t h i n t h a t r ange a s w e l l , and 
i t s h o u l d t h u s c o n s t i t u t e a v e h i c l e f o r b r i n g i n g 
more l i n g u i s t i c a l l y and s e m a n t i c a l l y o r i e n t e d 
s t y l e s o f l anguage p r o c e s s i n g i n t o a c t u a l use i n a 
s taged f a s h i o n . We a r e d e v e l o p i n g a r e s e a r c h p l a n 
t h a t s h o u l d e n a b l e u s t o s i m u l t a n e o u s l y e x p l o r e t h e 
i s s u e s i n v o l v e d i n t r u e l a n g u a g e u n d e r s t a n d i n g 
w h i l e augmen t i ng t h e power , c o v e r a g e , and 
l i n g u i s t i c r e l e v a n c e o f t h e d e m o n s t r a t i o n s y s t e m . 

Our p l a n s f o r d a t a access i n c l u d e e x t e n s i o n s 
t o t h e i n p u t l anguage o f IDA t o p e r m i t q u a n t i f i e d 
q u e r i e s . T h i s w i l l e n a b l e t h e sys tem t o 
d i s t i n g u i s h between such q u e r i e s a s "What i s t h e 
l a s t r e p o r t e d p o s i t i o n o f each s u b ? " and "What i s 
t h e l a s t r e p o r t e d p o s i t i o n o f any sub?" 

W e w i l l a t t e m p t t o d e m o n s t r a t e t h e g e n e r a l i t y 
o f ou r app roach t o d a t a base access p l a n n i n g b y 
i n t e r f a c i n g t o a d i s t r i b u t e d d a t a base s t o r e d 
p a r t i a l l y on a DBMS s u p p o r t i n g a CODASYL-type [ 1 7 ] 
model and p a r t i a l l y o n t h e Datacomputer s u p p o r t i n g 
a r e l a t i o n a l m o d e l . 

I n a d d i t i o n t o t h e s e e f f o r t s , w h i c h w e e x p e c t 
w i l l imp rove ou r p e r f o r m a n c e s y s t e m , w e a r e 
c o n t i n u i n g t o p r o g r e s s i n o u r l o n g e r range 
r e s e a r c h . An i n t e g r a t e d l anguage u n d e r s t a n d i n g and 
access p l a n n i n g sys tem b u i l t a round t h e 
r e p r e s e n t a t i o n o f knowledge i n s e m a n t i c n e t w o r k 
f o r m i s b e i n g d e s i g n e d . The l o n g e r t e r m e f f o r t s 
w i l l b e n e f i t f r o m t h e t o o l - b u i l d i n g i n v o l v e d i n t h e 
p e r f o r m a n c e - o r i e n t e d w o r k . Development o f t h e 
pe r f o rmance sys tem i s g u i d e d and p r i o r i t i z e d b y t h e 
r e s u l t s and p rob lems e n c o u n t e r e d i n o u r l o n g e r t e r m 
r e s e a r c h . The e a r l y successes o f t h i s p rogram have 
p r o v i d e d a n i n i t i a l d e m o n s t r a t i o n o f t h e b e n e f i t s 

o f s i m u l t a n e o u s l y p u r s u i n g l ower r i s k r e s e a r c h 
aimed a t c o s t - e f f e c t i v e p e r f o r m a n c e and h i g h e r r i s k 
r e s e a r c h aimed a t a d v a n c i n g t h e s t a t e o f t h e a r t . 
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P l e a s e t y p e i n y o u r name X S Da te 
Do y o u w a n t i n s t r u c t i o n s ? Yes 
T h i s p r o g r a m h a s a c c e s s t o 1 4 f i l e s * w h i c h c o m p r i s e a 
f a c s i m i l e o f a N a v y command and c o n t r o l d a t a b a s e The d a t a 
i s s t o r e d o n t h e D a t a c o m p u t e r a t NELC. w i t h b a c k u p a t CCA 
i n C a m b r i d g e , M a s s a c h u s e t t s The d a t a b a s e i n c l u d e s 
p h y s i c a l c h a r a c t e r i s t i c s and p o s i t i o n i n f o r m a t i o n f o r a l l 
s h i p s , a n d m o t e d e t a i l e d o p e r a t i o n a l i n f o r m a t i o n f o r U.S 
Navy s h i p s D a t a a b o u t e m b a r k e d U.S Navy u n i t s c o n v o y s o f 
m e r c h a n t s h i p s and p o r t s o f d e p a r t u r e and d e s t i n a t i o n a r e 
a l s o a v a i l a b l e . The s y s t e m w i l l r e s p o n d t o t h e q u e s t i o n . 
DESCRIBE THE F IELDS 
w i t h a d e s c r i p t i o n o f a l l 7 2 f i e l d s t h e d a t a h a s 

IMPORTANT NOTE The c u r r e n t v e r s i o n o f t h e q u e r y a n s w e r i n g 
s y s t e m c a n o n l y p e r f o r m some s i m p l e c a l c u l a t i o n s o n t h e 
v a l u e s i n t h e d a t a b a s e F o r e x a m p l e i t c a n n o t a n s w e r 
q u e s t i o n s a b o u t t h e c o m p o s i t i o n o f o r g a n i z a t i o n a l u n i t s o r 
f i n d t h e n e a r e s t s h i p t o a g i v e n p o i n t . 

E x a m p l e q u e s t i o n s i n c l u d e 
HOW FAR IS THE CONSTELLATION FROM CHARLESTON'.* 
WHERE IS THE LOS ANGELES 
THE LONGEST SHIP CARRYING VANADIUM ORE 
WHEN WILL THE PHILADELPHIA REACH PORT? 
WHAT U S SHIPS ARE WITH IN 400 MILES OF GIBRALTAR? 

1* w h e r e i s t h e kennedy ' . ' 
PARSED! 
P a r s e t i m e SOI m i l l i s e c o n d s 

C o n n e c t i n g t o D o t a c o m p u t e r a t NELC 
* FAM i n d i c a t e s w h i c h c o m p u t e r is be i ng a c c e s s e d 
* The n e x t 1 4 l i n e s a r e i n t e r a c t i o n s b e t w e e n t h e 
* r e m o t e D a t a c o m p u t e r and t h e l o c a l FAM 

•> ; 0 0 3 [ / 7 0 2 I 7 2 0 0 I S 5 1 0 N E T I : CONNECTED T> 
* * u s c - i s i r i 5 4 0 0 0 I D 
-■> ; J I SO 7 7 0 7 1 / 2 0 0 1 5 9 FCRUN: V= 'DC 3 / 0 0 00 , 5 ' .J-2 
* * D T - THURSDAY. **FEBRUARY 17 147 7 1? 0 I : 5 9 - P S T 
* * S = U S C - T S I R l ' 
■•■> ! o 0 4 l 7 / 0 2 1 7 2 0 0 1 5 9 DNCTNX : DATACOMPUTER GOING DOWN IN 
* * | 6 36 MIN BECAUSE TENEX IS GOING DOWN AT FR 1 FEB 18 77 
** 3 : 3 0 : 0 0 P M PST FOR HO MIN DUE TO DEBUG I NO ( s i c ) SOFTWARE 
.•> ; J ? 0 ( ) / / 0 2 1 7200 1 59 RHRUN : READY FOR REQUEST 
•■ . 1 2 1 0 77071 72001 r>9 LAGC: READING NEW DL BUFFER 

*> SET PARAMETERS 
*< X E X I T 
'■•. ■' " 7. 

*> SET PARAMETERS 
*< V VERBOSITY ( 1 TO 4 ) : I 
*< P PROCEED WITH DATALANGUAGE 

(CONFIRM WITH <CR>j 
* FAM h a s now e s t a b l i s h e d t h e n e t w o r k c o n n e c t i o n I t 
* p r o c e e d s t o l o g i n and o p e n t h e a p p r o p r i a t e f i l e . 

« LOGIN ^ T O P . B L U E F I L E . G U E S T ; 
<< OPEN ZTOP B L U E F I L E . S H I P READ; 
<< OPEN "'.TOP. BLUEF ILE SAGALOWICZ STDPORTI WRTTE; 

* STDP0RT, ST)POKT l , STDPORT2 , and STDPORT 'J a r e 
* D a t a c o m p u t e r p o r t s ' w h i c h s e r v e b o t h t o d e f i n e 
* t h e n e t w o r k c o n n e c t i o n t o t h e D a t a c o m p u t e r and t o 
* s p e c i f y t h e u s e r s ( i n t h i s c a s e I D A ' s ) v i e w o f 
* t h e d a t a . F.AM i s now f i n a l l y r e a d y t o t r a n s m i t t h e 
* q u e r y 

<< FOR STDPORTI . SH IP WITH (NAM EQ ' JOHN#F .KENNEDY ' ) BEGIN 
« STRING 1 - U I C STRING2 « VCN END; 
*> TOTAL BYTES TRANSFERRED: 13 
<< OPEN %TOP B L U E F I L E . T R A C K H I S T READ; 
<< OPEN %TOP.BLUEFILE.SACALOWTCZ STDP0RT2 WRTTE; 
« FOR STDP0RT2 TRACKHIST WITH ( U I C EQ ' N 0 0 0 0 2 ) AND 
<< (VCN EQ '0 ) BEGIN STRINGl - PTP STRING? - PTD END; 
*> TOTAL BYTES TRANSFERRED: 10 
C o m p u t a t i o n t i m e f o r q u e r y : 9 2 1 1 m i l l i s e c o n d s 

* T h i s c o u n t s c p u t i m e s p e n t i n IDA and FAM 
R e a l t i m e f o r q u e r y : 3 5 4 8 8 1 m i l l i s e c o n d s 

* T h i s c o u n t s c l o c k t i m e f r o m when r e q u e s t s a r e s e n t 
* t o t h e D a t a c o m p u t e r u n t i l r e p l i e s a r e r e c e i v e d 

(PTP ' 6 0 0 0 N 0 3 0 0 0 W ' PTD 7601 1 7 1 2 0 0 ) 
* The s h i p was a t 6 0 d e g r e e s n o r t h l a t i t u d e 3 0 
* d e g r e e s w e s t l o n g i t u d e a t n o o n on J a n u a r y 17 197 

2 - p e c o s 
T r y i n g E l l i p s i s : WHERE TS PECOS 

P a r s e t i m e 163? m i l l i s e c o n d s . 

<• FOR STDPORTI . SHIP WITH (NAM EQ 'PECOS ) BEGTN 
<< STRINGl - U IC STRING? - VCN END; 
*> TOTAL BYTES TRANSFERRED. 17 
<< FOR STDP0RT2 TRACKHIST WITH ( U I C EQ ' * ' ) AND 
<■< (VCN EQ ' 1 3 0 0 3 ) BEGIN STRINGl • PTP STRING2 ■ PTD END; 
*> TOTAL BYTES TRANSFERRED: 21 
C o m p u t a t i o n t i m e f o r q u e r y : 2797 m i l l i s e c o n d s . 
R e a l t i m e f o r q u e r y : 8 7 1 7 0 m i l l i s e c o n d s 
(FTP ' 2 1 3 1 S 0 0 2 34E PTD 7 6 0 1 1 7 1 2 0 0 ) 

* The c o n n e c t i o n h a d b e e n e s t a b l i s h e d and t h e f i l e s 
* o p e n e d , s o t h e e n t i r e o p e r a t i o n p r o c e e d e d m o r e 
* q u i c k l y . 

> wh o c omm a n d s t h e b i d d 1 e 
PARSED! 
P a r s e t i m e 711 m i l l i s e c o n d * . 
<*: OPEN %TOP B L U E F I L E . UNIT READ; 
<< FOR STDPORTI , UNIT WITH (ANAME EQ 'BTDDLE ) BEGIN 
■< STRINGl « RANK STRING2 - CONAM END; 
*> TOTAL BYTES TRANSFERRED: 32 
C o m p u t a t i o n t i m e f o r q u e r y : 1754 m i l l i s e c o n d s . 
R e a l t i m e f o r q u e r y : 366 3 8 m i l l i s e c o n d s . 
( RANK ' CAPT ' C0NAM ' . 1 . TOWNES ' ) 

4 ^ w h a t i s h i s l i n e a l number? 
H IS •> ( (NAM EQ ' B 1 D D L E ' ) (? RANK) (? CONAM) ) 

* INLAND'S i n t e r p r e t a t i o n o f ' h i s ' i s t h e c a l l t o 
* IDA f o r Who commands t h e B i d d l e ? 

PARSED! 
P a r s e t i m e 902 m i l l i s e c o n d s . 
<< FOR STDPORTI . UNIT WITH (ANAME EQ ' B I D D L E ' ) BEGIN 
'. ' STRINGl = L I N E A L STRTNG2 - RANK STR1NC3 » CONAM END; 
*> TOTAL BYTES TRANSFERRED: 36 
C o m p u t a t i o n t i m e f o r q u e r y : 1718 m i l l i s e c o n d s . 
Rea l t i m e f o r q u e r y : 325 7 3 m i l l i s e c o n d s . 
( L I N E A L 4 8 5 0 RANK 'CAPT ' CONAM 'J TOWNES') 

5 - w h a t s h i p s h a v e d e s t i n a t i o n l u a n d a 
PARSED! 
P a r s e t i m e 1075 m i l l i s e c o n d s . 

* S i n c e t h e D a t a c o m p u t e r c a n s u p p o r t a l i m i t e d 
* number o f o p e n f i l e s and p o r t s , FAM 
* m a i n t a i n s a w o r k i n g s e t o f t h e m . The l e a s t 
* r e c e n t l y u s e d i s t h e o n e t o b e c l o s e d 

■ < CLOSE TRACKHIST ; 
'■■ OPEN "TOP BLUEFILE.MOVES READ; 
«■ FOR STDPORTI . MOVES WITH (DST F.Q 'LUANDA ) BEGIN 
« STRINGl = UIC STRING? » VCN END; 
*■> TOTAL BYTES TRANSFERRED: 34 
■■< FOR STDPORTI . SHIP WITH ( U I C EQ ' * * ) AND 
« (VCN EQ ' 2 2 0 1 4 OR VCN EQ ' 2 2 0 1 ' ' ' ) BEGIN STRING! * NAM 
'• STRING3 = VCN END; 
*• TOTAL BYTES TRANSFERRED: 74 
C o m p u t a t i o n t i m e f o r q u e r y : 343 1 m i l l i s e c o n d s . 
Rea l t i m e f o r q u e r y : 7 8 0 / 1 m i l l i s e c o n d s . 
(NAM ' T A R A N T E D ' ) 
(NAM ' T A R U ' ) 

6 . What s h i p s f a s t e r t h a n t h e K e n n e d y a r e w i t h i n 500 m i l e s o f 
N a p l e s ? 

PARSED! 
P a r s e t i m e : 17 32 m i l l i s e c o n d s . 

* One q u e s t i o n f r o m t h e u s e r ' s v i e w p o i n t c a n i n v o l v e 
* many d a t a b a s e q u e r i e s . F i r s t , LADDER a s k s , 
* ' W h e r e i s N a p l e s ? 

• •' CLOSE STDPORT2 ; 
< OPEN r r O P . B L U E F I L E . P O R T READ; 

« FOR STDPORTI . PORT WTTH (DEP EQ ' N A P L E S ' ) BEGIN 
<< STRINGl - PTP END; 
*> TOTAL BYTES TRANSFERRED: 18 
C o m p u t a t i o n t i m e f o r q u e r y : 230 1 m i l l i s e c o n d s 
R e a l t i m e f o r q u e r y : 9 1 5 5 1 m i l l i s e c o n d s . 

* 'What i s t h e maximum c r u i s i n g s p e e d o f t h e 
* K e n n e d y 7 

-• FOR STDPORTI . SHIP WITH (NAM EQ ' .TOHNfF. KENNEDY' ) BEGIN 
•' STRINGl - MCSF END; 
*> TOTAL BYTES TRANSFERRED: 10 
C o m p u t a t i o n t i m e f o r q u e r y : 137 1 m i l l i s e c o n d s . 
R e a l t i m e f o r q u e r y : 7 9 8 6 7 m i l l i s e c o n d s . 

* 'What a r e t h e d a t a b a s e k e y s o f t h e s h i p s w i t h i n 
* 500 m i l e s o f N a p l e s ? 

<< CLOSE STDPORT ; 
<< OPEN %T0P.BLUEFILE .TRACKHIST READ; 
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<< FOR STDPOR'T , TRACKHIST W1TH(( (PTPNS EQ ' N ' ) AND (PTPX 
« LT ' 0 5 3 4 5 ' ) AND (PTPX GT 0 3 5 4 5 ' ) AND (PTPEW EQ ' E ' ) AND 
« (PTPY LT ' 0 2 3 3 0 ) AND (PTPY GT ' 0 0 5 3 0 ' ) ) ) BEGIN STRTNGl 
'•"<' - UJC STRING2 - VCN END; 
*> TOTAL BYTES TRANSFERRED: 60 

* ' R e t u r n t h e name o f any o f t h e f o u r s h i p s w i t h i n 
* 500 m i l e s o f N a p l e s whose max imum c r u i s i n g s p e e d 
* e x c e e d s 35 k n o t s 

'< FOR STDPORT1 , S H I P WITH (MCSF GT ' 3 5 0 ' ) AND 
<< (UTC EQ ' N 0 0 0 0 . 3 ' OR U IC EQ * N 0 0 0 0 1 ' OR UIC EQ ' * ' ) AND 
<< (VCN EQ ' 0 ' OR VCN EQ ' 9 9 0 2 5 ' OR VCN EQ ' 9 9 0 2 4 ' ) BEGIN 
<< STRINGl - NAl4 STRING2 - U IC STR1NG3 - VCN END; 
*> TOTAL BYTES TRANSFERRED: 0 
C o m p u t a t i o n t i m e f o r q u e r y : 4 3 9 2 m i l l i s e c o n d s 
R e a l t i m e f o r q u e r y : 149401 m i l l i s e c o n d s * . 
NONE 

7 - h o w f a r i s t h e k i t t y hwk f r o m g i b r a l t a r 
s p e l l i n g - > HAWK 

* S p e l l i n g c o r r e c t i o n i s p e r f o r m e d u s i n g t h e 
* INTERLTSP s p e l l i n g c o r r e c t o r w i t h a l i s t o f 
* c a n d i d a t e s c o m p o s e d o f w o r d s f r o m t h e l e x i c o n 
* t h a t c o u l d o c c u r n e x t i n t h e s e n t e n c e . 

PARSED! 
P a r s e t i m e : 2 0 / 7 m i l l i s e c o n d s . 
<■< FOR STDPORTl , PORT WTTH (DEP EQ 'GIBRALTAR ) BECTN 
<< STRTNGl = PTP END; 
*> TOTAL BYTES TRANSFERRED: 18 
C o m p u t a t i o n t i m e f o r q u e r y : 1 5 7 / m i l l i s e c o n d s 
R e a l t i m e f o r q u e r y : 39713 m i l l i s e c o n d s 
<< FOR STDP0RT1 , SH IP WITH (NAM EQ 'KITTYHAWX ) BEGIN 
<< STRINGl - U IC STRING7 » VCN END; 
*> TOTAL BYTES TRANSFERRED: 13 
'-.< CLOSE UNIT ; 
<< OPEN %TOP.BLUEFTLE.SAGALOWICZ.STDPORT? WRITE; 

•' FOR STDPORT2 , TRACKHIST WITH ( U I C EQ ' N 0 0 0 0 3 ) AND 
<< (VCN EQ ' 0 ' ) BEGTN STRINGl = PTP STRING? = PTD S T R I N G l -

PTPX , PTPNS , PTPY 

ondH 

'-. (GCDIST (3 545 , ' N ' , 5 30 , 'W' 
<<. PTPEW)) END; 
* , ' TOTAL BYTES TRANSFERRED: 34 
C o m p u t a t i o n t i m e f o r q u e r y : 3129 m i l I i s * 
Rea l t i m e f o r q u e r y : 55606 m i l l i s e c o n d s 
( ( ( P P T P ' 3 5 4 5 N 0 0 5 30W' PTP "37O0NOI7OOE PTD / 6 0 1 1 7 1 2 0 0 

GCDIST 1 0 8 7 ) ) ) 
* The d i s t a n c e was 10H7 n a u t i c a l m i l e s . 

<< FOR STDPORT1 , SH IP WITH (NAM EQ ' J O H N # F . K E N N E D Y ' ) BEGIN 
<< STRINGl - LGHN END; 
*> TOTAL BYTES TRANSFERRED: 10 
C o m p u t a t i o n t i m e f o r q u e r y : 1514 m i l l i s e c o n d s . 
R e a l t i m e f o r q u e r y : 4 6 3 3 1 m i l l i s e c o n d s . 
(LGHN 1 0 7 2 ) 

* The q u e s t i o n was a n s w e r e d ; t h e k e n n e d y i s 1 0 / 2 ' 
* l o n g . L IFER now p r i n t s o u t t h e new p r o d u c t i o n 
* r u l e and a s s o c i a t e d r e s p o n s e e x p r e s s i o n t h a t 
* embody t h e g e n e r a l i z a t i o n o f t h e p a r a p h r a s e 
* g i v e n b y t h e u s e r 

L I F E R . TOP. CRAMMAR => $ <RELN-> <ENTITY> 
F0282 
($ <RELN> <ENTTTY>) 

1 2 ,_$ c u r r e n t p o s i t i o n and h e a d i n g a l l l ow a n g e l e s c l a s s 
submar i nes 

* The new p a t t e r n c a n i m m e d i a t e l y b e u s e d 
PARSED! 
P a r s e t i m e : 1508 m i l l i s e c o n d s . 
■:■: CLOSE TRACKHIST ; 
<< OPEN %TOP BLUEFILE.SHIPCLASCHAR READ; 
■'■< FOR STDPORT1 , SHTPCLASCHAR WITH (SHIPCLAS EQ 
« ' LOS/ /ANGELES' ) AND ( ( T Y P E l EQ ' S ' ) AND (TYPE2 EQ ' S ' ) ) 
■■'.•- . BEGIN STRTNGl - SHIPCLAS END; 
*> TOTAL BYTES TRANSFERRED: 30 
<•• CLOSE STDPORT2 ; 
■' OPEN "TOP.BLUEFILE .SH1PCLASD1R READ; 
■• FOR STDPORTl , SHTPCLASDlR WTTH (SHIPCLAS EQ 

•• ' LOS/AANGELES ' ) HEC1N STRINGl - U IC STRING2 - VCN END; 
*> TOTAL BYTES TRANSFERRED: 39 
•■ CLOSE UNIT ; 
• < OPEN XTOP . B L U E F I I .F . . TR AOKII 1 S X READ ; 
■'■ CLOSE STDPORT ; 
■■ ■'•' OPE.M r r O P . B L U E F I L E . S A G A L O W T C 7 STDPORT2 W R T T E ; 
-• FOR STDPORT? . T R A C K H I S T WTTH 
■"■< ( U T C EQ ' N 0 0 0 0 9 ' OR UTC F'.Q ' N 0 0 0 0 8 ' OR UTC EQ ' N 0 0 0 0 7 ' ) 
• ' AND ( V C N EQ ' 0 ' ) B E G I N S T R I N G l = PTP S T R I N G ? - PTD 
■■ S T R T N C 3 = PTC STRTNG4 = U I C E N D ; 
* ' rOTAI. BYTF. S TR ANS FERREI): II 4 
C o m p u t a t i o n t i m e f o r q u e r y : 7220 m i 1 I i s e c o n d s . 
Rea l t i m e f o r q u e r y : 2 2 6 7 7 / m i l l i s e c o n d s . 
(PTP 'OOOON0450OE' PTD 7 6 0 1 1 7 1 2 0 0 PTC NAVATL) 
( P T P ' i s o o s n n o o E PTD 7f>oi i7 i?no PTC N A V A T L ) 
(PTP ' 370OS02OOOF. ' PTD 7 6 0 1 1 / 1 2 0 0 PTC NAVA1L) 

EN I' I 
ENTI 

• ENTI 
<ENTI 
<ENT1 
■-ENTI 

ENTI 
•■ENTI 
V i n i H 
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