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Database uniformization refers to the building of a common
user inferface facility to support uniform access to any or all
of a collection of distributed heterogeneous databases. Such a
system should enable a user, situated anywhere along a  set of
distributed databases, to access all af the information 1in the
databases without having to learn the various data manipulation
languages. Furthermore, such a system should leave intact the
component databases, and in particular, their already existing
software. A survey aof various aspects of the database
uniformization problem and a proposed solution can be found in
L23. |

The proposed solution involves a global data manaéer. The
components are illustrated in Figure 1.1 (the older version is
given in Figure 1.2). The global data manager includes a global
model which provides a uniform front-end for all usérs to
interact with the databases. The global model is based on
database logic and includes the global data manipulation language
for user interaction with the global data manager. The global
dictionary contains all of the individual databases in the
network as well as previously created external views. The user
consults the global dictionary to extract ﬁhe databases of
interest.

In out+ previous report (L[11) we described a portion of the

external -to—conceptual translation component of the global data



manager. That component translates the user’s queries oﬁ his/her
global view to queries on the underlying viéw. In gen9ra1, the
translated queries tend to be in a highly complex form. In the
old version of the global data manager, iogical optimization was
one component. In the new version the extérnal—to—conceptual
translation component includes logical optimization whose purpose
is to simplify.logical formul as. We continue to use thé sample
NASA GSFC databases with typical GSFC applications from the
previous report.

In the database literature logical optimization is usually
discussed in terms of minimization of tableaux ~([41). A tableau
is a tabular representation of a query for a relational database
- schema. A query is logically optimized by obtaihing an
equivalent tableau with the minimum possible number of rows. The
process involves the deletion of some subformulas in tHe original
query without modifying the answer for any database (which is a
model of the appropriate view). This optimization process 1is
also called folding. In our case we need to'generalize folding
to heterogeneous (i.e. relational, hierarchic; and network)
databases via datgbase logic. The logical optimization process
also needs fo apply the constraints of the view, i.e. the
nonlogical axiomé. This generalizes the minimization procéss for
chased tableaux.

| Tﬁe outline of this report is as follows. In Section 2 we
review the databaseAlogic views for the NASA databases ERB-0ORAC,

ERB-SEED and FCDB, as well as for various external views



constructed in [11. We note that the original définitions tor
these databases as well as some of the queries we use are taken
from L[3]. In Section 3  we describe two legical optimization
algorithms for interpreted queries over a&a single conceptual
view. The first one can be used +or existential conjunctive
gqueries, while the second one allows local disjunctions also. We
then apply logical optimization to the interpretation of four
queries. In Section 4 we describe the generalizatioh of the
logical optimization algorithm for interpreted gqueries over a
distributed conceptual view. We also apply the generalized
logical optimization algorithm to an example. We summarize the

report in Section 5.

2. Database Views and Interpretations

In this section we review views and interpretations which we
constructed and Qsed in [1]. A database view is comprised of a
schema which describes the structure of the database, a language
which is used for making assertions about the database, and a set
of constraints that every instance of the database must obey. In
détabase logic an external view is constructed by formulating an
interpretation of the external view into the conceptual view. An
interpretation consists of a coding section which indicates the
transformation of types, a defining formula seétioﬁ which
indicates the transforhation of predicates and functions, and a

constant transformation section.



Appeﬁdix 2.1 contains V(ERB—DRAC), the Earth Radiation
Budget database maintained under ORACLE while Figure 2.1
contains an instance of this database. Appendix 2.2 contains
V(ERB;SEED), the Earth Radiation Budget database maintained under
SEED; while‘Figure 2.2 contains an instance. The database view
V(FCDB) for the Filot Climate Data Base which is maintained under.

ORACLE is given in Appendix 2.3; an instance 1is given in Figure

2
AL
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In [1]) we constructed 2 views over a single conceptual view:
V(EREB-R), a relational view, over WV(ERB-SEED): and V(ERB-N), a
network view, dver V(EREB-ORAC). We give‘V(ERB—R) in Appendix 2.4
and V(ERB4N) in Appendix Z.3. The construction 04. V(ERB—R) as an
external view over V(ERB-SEED}) 1is the .I(ERB—R;ERB—SEED) of
Appendix 2.6. The induced ERB-R database instanée for thé
ERB-SEED instance of Figure 2.2 1s given in Figufe 2.4,
Similarly, we give the construction of V{(ERB-N} over V(ERB-0ORAC)
as I (ERB-N;ERE-ORAC) in ‘Appendix 2.7, and the corresponding
induced ERB-N instance for the ERB-ORAC instance of Figure 2.1 in
Figure 2.35.

In 11 we also constructed views over . distributed
- databases. The V(GLOBE), given in Appendix 2.8, is the unionvof
V(ERB-ORAC) , V(ERB-SEED) , andAV(PCDB). It is not a true wunion,
however, but is oriented towards ERE-ORAC rather than ERB-SEED.
Figure 2.6 contains an instance of GLOBE based dn the instances
bf ERB-ORAC, ERB-SEED, and FCDB from Figures 2.1-2.3.

Additionally, we constructed a view, V(GLDEE—R), given in



Appendix 2.9, for a user wishing to see the distributed database
as a single relational view. V(GLOBE-R) is given as an external
view over V(GLOBE) by the interpreﬁation I(GLDEEfR;GLOBE).Df
Appendix 2.10. We present the GLOBE-R database instance induced

from the GLOBE database instance of Figure 2.6 in Figure 2.7.

Single Conceptual View
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Recall that a user writes a query.on ﬁis/her external view.
Such a guery is transformed to a query on the conceptual view by
thE’interpretation.- Often, such an interpreted query is in a
highly complex +form whose straightfqrward evaluation would be
very costly. The process of logical Dptimization is used to
generate a query which vyields the identicél answer as the
interpreted. query but which is simpler in form and hence less
costly to execute.

We Ffirst deal with existential conjunctive querieé in
database.logic ‘since they are in the appropriate fdrm tor many
(interpreted) queries.> We can write such a query as

Q<R >)Y = (EY<RT S(PLI(<R; >, €2, <R 2>) & ... & Pn({R;},ﬁc},{R’}f)

where <Ri;> are the free (target) variables, <cr are the
constants, and <R’ >» are the existentially quantified variables of
the query. Each conjunct Pi is a cluster. We assume that

function symbols may appear only in equalities. An interpreted

query is initially often not in this form but can be placed into



this form by moving the quantifiers to the front.

We logically optimize an existential conjunctive quefy by
getting rid of superfluous conjuncts. The algorithm-is given 1in
Appendix 3,1. It éonsists of three parts. In the first part we
delete conjuncts which are superfluous equalities. In the second
part we identify quécts forced to be equal by functional
dependency constraints, In the third paf£ we delete subsumed
clusters. Qi) (ZR;>) is the optimized query at the end.

We demonstrate the 1logical optimization algorithh on some
examples. We fake two queries on V(ERB—R), jnterpret them 1in
V(ERB-SEED) , and optimize the interpreted queries. The first
gquery is given in [11; it was originally given in [35 as a sample
query on the ERB database maintained by Oracle. We breéent each
query in English first and then in DBL on V(ERE-R). Then we,give
the interpreted DBEL queries on V(ERB-SEED) and show the steps in
the optimization. We also'pfesent the answers to the qgueries.

The first query is given in @ppendix 3.2. The .interpreted
query is first placed in pfenex conjunctive norma} form. In the
first three steps the three superfluous equalities are
eliminated. In the.next three steps the functional dependency
RTAFE:NUTAPE—?TAPETYPE,PLAYBACK,RTITLE
is used to identify three pairs of existentially quantified
variables. The optimized qQuery is theh'obtained by deleting a
subsumed conjunct. The answer to query 1 oﬁ the database of
Figure 2.4 is given 1in Figure 3.1. This 1is identical to the

answer to the interpreted (and optimized) query on the database



of Figure 2.2.

The second query is given in Appendix 3.3. The interpreted
query 1s again first placed in prenex conjunctive normal form.
In this case the optimization is achieved in one step by renaming
existentially quantified variables and deleting a subsumed
conjunct. The answer to query 2 on the database of Figure 2.4 is
given in Figure 3.2; it 1is identical to the answer to the
interpreted (and optimized) query on the database of Figure 2.2.

Next we consider two gqueries (the third and fowrth) on
V(ERB—N) , interpret them in V(ERB-ORAC) and optimize the
queries. However, in thgse cases, the Vintefpreted queries are
not purely conjunctive as one conjunct contains disjunctions. We
write suéh queries as above but allow a Fi to be a disjunctidn of
clusters. We aisovmodify our algorithm to try to delete some of
the disjuncts. This modified algorithm, for an existential query
with local disjunctions, is given in Appendix 3.4. We then apply
the new algorithm to these two gqueries.

The third gquery is given in Appendix 3.5. It is taken from
[13; it was originally given in [31 as a sampie query on the ERB
database maintained by SEED. The optimization consists of two
steps: in each step a disznct is déleted from the third
conjunct. The fourth query is given in Appendix 3.6. The first
two steps in the optimization are the same as for the third
query. But then an extra step is used to rename some

existentially gquantified variables and delete the subsumed

conjunct. The ‘answers to these two queries on the database of



Figure 2.5 are given in Figures 3.3 and 3.4 respectively. They
are identical to the corresponding answers to the ?nterpreted

(and optimized) queries on the database of Figure 2.1.
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In the previous section we gave two algorithms to logically
optimiée queries. The first algorithm can be applied to purely
canjunctive queriesi: while the second algorithm can be apélied to
queries with local disjunctions, typically disjunctions in a
single conjunct. However, when we deal with quries over a
distributed conceptual view, there may be disjunctiohslin many
conjuncts. Recall, for example, I (GLOBE~-R:GLOBE), given _in
Appendix 2.10, where GLOBE is a distributed database. Note that
the interpretations for several predicates contain ‘disjunctions
in addition to conjunctions. In contrast, I(ERB-R;ERB-SEED),
given in Appendix 2.6, contains only conjunctidns;% while

1
i
i
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I (ERB—N3sERB—ORALC) , giVen in Appendix 2.7, contains local
disjunctions in one conjunct only. Théreféré, 'in dealing with
distributed views, we must optiﬁize existential disjunctive
dueries.

The logical optimization of such an - interpreted query -

consists of several phases. We first place the query in prenex

conjunctive normal form. This allows the deletion of superfluous



equalities and subsumed 1local disjuncts as in the 1logical
optimization of a query with'local disjunctions, fhen we place
the query in prenex disjunctive form. We logically optimize each
disjunct geparately as in the 1logical optimization of a
conjunctive query. Finally we delete subsumed disjuncts. Note
that while a subsumed conjunct 1is a subcluster 64 another
cluster, a subsumed disjunct contains enough clusters to subsume
all the clusters of another disjunct. Also, in the case of
conjuncts, existentially quantified variables are identified with
other objects to obtain subsumptionsi while in the case of
disjuncts, various objects are identified with existential
quantifiers to obtain subsumptions. The algorithm is given in
Appendix 4.1,

We end this section by demonstrating the logical
optimization algorithm on an example query taken .from [11]. We
modify the example slightly to remove a function symbol from
inside a predicate in order to apply the logical optimization
algorithm. The query, which we call query 5, is logically
equivalent to the original query. The complete example is given
in Appendix 4.2. We present the query in English first and then
in DBL for V(BLOBE-R). We also give the interpreted query for
vV (GLOBE) . We ‘place this ‘query in prenex conjunctive normal
form. In this case>there are no equations or local subsumed
disjuncts. Then we place the query in prenex‘disjunctive_'noFmal
form. As we go through the conjuncts separately Qe t+ind that the

RECINFO predicate appears twice in the first and fifth conjunct.



The extra appearances are deleted. Finally we ?ind that four of
-the eight disjuncts are subsumed. We obtain the logically
optimized query by deleting the subsumed disjuncts. We preseﬁt
the answer to query 5 on the database of Figure 2.7 in Figure
4.1. This is identical to the answer to the interpreted (and

optimized) query on the database of Figure 2.6.

. Summary

In this report we demonstrated the‘ logical optimiiation
"portion of the extefnal—to—conceptualftranslator_component of the
data manager for database uniformization. A user of the proposed
system will write queries on his/her external view. The
external—to—conceptual ﬁranslator will translate suth a qdery to
the conceptual view. After some additional steps the new query
will be processed and the answer returned to .the user. We gavé
three 1logical optimization algorithms: one for existential
conjunctive queries, andther. ane for' ‘queries with local
disjunctions;vand a general. algorithm .fqr'disjunctiye queries.
The first two algorithms can be used - to iogiCally optimizé
queries over a single conceptual view, while the last one can be
used for a distributed conceptual - view. To illustrate
heterogeneity and to demonstrate NASA applications we used the
relational databases ERB-ORAC and PCDB aﬁd fhe_network détabase

ERB-SEED far,our five examples.
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Appendix 2.1 V(ERB-ORAC)

V(ERB-ORAC): VIEW DEFINITION
S(ERB-ORAC): SCHEMA DEFINITION
TABLE TAPEINFO = (NOTAPE, TRPETYFE, TITLEI TITLEZ.TITLE?)
TABLE FILEINFO = (FPB,FILE,NOTAFE)
TABLE RECINFO = (DATE_TIME,DATE,TIME,LON,LAT,ALT, ZEN,FR,
QUALITY,ELECTR, ILLUMIN,CALIB,SCAN)

L(ERB-ORAC): LANGUAGE DEFINITION
T(ERB—-ORAC): TYPING DEFINITION
TYFE NUMBER = (NOTAFPE,FB,FILE,DATE_TIME,DATE,TIME, LDN,
LAT.ALT, ZEN,QUALITY) ASCII NUM(22)
(TAFETYFE) ASCII CHAR(4)
= (TITLEL1,TITLEZ,TITLE3) ASCII CHAR(113)
TYPE CHAR3 (ELECTR,CALIE,SCAN) ASCII CHAR(3)
TYFE CHARS (ILLUMIN) ASCII CHAR(8)
NONLOGICAL SYMBOLS DEFINITION
FREDICATES ' o
TAPEINFO: (NUMBER, CHAR4,CHAR115, CHAR115,CHAR115) —-PREDICATE
FILEINFO: (NUMBER, NUMBER, NUMBER) ~FREDICATE
RECINFO: (NUMBER, NUMEER, NUMBER, NUMBER, NUMBER, NUMBER,
NUMBER , NUMBER, NUMBER , CHARS , CHARS8, CHARZ, CHARZ)
-FREDICATE

TYPE CHAR4
TYFE CHARI11

nnah

FUNCTIONS
CONC: (NUMBER, NUMBER: NUMBER) ~PREDEF INED FUNCTION

C(ERB-ORAC) : CONSTRAINTS DEFINITION

C(ERB-ORAC, 1): CONSTRAINT TAPEINFO:INOTAFPE->TAFETYFE,TITLELl,
TITLEZ, TITLES

C(ERB-ORAC, 2): CONSTRAINT FILEINFO:PE,NDTAFE->FILE

C(ERB-ORAC,3): CONSTRAINT RECINFO:DATE_TIME->DATE, TIME,LON,
LAT,.ALT, ZEN,FB, QUALITY, ELECTR ILLUMIN CQLIB
SCAN

C(ERE-ORAC,4): CONSTRAINT RECINFO:DATE_TIME=CONC (DATE, TIME)



Appendix 2.2 V(ERB-SEED)

V(ERE~SEED): VIEW DEFINITION

S (ERB-SEED) : SCHEMA DEFINITION
TAEBLE RTAPE = (NOTAPE, TAFETYPE, PLAYBACK,RTITLE)
TABLE PLAYBACK = (FB,NOFILE,CATALOG)
TABLE RTITLE = (TITLE)
TABLE CATALOG = (LON,LAT,ALT,ZEN,TIME1l,QUALITY,ELECTR,

ILLUMIN, CALIB, SCAN)

TABLE RDATES = (DATE1,CATALOG)
TABLE RLON = (ILON,CATALOG)

TABLE RLAT = (ILAT,CATALOG)
TABLE RALT = (IALT,CATALOG)
TABLE RZIEN = (IZEN,CATALOG)

L{(ERB—-SEED): LANGUAGE DEFINITION
T(ERB-SEED): TYFING DEFINITION
TYPE INT4 = (NOTAFE,NOFILE,DATE1,TIME1l) EBCDIC INTEGER (4)

TYPE CHAR4 = (TAPETYPE) EBCDIC CHAR (4)
TYPE CHAR115S = (TITLE) EBCDIC CHAR(113)
TYFE REAL4 = (PB,LON,LAT,ALT,ZEN) EBCDIC REAL (4)

TYPE INTZ2 = (ILON, ILAT,IALT,IZEN,QUALITY)
EBCDIC INTEGER(2)
TYFE CHARI = (ELECTR,CALIB,SCAN) EBCDIC CHAR(3)

TYFE CHARB = (ILLUMIN) EBCDIC CHAR(8)
NONLOGICAL SYMBOLS DEFINITION
FREDICATES

RDATES-CATALOG: (INT4,CATALOG, REAL4,REAL4, REAL4,
REAL4, INT4, INT2, CHARS, CHARS,, CHARS , CHARS) ~FULL
: CLUSTER FREDICATE
RLON-CATALOG: (INTZ2, CATALOG, REAL4, REAL4,REAL 4, REAL4,
INT4, INT2, CHARS, CHARS, CHARZ, CHAR3) -FULL CLUSTER
PREDICATE -
RLAT-CATALOG: (INT2,CATALOG, REAL4,REAL4, REAL4, REAL4,
INT4, INT2, CHARS, CHARB, CHARS, CHARS) -FULL CLUSTER
FPREDICATE
RALT-CATALOG: (INT2, CATALOG, REAL4,REAL4, REAL4, REAL4,
INT4, INT2, CHARS, CHARS, CHARS, CHARZ) -FULL CLUSTER
FREDICATE
RZEN-CATALOG: (INT2, CATALOG, REAL4, REAL4, REAL4, REAL 4,
INT4, INT2, CHARS, CHARS, CHARS, CHAR3) -FULL CLUSTER
FREDICATE _
RTAPE-PLAYBACK-CATALOG-RTITLE: (INT4,CHAR4, PLAYBACK,
REAL4, INT4, CATALOG, REAL4,REAL4, REAL4, REAL4, INT4,
INT2, CHARS, CHARS, CHARS, CHARS, RTITLE, CHAR115) -FULL
CLUSTER PREDICATE
FUNCTIONS
TITLE1: (INT4;CHAR115) ~FUNCTION
TITLEZ: (INT43;CHAR115) —FUNCTION
TITLE3: (INT4;CHAR115) —-FUNCTION
INT: (REAL4: INT2) ~PREDEF INED FUNCTION



C (ERB-SEED) : CONSTRAINTS DEFINITION
C (ERB-SEED, 1) : CONSTRAINT RTAPE:NOTAPE->TAFETYPE, PLAYBACK,
RTITLE :

C(ERB-SEED, 2): CONSTRAINT RTAPE-PLAYBACK:NOTAPE,PB->NOFILE,
 CATALOG
C(ERB-SEED, 3): CONSTRAINT RDATES:DATE1->CATALOG
C(ERB-SEED, 4): CONSTRAINT RLON: ILON->CATALOG
C (ERB-SEED,S): CONSTRAINT RLAT:ILAT->CATALOG
C(ERB-SEED, 6): CONSTRAINT RALT:IALT->CATALOG
C(ERB-SEED, 7): CONSTRAINT RZEN:IZEN->CATALOG |
C(ERB-SEED,8): CONSTRAINT RLON-CATALOG: ILON=INT (LON)
C(ERB-SEED, 9): CONSTRAINT RLAT-CATALOG: ILAT=INT (LAT)
C (ERE-SEED, 10) : CONSTRAINT RALT-CATALOG: IALT=INT (ALT)
C(ERE~SEED, 11) : CONSTRAINT RZEN-CATALOG: IZEN=INT (ZEN)



Appendix 2.3 V(PCDB)

V(PCDB): VIEW DEFINITION .
S(PCDR): SCHEMA DEFINITION
TABLE TAFE = (TAPEID,MISSION,SENSOR, FORMAT, PROJNUM, GENDATE,
- INVDATE, ARCHIVER, NUMFILES, TPFIRSTORE,

TPLASTORB, TPSTART, TFSTOP, TPALGORI THM, COORDSYS,
SYNOFSTART, SYNOFSTOP)
(TAFEID,FILENUM, FLFIRSTORB, FLLASTORB, FLSTART,
FLSTOF, FLALGORITHM, NUMITEMS, FLLEN)
(TAFEID,FILENUM, ITEM, ITSTART, ITSTOF, RECNUM,
ITALGORITHM, ITLEN)
TABLE CAT = (TAPEID,FILENUM, ITEM,CAT,FUNCTION, CATEGORY)
TABLE DESCR = (ITEM,NAME) '

It

TABLE FILE

TABLE ITEM

L(FCDE): LANGUAGE DEFINITION
T(PCDB): TYPING DEFINITION
TYFE NUMBER = (NUMFILES, TFFIRSTORE, TPLASTORE,FILENUM,
' FLFIRSTORE, FLLASTORE, NUMITEMS, FLLEN, RECNUM,
ITLEN) ASCII NUM(22)
(TAPEID, MISSION, PROJNUM, CODRDSYS) ASCII
CHAR (15)
(SENSOR, FORMAT) ASCII CHAR(10)
(GENDATE, ARCHIVER, TFSTART, TFSTOP,
SYNOFSTART,SYNOPSTOP, FLSTART, FLSTOF,
ITSTART, ITSTOF) ASCII CHAR(12)
(INVDATE) ASCII CHAR(8)
(TPALGORITHM, FLALGORITHM, ITEM, I TALGORI THM,
CAT) ASCII CHAR(S)

TYPE CHAR1S

TYFE CHAR10Q
TYPE CHAR12

Hon

TYFE CHARS
TYPE CHARS

TYPE CHARSO = (FUNCTION) ASCII CHAR(S0)

TYFPE CHAR3I0 = (CATEGORY,NAME) ASCII CHAR(IO)
NONLOGICAL SYMBOLS DEFINITION :

FREDICATES

TAFE: (CHAR15, CHAR1S, CHARIU CHAR10, CHAR1S, CHAR12, CHARQ
LHARIB,NUMBER NUMBER_NUMBER CHAR12,CHAR1 2, CHARS,
CHAR15,CHAR1Z, CHAR12) -PREDICATE

FILE'(CHARIJ,NUMBER NUMBER , NUMBER, CHARIE,CHAR12 CHARS,
NUMBER, NUMBER) -FPREDICATE

ITEM: (CHAR1S, NUMBER, CHARS, CHARLZ, CHAR 12, NUMBER, CHARS,
NUMEBER) ~-FREDICATE

CAT: (CHAR15, NUMBER, CHARS, CHARS, CHARS0, CHAR30) -FREDICATE

DESCR: (CHARS, CHARSO) -PREDICATE

FUNCTIONS

NONE



C(PCDB): CONSTRAINTS DEFINITION

C(FCDB,1):

C(FCDB,2):

C(FCDB,3):
C(PCDE, 4):

C(PCDB,S) :

CONSTRAINT TAPE: TAPEID->MISSION, SENSOR, FORMAT,
FROJNUM, GENDATE, INVDATE, ARCHIVER, NUMFILES,

TFF IRSTORB, TPLASTORE, TPSTART, TFSTOF, TPALBORITHM,
COORDSYS, SYNOPSTART,, SYNOFSTOF

CONSTRAINT FILE:TAPEID,FILENUM->FLFIRSTORB,
FLLASTORE, FLSTART, FLSTOF, FLALGORI THM, NUMITEMS,
FLLEN '
CONSTRAINT ITEM: TAFEID,FILENUM, ITEM, RECNUM-
ITSTART, ITSTOF, ITALGORITHM, ITLEN

CONSTRAINT - CAT:TAFEID,FILENUM, ITEM->CAT,
FUNCTION, CATEGORY ,

CONSTRAINT DESCR: ITEM->NAME



Appendix 2.4 V(ERB-R)

V(ERE-R): VIEW DEFINITION
S(ERB-R): SCHEMA DEFINITION
TABLE TAFEINFO = (NOTAPE, TAPETYPE, TITLE1,TITLEZ, TITLE3)
TABLE FILEINFO = (FE,FILE,NOTAPE)
TABLE RECINFO = (DATE,TIME,LON,LAT,ALT,ZEN,FB,QUALITY,
ELECTR, ILLUMIN, CALIB, SCAN)

L (ERB~R) : LANGUAGE DEFINITION
T(ERE-R): TYPING DEFINITION
TYPE INT4 = (NOTAPE,FILE,DATE,TIME) ASCII INTEGER(4)
TYFE INTZ = (QUALITY) ASCII INTEGER(2)
TYFE REAL4 = (FB,LON,LAT,ALT,ZEN) ASCII REAL (4)
TYFE CHAR4 = (TAPETYPE) ASCII CHAR(4)
TYFE CHAR11S = (TITLE1, TITLEZ, TITLE3) ASCII CHAR(115)
TYFE CHARIZ = (ELECTR,CALIB,SCAN) ASCII CHAR(3)
TYFPE CHAR8 = (ILLUMIN) ASCII CHAR(8)
NONLOGICAL SYMBOLS DEFINITION

FREDICATES
TAPEINFO: (INT4,CHAR4,CHAR115,CHARYI 15, CHAR115) -FREDICATE

_FILEINFO: (REAL4, INT4, INT4) -FPREDICATE
RECINFO: (INT4, INT4,REAL4, REAL4,REAL4, REAL4, REAL4, INT2,
CHARS, CHARB, CHARS, CHAR3) —~PRED ICATE
FUNCTIONS
 NONE

{1 O | R

C(ERB-R): CONSTRAINTS DEFINITION
C(ERB-R, 1): CONSTRAINT TAFPEINFO:NOTAFE->TAFETYFE,TITLEL,

TITLEZ, TITLES .
C(ERB-R,2): CONSTRAINT FILEINFO:FB,NOTAFE-*FILE



Appendix 2.5 V(ERB-N)

V(ERB-N): VIEW DEFINITION
S(ERB—N): SCHEMA DEFINITION
TABLE RTAPE = (NOTAPE, TAPETYPE, PLAYBACK, RTITLE)'
TABLE PLAYBACK = (PB,NOFILE,CATALOG)
TABLE RTITLE = (TITLE)
TABLE CATALOG = (LON,LAT,ALT,ZEN,TIMELl,QUALITY,ELECTR,
ILLUMIN CALIB SCAN)
TABLE RDATES = (DATEI,CATALUG)

L(ERB-N): LANGUAGE DEFINITION
T(ERE-N): TYFING DEFINITION
TYFE INT4 = (NOTAPE,NOFILE,DATE1, TIME1) EECDIC INTEGER(4)
TYFE CHAR4 = (TAPETYPE) EBCDIC CHAR (4)
TYFE CHAR115 = (TITLE) EBCDIC CHAR(115)
TYFE REAL4 = (PE,LON,LAT,ALT,ZEN) EBCDIC REAL (4)
TYPE INT2 = (QUALITY) EBCDIC INTEGER(2).
TYPE CHARS = (ELECTR,CAL1B,SCAN) EBCDIC CHAR(3)
TYPE CHARS = (ILLUMIN) EBCDIC CHAR(8)
NONLOGICAL SYMBOLS DEFINITION
PREDICATES
RDATES-CATALOG: (INT4, CATALOG, REAL4, REAL 4, REAL4,
REAL4, INT4, INT2, CHARS, CHARS, CHAR, CHAR3) —FULL
CLUSTER FREDICATE
RTAPE-PLAYBACK~CATALOG-RTITLE: (INT4,CHAR4, PLAYBACK,
' REAL4, INT4, CATALOG, REAL4, REAL4, REAL4, REAL4, INT4,
INT2, CHARS, CHARS, CHARZ, CHARS, RTITLE, CHAR115) ~FULL
CLUSTER PREDICATE
FUNCTIONS
TITLE1: (INT4;CHAR115) ~FUNCT ION
TITLEZ: (INT4;CHAR115) ~FUNCTION
TITLES: (INT43;CHAR115) —FUNCTION

C(ERB—N) : CONSTRAINTS DEFINITIDN
- C(ERB—N, 1): CONSTRAINT RTAPE: NDTAPE—‘TAPETYPE FLAYBACK,
RTITLE
C(ERB-N, 2): CONSTRAINT RTAFE-FLAYBACK:NOTAFE,FB—->NOFILE,
CATALOG :
C(ERB-N, 3): CONSTRAINT RDATES: DATEI—*CATQLDG



Appendix 2.6 I {ERB-R;:ERB-SEED)

I (ERB—~R; ERB—SEED): INTERFRETATION DEFINITION
EXTERNAL VIEW IS V(ERE~R) = <S(ERB-R),L (ERB-R),C(ERB-R) >
CONCEFTUAL VIEW IS V(ERB-SEED) = <S5(ERB-SEED),L (ERE-SEED),

C(ERB-SEED) >
CODING SECTION

CODE FOR INT4 IS INT4;

CODE FOR INTZ IS INTZ:

CODE FOR REAL4 IS REAL4;

CODE FOR CHAR4 IS CHAR4;

CODE FOR CHAR115 IS CHAR115;

CODE FOR CHAR3 IS CHARS3;

CODE FOR CHARS8 IS CHARS;:

DEFINING FORMULA SECTION
- FREDICATE: TAFEINFOD
ARGUMENTS ARE: (NOTAFPE: 1, TAPETYFEI1,TITLE:1,TITLE:Z2,TITLE:3)
IS DEFINED RBY '
(EYRTITLE: 1(EYPLAYBACK: 1
( RTAPE(NOTAFE: 1, TAFPETYFE: 1 ,PLAYBACK: 1, RTITLE: 1)

Y TITLE:1l = TITLEL(NOTAPE:1)
& TITLE:Z2 = TITLEZ(NOTAFE: 1)
& TITLE:S = TITLEZ(NOTAPE:1) )

PREDICATE: FILEINFO
ARGUMENTS ARE: (PB:1,NOFILE:1,NOTAFE:z1)
IS DEFINED BY ,
(E) TAPETYFE: 1 (E) PLAYBACK: 1 (E)CATALDG: 1 (E)RTITLE: 1
RTAPE-FLAYBACK (NOTAPE: 1, TAPETYFE: 1, FLAYEACK: 1,FB: 1,
NOFILE:1,CATALOG:1,RTITLE: 1) '
PREDICATE: RECINFO
ARGUMENTS ARE: (DATE1:1,TIME1:1,LON:z1,LAT:1,ALT:1,ZEN:1,FE:1,
EUALITY:1,ELECTR:1, ILLUMIN: 1,CALIE: 1,SCAN: 1)
IS DEFINED BY .
(E)NOTAFE: 1 (E) TAFETYFE: 1 (E) PLAYBACK: 1 (E)NOFILE: 1
(E)CATALOG: 1 (E)RTITLE: 1 (E) CATALOG: 2
( RTAPE-FLAYBACK-CATALOG (NOTAFE: 1, TAPETYFE: 1, PLAYBACK: 1,
FB:1,NOFILE:1,CATALOG:1,LON:1,LAT:1,ALT: 1, ZEN:1,
TIME1:1,QUALITY:1,ELECTR:1, ILLUMIN: 1,CALIB: 1,
SCAN:1,RTITLE: 1) ' .
% RDATES-CATALOG(DATE1:1,CATALOG:2,LON:1,LAT:1,ALT:1,ZEN:T,
TIME1:1,QUALITY:1,ELECTR:1, ILLUMIN:1,CALIB: 1,
SCANz 1) )

CONSTANT TRANSFORMATION SECTION

/*#CODE converts from ASCII to EBCDICS
DECODE converts from EBCDIC to ASCII.*/



pppendix 2.7 I (ERB-Nj;ERB-ORAC)

I (ERB~N;ERB-ORAC) : INTERPRETATION DEFINITION ‘
EXTERNAL VIEW IS V(ERB-N) = <{S(ERB-N),L (ERB-N),C(ERB-N) >
CONCEPTUAL VIEW IS5 V(ERB-ORAC) = <S(ERB-DRAC),L (ERB-ORALC),

C(ERB—-ORAC) »
CODING SECTION
CODE FOR INT4 IS NUMBERS
CODE FOR INTZ IS NUMBERS
CODE FOR REAL4 IS NUMBER;:
CODE FOR CHAR4 IS CHARA4;
CODE FOR CHAR115 IS CHAR115,CHAR115,CHAR115;
CODE FOR CHARZ IS CHARS3;
CODE FOR CHARB IS CHARB;
CODE FOR FLAYBACK IS NUMBER3;
CODE FOR RTITLE IS5 NUMBER;
CODE FOR CATALOG IS5 NUMBER, NUMBER:

DEFINING FORMULA SECTION
FREDICATE: RDATES-CATALOG
ARGUMENTS ARE: (DATE:1,DATE:1,LON:1,LAT:1,ALT:1,ZEN:21,TIME:L,

QGUALITY:1,ELECTR: 1, ILLUMIN: 1,CALIB:1,S8CAN:1)
IS DEFINED RBY »
(EYDATE_TIME: 1 (E)FB: 1
RECINFO(DATE_TIME:1,DATE:1, TIME:1,LON:1,LAT:1,ALT: 1, ZEN: 1,
FE:1,QUALITY:1,ELECTR:1, ILLUMIN 1.CALIB 1, SCAN 1)
PREDICATE: RTAPE—PLAYBACE—CATALDG—RTITLE
ARGUMENTS ARE: (NOTAFE:1, TAFETYFE:1,NOTAFE:1,FB:1,FILE:1,
NOTAFE:1,PB:1,LON:1,LAT:1,ALT:1,ZEN:1, TIMEZ 1,
QUALITY:1,ELECTR:1, ILLUMIN: 1,CALIR:1,SCAN: 1,
NDTAPE:1,TITLE1:1,TITLE2:1,TITLES:1)
IS DEFINED BY
(EYDATE_TIME: 1 (E)DATE: 1(E)TITLE2.h(E)TITLEa:Q(E)TITLEI.g
(E)TITLEI: 3(E)TITLEL1:4(E)TITLEZ: 4
( FILEINFO(PB:1,FILE:1,NOTAPE:1)
% RECINFO(DATE_TIME:1,DATE:1,TIME:1,LON:1,LAT:Z1,ALT: 1,
ZEN:1,PB:1,QUALITY: 1 ELECTR 1, ILLUMIN 1, CALIB 1,
SCAN: 1) -
& ( TAPEINFO(NOTAFE:1,TAPETYFE:1,TITLE1:1,TITLE2:2,
TITLE3: 2) 4 _
v TAPEINFO(NOTAPE: 1, TAPETYPE: 1, TITLE1:3, TITLEZ:1,
TITLE3:3) '
v TAPEINFO(NOTAPE:1,TAFETYFE:1,TITLE1:4,TITLEZ2: 4,
TITLE3:1) ) )

—-—20~—



FUNCTION: TITLE1
ARGUMENTS ARE: (NOTAFE:1,TITLELI:1,TITLEZ:1,TITLE3:1)
IS DEFINED RY
(EYTAPETYPEIZ2(ED) TITLEZ:2(E)TITLES3: 2
TAFEINFONOTAPE: 1, TAFETYPE: 2, TITLEL 2L, TITLEZ2:Z, TITLEZ:Z2
FUNCTION: TITLEZ2
ARGUMENTS ARE: (NOTAPE:1,TITLEL1:1,TITLEZ2:1,TITLE3:1)
IS DEFINED RY
(EYTAPETYPEIZ2(EDTITLE1:2(E)TITLE3: 2
TAFEINFO(NOTAFPE: 1 , TAFETYPE: 2, TITLEL1I2, TITLEZ: 1, TITLE3I2
FUNCTION: TITLEZ=
ARGUMENTS ARE: (NOTAPE:L,TITLE1:1,TITLEZ2:1,TITLE3:L)
IS DEFINED RY
(E}TAPETYPE: 2(EXTITLE1: 2(EDTITLEZ2: 2
TAFEINFO(NOTAFE: 1, TAFETYFE: 2, TITLEL: 2, TITLEZ2:Z, TITLES3I L)

CONSTANT TRANSFORMATION SECTION

/#CODE converts from EBCDIC to ASCII -
Additionally, CODE multiplies LON, LAT, ALT, and
ZEN entries by 100 and PB entries by 10;

DECODE converts from ASCII to EBCDIC - .
Additionally, DECODE divides LDN, LAT, ALT, and.
ZEN entries by 100 and FB entries by 10.%/



Appendix 2.8 V(GLOBE)

V(GLOBE): VIEW DEFINITION

S(GLOBE) 2

TABLE
TABLE
TABLE

TABLE
TABLE
TABLE
TABLE

TABLE
TABLE
TABLE
TABLE

TABLE
TABLE

TABLE

TABLE

TABLE
TABLE

L (GLOEE) :

TYFE

TYFE
TYFPE

TYPE
TYFE
TYPE
TYPE
TYFE
TYFE

TYFE
TYFE

SCHEM
TAFEIN

. FILEIN

RECINF

RTAFE

FLAYEBA
RTITLE
CATALO

Py

N

m

z
i

FILE =

ITEM =

CAT =
DESCR

A DEFINITION

FO = (NOTAPE, TAFETYPE, TITLEI TITLEZ, TITLE3)

FO = (FB, FILE NOTAPE)

0= (DATE_TIME DATE, TIME,LON,LAT,ALT, ZEN, FE,
QUALITY,ELECTR, ILLUMIN,CALIE, SCAN)

= (NOTAFE, TAPETYFE, FLAYBACK,RTITLE)

Ck = (FB,FILE,CATALOG)

= (TITLE)

G = (LONLLAT,ALT,ZEN, TIME,QUALITY,ELECTR,

ILLUMIN, CALIB, SCAN)

3 = (DATE,CATALOG)

(ILON, CATALOG)
(ILAT,CATALOG)

(IALT, CATALOG)

(1ZEN,CATALOB)

(TAFEID, MISSION, SENSOR, FORMAT, FROJNUM, GENDATE,
INVDATE, ARCHIVER, NUMF ILES, TFF IRSTORE,
TFLASTORBE, TPSTART, TPSTOF, TFALGORI THM, COORDSYS,
SYNOPSTART, SYNOFSTOF)
(TAPEID,FILE,FLFIRSTORE, FLLASTORE, FLSTART,
FLSTOF, FLALGORITHM, NUMITEMS, FLLEN)

(TAPEID FILE, ITEM, ITSTART, ITSTOP, RECNUM,
ITALGOR I THM, ITLEND
(TAFEID,FILE, IfEM,CAT,FUNCTIDN,CATEGDRY)

= (ITEM,NAME)

LANGUAGE DEFINITION
T(GLOBE): TYF
NUMBER = (NOTAFE,FEB,FILE,DATE_TIME,DATE, TIME, LON,

ING DEFINITION

LAT,ALT, ZEN, ILON, ILAT,IALT, IZEN, QUALITY,
NUMFILES, TFFIRSTORE, TPLASTORB,FLFIRSTORE,
FLLASTORE, NUMITEMS, FLLEN,RECNUM, ITLEN)
ASCITI NUM(22)

CHAR4 = (TAPETYPE) ASCII CHAR(4)
CHAR11S = (TITLE1,TITLE2, TITLE3,TITLE) ASCII
. CHAR (115)

'CHAR3 = (ELECTR,CALIE,SCAN) ASCII CHAR (3)

CHAR8 = (ILLUMIN, INVDATE) ASCII CHARK(8)

CHAR1S = (TAPEID,MISSION, PROJNUM, COORDSYS) ASCII

CHAR (15)
CHAR1O = (SENSOR,FORMAT) ASCII CHAR(10)

CHAR1Z = (GENDATE,ARCHIVER, TFSTART, TFSTOF,

SYNOFSTART, SYNOFSTOF,FLSTART, FLSTOF,
ITSTART, ITSTOP) QSCII CHAR (12)

CHARS = (TFPALGORITHM,FLALGORITHM, ITEM, ITALGORITHM,
CAT) ASCII CHAR(S) _

CHARSO = (FUNCTION) ASCII CHAR (50)

CHAR3IO = (CATEGORY,NAME) ASCII CHAR (30)

.y
-22



NONLOGICAL SYMEOLS DEFINITION
FREDICATES

TAPEINFO: (NUMBER, CHAR4, CHAR11S, CHAR115, CHAR115) -FREDICATE

FILEINFO: (NUMBER, NUMBER, NUMEER) —FREDICATE

RECINFO: (NUMEBER, NUMBER , NUMBER, NUMBER , NUMBER , NUMBER,,

NUMBER , NUMBER , NUMBER , CHARS , CHARS, CHAR 3, CHARS)
-PREDICATE
RDATES-CATALOG: (NUMBER, CATALOG, NUMBER , NUMBER , NUMBER,
NUMBER, NUMBER , NUMBER, CHARS, CHARS, CHAR3, CHARS) —FULL
CLUSTER FREDICATE

RLON-CATALOG: (NUMBER, CATALOG, NUMBER, NUMEER , NUMBER , NUMEEK,
NUMEER , NUMEER , CHARS, CHARS, CHARS, CHAR3) —FULL CLUSTER
FREDICATE _

RLAT-CATALOG: (NUMEER, CATALOG, NUMBER,, NUMEER , NUMBER , NUMBER,
NUMBER , NUMBER , CHARS, CHARS, CHARS , CHARS) ~FULL CLUSTER
FREDICATE :

RALT-CATALOG: (NUMBER, CATALOG, NUMBER , NUMBER , NUMEER , NUMBER,
NUMBER , NUMBER , CHARS , CHARS, CHARS, CHARS) ~FULL CLUSTER
FREDICATE _

RZEN-CATALOG: (NUMBER, CATALOG, NUMBER, NUMBER , NUMBER , NUMBER,
NUMEER, NUMBER , CHAR S, CHARS, CHAR&.CHAR”)—FULL CLUSTER
FREDICATE

RTAPE-FLAYBACK-CATALOG-RTITLE: (NUMBER, CHAR4, PLAYBACK,

NUMBER , NUMBER, CATALOG, NUMBER , NUMBER,, NUMBER , NUMBER,
NUMBER, NUMBER, CHARS , CHARS, CHARI, CHARS, RTITLE,
CHAR115) -FULL CLUSTER FREDICATE

TAFE: (CHAR1S, CHAR1S, CHAR10,CHAR10, CHAR1S, CHAR12, CHARS,
CHAR12, NUMEER , NUMBER , NUMBER,, CHAR 12, CHAR12, CHARS,
CHAR1S, CHAR12, CHARLZ) ~PREDICATE

FILE: (CHAR1S, NUMBER, NUMBER, NUMBER, CHAR1Z, CHAR12, CHARS,
NUMEBER, NUMBER) ~FREDICATE

ITEM: (CHAR1S, NUMBER, CHARS, CHAR12, CHAR1 2, NUMBER , CHARS
NUMEER) ~FREDICATE

CAT: (CHAR1S, NUMBER, CHARS, CHARS, CHARJU,LHAR”U)—FREDICATE

DESCR.(CHAHJ.CHAHju)—FREDILATE-

FUNCTIONS

CONC: (NUMBER, NUMBER; NUMBER) —PREDEF INED FUNCTION

TITLE1: (NUMBER: CHAR115) ~FUNCTION

TITLEZ: (NUMBER: CHAR115) -FUNCTION

TITLES: (NUMBER; CHAR1 15)—FUNCT ION

NUM: (CHAR 155 NUMBER) ~PREDEF INED FUNCTION



C(GLOBE): CONSTRAINTS DEFINITION
C(GLOBE, 1): CONSTRAINT TAPEINFO:NOTAPE->TAFETYFE, TITLE1,
TITLE2, TITLES
C(GLOBE,2): CONSTRAINT FILEINFO:PE,NOTAFPE->FILE
C(GLOBE,3): CONSTRAINT RECINFO:DATE_TIME->DATE, TIME,LON,LAT,

ALT, ZEN,PB, QUALITY,ELECTR, ILLUMIN,CALIB, SCAN

CONSTRAINT
CONSTRAINT

C(GLOEE, 4) :
C(GLOBE,S) :

C(GLOBE, &) : CONSTRAINT

C(GLOBE,7): CONSTRAINT
C(GLOBE,8): CONSTRAINT
C(GLOBE,9): CONSTRAINT

C(GLLOBE, 10) :CONSTRAINT
C(GLOBE, 11) :CONSTRAINT
C(GLOBE, 12) :CONSTRAINT
C(GLOBE, 13) :CONSTRAINT
C(GLOBE, 14) : CONSTRAINT
C(GLOBE, 15) : CONSTRAINT
C(GLOBE, 16) : CONSTRAINT
RTAFE
C(GLOBE, 17) :CONSTRAINT

RECINFO: DATE_TIME=CONC (DATE, TIME)
RTAFE : NOTAPE->TAFETYPE, PLAYBACK,
RTITLE
RTAPE-PLAYBACK : NOTAFE, PE~>FILE,
CATALOG

RDATES: DATE->CATALOG

RLON: ILON->CATALOG

RLAT: ILAT->CATALOG

RALT: IALT-*CATALOG

RZEN: IZEN-3>CATALOG

RLON-CATALOG: ILON=INT (LON)
RLAT-CATALOG: ILAT=INT (LAT)
RALT-CATALOG: IALT=INT (ALT)
RZEN-CATALOG: IZEN=INT (ZEN)

NOTAFE IN TAFEINFO -> NOTAPE NOT IN

NOTAFE,FB IN FILEINFO —-> NOTAFE,FB

NOT IN RTAFE-FLAYBACE

C(GLOBE, 18) : CONSTRAINT

TAPE:TAPEID—}MISSIDN,SENSDR,FDRMAT,

FPROJNUM, GENDATE, INVDATE, ARCHIVER, NUMF ILES,
TFFIRSTORB, TFLASTORE, TFSTART, TPSTOP, TPALGORITHM,
COORDSYS, SYNOFSTART, SYNOFSTOF '

C(GLOBE, 19} : CONSTRAINT

FILE:TAFEID,FILE-:*FLFIRSTORE,

FLLASTORB, FLSTART, FLSTOF, FLALGORITHM, NUMITEMS,

FLLEN
C(BLOBE, 20) : CONSTRAINT

ITEM: TAPEID, FILE, I TEM, RECNUM—>

ITSTART, ITSTOP, ITALGORITHM, ITLEN

C{(GLOBE, 21) : CONSTRAINT
CATEGORY
C(GLOBE, 22) : CONSTRAINT

CAT:TAPEID,FILE, ITEM-*CAT,FUNCTION,

DESCR: ITEM—>NAME



V{(GLOBE-R) :

Appendix 2.9 V(GLOBE-R)

VIEW DEFINITION

S(GLOBE-R): SCHEMA DEFINITIONM

TABLE
TABLE
TABLE

TABLE

TABLE
TABLE

TABLE
TAEBLE

TAPEINFO (NOTAPE, TAPETYPE, TITLEY1, TITLEZ, TITLE3)

FILEINFO (FR, FILE NOTAFE)

RECINFO = DATE TIME,LON,LAT,ALT, ZEN,FR, @UALITY
ELECTR ILLUMIN CALIB, SCAN)

(TAPEID,MISSIDN,SENSDR,FDRMAT,PRDJNUM,GENDATE,

INVDATE, ARCHIVER, NUMFILES, TFFIRSTORE,

TPLASTORE, TFSTART, TPSTOF, TPALGORITHM, COORDSYS,

SYNOFSTART, SYNOFSTOP)

(TAFEID,FILE,FLFIRSTORB,FLLASTORE, FLSTART,

FLSTOF, FLALGORITHM, NUMITEMS, FLLEN)

(TAPEID FILE, ITEM, IT&TART ITbTDP RECNUM,

ITALGORITHM, ITLEN)

CAT = (TAFEID,FILE,ITEM,CAT,FUNCTION,CATEGORY)

DESCR = (ITEM,NAME)

TAPE

FILE

ITEM

i

L(GLOBE-R): LANGUAGE DEFINITION
T(GLOBE-R): TYFING DEFINITION

TYPE

TYFE
TYFPE
TYFE
TYFE
TYFE

- TYPE
TYPE
TYFE

TYFE
TYPE

NUMEBER = (NOTAPE,PB,FILE,DATE, TIME,LON,LAT,ALT, ZEN,
QUALITY,NUMFILES, TFFIRSTORE, TFLASTORE,
FLFIRSTORE, FLLASTORE, NUMITEMS, FLLEN, RECNUM,
ITLEN) ASCII NUM(22)

CHAR4 = (TAFETYFE) ASCII CHAR(4)

CHAR11S = (TITLEL,TITLEZ,TITLE3) ASCII CHAR(1135)

CHAR3 = (ELECTR,CALIB,SCAN) ASCII CHAR(3)

CHARES = (ILLUMIN, INVDATE) ASCII CHAR(8)

CHAR1S = (TAFEID,MISSION, PROJNUM, COORDSYS) ASCII
CHAR (15)

CHAR1O = (SENSOR,FORMAT) ASCII CHAR(10)

CHARL12 = (BENDATE,ARCHIVER, TPSTART, TFSTOF,

SYNOPSTART, SYNOFSTOF, FLSTART, FLSTOF,
ITSTART, ITSTOP) ASCII CHAR(1Z)
CHARS = (TPALGORITHM,FLALGORITHM, ITEM, ITALGORITHM,
CAT) ASCII CHAR(S)
(FUNCTION) ASCII CHAR(S50)
(CATEGORY,NAME) ASCII CHAR(30)

CHARSO
CHARSO

i i



NONLOGICAL SYMBOLS DEFINITION
PREDICATES

TAPEINFO: (NUMBER, CHAR4, CHAR115, CHAR115,CHAR115) ~FREDICATE

FILEINFO: (NUMBER, NUMBER NUMBER) -FREDICATE

RECINFO: (NUMBER, NUMBER NUMBER, NUMBER , NUMBER, NUMBER

NUMBER , NUMBER, CHARE CHARB CHARo CHARZ) PREDICATE

TAPE: (CHARIU,CHARIS CHAR1L1O, CHARlO CHARIS CHAR12, CHARS,
CHAR12, NUMBER, NUMBER, NUMBER CHARI:.CHARI:.CHQRJ,
CHARIU,CHARIZ,CHARI?)~PREDICATE

FILE: (CHAR15,NUMBER, NUMBER, NUMBER,CHAR1Z,CHAR12, CHARS,
NUMBER,NUMBER)—PREDICATE

ITEM: (CHAR1S, NUMBER,CHARDG,CHAR12,CHARLZ, NUMBER, CHARS,
NUMBER) -FPREDICATE

CAT: (CHAR1S, NUMBER, CHARS, CHARS, CHARSO, LHAH~0)~FREDICATE
DESCR: (CHARU,CHARSO)—FREDICATE
FUNCTIONS

NUM:(CHARIS;NUMBER)—BREDEFINED FUNCTION

C(GLOBE-R): CONSTRAINTS DEFINITION

C(GLOBE-R, 1): CONSTRAINT TAFEINFO:NOTAFE->TAFETYFE, TITLEI
TITLER, TITLE3

C(GLOBE-R,2): CONSTRAINT FILEINFO:FB,NOTAPE->FILE

C(GLOBE-R,3) I CONSTRAINT TAFE: TAFEID—*MISSIDN SENSOR, FDRMAT
FROJNUM, GENDATE,, INVDATE , ARCHIVER, NUMFILES,
TPFIRSTORE, TFLASTDRB TPSTART.TPSTDF .
TPALGDRITHM,CDDRDSYS,SYNDPSTART,SYNDPSTOP

C(GLOBE-R,4): CONSTRAINT FILE:TAPEID,FILE->FLFIRSTORE,
FLLASTORB,FLSTART,FLSTOP,FLALGORITHM, NUMITEMS,

: FLLEN

C(GLOBE-R,3): CONSTRAINT ITEMITAFEID,FILE, ITEM,RECNUM-

- ITSTART, ITSTOF, ITALGORITHM, ITLEN

C(GLOBE-K, &6): CONSTRAINT CAT:TAFEID,FILE,ITEM-*CAT,FUNCTION,
CATEGORY

C(GLOBE-R,7): CONSTRAINT = DESCR: ITEM->NAME



Appendix 2.10 1 (GLOBE-R;:GLOBE)

I (GLOBE-R;GLOBE): INTERPRETATION DEFINITIONM

EXTERMNAL VIEW IS V{(GLOBE-R) = <S(GLOBE-R),L (GLOBE-R),
C(GLOBE—-R) >
CONCEFPTUAL VIEW IS V(GLOBE) = <S(GLOBE),L (GLOBE),C(GLOBE} >

CODING SECTION

CODE FOR NUMBER IS NUMBER;
CODE FOR CHAR4 IS CHAR4;
CODE FOR CHAR115 IS5 CHAR115;
CODE FOR CHARZ IS CHAR3:
CODE FOR CHARB8 IS CHARS;
CODE FOR CHAR1S IS CHAR1S;
CODE FOR CHAR10O 18 CHAR103
CODE FOR CHAR1Z IS5 CHAR12;:
CODE FOR CHARS IS CHARSG:
CODE FOR CHARSO 18 CHARSO:
CODE FOR CHAR3CO 1S CHAR3Oj

DEFINING FORMUL.A SECTION
FREDICATE: TAFEINFO .
ARGUMENTS ARE: (NOTAFE:1,TAPETYFPEIL,TITLEILl,TITLE:Z2,TITLE:3)
IS DEFINED BY
TAPEINFO (NOTAFE: 1, TAPETYFEZ 1, TITLE: L, TITLE:Z2, TITLE: 3)
v (EYRTITLE:1(E)FLAYBACK 1
{ RTAFE (NOTAFE:1, TAFETYPE: 1,PLAYBACK:1,RTITLEZ 1)

& TITLE:1 = TITLE1(NOTAFE: 1)
& TITLE:2 = TITLEZ(NOTAFE:1)
& TITLE:Z = TITLE3Z(NOTAFE: 1) )

FREDICATE: FILEINFO
ARGUMENTS ARE: (FB:1,FILE:1,NOTAFE:1)
IS DEFINED BY
FILEINFO(FR: 1, FILE: 1, NOTAFEZ 1)
v (E)TAPETYFE: 1 (E)FLAYBACK: 1 (E)CATALOG: 1 (E)RTITLED1
RTAPE-FLAYEBACK (NOTAPE: 1, TAFETYFE: 1 ,PLAYBACKI1,FBI 1,
FILE:1,CATALOG:1,RTITLEZ 1)



PREDICATE: RECINFO

ARGUMENTS ARE: (DATE:1,TIME:1,LON:1,LAT:1,ALT:1, ZEN 1,PB: 1,

. QUALITY: 1, ELECTR: 1, ILLUMIN 1.CALIB: 1, SCAN: 1)
1S DEFINED BY

(E)DATE_TIME: 1 ~

RECINFO(DATE_TIME:1,DATE:1,TIME:1,LON:1,LAT:1,ALT:1,

ZEN:1,FPB:I 1, QUALITY: 1 ELECTR 1, ILLUMIN: 1 CALIB 1.
_ SCAN: 1)
v (E)NOTAFE: 1 (E) TAPETYFE: 1 (E)FLAYBACK: 1 (E)FILEz1

(E)CATALOG: 1 (EYRTITLE: 1 (E)CATALOG: 2 ‘

( RTAPE-PLAYBACK-CATALUG (NOTAFE: 1, TAFETYPE: 1,PLAYBACK: 1,
FPE:1,FILE:1,CATALOG:1,LON:1,LAT:1,ALTZ21,ZEN:T,
TIME:1,QUALITY:1,ELECTR: 1, ILLUMIN: 1,CALIB:1,
SCAN: 1, RTITLE: 1)

% RDATES—-CATALOG (DATE: 1 CATALDG:_,LDN 1,LAT:1,ALT:1,
ZEN:1,TIME: 1, QUALITY: 1,ELECTR: i.ILLUMIN 1,
CALIB:l,SCAN:l) ) '

FREDICATE: TAFE :
ARGUMENTS ARE: (TAFEID:1,MISSION:1,SENSOR:1,FORMAT:1,
FROJNUM: 1, GENDATE: 1, INVDATE: 1, ARCHIVER: 1,
NUMFILES: 1, TEF IRSTORE: 1, TPLASTORB: 1, TPSTART 1,
TFSTOP: 1, TPALGORITHM: 1, CDDRDSYS 1,
SYNOFSTART: 1,SYNOFSTOP: 1)
15 DEFINED EBY
TAFE(TAFEID: 1,MISSION: 1,SENSOR: 1,FORMAT: 1, PROJNUM: 1,
GENDATE: 1, INVDATE: 1, ARCHIVER: 1,NUMFILES: 1, TFFIRSTORE: 1,
TPLASTORB: 1, TFSTART: 1, TFSTOF:1, TPALGORITHM: 1,
COORDSYS: 1, SYNOPSTART: 1, SYNOFSTOF: 1)
FPREDICATE: FILE .
ARGUMENTS ARE: (TAFEID:1,FILE:1,FLFIRSTORE:1,FLLASTORB: 1,
FLSTART: 1,FLSTOF: 1, FLALGORITHM 1, NUMITEMS: 1,
. FLLEN: 1)
15 DEFINED BY ,
FILE(TAFEID:1,FILE:1,FLFIRSTORB: 1,FLLASTORB: 1,FLSTART: 1,
FLSTOF:1,FLALGORITHM: 1 ,NUMITEMS: 1,FLLEN: 1)
FREDICATE: ITEM _
ARGUMENTS ARE: (TAFEID:1,FILE:1,ITEM:1,ITSTART:1, ITSTOF:1,
RECNUM: 1, ITALGORITHM: 1, ITLEN: 1)
IS DEFINED RY
ITEM(TAFEID: 1,FILE:1, ITEM: 1, ITSTART: 1, ITSTOP: 1, RECNUM 1,
. ITALGORITHM: 1, ITLEN: 1)
FREDICATE: CaAT
ARGUMENTS ARE: (TAFEID:1,FILE:1,ITEM:1,CAT:1,FUNCTION:1,
CATEGORY: 1)
1S DEFINED BY
CAT(TAFEID: 1,FILEz1, ITEM:1,CAT:1, FUNCTIDN 1,CATEGORY:1)
FREDICATE: DESCR
ARGUMENTS ARE: (ITEM:1,NAME:1)
1S DEFINED BY ~
DESCR(ITEM: 1,NAME: 1)



FUNCTION: NUM
ARGUMENTS ARE: (TAFEID: 1)
IS DEFINED BY
NUM(TAPEID: 1)

CONSTANT TRANSFORMATION SECTION

/*CODE and DECODE are the identity maps.*/



: Appendix 3.1 :
Logical optimization algorithm for a conjunctive query

Begin
Flace the query in prenex conjunctive normal form - Q(0)s
Set i = 03
For j =1 ton Do
I+ Fj is an equality that gives the value of a function as an
existentially guantiftied variable that does not appear in
any other conjunct '
Then
Begin :
' Obtain Q(i+1) from @(i) as follows:
Begin
Delete Pjs
Omit the superfluous gquantifiers from the prefix
Ends
Set i 1= i+l
End! :
While a functional dependency constralnt may be applied to
identify different objects in Q{i) Do
Begin
Fick an applicable functional dependency constraint FDj
Set S := the set of objects identified by FDj3

Set a = the total number of target variables in 5;
Set b = the total number of constants in S;
I+ a+bh=0 '
Then
Obtain @(i+1) from Q(i) as follows:
Begin
Fick one DbJECt from S; :
Change all objects in 5 to the chosen obJect.
Omit the superfluous quant1f1ers from the prefix
End
Else
I+ a+b=1
Then
Obtain @(i+1) from Q(1) as follows:
Begin

Change all existentially quantified variables
in S5 to the target variable or constant in S5;
Omit the superfluous quantifiers from the
prefix
End

...3(‘_‘).._



Else
I+ b=0
Then
Obtain @Q(i+1) from G(i) as follows:
Begin
Fick one target variable, say X, in S3
For every other target variable, say Y, in
S, add the conjunct Y = X;j
Change all other variables in S to X
except in the just added equality
conjunctss; :
Omit the superfluous quantifiers from the
prefix
End
Else
If b=1
Then
Obtain Q{i+1) from R(i) as follows:
Begin

Faor every target variable, say Y, in S
add the conjunct Y = ¢
(c is the constant in S);

Change all the variables in § to c
except in the just added equality
conjunctss;

Omit the superfluous guantifiers from
the prefix '

End
Else Begin .
Frint "The query has no answers"s
Exit procedure '
End:
Set i I= i+1
Ends;
Let P = the set of pairs of conjuncts <C1,C2> where C1 is
structurally a subcluster of C2:
While “Y=pmpty Do
Begin
Fick a pair <C1,C2> from F3;
Delete <C1,C2>» from F3j
Obtain C1° from Cl as follows:
Rename all existentially quantified variables in C1 to
match the corresponding objects in C2 (if possible):



I+ C1° is a subcluster of CZ2 and every existentially
quantified variable which was renamed to a target
variable or a constant does not appear in another
‘conjunct
Then

Begin '
Obtain G(i+1) from G(i) as follows:
Begin
Delete the conjunct Cij
Rename all existentially quantified variables
according to the formation of C1° from C13j
Omit the superfluous quantifiers from the prefix
End:
Delete every pair from P which includes Ci13
Set i = i+l
End
End
End.

_3:_



. Appendix 3.2
Guery 1 transformation from ERB-R to ERB-SEED and optimization

fluery 1 in English: )
What are the tape numbers, the tape types, the playback
numbers, and the file numbers in the data inventory?

Query 1 in DBL for ERB-R: '
GET W(NOTAPE: 1, TAPETYFE:1,FB: 1, FILE 1):
(E)TITLE1L: 1(E)TITLE2:1(E)TITLE ‘
( TAFEINFO(NOTAFE: 1, TAPETYFEI 1, TITLE1 1, TITLE2:1, TITLE
& FILEINFO(FE:1, FILE 1, NOTAFE: 1) )

Interpreted query .1 in DBL for ERB-SEED:
GET W(DECDDE (NOTAFE: 1) ,DECODE (TAFETYPE: 1), DECDDE(PB 1),
' DECODE (NOFILE:z 1))@
(EYTITLEZI(EDTITLE:Z2(E)TITLE: 3
{ (E)RTITLE:1(E)FLAYBACK:1
( RTAPE(NOTAFPE: 1, TAPETYFEI 1,PLAYBACK: 1, RTITLE 1
% TITLE:1 = TITLEIL (NOTAPE: 1)
& TITLE:Z2 TITLEZ (NOTAFE: 1)
" & TITLE:Z TITLEZ(NOTAFE: 1) )
& (E)TAPETYPE.Q(E)FLAYBACk 2(E)CATALOG: 1 (EDYRTITLE: 2
RTAPE~ FLAYBACK (NOTAFE: 1, . TAFETYPE: 2, FLAYBACK: 2,FB: 1,
NOFILE:1,CATALOG: 1 RTITLE:2) ) "

/I

Flace interpreted query 1 in prenex conjunctive normal form —
Obtain G(0):
GET W(DECODE(NOTAPE: 1) ,DECODE(TAPETYFE:1),DECODE(FB:1},
. DECODE(NOFILE:1)): '
(EYTITLE: 1(E)TITLE:2(E)TITLE:S(E)RTITLE: L (E)FLAYBACK: 1
(E) TAPETYFE: 2(E) FLAYBACK:: 2(E)CATALOG: L (E)RTITLE:Z 2
RTAFPE (NOTAFE: 1, TAFETYFE: | ,FLAYBACK: 1 ,RTITLE: 1) .
TITLE: 1 TITLEL1 (NOTAFE: 1)
TITLE:Z2 TITLEZ(NOTAPE: 1)
TITLE:Z = TITLEZ(NOTAFE: 1)
RTAPE-PLAYBACK (NOTAFE: L, TAPETYFE: 2, PLAYBACK:2,PRBI 1,
NOFILE:1,CATALDG: 1 RTITLE:2) )

hou

&2~

Delete the first equality -
Dbtain B(1): .
GET W(DECODE (NOTAPFPE:1),DECODE(TAFETYFE:1) ,DECODE(FR:1),
DECODE (NOFILE:1)):
(E)TITLE:Z2(EDTITLE:S(E)RTITLE: 1 (E)FLAYBACKIL1(E) TAPETYPE: 2
(EYPLAYBACK: 2 (EYCATALOG: 1 (EDRTITLE: 2 '
( RTAFE(NOTAPE: 1, TAPETYPE: 1,PLAYBACKI1,RTITLEI1)
& TITLE:Z2 = TITLEZ(NOTAPE: 1)
& TITLE:3 = TITLEZI(NOTAPE: 1)
& RTAPE-FLAYBACK (NOTAPE: 1, TAPETYPE: 2,FLAYBACK:I2,FE:1,
NOFILE:1,CATALOG:1,RTITLEZZ) )



Delete the ne;t equality -
Obtain @(2):
GET W(DECODE (NOTAFE:1), DECODE(TAPETYPE 1),DECODE(FB: 1),

DECODE (NOFILE: 1)) :
(E)TITLE:S(E)RTITLE: 1 (E)YFLAYBACK: 1 (E) TAFETYFE: 2(EYPLAYBACK: 2

(E)CATALOG: 1 (EDYRTITLELZ
{ RTAPE(NOTAFE: 1, TAFETYFE: 1,PLAYBACKI1,RTITLE: 1)

2 TITLE:3 = TITLE3(NOTAPE:1)
. RTAFE-PLAYBACK (NOTAFE: 1, TAPETYPE::,PLAYBALK:Q.PB 1,

&
NOFILE:1,CATALOG: 1,RTITLE:2) )

Delete the last equality -
Obtain @(3):
GET W(DECODE (NOTAFE: 1).DECDDE(TQPETYPE 13, DECDDE(PB 1),

DECODE(NOFILE:1)):
(E)RTITLE: 1 (E)FLAYBACK: 1(E)TAPETYFE:Q(E)PLAYBACR::
(E)CATALOG: 1 (EYRTITLE: 2

{ RTAFE(NOTAPE: 1, TAPETYPE: 1, PLAYBACL.I RTITLE: 1)
¥ RTAFE- FLAYBACh(NDTQPE 1, TAFETYPE 2,FLAYBACK:2,PRI 1,
NOFILE:1,CATALOG: 1 RTITLE: 2) )

(ERB-SEED, 1) to identify TAPETYFE -

Apply C
Obtain G(4):
GET W(DECODE (NOTAFE:1),DECODE (TAFETYFE: 1) ,DECODE(FB:1),
DECODE (NOFILE:z1)):
(EYRTITLE: 1 (E)FLAYBACK: 1 (E)PLAYBACK: 2(E)CATALOG: 1 (E)RTITLE: 2
( RTAPE(NOTAPE: 1, TAFPETYPE: 1,PFLAYBACK:1,RTITLE: 1)
% RTAPE-FLAYBACK (NOTAFE: 1, TAFETYFE: 1 ,PLAYBACK:12,FB:1,

%
NOFILE:1,CATALOG: 1, RTITLEZZ) )

Apply C(ERB-SEED, 1) to identify FLAYBACK

Obtain B(5):
GET W(DECODE (NOTAFE:1),DECODE(TAFETYFE:1),DECODE(FBR: 1),

DECODE (NOFILE: 1)): .
(EYRTITLE: 1 (EDFLAYRACK:I1(E)CATALOG: 1 (EXRTITLE: 2

( RTAFE(NOTAPE: 1, TAPETYPE: 1,PLAYBACKI1,RTITLE: 1)
& RTAPE-FLAYBACK (NOTAPE: 1, TAFETYPE: 1,PLAYBACK:1,FPB:1,
NOFILE:1,CATALOG:1,RTITLE:2) )

Apply C(ERB-SEED,1) to identify RTITLE —

Obtain 0(6)'
GET W(DECODE (NOTAPE:1),DECODE (TAPETYPE:1), DECODE(PB 1),

DECODE (NOFILE:1)):
(EYRTITLE: 1 (E)FLAYBACK: 1 (E)CATALOG: 1
( RTAFE(NOTAFE: 1, TAPETYPE: 1,PLAYBACK:1,RTITLE: 1)
& RTAFE- PLAYBACk(NOTAPE 1, TAPETYPE i, PLAYBACL 1,FBi1l,
NOFILE:1,CATALOG: 1 RTITLEZ1) )



Delete subsumed conJunct -
Obtain &(7) (the opt1m1ved query).
GET W(DECODE (NOTAFE: 1), DECODE(TAFPETYPE: 1) , DECODE (PB: 1)
DECODE (NOFILE: 1)). :
(E)RTITLE: 1 (E)PLAYBACK: 1 (E)CATALOG: 1 _
RTAFE-PLAYBACK (NOTAPE: 1, TAPETYPE: 1,PLAYBACK:1,PBl1,
NOFILE: 1,CATALOG:1,RTITLE:1)



-

Appendix 3.3
Buery 2 transformation from ERB-R to ERB-SEED and optimization

Query 2 in English:
What are the dates, the times, and the illuminations for all
the data in the inventory where the playback number is 81261.4
and is associated with some file number?

Query 2 in DBL for ERB-R:
GET W(DATE:1,TIMEZI1, ILLUMIN:1):
(EDFILEI1(E)NOTAFE: 1(EYLONI1(EDLATII(E)ALT: 1(E)ZEN:1
(EYQUALITY: 1 (EYELECTR:1(E)CALIB: 1 (E)SCAN: 1
( FILEINFO(B1261.4,FILE:1,NOTAFPE:1)
% RECINFO(DATE:1,TIME:1,LON:1,LAT:1,ALT:1,ZEN:1,81261.4,
MUALITY: 1 ELECTRs 1, ILLUMIN:1,CALIB:I1,SCANIL) )

Interpreted query 2 in DEL for ERB-SEED:

GET W(DECODE(DATE1:1),DECODE(TIME1:1),DECODE (ILLUMINZI1)):
(E)NOFILE:1(E)NOTAPE: 1 (EDLONI1(EDLATI 1 (EYALT:z1(E)ZEN: 1
(EYQUALITY: 1 (EDELECTR: 1 (EDCALIB:1(E)SCAN:1
( (E)TAPETYFE: 1 (E)FLAYBACK: 1 (E)CATALOG: 1 (EDRTITLE: 1

RTAPE-FPLAYBACK (NOTAFE: 1, TAPETYFE: 1 ,PLAYBACK:1,81261. 4,

NOFILE:1,CATALOG:1,RTITLE: 1)
% (EYNOTAFE: 2(E) TAFETYPE: 2(E)FLAYBACK : 2 (E)NOFILE: 2

(EYCATALOG:2(EYRTITLE: 2(E)CATALOG: 3 '

( RTAFPE-FLAYBACEK CATALDG(NOTQFE.h,TAPETYFE._.FLAYEACk.h.
81261,4,NOFILE:2,CATALOG: 2,LONz1,LAT:1,ALTI1,ZEN: T,
TIMEl:l,QUALITY:I,ELECTR:I,ILLUMIN:I,CALIB:I,
SCAN:1,RTITLE:2)

% RDATES-CATALOG (DATEL: 1,CATALOG: 3,LON1,LATI1,ALTI 1, ZEN: L,

TIMEL1:1,QUALITY:1,ELECTR:1, ILLUMIN 1, CALIB i,
SCAN:z 1) ) )

Flace interpreted query 2 in prenex conjunctive normal form -
Obtain QCO):

GET W(DECODE(DATE1:1),DECODECTIMEL1:1) ,DECODE(ILLUMIN:Z1)):
(EYNOFILE: 1 (EXNOTAPE: 1 (E)LONZI(EDLATILI(E)ALTI1(E) ZENZ L
(EYQUALITY: 1 (EYELECTR: 1 (E)CALIB:1(E)SCANI1(E)TAFETYFE: 1
(E)FLAYBACK: 1 (EXYCATALOG: 1 (EYRTITLEI1(E)NOTAFEI2Z2(E) TRAFETYPE:2
(EYPLAYBACK : Z(E)NOFILE: 2(E)CATALOG: 2(E)RTITLE: 2(E)CATALOG: 3
( RTAPE-PLAYBACK(NOTAPE: 1, TAFETYPE:1,PLAYBACK:11,81261.4,

. NOFILE:1,CATALOG: 1 RTITLE: 1)

& RTAFE-FLAYBACK— CATALDG(NDTAFE.2,TAPETYFE:2.PLAYBACF:2,
 B81261.4,NMOFILE:2,CATALOG:2,LONIL,LATI1,ALT 1, ZEN:T,
TIME1:1,QUALITY:1,ELECTR:1, ILLUMIN 1.CALIB 1,5CANZ 1,
RTITLE:Z) v

& RDATES-CATALOG(DATE1:1,CATALOG:3,LON:1,LAT:1,ALT:1,ZEN:1,

TIMEL:1,QUALITY:1,ELECTR:I1, ILLUMIN: 1,CALIRI],
SCANZI 1) )



Rename variables and delete subsumed conjunct —
Obtain (1) (the optimized query): , _ .
GET W(DECODE(DATE1:1),DECODE(TIMEL1:1),DECODE (ILLUMINIL1)):
(E2LONIL(EDLAT: 1(EDALTI 1 (E) ZEN: 1 (EDQUALITY: 1 (EYELECTR: 1
(E)CALIB: 1 (E)SCAN: 1 (E)NOTAFE: 2(E) TAFETYFE:: 2(E)FLAYBACK: 2
(EYNOFILE: 2(E)CATALOG: 2(EYRTITLE: 2(EYCATALOG: 3
{ RTAPE—PLAYBACK-CATALOG (NOTAFE: 2, TAFPETYFE:2,FLAYBACK: 2,
B81261.4,NOFILE: 2,CATALOG: 2, LONI1,LATI1,ALTI L, ZEN:T,
TIMEL1: 1, QUALITY:1,ELECTR: 1, ILLUMIN:1,CALIB:1,SCAN:1,
RTITLE: 2)
& RDATES-CATALOG(DATEL:1,CATALOG:3,LONIL1 LATI1,ALTI1, ZENI,
- TIMEL:1,QUALITY:1,ELECTR2 1, ILLUMIN:1,CALIBIL,
SCAN: 1) ) '



Appendix 3.4
Logical optimization for a query with local disjunctions

Begin :
Flace the query in prenex conjunctive normal form : Q(0);
Set i 1= 03
For j =1 ton Do

If Pj is an equality that gives the value of a function as an
existentially gquantified variable that does not appear in
any other conjunct
Then

Begin
Obtain @{i+l) from B(i) as follows:
Begin
Delete Fj;
Omit the superfluous quantifiers from the prefix
End; '
Set i 1= i+l
End
Else
Begin :
Set Hj = the set of pairs of disjuncts <D1,D2Z>» in Fj
such that D1 is structurally a subcluster
of D2 o
While Hjijv=empty Do
Begin
Fick a pair <D1,D2> from Hj;
Delete <D1,DZ> from Hj;
Obtain D2 from DZ as follows:

Rename all objects in DZ to match the
corresponding existentially gquantified
variables in D1 (if possible):

I+ D1 is a subcluster of D2°
Then
Begin
Obtain B{(i+1) from Qi) as follows:
Begin
Delete the disjunct D2 from Fjj
Omit the superfluous guantifiers +from the
prefix
End;
Delete every pair from Hj which includes D2j
Set i 1= i+l
End
- End
End;



While a functional dependency constraint may be applied to
conjuncts which are clusters to identify different QbJECtS in
G(i) Do

Begin
Pick an appllcable funct1ona1 dependency constralnt FDs3

Set a != the total number of target variables in 5;
Set b = the total number of constants in S;
I+ a+b=0
Then
Obtain Q{(i+1) from Q(i) as follows:
Begin
Fick one object from S;
Change all objects in S to the chosen abjects;
Omit the superfluous quantifiers from the prefix
End
Else
If a+b=1
Then '
Obtain Q(i+1) from (1) as follows:
Begin
' Change all existentially quantified variables
in 5 to the target variable or constant in S;
Omit the super+fluous quantlflers from the
prefix
End
Else
I+ b=0
Then
Obtain B{i+l1l) from Q(i) as follows:
Begin

Fick one target variable, say X, in 53

For every other target variable, say Y, in
S, add the conjunct Y = X;

Change all other variables in § to X
except in the just added eguality
conjunctsi

Omit the superfluous guantifiers from the
prefix

End



Else
If b=1l

Then .

Obtain Q(i+1) from B(i) as follows:
Begin -

For every target variable, say Y, in 5§
add the conjunct- Y = ¢
(c is the constant in S);

Change all the variables in S to c
except 1in the just added equality
conjunctss;

Omit the superfluous guantifiers from
the prefix

End
Else Begin _
Frint "The query has no answers';
Exit procedure
End;
Set 1 1= i+l
End;: :
Let P 1= the set of pairs of conjuncts <C1,C2» where Cil is
structurally a subcluster of CZ:
While “=empty Do
Begin '
FPick a pair <C1,C2> from F3
Delete <C1,C2> from P3
Obtain C1° from Cl as follows:
Rename all existentially guantified variables in Cl to
match the corresponding objects in C2 (if possible);
If C17 is a subcluster of C2 and every existentially
quantified variable which was renamed to a target
variable or a constant does not appear in another
conjunct
Then
Begin
Obtain G{i+1) from G{(1) as follows:
Begin
Delete the conjunct Cils
Rename all existentially quantified variables
according to the formation of C1° from C13
Omit the superfluous guantifiers from the prefix
Ends; . :
Delete every pair from F which includes Cl3
Set 1 1= i+l '
End .
End _ - :
End. '

*407—



Appendix 3.5
Query 3 transformation from ERE-N to ERB- —-ORAC and optlmz*atlon

Guery: : : .
For tape number = 1003 what are the tape types, the playback
numbers and the file numbers?

DBL Query.
GET W(TAFPETYFE:1,PRI1,NOFILEz1): ‘
(E)PLAYBACK: 1(E)RTITLE 1(E)CATALDG: 1
RTAPE~PLAYBACK(1003,TAPETYPE:l,PLAYBACK:l,PB:1,NDFILE:1,
CATALOG: 1,RTITLE: 1)

Interpreted DBL Guery (already in normal form) -
Obtain &(0):

GET W(DECODE(TAFETYFE:1),DECODE(FE:1),DECODE(FILE:1)):
(EYDATE_TIME: 1 (E)DATE: 1 (E)LON: 1 (EDLAT: 1 (E)ALT: 1 (E) ZEN: 1
(EDTIMEZ1(E)QUALITY: 1 (EXELECTR: 1 (E) ILLUMIN: 1 (E)CALIE: 1
(E)SCANZ 1 (EDTITLEL: 1(EDTITLERZ LI (EDTITLESI1(E)TITLER:2
(EY)TITLESIZ2(EDTITLEL:S(E)TITLESZI3(EDTITLELI4(E)DTITLE2: 4

( FILEINFO(FPBI1,FILE:1,1003)
% RECINFO(DATE TIME 1, DATE: 1, TIME:1,LON:L,LAT:I1,ALT: 1,
ZEN21,PB:1, QUALITY 1 ELECTR I‘ILLUMIN 1,CALIB 1,
SCANI 1) _
& ( TAPEINFOQ1QOZ, TAPETYPE: L, TITLELI 1, TITLE2:12, TITLEZ:2
v TAPEINFD(IOOS,TQPETYPE:1,TITLE1:3,TITLE2:1'111LE : 3
v TAPEINFO (1003, TAPETYFE: 1, TITLEL1:4,TITLEZ2:4, TITLEZI1) )

Delete a subsumed disjunct -
Obtain G(1):

GET W(DECODE (TAFETYFE: 1), DECDDE(PB 1) ,DECODE(FILE:z1)):
(E)DATE_TIME: 1 (E)DATE: I(E)LDN 1(E)LAT:l(E)ALT!l(E)ZEN:l
(E)TIMEI 1 (EYQUALITY: 1(EYELECTR: 1 (E) ILLUMIN:I L1 (EXYCALIB: 1

" (E)SCAN: 1 (EDTITLEL: 1(E)TITLE*'1(E‘TITLE2:2(E)TITLE3:2

(EYTITLELZ4(E)TITLEZ24
( FILEINFO(PB:1,FILE:1,1003)
% RECINFO(DATE TIME i, DATE 1, TIME:1,LONI1,LATZL,ALTEL,
ZEN:1,FH:1, QUALIFY 1 ELECTR 1y lLLUMIN 1 CaLIBIl,

SCAN: 1)
2 TAPEINFD(lOUg,TAPETYPE:1,TITLE1:1;TITLE2:2,TITLE;.£
v TAPEINFD (1003, TAPETYPE: 1, TITLE1:4,TITLEZ:4, TITLES3: )

=41



Delete another subsumed disjunct -
Obtain Q(2) (the optimized query):

GET W(DECODE(TAFETYPE:1),DECODE(FB:1),DECODE(FILE:1)):
(E)DATE_TIME: 1 (E)DATE: 1 (EYLON: 1 (EDLAT:1(EYALT: 1 (E)ZEN: 1
(EYTIME: 1 (EDQUALITY: 1 (EYELECTRI1(E) ILLUMIN: 1 (E)CALIB:1
(EYSCAN: 1 (EDTITLELZ 1 (E)TITLEZ:2(E)TITLES:IR

( FILEINFO(FB:1,FILEz21,1003)

£ RECINFO(DATE_TIME:1,DATE:1,TIME:=1,LON1,LATI1,ALT:L,
ZENI1,FB:1,QUALITY:1,ELECTR: 1, ILLUMIN: 1,CALIB: 1,
SCAN: 1)

% TAFEINFO(100ZE, TAPETYFE: L, TITLELZ 1, TITLEZI 2, TITLEZ:Z) )



Appendix 3.6
Query 4 transformat1on from ERBE-N to ERB-ORAC and opt1m1¢at10n

Ruery 4 in English: : o
What are the tape numbers, dates, and times where ‘
longitude < 30 and latitude > 10?7 Display tape number, '
longitude, and latitude together with date and time.

'

(uery 4 in DBL for ERB-N:

GET W(NOTAFE:1,DATE1:1,TIME1:1,LONI1,LATI1):
(E)TAFETYPE: 1 (E)PLAYBACK: 1 (E)FBI 1 (E)NOFILE: 1 (E)CATALOG: 1
(EYRTITLE: L(EDALTI L1 (EYZEN: L(EYQUALITY: 1 (EYELECTR: 1
(EYILLUMIN: 1(E)CALIB:1(E)SCAN: 1 (E)CATALOG:2
( RTAFE-FLAYBACK-CATALOG (NOTAFE: 1, TAPETYPE:1,FLAYBACK:1,FBI1,

' NOFILE:1,CATALOG:1,LONIL,LAT:1,ALTI1, ZEN: L, TIMEL: L,
_ QUALITY:I1,ELECTR: 1, ILLUMINI1,CALIB:1,SCANI1,RTITLE: L)
% RDATES-CATALOG(DATEL1:I1,CATALOG: 2,LONI1,LATIL1,ALTI1,ZEN: T,
TIMEL1:1,QUALITY:1,ELECTR:1, ILLUMIN 1, CALIB 1 SCAN: 1)
2 LONIL < 30
& LATIL > IU )

Interpreted gquery 4 in DBL for ERER-ORAC: r
GET W(DECODE (NOTAFE:1),DECODE(DATE:1),DECODE(TIME:1),
DECODE (L.ON: 1),DELDDE(LAT 1)):
(E) TAFETYPEI1(E)PBIL(E)FILE:I 1 (E)ALT: i(E)ZEN 1(E)DUALITY 1
(EYELECTR: 1 (E) ILLUMIN: 1 (E)CALIB:1(E)SCAN:1
( (EYDATE_TIME: 1 (EDDATE:Z2(E)TITLEZIZ2(E)TITLEZI2(E)TITLEL:
(E)TITLESIZ(ENDTITLELIA(E)TITLEZI4EYTITLEL:1(EDTITLE2: 1
(E)TITLEZ:
( FILEINFO(FB:1,FILE:1,NOTAFE:1)
% RECINFO (DATE TIME 1 DATE.h,TIME 1,LON:1,LAT21,ALT:1,
ZEN: 1,FB: 1.QUALITY i, ELECTR'I‘ILLUMIN 1 CALIB: 1,

-
o

SCAN: 1)
& ( TAPEINFO(NOTAFE:1,TAPETYFEI1,TITLEL1I:1, TITLEZ:Z,
TITLEZIZ)
v TAPEINFO(NOTAFE 1 TAFETYFE: 1, TITLEI JL.TITLEZ:
TITLES:
v TAPEINFD(NDTAPE 1 TAFETYPE: 1, TITLEL1:4, TITLEZ2: 4,
TITLES Yy ) .

% (E)DATE_ TIME:D(E)PB.2
RECINFD(DQTE_TIME.h,DATE 1, TIME:1,LONZL,LAT:1,ALTIL,ZENZ],
PBIZ2,QUALITY:1, ELECTR: i, ILLUMIN 1.CALIB 1 SCAN 1)
& LONIY1 < 3000 ’
& LATI1 > 1000 )



Flace interpreted query 4 in prenex conjunctive normal torm —

Obtain G(O):
GET W{(DECODE (NOTAFE:1),DECODE(DATE:1), DECDDE(TIME 1),
DECODE (LONZ 1), DECODE (LAT:1)):
(E) TAFPETYFE: 1(E)PB I1EYFILE: 1 (EDALT: 1 (EYZEN: 1(E)YQUALITY: 1
(EDYELECTR: 1 (ED ILLUMIN: 1 (E)CALLIB: 1(E)SCAN:1(E)DATE_TIME:1
(E)DATE: 2(E)TITLEZ2: 2(E)TITLEZ:2(E)TITLEL:3(EXTITL
(EYTITLEL: 4(E\TITLE2:4(E)TITLE1 1(E)TITLE:.1'E)TITLE3:1
(E)DATE_TIME: Z(E)FB:2
{ FILEINFO(PB 1,FILEI1 ,NOTAFE: 1)
& RECINFO(DATE_TIME:1,DATE:2,TIME:1,LON:1,LAT:1,ALT:1,ZEN:1,
FER:1,0UALITY: 1, ,ELECTR: 1, ILLUMIN: 1, CALIB: 1,8CANI 1)
% ( TAPEINFO(NOTAFPE: 1, TAFETYFE: 1, TITLEL: 1, TITLE::Q.TITLE;:Q)
v TAFEINFO(NOTAFE:1,TAFPETYFE: 1, TITLEl.o TITLE2Z2:1, TITLEZ: 3
v TAFEINFO(NOTAPE: 1, TAFETYFE: 1  TITLEL1:4,TITLEZ:4 :
TITLES:1) )
2 RECINFD(DATE TIME 2,DATE: 1, TIME: 1 ,LONZ1,LAT: 1, ALT 1,ZEN:1,
FE.E,OUALITY 1 ELECTF 1.ILLUMIN 1.LALIE 1, SCAN 1)
& LDN:l < 3000
2 LATI1 » 1000 )

Delete a subsumed disjunct from the third conjunct -
Obtain Q1) .
GET W(DECODE (NOTAPE:1) ,DECODE(DATE:1),DECODE(TIME: 1),
DECODE (LON: 1) ,DECODE(LATz1)):
(E) TAPETYFE: 1 (EDFBI1I(EDFILEI 1 (EDYALTI 1 (E)ZEN: 1 (E)GQUALITY: 1
(EYELECTRILI(EY ILLUMIN: 1 (EDCALIB: 1 (E)SCAN: 1 (ED)DATE_TIME: 1
(E)DATE:Z2(E)TITLEZ2I2(EYTITLEZIZ2(E)TITLEL:4(E)TITLEZ: 4
(EYTITLEL: I (E)TITLEZII1(EDDATE_TIME:Z(E)FE: 2

( FILEINFO(FB:1,FILE:1,NOTAFE: 1)
% RECINFO(DATE_ TIME 1, DATE 2, TIME: 1,L.0N: 1 LAT:1,ALT1,ZENT,
FBI1,QUALITY:1, ELECTR: 1, ILLUMIN 1 CALIE: 1, SCAN 1)

& | TAFEINFD(NDTQFE:I,TAPETYPE:l,TITLEl:1,TITLE2:2,TITLE3:2)
v TAFEINFO(NOTAFPE: 1, TAFPETYFE: 1, TITLEL:4,TITLEZ: 4
_ TITLEZ:1) )
% RECINFO(DATE _TIME:2,DATE: 1, TIME:1,LONIL1,LAT 1,ALTI1,ZENZ 1,
FE:Z2,0UALITY: 1, ELECTR: L, ILLUMINI1,CALIB: 1,8CANI1)
& LONIL1 < FOQO0 .
& LATIL > 1000 )



Delete the subsumed disjunct from the third conjunct -
Obtain @(2):
GET W(DECODE (NOTAFE:1),DECODE(DATE:1) ,DECODE(TIME: 1),
DECODE (LON: 1) ,DECODE(LAT:1)):
(E)TAPETYPE: 1 (E)PBI1(E)FILE: 1 (EDALT: 1 (E)ZENI1(E)QUALITY: 1
(E)ELECTR: 1 (E) ILLUMIN: 1 (EYCALIB:1(E)SCAN: 1 (E)DATE_TIME: 1
(BEYDATE: 2(E)TITLE2:2(E) TITLE3Z:Z(EYTITLEL: 1 (E)DATE TIME.h
(EYPB:2 '

( FILEINFD(PB 1,FILE: 1 ,NOTAFE: 1)
& RECINFO(DATE TIME 1 DATE.~,TIME:1;LDN:1,LAT:I,ALT:I,ZEN:I,
FPB:1,QUALITY:1,ELECTR: 1, ILLUMIN: 1 ,CALIR:1,SCAN:1)

& TAPEINFD(NDTAPE:1,TAPETYPE:1,TITLE1:1,TITLE2:2,TITLE3:2)

& RECINFO(DATE_TIME:2,DATE:1,TIMEZ1,LONI1,LATIL,ALT:1,ZEN:,
’ PR:Z2,0UALITY: 1 ELELTR i, ILLUMIN 1 CALIE i, SCAN 1)

2 LON:1 < 3000

& LAT:1 > 1000 )

Rename variables and delete subsumed conjunct -
Obtain Q(3) (the optimized query):
GET W(DECODE (NOTAFE: 1) ,DECODE(DATE: 1) ,DECODE(TIME: 1),
DECODE(LON: 1) ,DECODE(LAT:1)):
(E)TAPETYPE: 1 (EDFILE: 1 (EDALT:1(ED ZEN: 1 (E)RQUALITY:I 1 (EDYELECTR: 1
(E) ILLUMIN: 1 (EXCALIE: 1 (E)SCANI 1 (EDDATE_TIMEI1(EYTITLEZ: 2
(EDTITLESIZ2(E)TITLEL: 1(E)DATE_TIME:2(E)PB:;
( FILEINFO(FB:1,FILE:1,NOTAFE:L)
& TAPEINFD(NDTAFE i, TAPETYFE 1, TITLEL1: 1, TITLEZ2: 2, TITLEZIZ)
& RECINFU(DATE_TIME::,DATE i, TIME 1,LONZ1,LATI1,ALT:1, ZEN: L,
PB:E,QUALITY:I,ELECTR:1,ILLUMIN:I,CALIB:i,SCAN:l)
& LON:1 < 3000
& LATIL > 1000 )



: Appendix 4.1
Logical optimization algorithm for a disjunctive guery

Begin
Flace the query in prenex. conjunctive normal form : Q(0):
Set 1 1= 03
For 3 =1 ton Do
I+ Pj is an equality that gives the value of a function as an
existentially quantified variable that does not appear in
any other conjunct
Then
BRegin
Obtain G(i+1) from G{(1) as follows:
Begin
Delete PJ,
Omit the superfluous quant1f1ers from the
prefix
Ends
 Set 1 I= i+1
End
Else
Begin
Set Hj 1= the set of pairs of disjuncts <D1,D2> in Fj
such that D1 is structurally a subcluster
of D2
While Hj“=empty Do
Begin
Fick a pair <D1 D2» from Hjs
Delete <D1,D2> +rDm His '
Obtain D2° from D2 as follows:

Rename all objects in D2 to match the
corresponding existentially quantified
variables in D1 (if possible);

If D1 is a subcluster of D2°
Then :
Begin
Obtain @(i+1) from 0(1) as follows:
Begin
Delete the disjunct D2 from Fj3;
Omit the superflucus quantifiers from the
prefix
End,
Delete every pair from Hj which 1nc1udes D23
Set i = i+1
. End . ,
End ' ‘
Ends
Obtain BG(i+1) from (i) as follows.
Flace in prenex disjunctive normal forms



Set 1 = i+1; . ' .
For j =1 to k Do (D1,...,Dk are the disjuncts in Q(i))
Begin

While a functional dependency constralnt may be applled to
- identity different objects in Dj Do
Begin
Pick an applicable functional dependency constraint FD;

Set §Gj = the set of objects identified by FD in Dj;
Set aj = the total number of target variables in 5j3
Set bj = the total number of constants in S;j3i
If aj+bj=0 ‘
Then
Obtain Q(1+1) from @(i) as follows:
Begin

Fick one DbJECt from 553
Change all objects in §j to the chosen object

for Djs;
Omit the superfluous quantifiers from the
prefix
End
Else
I+ atb=1
Then .
Obtain 8(i+1) from B(i) as follows:
Begin :
Change all existentially quantified
variables in Sj for Dj to the target
‘variable or constant in Sji;
Omit the superfluous guantifiers from the
prefix
End
Else
I+ b=0
Then o
Dbtain G(i+1l) from (i) as follows:
Begin '

Fick one target variable, say X, in Sj3
For every other target variable, say Y,
in S5j, add the conjunct Y = X to Djji
- Change all other variables in Sj to X
for Dj except in the just added
equality conjuncts;
Omit the superfluous quant1f1ers from
the prefix
End



Else
I+ b=l
Then
Obtain Q¢i+1) from Qi) as follows:
Begin
For every target variable, savy VY,
in Sj, add the conjunct Y = ¢ to
Dj (c is the constant in Sj);
Change all the variables in §j to c
in Dj except in the just added
equality conjuncts;
Omit the superfluous quantifiers
from the prefix
End
Else
Obtain G(i+1) from (i) as follows:
Delete Djs
Set 1 1= i+1
Ends;
Let FPj = the set of pairs of conjuncts <C1,C2> where (Cl1
is structurally a subcluster of 23
While Fjv=empty Do
Begin

Fick a pair <C1,C2> from Fji

Delete <C1,C2> from Fjsi

Obtain C1° from Cl1 as follows: _
Rename all existentially quantified variables in C1l

to match the corresponding objects in C2 (if
possible);

I+ C1° is a subcluster of C2 and every existentially
quantified variable which was renamed to a target
variable or a constant does not appear in another
conjunct of Dj
Then

Begin
Obtain Qdi+1) from G(i) as follows:
Begin

Delete the conjunct C1;

Rename all existentially quantified variables
in Dj according to the formation of C1°
from C13

Omit the superfluous quantifiers from the
prefix

Ends
Delete every pair from Pj which includes C1j;
Set i 1= 1i+1
End
End
End;



Let F = the set of pairs of disjuncts <D1,DZ> where every’
cluster of D1 is structurally a subcluster of D2Zj
While PY>=empty Do
Begin
Pick a pair <D1,D2> from F;
Delete <D1,D2> from P;
Obtain D2° from D2 as follows:
Rename all objects in D2 to match the corresponding
existentially quantified variables in D1 (if possible);
I+ every Cluster of DI is a subcluster of DZ°
Then
Begin
gbtain GQ(i+1) from 9(1) as follows:
Begin :
Delete the disjunct D2
Dmit the superfluous quant1flers from the
prefix )
End_-
Delete every pair from P which includes D23
Set 1 1= i+1
End
End
End.



Appendix 4.2
fuery 9 transformation from GLOBE-R to GLOBE and optimization

=

Query 5 in English:

What are the project numbers, the description names and the
altitudes for all ERB files that represent information
corresponding to the electronic status being ON and the scanning
mode being OFF?

fluery S5 in DBL for GLOBE-R:
GET W(PROJNUM:1 ,NAMEZ1 ,ALTZ1):
(E)YTAFEIDI 1 (E)YMISSION: 1 (EXYFORMAT: 1 (E)GENDATE: 1 (E) INVDATE: 1
(EYARCHIVER: 1 (EYNUMFILES: 1 (EXTPFIRSTORE: 1 (E) TFLASTORE: 1
(EX TPSTART: 1 (E)TFSTOF: 1 (E) TFALGORITHM: 1 (E)COORDSYS: 1
(EX)SYNOFPSTART: 1 (E)SYNOFSTOF: 1 (EDFILE:1(E) ITEMI1(E)YITSTART: 1
CTH{EYITSTOR:I 1 (EYRECNUMI 1 (E) ITALGORITHMI 1 (E) ITLEN: 1 (E)PB: 1
(E)DATE:1(E)TIME: 1 (EDLON: 1(EYLAT:1(E)ZEN: 1 (E)QUALITY: 1
(EY ILLUMIN: 1 (EXCALIB: 1 (E)NOTAFE: 1
( TAFE(TAFEID: 1,MISSION: 1,ERB,FORMAT:1,FROJNUM: 1,GENDATE: 1,
INVDATE: 1 ,ARCHIVER: 1, NUMFILES:1, TPFIRSTORE: 1,
TRLASTORB: 1, TPSTART: 1, TFSTOPI 1, TPALGORITHMI 1,
COORDSYS: 1,SYNOFSTART: 1, SYNOFSTOF:Z1)
& ITEM(TAPEID:1,FILE:1,ITEM:IL1,ITSTART:I1,ITSTOPI1,RECNUMIL,
ITALGORITHM: 1, ITLENI1)
DESCR(ITEM:1,NAME: 1)
FILEINFO(PE: 1 ,FILE:1,NOTAFE:1)
% RECINFO(DATE:1,TIME:1,LONI1,LATIY,ALTI1,ZENI1,FPEIL,
GQUALITY:1,0N, ILLUMINZ1,CALIR: 1,0FF)
NOTAFE: 1 = NUM(TAFEID:1) ?

w
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" Interpreted query 5 in DBL for GLOBE:

GET W(DECODE(FROJNUM: 1),DECODE (NAME:> 1), DECODE(ALT 1)):
(E)TAPEID: 1 (EYMISSION: 1 (E)FORMAT: 1(E)GENDATE 1 (E) INVDATE: 1
(EYARCHIVER: 1 (EYNUMFILES: 1 (E) TPFIRSTORB: 1 (E) TPLASTORB: 1
(E)TPSTART: 1 (E) TPSTOP: 1 (E) TRPALGORITHM: 1 (E) COORDSYS:1
(E)SYNOPSTART: L (E) SYNOPSTOF: 1 (EDFILE:1(E)ITEMI L1 (E)ITSTART: 1
(E)ITSTOP: 1 (EYRECNUM: 1 (E) ITALGORITHM: 1 (E) ITLENI 1 (E}FB:1
(EYDATE: 1 (E)TIME: 1 (E)LONZ 1 (E)LAT: 1 (E) ZEN: 1 (E)QUALITY: 1
(E) ILLUMINZI 1 (E)CALIB: 1 (E)YNOTAFE: L
( TAFE(TAPEID:1,MISSION: 1,ERB,FORMAT: 1,FROJNUM: 1,GENDATE: 1,
INVDATE: 1, ARCHIVER: 1 NUMFILES: 1, TPFIRSTDRB 1,
TPLASTORB: 1, TPSTART: 1 TPSTOFR: 1, TPALGDRITHN 1
COORDSYS: 1, SYNOPSTART: 1, SYNDPSTDP 1)

ITEM(TAPEID: 1, FILE 1, ITEM:1,ITSTART:1,ITSTOF: 1, RECNUM: 1,
ITALGDRITHM 1, ITLENZ1) .

% DESCR(ITEM: 1, NAME: 1)

& ( FILEINFO(FB 1,FILE:1, NDTAPE 1)

v (E)TAFETYPE: 1(E)PLAYBACh 1(E)CATALOG: 1 (EDRTITLE: 1
RTAPE-FPLAYBACK (NOTAPE: 1, TAFETYFE: 1 ,PLAYBACK: 1 ,FEB: 1,
FILE:1,CATALOG:1,RTITLEZL1) ) A

% (- (E)DATE_TIME:1
RECINFD(DATE TIME:1,DATE: 1, TIME: 1,LON: 1 LAT:1,ALT: 1
- ZEN:1,FPB:1,QUALITY: 1 ON, ILLUMIN 1 CALIB 1, DFF)

v (E)NDTAFE::(E)TAPETYPE.E(E)PLAYBACK.¢(E)FILE 2
(E)CATALOG: 2(E)RTITLEI Z2(E)CATALDOG: 3
{ RTAFE- FLAYBACP—CATQLDG(NUTQPE.2.TAPETYPE.-,FLAYBACK'~.

PBR:1,FILE:2,CATALOGI2,LON:1,LATI1,ALT:1,ZEN: 1,
TIME: 1, QUALITY 1, 0N, ILLUMIN 1, CALIB i, DFF
RTITLE:2)
& RDATES-CATALOG(DATE:1, LATALDG-J,LDN 1, LAT 1,ALT: 1,
ZENI1,TIME:L, QUALITY 1, ON, ILLUMIN 1, CALIB 1
OFF) )
& NOTAPE:1 = NUM(TAFEID:1) )

e



Flace interpreted query S in prenex conjunctive normal form —
Obtain @(O):

GET W (DECODE (FROJNUM: 1) ,DECODE (NAME: 1) ,DECODE(ALTz21)):
(E}TAPEID: 1 (EYMISSION: 1 (EYFORMAT: 1 (E)GENDATE: 1 (E) INVDATE: 1
(E)ARCHIVER: 1 (E)NUMFILES: 1 (E) TPFIRSTORB: 1 (E) TFLASTORB: 1
(E)TPSTART: 1 (E) TPSTOF: 1 (E) TPALGORITHM: 1 (E) COORDSYS: 1
(E)SYNOPSTART: 1 (E})SYNOPSTOP: 1 (EDFILE: 1(EYITEMI I (E)ITSTART: 1
(E)ITSTOF: 1 (EYRECNUM: 1 (E) ITALGORITHM: 1 (E) ITLEN: 1 (E)PB: 1
(E)DATECI 1 (EDTIMEI L1 (EDLONI 1 (EDLAT: 1 (E)YZEN: 1 (E)QUALITY: 1
(E) ILLUMINI 1 (EXCALIBI1(E)NOTAFE: 1 (E) TAPETYFE: 1 (E) PLAYBACK: 1
(EYCATALOG: 1 (E)RTITLE: 1 (E)DATE_TIME: 1 (E)NDTAFE: 2(E)TAFETYFE: 2
(EYPLAYBACK:: 2 (EXYFILE:2(E)CATALOG: 2(E)YRTITLE: 2(E)YCATALOG: =
{ TAFPE(TAFEID: 1,MISSION: 1,ERB,FORMAT: 1 ,PROJNUM: 1,BENDATE: 1,

INVDATE: 1, ARCHIVER: 1 ,NUMFILES: 1, TPFIRSTORB: 1,
TPLASTORB: 1, TPSTART: 1, TPSTOF: 1, TPALGORITHM: 1,
COORDSYS: 1, 5YNOFPSTART: 1, SYNORSTOP: 1)
% ITEM(TAPEID:1,FILE:1,ITEM:1,ITSTART:1,ITSTOF:1,RECNUM: 1,
ITALGORITHM: 1, ITLEN: 1)
& DESCR(ITEM:1,NAME: 1)
2 ( FILEINFO(PB:1,FILE:1,NOTAPE: 1) _
v RTAPE-FLAYBACK (NOTAFE: 1, TAFETYFE: 1,PLAYRBACK:1,FPB:l 1,
FILE:1,CATALOG:1,RTITLE:L1) )
% ( RECINFO(DATE_TIME:1,DATE:1,TIME:1,LONMI1,LAT:I1,ALT:1,
ZEN: 1 ,FB:1,QUALITY:1,0N, ILLUMINI1,CALIB:1,0FF)
v RTAPE-PLAYBACK-CATALOG (NOTAFE: 2, TAPETYFE: 2, PLAYRACK: 2,
FB:1,FILE:2,CATALDG:2,LONz1,LAT:1,ALT 1, ZENI L,
TIME:1,QUALITY:21,0N, ILLUMIN: 1,CALIR: 1,0FF,
RTITLE:2) ) _
RECINFO(DATE _TIME:1,DATE:1,TIME:1,LON:1,LATI1,ALTIL,
ZEN:z1,PE:1,QUALITY:1,0N, ILLUMIN:1,CALIB:1,0FF)
v RDATES—-CATALOG(DATE:1,CATALOGIZ,LON:1,LATI1,ALTIL,
ZEN:1,TIME: 1, QUALITY:Z1,0N, ILLUMINI1,CALIEBIL,
OFF)
& NOTAFPE:1 = NUM(TAFEID:I1}) )

P




Flace in prenex disjunctive normal form -
Obtain @(1):

GET W (DECODE (FROJNUM: 1) ,DECODE (NAME:1),DECODE(ALT:1)):
(E)TAPEID: 1 (E)MISSION: 1 (E)FORMAT: 1 (E)GENDATE: 1 (E) INVDATE: 1
(EYARCHIVER: 1 (E)NUMFILES: 1 (E) TPFIRSTORB: 1 (E) TFLASTORB: 1
(E)YTFSTART: 1 (E) TFSTOP: 1 (E) TPALGORITHM: 1 (E) COORDSYS: 1
(E)SYNOFPSTART: 1 (E)SYNOPSTOP: 1 (EDFILE:1(E) ITEMI1(E)ITSTART: 1
(EYITSTOF: 1 (E)RECNUM: 1 (E) ITALGORITHM: 1 (E) ITLEN: 1 (E)PB: 1
(EYDATEZI(E)TIME: 1 (E)LONI 1 (E)DLATZ1(E)ZENZ 1 (E)QUALITY: 1
(E)ILLUMINI 1 (E)CALIB: 1 (EYNOTAFE: 1(E) TAPETYFE: 1 (E)PLAYBACK:1
(EYCATALOG: 1 (E)RTITLE:I 1 (E)DATE_TIME: 1 (E)NOTAFE: Z(E) TAFETYPE: 2
(E)YPLAYBACKIZ(E)FILE: 2(E)CATALOG: 2(EYRTITLE: 2(E)CATALOG: 3
( ( TAPE(TAPEID:1,MISSION:1,ERB,FORMAT: 1,PROJNUM: 1,GENDATE: L,

INVDATE: 1, ARCHIVER: 1 ,NUMFILES: 1, TFFIRSTORE: 1,
TFLASTORB: 1, TPSTART: 1, TFSTOF: 1, TPALGORITHM: 1,
COORDSYS: 1, SYNOPSTART: 1,S85YNOFSTOF: 1)

& ITEM(TAFEID:1,FILE:1,ITEM:1,ITSTARTI1,ITSTOP:1,RECNUM: 1,
ITALGORITHM: 1, ITLEN:I 1)

% DESCR(ITEM:1,NAME:1)

% FILEINFO(PB:1,FILE:1,NOTAFE:1)

% RECINFO(DATE_TIME:1,DATE:1,TIME:1,LONI1,LATI1,ALT:1,
CZENZL,FPBI1,GUALITY:1,0N, ILLUMING1,CALIB:1,0FF)

& RECINFO(DATE_TIME:1,DATE: L, TIME:Z1,LON21,LATIL,ALT:1,
ZEN:1,PB:1,QUALITY:1,0N, ILLUMIN: 1 ,CALIBI1,0FF)

& NOTAPE:1 = NUM(TAFEID:1) )

v ( TAPE(TAFEID:1,MISSION:1,ERB,FORMAT: 1,PROJNUM: 1 ,GBENDATE:L,

INVDATE: 1,ARCHIVER: 1 ,NUMFILES:1, TPFIRSTORB: 1,
TRLASTORB: 1, TPSTART: 1, TPSTOF: 1, TFALGORITHM: 1, .
COORDSYS: 1,5YNOFSTART: 1,8YNOFPSTOF: 1)
& ITEM(TAPEID:1,FILE:1,ITEMI1,ITSTART:1,ITSTOP:1,RECNUM:1L,
ITALGORITHM:I 1, ITLENI 1)
DESCR(ITEM:1,NAMEI 1)
FILEINFO(PB:1,FILE:1,NOTAFE: 1)
RECINFO(DATE_TIME:1,DATE:1,TIME:1,LONZ1,LAT:1,ALTIY,
ZEN:1,PE:1,QUALITY:1,0N, ILLUMIN:1,CALIBI1,0FF)
RDATES—-CATALOG (DATE: 1,CATALOG: 3,LONZI1,LATI1,ALT: L,
ZEN: 1, TIMEZ1,QUALITY:1,0N, ILLUMINIL1,CALIB:1,
oFF) -
& NOTAPE:1 = NUM(TAFEID:I1) )

Kod
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TAPE(TAFEID: 1,MISSION: 1,ERB,FORMAT: 1, PROJNUM: 1, GENDATE: 1,
INVDATE: 1, ARCHIVER: 1, NUMFILES: 1, TPFIRSTORE: 1,
TFLASTORE: 1, TPSTART: 1, TPSTOF: 1, TPALGORITHM: 1,
COORDSYS: 1, SYNOPSTART: 1, SYNOFSTOP: 1)

ITEM(TAFEID:1,FILE:1,ITEM: 1, ITSTART: 1, ITSTOF: 1,RECNUM: 1,
ITALGORITHM: 1, ITLEN: 1)

DESCR(ITEM: 1, NAME: 1)

FILEINFO(PB:1,FILE:1,NOTAPE:1)

RTAPE-FLAYBACK-CATALOG (NOTAFE: 2, TAPETYFE: 2, FLAYBACK: 2,

" FB:1,FILE:2,CATALOG:Z,LON:1,LAT:1,ALT:1,ZEN:1,
TIME:1,QUALITY:1,0N, ILLUMIN: 1,CALIB: 1, OFF,
RTITLE: 2)

RECINFO(DATE_TIME:1,DATE:z1,TIME:1,LON:1,LAT21,ALT: 1,

ZEN:1,PE:1,QUALITY:1,0N, ILLUMINZ1,CALIB:1,0FF)

NOTAFPE:1 = NUM(TAPEID:1) )

TAPE(TAPEID:1,MISSION: 1, ERE, FORMAT: 1, PROJNUM: 1, GENDATE: 1,
INVDATE:z 1, ARCHIVER: 1, NUMFILES: 1, TFFIRSTORB: 1,
TFLASTORB: 1, TPSTART: 1, TFSTOF: 1, TFALGORITHM: 1,
COORDSYS: 1, SYNOPSTART: 1, SYNOPSTOF: 1)

ITEM(TAFEID:1,FILE:1, ITEM:1, ITSTART: 1, ITSTOF: 1, RECNUM: 1,
ITALGORITHM: 1, ITLEN: 1)

DESCR (ITEM: 1, NAME: 1)

FILEINFO(PEz1,FILE:1,NOTAFE:1)

RTAPE-PLAYBACK-CATALOG (NOTAFE: 2, TAFETYFE: 2, FLAYBACK: 2,

FE:1,FILE:2,CATALOG: 2,LON:1,LAT:1,ALT:1,ZEN: T,
TIME:1,@UALITY:1,0N, ILLUMIN: 1,CALIE: 1,0FF,
_ RTITLE:2) ‘
RDATES-CATALOG (DATE: 1,CATALOG: 3,LON: 1,LAT: 1,ALTI1,
ZEN:1,TIME:1,QUALITY:1,0N, ILLUMIN: 1,CALIE:L,
OFF)

NOTAPE: 1 = NUM(TAPEID:1) )

TAPE (TAFEID:1,MISSION: 1, ERE, FORMAT: 1, PROJNUM: 1, GENDATE: 1,
INVDATE: 1, ARCHIVER: 1, NUMFILES: 1, TFFIRSTORE: 1,
TFLASTORE: 1, TFSTART: 1, TESTOP: 1, TPALGORITHM: 1,
COORDSYS: 1, SYNOPSTART: 1, SYNOFSTOP: 1)

ITEM(TAFEID:1,FILE:1,ITEM: 1, ITSTART: 1, ITSTOF:1,RECNUM: 1,
ITALGORITHM: 1, ITLEN:Z 1) :

DESCR (ITEM: 1, NAME=Z 1)

RTAFE-FLAYBACK (NOTAPE: 1, TAPETYPE: 1,PLAYBACK: 1,FPR: 1,

FILE:1,CATALOG:1,RTITLE: 1) :

RECINFO(DATE_TIME:1,DATE:1,TIME:1,LON:1,LAT:1,ALT:1,

ZEN:1,PB:1,QUALITY:1,0N, ILLUMIN: 1,CALIE: 1,0FF)

-RECINFD(DATE_TIME:1,DATE:1,TIME:1,LON:1,LAT:1,ALT:1,

ZENZ1,PB:1,QUALITY:1,0N, ILLUMINI1,CALIBI1,0FF)
NOTAFE: 1 = NUM(TAPEID:1) )
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TAPE (TAPEID: 1, MISSION: 1, ERB, FORMAT: 1, FROJNUM: 1, GENDATE: 1,
INVDATE: 1, ARCHIVER: 1, NUMFILES: 1, TPFIRSTORB: 1,
TPLASTORB: 1, TPSTART: 1, TPSTOF: 1, TPALGORITHM: 1,
COORDSYS: 1, SYNOPSTART: 1, SYNOPSTOP: 1)

ITEM(TAPEID:1,FILE:1, ITEM:1, ITSTART: 1, ITSTOF: 1, RECNUM: 1,
ITALGORITHM: 1, ITLEN: 1)

DESCR(ITEM: 1, NAME: 1)

RTAPE-FLAYBACK (NOTAFE: 1, TAPETYFE: 1, PLAYBACK: 1,PBI 1,

FILE:1,CATALOG:1,RTITLE: 1)

RECINFO (DATE TIME:1,DATE: 1, TIME:1,LON:1,LAT:1,ALT: 1,

ZEN: 1,PB:1,QUALITY: 1,0N, ILLUMIN: 1, CALIB: 1,0FF)

RDATES-CATALOG (DATE: 1, CATALOG: 5, LON: 1,LAT: 1,ALT:1,

ZEN:1,TIME: 1,QUALITY:1,0N, ILLUMIN:1,CALIB: 1,
OFF)

NOTAFE:1 = NUM(TAFPEID:1) )

TAFE (TAPEID: 1, MISSION: 1, ERE, FORMAT: 1, PROJNUM: 1, GENDATE: 1,
INVDATE: 1, ARCHIVER: 1, NUMFILES: 1, TPFIRSTOKRRB: 1,
TPLASTORB: 1, TPSTART: 1, TPSTOF: 1, TPALGORITHM: 1,
COORDSYS: 1, S5YNOFSTART: 1, SYNOPSTOF: 1)

ITEM(TAPEID:1,FILE:1, ITEM: 1, ITSTART: 1, ITSTOP: 1, RECNUM: 1,
ITALGORITHM: 1, ITLEN: 1)

DESCR (ITEM: 1, NAME: 1)

RTAPE-FLAYBACK (NOTAPE: 1, TAPETYPE: 1, PLAYBACK: 1,FB: 1,
FILE:1,CATALOG: 1,RTITLE:1)

RTAPE-PLAYBACK-CATALOG (NOTAPE: 2, TAFETYFE: 2, PLAYBACK: 2,
FPE:1,FILE:2,CATALOG: 2, LON: 1,LAT:1,ALT:1,ZEN: 1,
TIME:1,QUALITY:1,0N, ILLUMIN: 1,CALIE: 1, OFF,
RTITLE:2)

RECINFO(DATE_TIME:1,DATE:1,TIME:1,LON:1,LAT:1,ALT: 1,

ZEN:1,PE:1,QUALITY:1,0N, ILLUMIN: 1,CALIR: 1,0FF)

NOTAPE:1 = NUM(TAPEID:1) )

TAPE (TAPEID: 1, MISSION: 1, ERE, FORMAT: 1, PROJNUM: 1, GENDATE: 1,
INVDATE: 1, ARCHIVER: 1, NUMFILES: 1, TPFIRSTORBE: 1,
TPLASTORE: 1, TFSTART: 1, TESTOF: 1, TPALGORITHM: 1,
COORDSYS: 1, SYNOPSTART: 1, SYNOFSTOF: 1)

ITEM(TAPEID:1,FILE:1, ITEM: 1, ITSTART:1, ITSTOP: 1, RECNUM: 1,
ITALGORITHM: 1, ITLEN: 1)

DESCR (ITEM: 1, NAME: 1)

RTAPE-FLAYBACK (NOTAPE: 1, TAPETYPE: 1, PLAYBACK: 1,PB: 1,

FILE:1,CATALOG: 1,RTITLE: 1)

RTAPE-FLAYBACK— CATALDB(NOTAFE.2,TAPETYPE:2,PLAYBACK:2,
PE:1,FILE:2,CATALOG:2,LON:1,LAT:1,ALT:1,ZEN: 1,
TIME:1,QUALITY:1,0N, ILLUMIN: 1,CALIE: 1,0FF,
RTITLE:2)

RDATES-CATALOG (DATE: 1, CATALOG: 3,LON: 1,LAT:1,ALT: 1,

ZEN:1,TIME:1,QUALITY:1,0N, ILLUMIN: 1,CALIB:1,
OFF)
NOTAPE:1 = NUM(TAPEID:1) ) )



Delete subsumed conjunct in first disjunct -

Obtain Q(2):

GET W(DECODE (FROJNUM: 1) ,DECODE (NAME: 1) ,DECODE(ALT:1)):
(EYTAPEID: 1 (E)MISSION: 1 (E)FORMAT: 1 (E)GENDATE: 1 (E) INVDATE: 1
(EYARCHIVER: 1 (E)NUMFILES: 1 (E) TFFIRSTORB: 1 (E) TFLASTORB: 1
(E) TPFSTARTI 1 (E) TFSTOF: 1 (E) TFALGORITHM: 1 (E) COORDSYS: 1
(E)SYNOFPSTART: 1 {(E) SYNOPSTOP:1(E)FILE: 1 (E) ITEM:I 1 (E) ITSTART: 1
(E) ITSTOF: 1 (E)RECNUM: 1 (E) ITALGORITHM: 1 (E) ITLEN: 1 (E)PE! 1
(EYDATE: 1 (EDTIME: 1 (E)LON:Z1(E)LAT: 1 (E)ZEN: 1 (E)QUALITY: 1
(E) ILLUMIN: 1 (EDCALIB: 1 (E)NOTAFE: 1 (E) TAPETYFE: 1 (E)PLAYBACK : 1
(EYCATALOG: 1 (EDRTITLEZ 1 (EXDATE_TIME: L (E)NOTAFE: 2(E) TAPETYFE: 2
(E)FLAYBACK: 2(E)FILE: 2(E)CATALOG: 2(E)RTITLE: 2(E)YCATALOG: 3
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TAFE (TAFEID: 1,MISSION: 1, ERE, FORMAT: 1, FROJNUM: 1, GENDATE: 1,
INVDATE: 1, ARCHIVER: 1, NUMFILES: 1, TFFIRSTORE: 1,
TFLASTORBE: 1, TFSTART: 1, TFSTOF: 1, TPALGORITHM: 1,
COORDSYS: 1, SYNOPSTART: 1, SYNOFSTOF: 1)

ITEM(TAFEID:1,FILE:1, ITEM: 1, ITSTART: 1, ITSTOF: 1 ,RECNUM: 1,
ITALGORITHM: 1, ITLEN: 1)

DESCR (ITEM: 1,NAME: 1)

FILEINFO(PE:1,FILE:1,NOTAFE: 1)

RECINFO(DATE_TIME:1,DATE:1, TIME:z 1,LON:1,LAT:1,ALT:1,

ZEN:1,PB:1,QUALITY:1,0N, ILLUMIN:1,CALIB:1,0FF)

NOTAPE:1 = NUM(TAPEID: 1) )

TAPE (TAPEID: 1,MISSION: 1, ERB, FORMAT: 1, PROJNUM: 1, BENDATE: 1,
INVDATE: 1, ARCHIVER: 1, NUMFILES: 1, TPFIRSTORB: 1,
TPLASTDRB:1,TPSTART:1,TPSTOP:1,TPALGDRITHM:1,
COORDSYS: 1, SYNOPSTART: 1, SYNOFSTOF: 1)

ITEM(TAFEID:1,FILE:1, ITEM: 1, ITSTART:1, ITSTOP: 1, RECNUM: 1,
ITALGORITHM: 1, ITLEN: 1)

DESCR (ITEM: 1, NAME: 1)

FILEINFO (PE:1,FILE: 1,NOTAPE: 1)

RECINFO (DATE_ TIME: 1,DATE:1,TIME: 1,LON:1,LAT:1,ALT:1,

ZEN:1,PB:1,QUALITY:1 DN.ILLUMIN 1,CALIR: 1,0FF)

RDATES—CATALDG(DATE:1,CATAL06:3;LDN:1,LAT:1,ALT:1,

ZEN:1,TIME:1,QUALITY:1,0N, ILLUMIN:1,CALIB:1,
OFF)

NOTAFE:1 = NUM(TAPEID:1) )

TAFE (TAPEID: 1,MISSION: 1, ERB, FORMAT: 1, FROJNUM: 1, GENDATE: 1,
INVDATE: 1, ARCHIVER: 1, NUMFILES: 1, TFFIRSTORB: 1,
TPLASTORE: 1, TRSTART: 1, TFSTOF: 1, TFALGDRITHM:l,
COORDSYS: 1, SYNOPSTART: 1, SYNOPSTOP: 1)

ITEM(TAFEID: 1, FILE: 1,ITEM:1, ITSTART: 1, ITSTOF:1,RECNUM: 1,
I TALGORITHM: 1, ITLEN: 1) .

DESCR(ITEM:I,NQME:l) : ' ‘

FILEINFO(PB:1,FILE:1,NOTAPE: 1)

RTAPE—-FLAYBACK~CATALOG (NOTAPE: 2, TAPETYFE: 2, FPLAYBACK: 2,
PR:1,FILE:2,CATALOG: 2,LON: 1,LAT:1,ALT:1, ZEN: 1,
TIME:1,BUALITY:1,0N, ILLUMIN:i CALIB: 1 DFF,

, RTITLE: 2)
RECINFO(DATE_TIME:1,DATE: 1, TIME:1,LON:1,LAT:1,ALT:1,
ZEN:1,PB:1,QUALITY: 1,0N, ILLUMIN: 1, CALIB 1, 0FF)
NOTAPE:1 = NUM(TAPEID: 1) )



&

P

w

o

@

TAPE(TAPEID:1,MISSION: 1,ERB,FORMAT: 1, PROJNUM: 1 ,GENDATE: 1,
INVDATE:1,ARCHIVER: 1,NUMFILES: 1, TFFIRSTORB: 1,
TPLASTORB: 1, TFSTART: 1, TPSTOF: 1, TPALGORITHM: 1,
COORDSYS: 1,SYNOPSTART: 1, SYNOFSTOF: 1)

ITEM(TAFEID:1,FILE:1,ITEM: 1, ITSTART:1,ITSTOF:1,RECNUM: 1,
ITALGORITHM: 1, ITLEN: 1)

DESCR(ITEM: 1,NAME: 1)

FILEINFO(PB:1,FILE:1,NOTAPE: 1) -

RTAFPE-FLAYBACK-CATALOG (NOTAPE: 2, TRFETYFE: 2, PLAYBACK: 2,

FB:1,FILE:2,CATALOG: 2,LON:1,LAT:1,ALT:1, ZEN: T,
TIME:1,QUALITY:1,0N, ILLUMIN:1,CALIE: 1,0FF,
RTITLE:2)

RDATES-CATALOG (DATE: 1,CATALOG: 3,LON: 1,LAT:1,ALT: 1,

ZEN:1,TIME: I_QUALITY 1,0N, ILLUMIN: 1,CALIB: 1,
OFF)

NOTAPE:1 = NUM(TAFEID:1) )

TAPE(TAPEID: 1,MISSION: 1,ERB, FORMAT: 1, PROJNUM: 1, GENDATE: 1,
INVDATE: 1, ARCHIVER: 1 ,NUMFILES: 1, TFFIRSTORB: 1,
TFLASTORE: 1, TPSTART: 1, TFSTOF: 1, TPALGORITHM: 1,
COORDSYS: 1, SYNOPSTART: 1, SYNOFSTOF: 1)

ITEM(TAFEID:1,FILE:1,ITEM: 1, ITSTART:1, ITSTOF: 1, RECNUM: 1,
ITALGORITHM: 1, ITLEN: 1)

DESCR(ITEM: 1,NAME: 1)

RTAFE-PLAYBACK (NOTAPE: 1, TAFETYFE: 1,FLAYBACK:1,FB: 1,

FILE:1,CATALOG: 1 ,RTITLE: 1)

RECINFO(DATE_TIME:1,DATE:1,TIME:1,LON:1,LAT:1,ALT: L,

ZEN:21,PB:1,QUALITY:1,0N, ILLUMIN: 1,CALIB: 1, 0FF)
RECINFO(DATE_TIME:1,DATE:1,TIME:1,LON: 1,LATZ1,ALT21,
ZEN:1,FB: 1, @UALITY 1, 0N, ILLUMIN 1 CALIB 1, DFF)

NOTAFE:1 = NUM(TAPEID 1) )

TAPE(TAFEID:1,MISSION: 1,ERB, FORMAT: 1, FROJNUM: 1, GENDATE 1,
INVDATE: 1, ARCHIVER: 1_NUMFILES 1, TFFIRSTDRB 1,
TPLASTDRB:1,TPSTART:1,TPST0P:1,TPALGORITHM:1,
COORDSYS: 1, SYNOPSTART: 1, SYNOPSTOP: 1)

ITEM(TAFEID:1,FILE:1,ITEM: 1, ITSTART: 1, ITSTOFP: 1, RECNUM: 1,
ITALGORITHM: 1, ITLEN: 1)

DESCR(ITEM: 1,NAME: 1)

RTAFE-FLAYBACE (NOTAFE: 1, TAFETYPE: 1, FLAYBACK: 1,FPB: 1,

FILE:1,CATALOG:1,RTITLE: 1)

RECINFO(DATE_TIME:1,DATE:1,TIME:21,L0ON:1,LAT:Z1,ALT: 1,

ZEN:1,FB:1,QUALITY:1,0N, ILLUMIN: 1,CALIB:1,0FF)
RDATES- CATALUG(DATE 1, CATALDG.A.LDN:l,LAT:1,ALT:1,

ZEN:1,TIME: I.OUALITY 1,0N, ILLUMIN:1,CALIB: 1,

OFF) :
NOTAPE:1 = NUM(TAPEID: 1) )
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TAPE (TAFEID: 1,MISSION: 1, ERE, FORMAT: 1, PROJNUM: 1, GENDATE: 1,
INVDATE: 1, ARCHIVER: 1, NUMFILES: 1, TPFIRSTORE: 1,
TFLASTORE: 1, TFSTART: 1, TRSTOF: 1, TFALGORITHM: 1,
CODRDSYS: 1, SYNOPSTART: 1, SYNOPSTOF: 1)

ITEM(TAFEID: 1,FILE:1, ITEM:1, ITSTART: 1, ITSTOP: 1, RECNUM: 1,
ITALGORITHM: 1, ITLEN: 1)

. DESCR(ITEM:1,NAME: 1)

. RTAFE-FLAYBACK (NDTAPE: 1, TAFETYFE: 1, FLAYBACK: 1,FB: 1,.

FILE:1,CATALOG: 1,RTITLE: 1) .

RTAPE~FPLAYBACK-CATALOG (NOTAPE: 2, TAPETYFE: 2, FLAYRACK: 2,

FB:1,FILE:2,CATALOG: 2,LON: 1,LAT:1,ALT:1,2ZEN:T,
TIME:1,QUALITY:1,ON, ILLUMIN: 1,CALIE: 1,0FF,
RTITLE:2) . '
RECINFO(DATE_TIME:1,DATE:1,TIME:Z1,LON:1,LATZ1,ALTZ1,
ZEN:1,PB:1,QUALITY:1,0N, ILLUMIN: 1,CALIB: 1,0FF)

: NOTAPE:1 = NUM(TAFPEID:1) ) :

@
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TAPE (TAFEID: 1, MISSION: 1,ERB, FORMAT: 1, FROJNUM: 1, GENDATE: 1,
INVDATE: 1, ARCHIVER: 1, NUMFILES: 1, TFFIRSTORB: 1,
TPLASTORE: 1, TFSTART: 1, TRSTOF: 1, TPALGORITHM: 1,
COORDSYS: 1, SYNOFSTART: 1, SYNOFSTOF: 1)

ITEM(TAPEID: 1 ,FILE:1, ITEM: 1, ITSTART: 1, ITSTOF: 1,RECNUM: 1,
ITALGORITHM: 1, ITLEN: 1)

DESCR(ITEM: 1, NAME: 1)

RTAPE-FLAYBACK (NOTAFE: 1, TAPETYFE: 1, PLAYBACK: 1,PB: 1,

FILE:1,CATALOG: 1,RTITLE: 1)

., RTAFE-FLAYEBACK-CATALOG (NOTAFE: 2, TAFETYFE: 2, PLAYBACK: 2,

FE:1,FILE:?,CATALOG:2,LON:1,LAT:1,ALT:1,ZEN: 1,

TIME:1,QUALITY:1,0N, ILLUMIN: 1,CALIB: 1,OFF,

RTITLE:2)

. RDATES—CATALOG (DATE: 1,CATALOG: 3,LON:21,LAT:1,ALT:1,

ZEN:1,TIME:1,QUALITY:1,0N, ILLUMIN: 1,CALIE: 1,
OFF)
NOTAFE:1 = NUM(TAPEID:1) ) )



Delete subsumed conjunct in fifth ‘disjunct -

Obtain @(3):

GET W(DECODE (PROJNUM: 1) ,DECODE (NAME: 1) ,DECODE(ALT:1)):
(E)TAFEID: 1 (E)MISSION: 1 (E)FORMAT: 1(E)GENDATE 1 (E) INVDATE: 1
(E)YARCHIVER: 1 (EYNUMFILES: 1 (E) TPFIRSTORB: 1 (E) TPLASTORBE: 1
(E) TPSTART: 1 (E) TFSTOF: 1 (E) TPALGORITHM: 1 (E) COORDSYS: 1
(E)SYNOPSTART: 1 {E)SYNOPSTOP: 1 (E)FILE: 1 (E)ITEM: 1 (E) ITSTART: 1
(EYITSTOP:I 1 (EYRECNUM:I 1 (E) ITALGORITHM: 1 (E) ITLEN:I1(E)YPB:1
(EYDATEII(EDTIME: 1 (EDLON: 1 (E)DLAT:1 (E) ZEN: 1 (E)QUALITY: 1
(EYILLUMIN: 1 (E)CALIB: 1 (E)NOTAFPE: 1 (E) TAFETYFE: 1 (E) PLAYBACK:1
(EYCATALOG: 1 (EYRTITLE: 1 (E)DATE_TIME: 1 (E)NOTAFE: 2(E) TAFETYFE: 2
(EYPLAYBACK:: 2(EDFILEIZ2(E)CATALDG: 2(EDRTITLE: 2(E)CATALDG: 3
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TAPE (TAFPEID: 1 ,MISSION: 1 ,ERB,FORMAT: 1, PROJNUM: 1, GENDATE: 1,
INVDATE: 1 ,ARCHIVER: 1 ,NUMFILES: 1, TPFIRSTORE: 1,
TPLASTORE: 1, TPSTART: 1, TPSTOF: 1, TPALGORITHM: 1,
COORDSYS:1,8YNOFSTART: 1, SYNOFSTOP: 1)

ITEM(TAFEID: 1, FILE 1, ITEM:1, ITSTART: 1, ITSTOP: 1, RECNUM: 1,
ITALGDRITHM 1, ITLEN: 1)

DESCR(ITEM: 1,NAME: 1)

FILEINFD(PB:I,FILE:1,NDTQPE:1) :

RECINFO(DATE_TIME: 1 ,DATE: 1, TIMEZ1,LON:Z1,LATI1,ALT:L,

ZEMNI1,PB:1,QUALITYZ1,0N, ILLUMINZT, CALIB'l'DFFY

NOTAFPE:Z 1 = NUM(TAPEID 1) )

TAPE(TAFEID:1,MISSION: 1,EREB,FORMATI 1, FROJNUM 1.GENDATE: 1,
INVDATE: I_ARCHIVER 1_NUMFILES i, TPFIRSTORB 1,
TPLASTDRB:1,TPSTART:1,TPSTDP:1,TPALGORITHM:1,
COORDSYS: 1,SYNOFSTART: 1,5YNOFSTOF: 1)

ITEM(TAFEID: 1, FILE: 1,ITEM:1,ITSTART:1,ITSTOF:I 1 ,RECNUM: 1,
ITALGDRITHM 1, ITLEN 1)

DESCR(ITEM: 1,NAME: 1)

FILEINFO(PB:1,FILE:I1,NOTAFE: 1)

RECINFO(DATE_TIME:1,DATE:1,TIMEZ1,LONI1,LATI1,ALT 1,

ZEN:1,FB:1,QUALITY:1,0N, ILLUMIN:I1,CALIBI1,0FF)

RDATES~CATALOG (DATE: 1, CATALDG: 3,LLON1,LATI1,ALTI1,

JZEN:1,TIME: L, QUALITY 1, DN ILLUMIN 1, CQLIB 1,
OFF)
NOTAPE:1 = NUM(TAFEID:1) )
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TAFE(TAFEID: 1,MISSION: 1, ERB, FORMAT: 1, FROJNUM: 1, GENDATE: 1,
INVDATE: 1, ARCHIVER: 1 ,NUMFILES: 1, TFFIRSTORE: 1,
TPLASTORB: 1, TPSTART: 1, TFSTOF:1, TPALGORITHM: 1,
COORDSYS: 1, SYNOFSTART: 1, SYNOFSTOF: 1)

ITEM(TAFEID:1,FILEz1, ITEM: 1, ITSTART: 1, ITSTOF: 1,RECNUM: 1,
ITALGORITHM: 1, ITLEN: 1)

DESCR(ITEM: 1,NAME: 1)

FILEINFO(PE:1,FILE:1,NOTAFE: 1)

RTAPE-FLAYBACK-CATALOG (NOTAPE: 2, TAPETYFE: 2, FLAYBACK: 2,

FBE:1,FILE:2,CATALDG: 2,LON:1,LAT:1,ALT:1, ZEN: 1,
TIME:1,QUALITY:1,0N, ILLUMIN: 1,CALIR: 1, OFF,
RTITLE: 2)

RECINFO(DATE_TIME:1,DATE:1,TIME:1,LON:1,LAT:1,ALT: 1,

ZEN:1,PB:1,QUALITY:1,0N, ILLUMIN: 1,CALIB:1,0FF)

NOTAFE:1 = NUM(TAFEID:1) )

TAFE (TAPEID: 1,MISSION: 1,ERB, FORMAT: 1, PROJNUM: 1, GENDATE: 1,
INVDATE: 1, ARCHIVER: 1,NUMFILES: 1, TFFIRSTORE: 1,
TPLASTORB: 1, TPSTART: 1, TFSTOF: 1, TFALGORITHM: 1,
COORDSYS: 1, SYNOPSTART: 1, SYNOFSTOF: 1)

ITEM(TAFEID:1,FILE:1, ITEM: 1, ITSTART:1, ITSTOF: 1, RECNUM 1,
ITALGORITHM: 1, ITLEN: 1)

DESCR (ITEM: 1,NAME,1)

FILEINFO(FPE:1,FILE:1,NOTAFE: 1) .

RTAPE-PLAYBACK-CATALOG (NOTAFE: 2, TAFETYFE: 2, PLAYBACK: 2,

PE:1,FILE:2,CATALOG:2,LON:1,LAT:1,ALT: 1, ZENI L, |
TIME:1,QUALITY:1,0N, ILLUMIN: 1,CALIR: 1, OFF,
RTITLE: 2)

RDATES-CATALOG(DATE: 1, CATALOG: 3,LON:1,LAT: 1,ALT: 1,

ZEN:1,TIME: 1, QUALITY: 1, UN ILLUMIN'I CAL IB: 1,
OFF)

NOTAFE:1 = NUM(TAPEID:1) )

TAPE(TAFEID: 1,MISSION: 1,ERB, FORMAT: 1, FROJNUM: 1, GENDATE: 1,
INVDATE: 1, ARCHIVER: 1, NUMFILES: 1, TFFIRSTORE: 1,
TPLASTORE: 1, TFSTART: 1, TFSTOP: 1, TFALGORITHM: 1,
COORDSYS: 1, SYNOPSTART: 1, SYNOPSTOF: 1)

ITEM(TAPEID: 1,FILE:1,ITEM: 1, ITSTART:1, ITSTOF: 1, RECNUM: 1,
ITALGORITHM: 1, ITLEN: 1)

DESCR (ITEM: 1,NAME: 1)

RTAFE-FLAYBACK (NDTAFE: 1, TAFETYPE: 1, PLAYBACK: 1,FPE: 1,

FILE:1,CATALOG:1,RTITLE: 1)

RECINFO(DATE_TIME:1,DATE:1,TIME: 1,LON:1,LAT:1,ALT: 1,

ZEN:1,FE:1,QUALITY:1,0N, ILLUMIN: 1,CALIE: 1, 0FF)
NOTAPE:1 = NUM(TAFEID:1} )
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TAPE(TAPEID: 1, MISSION: 1,ERB,FORMAT: 1, PROJNUM: 1, GENDATE: 1,
INVDATE: 1, ARCHIVER: 1 ,NUMFILES: 1, TFFIRSTORB: 1,
TPLASTORB: 1, TPSTART: 1, TPSTOF: 1, TFALGORITHM: 1,
COORDSYS: 1, SYNOPSTART: 1, SYNDPSTDP 1)

ITEM(TAFEID: 1, FILE 1, ITEMI L, ITSTART:1,ITSTOP:1,RECNUM: 1,
ITALGORITHM 1, ITLEN 1

DESCR(ITEM: 1 ,NAME: 1)

RTAPE- PLAYBACK(NDTQPE 1, TAPETYFE: 1 PLAYBACK: i,FBIL,

FILE:1,CATALDG:1, RTITLE 1)

"RECINFO(DATE_TIME: 1, DATE 1, TIME:1,LON:ZT, LAT 1,ALT: 1,

ZENI1,PB:1, QUALITY 1 ON, ILLUMIN I_CALIB 1, OFF)

RDPATES- CATQLDG(DATE 1, CATALDG 3,LONZ1,LAT:1,ALT: 1

ZENI1,TIME: L, QUALITY: 1, ON ILLUMIN 1, CALIB 1
OFF)

NUTAPE 1 = NUM(TAPEID:1) ) -

TAPE(TAFEID: 1,MISSION: 1 ,ERB,FORMAT: 1, PROJNUMI'1 , GENDATE: 1,
INVDATE: 1 ,ARCHIVER:1,NUMFILES: 1, TPFIRSTORB: 1,
TPLASTORB: 1, TPSTARTI 1, TFSTOFI 1, TPALGORITHM: 1,
COORDSYS:I1, SYNOFSTART: 1, SYNOPSTDP 1) :

ITEM(TAFEID: 1, FILE: 1, ITEMIL, ITSTART:I1,ITSTOP: 1, RECNUM: 1,
IFQLBDRITHM i, ITLEN 1)

DESCR (ITEM: i, NAME: 1)

RTAPE-PLAYBACK (NOTAPE: 1, TAPETYPE 1, FLAYBACK:1,PB: 1,
FILEZ1,CATALOG: 1, RTITLE:1)

RTQPE—PLAYBACK—CATQLDG(NDTAPE:2,TQPETYPE:2,PLAYBACK:2,

PR:1,FILE:2,CATALOG:2,LONZL,LAT:1,ALT:1,ZEN: L,
TIME: 1, QUALITY:1,0N, ILLUMIN: 1,CALIEB:1,0FF,
RTITLE:2)
RECINFO(DATE _TIME:1,DATE:1,TIMEZ1,LON:1,LATIL,ALTI],
ZEN:1,PB:1,QUALITY:1,0N, ILLUMIN:1,CALIB:1,0FF)
NOTAPE: 1 = NUM(TAFEID:1) ) » »
TAPE(TAFPEID: 1,MISSION: 1, ERB,FORMAT: 1, PROJNUM: 1 , GENDATE: 1,
INVDATE: 1, ARCHIVERI 1 ,NUMFILESI 1, TFFIRSTORE: 1,
TPLASTORB: 1, TPSTART: 1, TPSTOF: 1, TPALGORITHM: 1,
COORDSYS: 1, SYNOFSTART: 1, SYNORPSTOP: 1)
ITEM(TAFEID:1,FILE: L, ITEMIL, ITSTART:I 1, ITSTOFI1,RECNUMC 1,
ITALGORITHM: 1, ITLENI 1)
DESCR(ITEM:1,NAME: 1)
RTAPE- PLAYBACB(NOTQPE 1, TAPETYPE: 1,PLAYBACK:1,PE: L,
FILE:1,CATALOG: 1, RTITLE 1) -
RTRPE—PLAYBACK~CATALDG(NOTAPE.h,TAPETYPE:E,FLAYBACK:Z,
FB:1,FILE:2,CATALOGIZ2,LON:L,LAT1,ALTI1,ZEN:,
TIME:1,QUALITY:1,0N, ILLUMIN 1, CALIB i, DFF
RTITLE:Z2)
RDATES—CATALOG (DATE: 1, CATALOG: LDN 1,LAT:1,ALT: 1,
ZENZ1,TIME: 1~QUALITY 1, DN ILLUMIN 1, CALIB 1,
‘OFF) '
NOTAFPE:1 = NUM(TAFEID:I1) ) )
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Delete subsumed second disjunct -
Obtain (4):

GET W(DECODE (FROJNUM: 1) ,DECODE (NAME: 1) ,DECODE(ALTI1)):
(E)TAPEID: 1 (E)MISSION: 1 (EYFORMAT: 1 (E)GENDATE: 1 (E) INVDATE: 1
(E)ARCHIVER: 1 (E)NUMFILES: 1 (E) TPFIRSTORB: 1 (E) TPLASTORB: 1
(EXTFSTART: 1 (E) TPSTOF: 1 (E) TFALGORITHM: 1 (E) COORDSYS: 1
(E)SYNDOPSTART: 1 {(E)SYNOPSTOF: 1 (EDFILE: 1 (EXITEMI1(E)ITSTART: 1
(E)ITSTOFP: 1 (EX)RECNUM: 1 (E}) ITALGORITHM: 1 (E) ITLENI1(E)YPEB: 1
(EYDATEIL(E)TIME: 1 (E)LONI L (EDLATII(E)Y ZEN: 1 (EDGQUALITY: 1
(EY ILLUMIN: 1(E)YCALIB: 1 (E)NDTAFE: 1 (E)TARPETYFE: 1 (E)FLAYBACK:
(E)CATALOG: 1 (EYRTITLE: 1 (E)YDATE_TIME: 1 (E)YNOTAFE:Z2(E)TAFETYFE: 2
(E)YFLAYBACKE:: 2{EDFILE: 2(E)CATALOG: Z2(E)RTITLE: 2 (EXCATALOG: =
{ ( TRPE(TAFEID:1,MISSION:1,ERB,FORMAT: 1,FROJNUM: 1,6GENDATE: 1,
INVDATE: 1, ARCHIVER: 1 ,NUMFILES: 1, TFFIRSTORE: 1,
TRLASTORB: 1, TFSTART: 1, TPSTOF: 1, TPALGORITHM: 1,
COORDSYS: 1, SYNOFSTARTI 1, SYNOFSTOF: 1)

ITEM(TAFEID:1,FILEZ 1, ITEM:I L, ITSTART:21,ITSTOF: 1 ,RECNUM: 1,
ITALGORITHM: 1, ITLENZ 1)

o

L DESCR(ITEM:I1,NAME:L1)
& FILEINFO(FE: 1 FILE:1,NOTAFE: 1)
& RECINFO(DATE_ TIME: 1, DATE: 1, TIME: 1,LO0ON: 1 LAT:1,ALT: 1
ZEN:1,FBI1, QUALITY 1_DN ILLUMIN 1 CALIB i, OFF )
% NOTAFE:1l = NUM(TQPEID:l) )
v ( TAFE(TAFPEID:1,MISSION:1,ERB,FORMAT: 1,FPROJNUM: 1,6ENDATE: L,

INVDATE: 1, ARCHIVER: 1 ,NUMFILES: 1, TFFIRSTORB: 1,
TFLASTORE: 1, TFSTART: 1, TFSTOF: 1, TPALGORITHM: 1,
COORDSYS: 1, SYNOPSTART: 1, SYNOFSTOF: 1)

% ITEM(TAPEID:1,FILE:z1,ITEM:1,ITSTART:1, ITSTOF:1,RECNUM: 1,

ITALGORITHM: 1, ITLEN: 1)

% DESCR(ITEM:1,NAME:1)

% FILEINFO(FE:1,FILE:1,NOTAFE:1)

% RTAPE-FLAYBACK-CATALOG (NOTAFE: 2, TAFETYFE: 2, FLAYBACK: 2,
FB:1,FILE:2,CATALOG: 2, LON: 1,LAT:1,ALT: 1, ZEN: 1,
TIME:1,QUALITY:1,0N, ILLUMIN: 1,CALIE: 1,0FF,

: RTITLE:2)

% RECINFO(DATE_TIME:1,DATE:1,TIME:1,LON:1,LAT:1,ALT:1,

ZENz1,FB:1,QUALITY:1,0N, ILLUMIN:1,CALIB:1,0FF)

& NOTAFE:1 = NUM(TAFEID:1) )



4

&
&

o

—~ e

TAPE(TAFEID: 1,MISSION: 1,ERB, FORMAT: 1, PROJNUM: 1, GENDATE: 1,
INVDATE: 1, ARCHIVER: 1, NUMFILES: 1, TFFIRSTORE: 1,
TPLASTORB: 1, TPSTART: 1, TPSTOF: 1, TFALGORITHM: 1,
COORDSYS: 1, SYNOPSTART: 1, SYNOFSTOF: 1)

ITEM(TAPEID:1,FILE: 1, ITEM: 1, ITSTART: 1, ITSTOP: 1, RECNUM: 1,
ITALGORITHM: 1, ITLEN: 1)

DESCR(ITEM: 1,NAMEZ 1)

FILEINFO(PB:1,FILE:1,NOTAPE: 1)

RTAPE-PLAYBACK— CATALOG(NOTAPE:E,TAPETYFE.é.PLAYBACK

FB:1,FILE:2,CATALOG:2,LON: 1,LAT:1,ALT: 1, ZEN: 1,
TIME: 1,QUALITY:1,ON, ILLUMIN: 1,CALIB: 1, QFF,
RTITLE:2)
RDATES-CATALOG(DATE: 1 ,CATALOG: 3, LON: 1,LAT: 1,ALT: 1,
ZEN:1,TIME: 1, QUALITY: 1,0N, ILLUMIN: l,CALIB 1,
OFF)

NOTAFE:1 = NUM(TAPEID:1) )

TAPE(TAFEID: 1,MISSION: 1, ERE, FORMAT: 1, FROJNUM: 1, GENDATE: 1,
INVDATE: 1, ARCHIVER: 1, NUMFILES: 1, TPFIRSTORB: 1,
TFLASTORB: 1, TPSTART: 1, TFSTOF: 1, TPALGORITHM: 1,
COORDSYS: 1, SYNOPSTART: 1, SYNOFSTOF: 1)

ITEM(TAPEID:1,FILE: 1, ITEM:1, ITSTART:1, ITSTOF: 1,RECNUM: 1,
ITALGORITHM: 1, ITLEN: 1)

DESCR(ITEM: 1,NAME: 1)

RTAPE~FLAYBACK (NOTAPE: 1, TAPETYPE: 1, PLAYBACK: 1, PB: 1,

FILE:1,CATALOG: 1,RTITLE: 1)

RECINFO(DATE_TIME:1,DATE:1,TIME:1,LON:1,LQT:1,ALT:1,

ZEN:1,PB:1,QUALITY:1,0N, ILLUMIN: 1,CALIB: 1, 0FF)

NOTAPE:1 = NUM(TAFEID:1) )

TAPE (TAPEID: 1 ,MISSION: 1, ERB, FORMAT: 1, FROJNUM: 1, GENDATE: 1,
INVDATE: 1, ARCHIVER: 1, NUMFILES: 1, TFFIRSTORB: 1,
TPLASTORE: 1, TFSTART: 1, TPSTOF: 1, TPALGDRITHM 1,
COORDSYS: 1, SYNOPSTART: 1, SYNOFSTOP: 1)

ITEM(TAPEID: 1,FILE: 1, ITEM: 1, ITSTART: 1, ITSTOP: 1, RECNUM: 1,
ITALGORITHM: 1, ITLEN: 1)

DESCR(ITEM: 1,NAME: 1)

RTAFE-FLAYBACK (NOTAPE: 1, TAPETYPE: 1, PLAYEACK: 1, PB: 1,

FILE:1,CATALOG: 1,RTITLE: 1)
RECINFO(DATE_TIME: 1, DATE: 1, TIME:1,LON:1,LAT:1,ALT: 1,
ZEN:1,PB: 1.QUALITY:1,0N, ILLUMIN 1,CALIB:1, DFF)
RDATES—CATALDG(DATE:1,CATALDG:3,L0N:1,LAT:1,ALT:1,
ZEN:1,TIME:1,QUALITY:1,0N, ILLUMIN: 1,CALIB:1,
OFF)
NOTAPE:1 = NUM(TAFEID:1) )
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TAPE(TAPEID:1,MISSION: 1,ERB, FORMAT: 1, PROJNUM: 1, BENDATE: 1,
INVDATE: 1, ARCHIVER: 1 ,NUMFILES: 1, TFFIRSTORB: 1,
TFLASTORE: 1, TPSTART: 1, TPSTOF: 1, TPALGORITHM: 1,
COORDSYS: 1, SYNOPSTART: 1, SYNOPSTOF: 1)

ITEM(TAFEID: 1, FILE: 1, ITEM: 1, ITSTART: 1, ITSTOP: 1, RECNUM: 1,
ITALGDRITHM:l,ITLEN:l)

, DESCR(ITEM: 1,NAME: 1)

RTAPE-FPLAYBACK (NOTAPE: 1, TAPETYPE: 1, PLAYEACK: 1,PB: 1,
FILE:1,CATALOG: 1,RTITLE: 1)

RTAPE-FLAYBACK CATALDB(NUrAPE._.TAPETYPE._.PLAYBACK-Q_
FB:1,FILE:2,CATALOG: 2,LONZ1,LAT:1,ALT:1,ZENZ Y,
TIME:I,QUALITY:I,DN,ILLUMIN:I,CALIB:1,DFF,
RTITLE:2)

RECINFO(DATE_TIME:1,DATE:1,TIME: 1,LON:1,LAT:1,ALT 1,

ZEN:1,FB:1,QUALITY:1,0N, ILLUMIN:1,CALIB:1,0FF)

NOTAPE:1 = NUM(TAPEID:1) )

TAPE (TAPEID: 1,MISSION: 1,ERB, FORMAT: 1, FROJNUM: 1, GENDATE: 1,
INVDATE: 1, ARCHIVER: 1, NUMFILES: 1, TFFIRSTORB: 1,
TPLASTORB: 1, TFSTART: 1, TFSTOF: 1, TPALGORITHM: 1,
COORDSYS: 1, SYNOFSTART: 1, SYNOFSTOF: 1)

ITEM(TAFEID:1,FILE:1,ITEM: 1, ITSTART: 1, ITSTOP: 1, RECNUM: 1,
ITALGORITHM: 1, ITLEN: 1) '

DESCR (ITEM: 1, NAME: 1)

RTAFPE-FLAYBACK (NOTAPE: 1, TAPETYFE: 1, PLAYBACK: 1,PE: 1,
FILE:1,CATALOG: 1,RTITLE:Z1)

RTAFE-PLAYBACK-CATALOG (NOTAPE: 2, TAFETYFE: 2, PLAYBACK: 2,
FE:1,FILE:2,CATALOG: 2,LON:1,LAT:1,ALT:1, ZENI1,
TIME:1,QUALITY:1,0N, ILLUMINI1,CALIE: 1, OFF,
RTITLE:2)

RDATES-CATALOG (DATE: 1,CATALOG: 3, LON: 1,LAT:1,ALT: 1,

ZEN: 1, TIME: l,QUALITY 1,0N, ILLUMIN: 1, CALIB: 1,
OFF)
NOTAPE:1 = NUM(TAPEID:1) ) )



Delete subsumed second dlsgunct -

-Obtain &(3): :

GET W(DECODE (PROJNUM: 1) ,DECODE (NAME: 1), DECDDE(ALT 1H)Y: -
(E)TAFPEID: 1 (E)MISSION: 1 (E)FORMAT: 1(E)BENDATE 1 (E) INVDATE: 1
(E)YARCHIVER: 1 (E)NUMFILES: 1 (E) TPFIRSTORB: 1 (E) TPLASTORB: 1
(EYTPSTART: 1 (E) TFSTOF: 1 (E) TPALGORITHM: 1 (E) COORDSYS: 1
(E)YSYNOFSTART: 1 (E)SYNOPSTOP: 1 (E)FILE:I 1 (E)ITEM: 1 (E) ITSTART: 1
(EYITSTOF: 1 (EYRECNUM: 1 (E) ITALGORITHM: 1 (E) ITLEN: 1 (E)PE: 1
(E)DATE: 1 (E) TIME: 1 (E)LON: 1 (EDLAT: 1 (E) ZEN: 1 (E)QUALITY: 1
(E) ILLUMINI 1 (E)CALIB: 1 (E)NOTAFE: L (E) TAFETYFE: 1 (E)PLAYBACK: 1
(EYCATALOG: 1 (EDRTITLEI 1 (E)DATE_TIME: 1 (E)NOTAFE: 2(E) TAPETYFPE: 2
(E)PLAYBACK ! 2(E)FILE: 2(E)CATALOG: 2(E)RTITLE: 2(E)CATALDOG: 3
( ( TAPE(TAPEID:1,MISSION: 1,ERB,FORMAT: 1,FROJNUM: 1,GENDATE: 1,

INVDATE: 1, ARCHIVER: 1 ,NUMFILES: 1, TFFIRSTORB: 1,
TPLASTORE: 1, TPSTART: 1 TPSTOF: 1, TPAL&DRITHM 1,.
COORDSYS: 1, SYNUFSTAHT 1, SYNDPSTDF 1) '

% ITEM(TAFEID: 1, FILE: 1,ITEMI1,ITSTART: 1, ITSTOP: 1 RECNUM 1,
ITALGDRITHM 1, ITLEN 1)

% DESCR{(ITEM:1,NAME:1)

& FILEINFO(PE: 1 FILE:1,NOTAFEI1l)

% RECINFO(DATE TIME 1, DATE 1, TIMEZ1,LONZY, LAT: 1, ALT: 1,

" ZENI1,PB:1, QUALITY: 1 ON, ILLUMIN 1 FALIB 1, OﬁF)

& NOTAPE:1 = NUM(TAFEID 1) )

v  TAPE(TAFEID:1,MISSION: 1,ERB,FORMATI1,PROJNUM:IL, GENDATE i,
INVDATE: l_ARCHIVER 1_NUMFILES 1, TPFIRSTDRB 1,
TPLASTORRE: 1, TPSTART: 1, TFSTOP: 1, TPALGDRITHM'l
COORDSYS: 1, SYNDPSTART i, SYNDFSTOP 1)

‘& ITEM(TAFEID:1 FILE 1, ITEM:1,ITSTART: 1, ITSTOP: 1, RECNUM 1,
ITALGDRITHM 1, ITLEN: 1)
% DESCR({ITEM:1,NAME: 1)

FILEINFO(FR: 1 FILE:1,NOTAPE: 1)

RTAFPE- PLAYBACK CATALDG(NDTAPE L,TAPETYFE-L,PLAYBACK:Eu
FB:1,FILE:2,CATALOG: 2,L0ON:1,LAT:1,ALTZ1,ZEN1,
TIME:1,QUALITY:1,0N, ILLUMIN'l CALIB:1,0FF,
RTITLE.Z)

RDATES-CATALOG(DATE: 1 ,CATALOG:3,LONZ1,LATI1,ALTIL,

ZEN: 1, TIMEZ 1, QUALITY: 1 ON,ILLUMIN 1‘CALIB 1,
OFF) :

NOTAFE: 1 = NUM(TAFEID:1) ) :

TAPE(TAFEID:1,MISSION: 1,ERB,FORMAT: 1, FROJNUM: 1 , GENDARTE: 1,

INVDATE: 1, ARCHIVER: 1 ,NUMFILES:1,TPFIRSTORRE: 1,

TFLASTORB: 1, TPSTART: 1, TFSTOF: 1, TPALGORITHM: 1,

: COORDSYS: 1, SYNDPSTART 1, SYNOPSTDP 1)

& ITEM(TAFEID:1, FILE: 1, ITEM:1,ITSTART: 1, ITS1OP i, RECNUM 1,

ITALBDRITHM 1, ITLEN: 1)
& DESCR(ITEM:1, NAME: 1)
& RTAFE- FLAYBACK(NDTAPE 1, TAFETYPE: 1 ,FLAYBACK: 1 PB 1,
FILE:1,CATALOG: 1, RTITLE: 1)
& RECINFO(DATE_TIME:1, DATE 1, TIME: 1, LUN 1,LATI1,ALTL,
ZEN:1,FR: 1, QUALITY i.DN,ILLUMIN I,CALIB 1,0FF)
% NOTAPE:1 = NUM(TAPEID:l) ) :

ol rog

[
2y

-~ R



%

&

2

&

e

.4

&

w0

&

%

TAPE (TAPEID: 1,MISSION: 1, ERE, FORMAT: 1, PROJNUM: 1, GENDATE: 1,
INVDATE: 1, ARCHIVER: 1, NUMFILES: 1, TFFIRSTORE: 1,
TPLASTORE: 1, TPSTART: 1, TFSTOF: 1, TPALGORITHM: 1,
COORDSYS: 1, SYNOPSTART: 1, SYNOPSTOF: 1)

ITEM(TAPEID: 1,FILE: 1, ITEM: 1, ITSTART: 1, ITSTOF: 1, RECNUM: 1,
ITALGORITHM: 1, ITLEN: 1)

DESCR(ITEM: 1, NAME: 1)

RTAPE—-FLAYBACK (NOTAFE: 1, TAPETYFE: 1, PLAYBACK: 1,PB: 1,

FILE:1,CATALOG: 1,RTITLE: 1)
RECINFO (DATE_TIME: 1,DATE 1, TIME: 1,L0N.1,LAT:1,AL1:1,
ZEN:1,PE:1,QUALITY:1,0N, ILLUMIN: 1,CALIB: 1,0FF)
RDATES—CATALOG (DATE: 1, CATALOG: 3, LON: 1,LATI1,ALT: 1,
ZEN:1,TIME:1,QUALITY: 1, ON, ILLUMIN: 1, CALIE: 1,
OFF)

NOTAFE:1 = NUM(TAFEID:1) )

TAPE (TAPEID: 1,MISSION: 1, ERE, FORMAT: 1, PROJNUM: 1, GENDATE: 1,
INVDATE: 1, ARCHIVER: 1, NUMFILES: 1, TFFIRSTORB: 1,
TFLASTORE: 1, TPSTART: 1, TPSTOF: 1, TPALGORITHM: 1,
COORDSYS: 1, SYNOPSTART: 1, SYNOFSTOP: 1)

ITEM(TAFEID:1,FILEz1,ITEM: 1, ITSTART: 1, ITSTOF: 1, RECNUM: 1,
ITALGORITHM: 1, ITLEN: 1) '

DESCR(ITEM: 1, NAME:Z 1) |

RTAPE-FLAYBACK (NOTAPE: 1, TAPETYFE: 1, FLAYBACK: 1, PB: 1,

FILE:1,CATALOG: 1,RTITLE: 1)

RTAPE-PLAYBACK-CATALOG (NDTAFPE: 2, TAPETYFE: 2, FLAYBACK: 2,

FE:1,FILE:2,CATALOG:2,LON: 1,LAT21,ALT:1,ZEN:1,
TIME:1,@UALITY:1,0N, ILLUMIN: 1,CALIE: 1, 0FF,
. RTITLE:2)
RECINFO(DATE_TIME:1,DATE:1, TIME:1,LOM:1,LAT:I1,ALT2 1,
ZEN:1,FE:1,0UALITY:1,0N, ILLUMIN: 1,CALIB: 1,0FF)

NOTAFE: 1 = NUM(TAPEID:1) )

TAPE(TAFEID: 1, MISSION: 1, ERE, FORMAT: 1, FROJNUM: 1, GENDATE: 1,
INVDATE: 1, ARCHIVER: 1, NUMFILES: 1, TPFIRSTORB: 1,
TPLASTORBE: 1, TPSTART: 1, TPSTOF: 1, TPALGORITHM: 1,
COORDSYS: 1, SYNOPSTART: 1, SYNOFSTOF: 1)

ITEM(TAPEID:1,FILE:1, ITEM:1, ITSTART: 1, ITSTOF: 1,RECNUM: 1,
ITALGORITHM: 1, ITLEN: 1)

DESCR (ITEM: 1, NAME: 1) _

RTAPE-PLAYBACK (NOTAPE: 1, TAPETYFE: 1, FLAYEACK: 1,FB: 1,

FILE:1,CATALOG: 1,RTITLE: 1)

RTAPE-FPLAYBACK-CATALOG (NOTAPE: 2, TAPETYFE: 2, PLAYBACK: 2,

FB:1,FILE: 2, CATALOG: 2, LON: 1,LAT:1,ALT:1, ZEN: 1,
TIME:1,QUALITY:1,0N, ILLUMIN: 1,CALIE: 1, OFF,
RTITLE:2)
RDATES—-CATALOG (DATE: 1,CATALOG: 3,LON:1,LAT: 1,ALT: 1,
ZEN:1,TIME:z1,QUALITY:1,0N, ILLUMIN:1,CALIB:1,
OFF) ’
NOTAFE:1 = NUM(TAPEID:1) ) )



Delete subsumed fourth disjunct -
Obtain @(6):

GET W (DECODE (PROJNUM:1) ,DECODE (NAME:1) ,DECODE(ALT:I1)):
(EYTAFPEID: 1 (EYMISSION: 1 (EYFORMAT: 1 (E)GENDATE: 1 (E) INVDATE: 1
(E)ARCHIVER: 1 (E)NUMFILES: 1 (E) TPFIRSTORB: 1 (E) TFLASTORB: 1
(E) TPSTART: 1 (E) TPSTOF: 1 (E) TPALGORITHM: 1 (E) CODRDSYS: 1
(E)SYNOPSTART: 1 (E) SYNOFSTOP: 1(EDFILE: 1 (E) ITEM: 1 (E)ITSTART: 1
(EYITSTORI1(EYRECNUM: 1 (E) ITALGBORITHM: 1 (E) ITLENI 1 (E)PB: 1
(EYDATEIL(E) TIMEI 1 (EDLON: 1(E)LAT:I1(E)ZENI 1 (E)QUALITY: 1
(E)ILLUMIN: 1 (E)CALIB: 1 (E)NOTAFE: 1 (E) TAFETYFE: 1 (E)PLAYBACK: 1
(E)CATALOG: 1 (EDRTITLE: 1 (E)DATE_TIME: 1(E)NDTAFE::(E)TAPETYPE'”
(E)PLAYBACK: 2 (E)FILE: 2 (E) CATALOG: 2 (E)RTITLE:! 2(EYCATALOG: 3
( ( TAPE(TAFPEID:1,MISSION:1,ERB,FORMAT: 1,FROJNUM: 1, GENDATE: 1,

INVDATE: 1, ARCHIVER: 1, NUMFILES: 1, TFFIRSTORB: 1,
TFLASTORB: 1, TPSTART: 1, TFSTOFI 1, TFALGORITHM: 1,
COORDSYS:1,8SYNOPSTART: 1,SYNOFSTOF: 1)
& ITEM(TAFEID:1, FlLE 1, ITEM: L, ITSTART:1,1ITSTOF: Y, hECNUM i,
ITALGORITHM: 1, ITLEN: 1)
& DESCR(ITEM: 1, NAME: 1)
& FILEINFO(FE: 1 FILE:1,NOTAFE: 1)
% RECINFO(DATE_ TIME: i, DATE 1, TIME:1,LONI1,LAT:1, ALT 1,
ZEN:1,PB: 1, QUALITY 1 ONnN, ILLUMIN 1 CALIB i, DFF)
& NOTAFE:l = NUM(TAPEID 1y ) :
v ( TAPE(TAFEID: 1 ,MISSION: 1, ERB FORMAT: 1 ,FROJNUMI 1 ,GENDATE: L,
' INVDATE: I,ARCHIVbR 1_NUMFILES 1, TFFIHbTDRB i, '
TPLASTDRB:1,TPSTART:1,TPSTDP:1,TPALGDRITHM:1,
COORDSYS: 1, SYNOPSTART: 1, S5YNOFSTOF: 1)

% ITEM(TAPEID:1,FILE:1,ITEM:1,ITSTART:1, ITSTOF:1,RECNUM: 1,
ITALGORITHM: 1, ITLENZ 1)

& DESCR(ITEM:1,NAME: 1)

% FILEINFO(FE:1,FILE: 1,NOTAFPE:Z 1)

2. RTAPE—-PLAYBACK- CATQLDG(NOTHPE::,TAPETYFE.h,PLAYBACH:Q,

PB:1,FILE:2,CATALOG: 2,LON: 1,LAT:1,ALT:1, ZEN: 1,
CTIME:1,BUALITY:1,ON, ILLUMINtl,CALIB:l,DFF,
RTITLE:2)

% RDATES-CATALDG (DATE:1,CATALOG:3,LONI1,LAT:1,ALT:1,

' ZEN:1,TIME: 1.@UQLITY 1, UN ILLUMIN 1,CALIB: 1,
OFF) '

% NOTAPE:1 = NUM(TAFEID:1) )

v ( TAPE (TAFEID:1,MISSION:1,ERE,FORMAT:1,FROJNUME 1, GENDQTE i,
INVDATE: 1, ARCHIVER: 1,NUMFILES: 1, TEFIRSTORE: 1, -
TPLASTDHB:l,TPSTQRT:l,TPSTDP:l,TPALGDRITHM:1,
COORDSYS: 1, SYNOPSTART: 1, SYNOPSTOF: 1) ~

& ITEM(TAPEID:1,FILE:1,ITEM:1,ITSTART:1,1TSTOF:1,RECNUM:1,
ITALGORITHM: 1, ITLEN: 1)

DESCR (ITEM: 1, NAME: 1)

% RTAPE—FLAYBACK (NOTAFE: 1, TAPETYFE: 1, FLAYEACK: 1,PE: 1,
FILE:1,CATALOG: 1,RTITLE: 1)

& RECINFD(DATE_TIME:1,DATE:l,TIME:l,LDN:1,LAT:1,ALT:1,

ZEN:1,PE:1,QUALITY:1,0N, ILLUMIN: 1,CALIB: 1,0FF)

% NOTAPE:1 = NUM(TAPEID:1) )

@
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TAFE (TAFEID:1,MISSION: 1,ERE, FORMAT: 1, FROJNUM: 1, GENDATE: 1,
INVDATE: 1, ARCHIVER: 1 ,NUMFILES: 1, TPFFIRSTORE: 1,
TFLASTORB: 1, TFSTART: 1, TPSTOF: 1, TFALGORITHM: 1,
COORDSYS: 1, SYNOPSTART: 1, SYNOFSTOF: 1)

ITEM(TAFEID:1,FILE:1, ITEM:1,ITSTART: 1, ITSTOF:1,RECNUM: 1,
ITALGORITHM: 1, ITLEN: 1)

DESCR (ITEM: 1, NAME: 1)

RTAPE-FLAYBACK (NOTAFE: 1, TAPETYPE: 1 ,PLAYBACK: 1, PE: 1,

FILE:1,CATALDOG: 1,RTITLE: 1)

RTAFPE-FLAYBACK-CATALOG (NOTAPE: 2, TAPETYFE: 2, FLAYBACK: 2,

FE:1,FILE:2,CATALOG: 2,LONz1,LAT: 1, ALT: 1,ZEN: 1,
TIME:l,QUALITY:i,DN,ILLUMIN:i,CALIB:l,UFF,
RTITLE: 2)
. RECINFO(DATE_TIME:1,DATE:1,TIME:z1,LON:1,LAT:1,ALT:1,
ZEN:1,FB:1,QUALITY:1,0N, ILLUMIN: 1,CALIE: 1,0FF)

2 NOTAFE: 1 = NUM(TAFEID:1) )

TAPE(TAFEID:1,MISSION: 1,ERE,FORMAT: 1, PROJNUM: 1, GENDATE: 1,
INVDATE: 1, ARCHIVER: 1, NUMFILES: 1, TRFIRSTORB: 1,
TFLASTORB: 1, TFSTART: 1, TFSTOF: 1, TPALGORITHM: 1,
COORDSYS: 1, SYNOPSTART: 1, SYNOFSTOF: 1)

ITEM(TAPEID:1,FILE: 1, ITEM: 1, ITSTART: 1, ITSTOF: 1, RECNUM: 1,
I TALGORITHM: 1, ITLEN: 1)

« DESCR(ITEM: 1, NAME: 1)
« RTAFE- FLAYBACK(NOTQPE 1, TAPETYPE: 1, FLAYEACK: i1,PB:I1,

FILE:1,CATALOG: 1‘RTITLE 1)

. RTAFE—-FLAYBACK-CATALOG (NOTAPE: 2 « TAFETYFE: 2, PLAYBACK: 2,

FE:1,FILE:2,CATALOG: 2,LON:1,LAT:1,ALT:1, ZENZ T,

TIME: 1, GUALITY:l,DN,ILLUMIN:I,CALIB:l,UFF,

RTITLE: 2)

, RDATES-CATALOG (DATE:1,CATALOG: 3,L0ON:1,LAT:1,ALT: 1,
ZEN:1,TIME:1,QUALITY:1,0N, ILLUMIN:1,CALIE: 1,
OFF)

NOTAFE:1 = NUM(TAFEID:1) ) )



Delete subsumed fourth disjunct -

Obtain (7)) (the optimized query):

" BET W(DECODE (PROJNUM: 1) ,DECODE (NAME: 1), DECODE (ALT: 1)).
(E)TAPEID: 1 (EYMISSION: 1 (E)FORMAT: 1(E)GENDATE 1 (E)Y INVDATE: 1
(EYARCHIVER: 1L (E)NUMFILES: 1 (E) TFFIRSTORB: 1 (E) TPLASTORB: 1~
(E) TFSTART: 1 (E) TFSTOF: 1 (E) TPALGORITHM: 1 (E) COORDSYS: 1
(E)SYNOPSTART: 1 (E)SYNOPSTOP: 1 (EDFILEZ1(E) ITEM: 1 (E}ITSTART: 1
(E) ITSTOF: 1 (E)RECNUM: 1 (E) ITALGORITHM: 1 (EX> ITLEN: 1 (E)PB: 1
(EDDATEI L(EDTIME: 1 (EDLONI 1 (EYLATI 1 (E) ZENZ 1 (EYQUALITY: 1 .

(E) ILLUMIN: 1 (EDCALIB: 1 (EYNOTAPE: 1 (E) TAPETYFE: 1 (E) PLAYBACK :
(EYCATALOG: 1 (EDRTITLE: L (EXDATE_TIME: 1 (E)NOTAPE:I 2(E) TAFETYFE: 2
(E)PLAYBACKIZ(E)FILE:Z2(E)CATALOG: 2(E)RTITLE: 2(E)CATALOG: 3

¢

e e o

-~ e

z°

2 e e

~ 2o

&
&

TAPE (TAFEID: 1 ,MISSION: 1, ERE, FORMAT: 1, FROJNUM: 1, GENDATE: 1,
INVDATE: 1, ARCHIVER: 1 ,NUMFILES: 1, TPFIRSTORE: 1,
TFLASTORE: 1, TPSTART: 1, TPFSTOF: 1, TFALGORITHM: 1,
COORDSYS: 1, SYNOFSTART: 1, SYNOFSTOF: 1)

ITEM(TAFEID:1,FILE: 1, ITEM: 1, ITSTART:1, ITSTOF: 1,RECNUM: 1,
ITALGORITHM: 1, ITLEN: 1)

DESCR(ITEM: 1,NAME: 1)

FILEINFO(PE:1,FILE:1,NOTAFE: 1)

RECINFO(DATE_TIME:1,DATE:z1,TIME:1,LON:1,LAT:1,ALT:1,

ZEN:1,PE:1,BUALITY:1,0N, ILLUMIN: 1,CALIB: 1, 0FF)

NOTAFE:1 = NUM(TAPEID:1) )

TAFE(TAFEID: 1,MISSION: 1, ERE, FORMAT: 1, FROJNUM: 1, GENDATE:Z 1,
INVDATE: 1,ARCHIVER: 1, NUMFILES: 1, TPFIRSTORB: 1,
TFLASTURE: 1, TPSTART: 1, TPSTOF: 1, TPALGORITHM: 1,
COORDSYS: 1, SYNOPSTART* 1, SYNOPSTOP: 1)

ITEM(TAPEID: 1,FILE: 1, ITEM: 1, ITSTART: 1, ITSTOP: 1, RECNUM: 1,
ITALGORITHM: 1, ITLEN: 1)

DESCR (ITEM: 1, NAME: 1)

FILEINFO(PBE:1,FILE:1,NOTAFE: 1)

RTAPE-PLAYBACK—-CATALOG (NOTAFE: 2, TAPETYFE: 2, FLAYBACK: 2,

FE:1,FILE: 2, CATALOG: 2,LON: 1, LAT:1,ALT 1, ZEN: 1,
TIME: 1, QUALITY:i ON, ILLUMIN: 1,CALIE: 1,0FF,
RTITLE:
RDATES- CATQLDB(DATE 1,CATALOG: 3,LON: 1,LAT: 1,ALT:1,
ZEN:1,TIME:1, QUALITY: 1,0N, TLLUMIN: 1, CALIB: 1,
OFF)

NOTAPE:1 = NUM(TAFEID:1) )

TOPE (TAFEID: 1,MISSION: 1, ERB, FORMAT: 1, FROJNUM: 1, GENDATE: 1,
INVDATE: 1, ARCHIVER: 1, NUMFILES: 1,TFFIRSTDRB 1,
TPLASTORB:I,TPSTART:1,TPSTDP:1,TPQLGDRITHM:1,
COORDSYS: 1, SYNOPSTART: 1, SYNOPSTOF: 1)

ITEM(TAFEID: 1,FILE: 1, ITEM: 1, ITSTART: 1, ITSTOF: 1, RECNUM: 1,
ITALGORITHM: 1, ITLEN: 1)

DESCR (ITEM: 1, NAME: 1)

RTAPE—PLAYBACK (NOTAPE: 1, TAPETYPE: 1,FLAYBACK: 1,FB: 1,

FILE:1,CATALOG: 1, RTITLE: 1)
RECINFO (DATE_TIME: 1, DATE: 1, TIME:1,LON:1,LAT:1,ALT:L,
ZEN:1,PB: 1, QUALITY: 1, 0N, ILLUMING 1,CALIB: 1, OFF)
NOTAFE:1 = NUM(TAPEID:1) )



2

&

TAPE(TAFEID:1,MISSION: 1,ERB,FORMAT: 1, PROJNUM: 1 , GENDATE: 1,
INVDATE: 1,ARCHIVER: 1,NUMFILES: 1, TPFIRSTORE: 1,
TPLASTORE: 1, TPSTART: 1, TPSTOF: 1, TPALGORITHM: 1,
COORDSYS: 1,SYNOPSTART: 1, SYNOFSTOF: 1)

ITEM(TAFEID:1,FILE:1,ITEM:1, ITSTART: 1, ITSTOF:1,RECNUM: 1,
ITALGORITHM: 1, ITLEN: 1)

DESCR(ITEM: 1,NAME: 1)

RTAPE-FLAYBACK (NOTAPE: 1, TAFETYPE: 1,PLAYBACK: 1,FB: 1,

FILE:1,CATALOG: 1, RTITLE: 1)

RTAPE- FLAYBACL—CATALDG(NDTQFE:2,TAPETYPE:2,FLAYBAC&.~,
FE:1,FILE:2,CATALOG: 2,L0ON: 1,LAT:1,ALT:1, ZEN: 1,
TIME:I,QUALITY:I,ON,ILLUMIN:I,CALIB:I,UFF,
RTITLE:2) ,

RDATES-CATALOG(DATE: 1,CATALOG:I 3, LON: 1, LAT 1, ALT: L,

ZEN:1,TIME:1,RUALITY:1,ON, ILLUMIN: 1, CALIB: 1,
OFF)
NOTAPE:1 = NUM(TAPEID:1) ) )

._7(")__



Figure 1.1 The global data manager — new version -
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Figure 1.2 The global data manager - old version

- Final Results
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Figure 2.1 An instance of the ERB-ORAC database

; TAPEINFO ;
{NDTAPE i TAPETYPE! TITLEL ! TITLEZ ! TITLES i
. 1003 i SDT  INIMBUSG...! BY... ! DATA...!
: 1004 1 SDT  INIMBUS6...! BY... ! DATA...:

11740007 2 | 1003 |
11740101 3 1 1003 i
11745701 2 | 1004 |
11745901 3 | 1004 !
o RECINFO S
{DATE_TIME | DATE | TIME { LON i LAT ! ALT { ZEN i FB

IQUALITYI{ELECTR! ILLUMIN!CALIB!SCAN!
790103124549 17901031 124549115857 ! -100 111250153631 174000
: 0 i ON | NIGHT { NO OFF |
790105145629 7901051 1456291 2590 1~96 (111230!15397! 174590
: O ! ON 1 NIGHT ! NO OFF |

1790117110204:790117 1102041275 11043 {110500:3411 174570
i i 0O i ON | NIGHT | NO {0OFF |

o e e it S s it S B S S et AR et St Gt P e i kit S b SRR St SMMR MEVS PINSS TS ST epe — T - o 0 N — T — — " ———- oS TOY — YOOV TS oS e iy e W S — o

17901071053491792010711053491482 11084 (11030033559 1174010
i i 8 i  OFF | DAY i YES ION |



Figure 2.2 An instance of the ERB-SEED database

RTAFE
NO  {TAPE! FLAYBACK ! RTITLE
TAPE | TYFE § = m e e e e e
! ! FB IND ! CATALD ! TITLE
: ! e I o R :
! ! : ! LON ! LAT i ALT | ZEN !
! : : ! ITIME1 !QUALITY!ELECTR! !
! : : ! !ILLUMIN !CALIB!SCAN! :
1010{SDT ! e (PLAYBACK) : 1 e (RTITLE):1
! 181261.4! 4 ! e (CATALOG) @ 1 ! NIMBUS6. . .
! : : 1~133.691-55.6211123.70198.71 !BY...
: ! ! P 10120760 1 ! ON ! f——eemmeeeee
! ! ! ! ITWILIGHT! NO {OFF ! !DATA. ..
! ! ! I ~134.25!-56.4711123.90197,82!
! ! : P 1012109 ¢! 1 1 ON
: : : ! ITWILIGHT! NO !OFF ! |
2010!SDT ! e (PLAYBACK) 1 2 'e (RTITLE) : 2
! 181261.01 3 | e (CATALOG) : 2 INIMBUS7. . .
! ; : 1155.04 1-80.07!1126.80166.65!BY...
! ; ! fo10213490 0 0 F ON 1 fmm—mmemeee e
! ; ! ! iDAY ! NO {OFF | {DATA. ..
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i LON 3} LAT § ALT 1 ZEN ITIME! QUALITYIELECTR
i {ILLUMIN (CALIBISCAN!

79201014 ' e(CATALOG) 1 1

fTWILIGHT: NO - 1OFF |

1 —133.691-55.6211123.70198.7110120761 1 i ON
1—134.3251-56.4711123.90197.8210121091 1 ! ON
d ' s TWILIGHT! NO  (OFF |

7702011 e (CATALOG)

2

1155.04 1-80.0711126.80:1646.651021349] 0 i ON
] i DAY i NO 0OFF |

i LON P LAT + ALT 1 ZEN ITIME1 QUALITYIELECTR:
i TILLUMIN ICALIERISCAN i

211123.70198.71:1012076 1 ¢ ON
TWILIGHT! NO 10FF & B

-134} e (CATALOG) : 4 i
1—134,251-56.4711123.90197.821012109; 1v ¢ ON
i T TWILIGHT ! NO  1OFF :
155 | e (CATALOG) 1 2 i
1155.04 1-80.0711126.80166.651021349] 0 i ON
i i DAY i NO  iOFF i i
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—134.25:-36.4711123.920197.82:1012109! 1 i ON
i TWILIGHT! NO  [OFF - 1 -

—-80 | e (CATALOG) : 2
{155.08 1-80.0711126.80166.651021349] 0 i ON
i i DAY i NO OFF 1|
——————————————————————— RAL;-— B
wr cateLos
i LON ! LAT i ALT i ZEN !TIME1 {QUALITY!ELECTR

H TILLUMIN (CALIBISCANI

11231 e (CATALOG) : 1
1—133.69:1-55.6211123.70198.71:1012076! 1 i ON
i tTWILIGHT: NO  (OFF &
{—134.25=—56.47l1123.90:97.82:012109! o1 i ON
i I TWILIGHT! NO OFF |

11261 e (CATALOG)Y 1 2
1155.04 i—B0.0?:1126.80266.65@021349: 0 i ON

tDAY ! ND OFF !
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- e we e w- -

i o e e ke i i it S P e i . e i ke e S SO o e S Wl St S S S _—" o T o o ot o s s — s o —

RZEN

IZEN! CATAL.OG
i LON ! LAT ! ALT ! ZEN iTIME1l !QUALITY!ELECTR
i TILLUMIN (CALIBISCANI

?8 i e(CATALOG) = =
1=133.691-55.6211123.70198.7110120761 1 i ON
i ITWILIGHT:! NO . 1OFF |

?7 | e (CATALOG) : 4
1—~134,.251-56.4711123.90197.8210121091 1 i ON
i ITWILIGHT:! NO (OFF |

66 | e (CATALOG) 1 2
1155.04 1-80.0711126.80166.65102134%} O i ON
i i DAY 1 NDO  OFF |
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FUNCTIONS TITLE1l, TITLEZ, TITLEZX
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NOTAPE! TITLE1 | TITLEZ ! TITLES !
1010 INIMBUSA... BY... iDATA. .. |
2010 INIMBUS7...!RBY... {DATA. .. |
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Figure 2.3 An instance of the PCDE database

TAFE i
TAPEIDIMISSION: SENSOR i FORMAT (FROJNUM! GENDATE i INVDATE |
ARCHIVERINUMFILES ! TFFIRSTORB: TFLASTORE:! TPSTART H :

TFSTORP i TPALGORITHMI COORDSYS! SYNOPSTART | SYNOFSTOF !
1003 INIMBUS6:! ERB {PARM-5S: 00080 1198208130000 19830406,
SMITH i k4 10000 T 12000 11978120200001 i
197903310000 1 {GEOMAC 1197841500000 197841500000 |
1010 INIMBUS6! ERE IFARM-LD! 00082 ;1980021000001 19830406!
{SMITH : 10 i 8000 i 2000 1197812042100 :
197812082100, 2 {GEOQDETIC ! 1978516000001 197851600000 |
FILE
TAFEIDIFILENUMIFLFIRSTORB:iFLLASTORB: FLSTART i FLSTOF
{FLALGORITHM INUMITEMS IFLLEN !
1003 | 2 i 35 i 38 1977115000001 197711800000
i 1 i 10 11048001
1010 | 4 : 36 i 39 1197812000000 197812200000
] 3 i 12 11068001
ITEM
TAPEIDIFILEIITEM | ITSTART : ITSTOF IRECIITAL i ITLEN
{NUM : i i NUM I GORITHM!
1003 | 2 :WBMUN:197711500000!197711800000!43 ! 1 13000
1010 + 4 1MAF 1197812000000 197812200000131 | 3 1 2000

—-78-
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Figure 2.4 The induced ERB-R database instance

TAPEINFO i
NOTAFE!TAPETYPE! TITLE1 { TITLEZ | TITLES |
1010 i SDT  INIMBUS6...i BY... | DATA...!
2010 | SDT  INIMBUS7...: BY... | DATA...!
“““““ FILEINFO
" PB  IFILEINOTAPE!
B1261.41 4 1 1010 |
81261.01 3 | 2010 |
"""""""""""""""""""""" RECINFO
DATE | TIME { LON { LAT { ALT { ZEN | FB  IGUALITY
TELECTR! ILLUMIN (CALIBISCAN;
79010110120761-133.691-55. 621 1123. 7019871 181261.41 1
i ON I TWILIGHT! NO  (OFF |
7901011012109 1—134.251-56.4711123.90197.82 181261.41 1

i ON TTWILIGHT! NO  10OFF

790201 10213491155.04 1 -80.0711126.80166.65 181261.0} 0
i ON DAY | ¢ NO OFF |

_B(:)_.



The induced ERB-N database instance.

-Figure 2.5
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790105

790117

{TIMEL

-0.96 :1112.30:153.97!1456291

10,43 11105.00134.11 1110204

10.84 (1103.00i35.59 105349

LAT + ALT | ZEN
TILLUMINICALIE!SCAN:

e(CATALOG) 13

-1.00 11112.501153.6311245491
i NIGHT ¢ NO I0OFF 1

i NIGHT ¢ NO 10OFF |

MIGHT | NO 10OFF |

i DAY i YES iON

FUNCTIONS TITLEL, TITLEZ, TITLEZ

i TITLEZ § TITLE3 |
.. i1BY... iDATA. ..
-« iBY..u iDATA. .. |

QUALITY ! !ELECTR



Figure 2.6 An instance of the GLOBE database

; TAFEINFO :
INOTAPE{TAPETYPE! TITLEL { TITLEZ { TITLES |
. 1003 : SDT  INIMBUS6...! BY... ! DATA...i
, 1004 i SDT  INIMBUS6...! BY... | DATA...:

11740008 2 1 1003
11740101 3 ! 1003 !
11745701 2 1 1004 !
11745901 3 | 1004
o RECINFD N
[DATE_TIME : DATE | TIME { LON | LAT { ALT [ ZEN | FB -

: TQUALITY ELECTR: ILLUMINICALIBISCAN|

=100 11112501153631174000

7901031245491790103112454911585
i NO  HOFF

i i Q i ON | NIGHT

-

1790103145629179010353114562921 2890 1-96 1111220113397 1174590

i i O i ON 1 NIGHT @ NO 0OFF

7901171102041792011711102041275 11043 111030013411 1174570
: 0 P ON 1 NIGHT |+ NO  10FF |

1 7901071053491790107 11053491482 11084 111030013559 1174010

i i 8 i OFF | DAY i YES 1ON
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T LON | LAT ! ALT {ZEN ITIME |!QUALITY!ELECTR
i TILLUMIN  (CALIB SCAN|

790101 i o e (CATALOG) & 1
1—-133691-55621112370198711012076! 1 i ON
H ITWILIGHT ¢ NO OFF |
1-134251-564711239019782/012109! . 1 ! ON
H ITWILIGHT | NO {OFF ! :
790201 | e (CATALOG) : 2
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i 98 | e (CATALOG) : 3 i
i 133691 -55621 11237019871 1012076 1 ON
H i I TWILIGHT ¢ NO 1OFF- i
97 | ) e (CATALOG) 1 4 i
i 1 —=13425,-56471112390197821012109; 1 POM
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Figure 2.7 The induced GLOBE-R database instance

l TAPEINFO i
NOTAFE i TAPETYPE! TITLEL | TITLEZ | TITLES |
| 1003 | SDT  INIMBUS6...! BY... | DATA...|
| 1004 { SDT  INIMBUS...! BY... i DATA...!
. 1010 i SDT  INIMBUS6...! BY... | DATA...i
| 2010 | SDT  INIMBUS7...! BY... | DATA...!

11740001 2 1 1003 |
11740101 3 1 1003 :
11745701 2 | 1004 :
11745901 3 | 1004 :
18126141 4§ 1010 |
18126101 3 1 2010 |
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1003 INIMBUS4! ERB {PARM-5S! Q0080 [198208130000119830406!
SMITH ? i 10000 P 12000 11978120200001 i
1979035310000 1 IGEOMAC 1197841500000 197841300000
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'TAPEID!FILE!FLFIRSTORB!FLLASTORB! FLSTART : FLSTOF !
! 'FLALGORITHM!NUMITEMS!FLLEN ! ;
Voloos o2 35 ' 38 1197711500000 197711800000 !

: y 1 H 10 1104800} !
P1010 4 36 : 39 1197812000000} 197812200000

i : 3 i 12 11068001 H

; ITEM

' TAPEID!FILE!ITEM | ITSTART ! ITSTOF 'REC!ITAL ' ITLEN
' ! ' : ; {NUM ! GORITHM!
1003 1 2 TWEMONI 1977115000001 1977118000001473 | 1 13000
L1010 1 4 IMAF 1197812000000 197812200000131 ! 3 1 2000
i CAT '
'TAPEID!FILE!ITEM ICAT! FUNCTION ! CATEGORY '

i WGMON { WORLD GRID
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Figure 3.1 Answer to query 1 on the database of Figure 2.4

INOTAFE ! TAFETYFE ! FE IFILE!
Y1010 | SDT 181261.4% 4
! 2010 ! SDT 181261.0! 3
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Figure 3.2 Answer to query 2 on the database of Figure 2.4

17920101 1012076 TWILIGHT !

1790101 1012109 TWILIGHT!
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Figure 3.3 Answer to query 3 on the database of FiQQre 2.5

i TAFETYFE | FB INOFILE!
i 8DT 117400.07 2 i
i 8DT 117401.07 3 :



Figure 3.4 Answer to query 4 on the database of Figure 2.9

b e e o e a0 i i e i e e . e T iR i s o ) e s e e S S e o o e e §

'NOTAPE!DATE1 !TIME1l ! LON ! LAT !
11003 1790107110534%14.82 . 110.841

1004 1790117111020412.75 110,43



Figure 4.1 Answer to query S on the database of Figure 2.7
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