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ABsrRAcT 

The CODASYL database (db) statements m an apph- 
cation program can have one or more different seman- 
tics associated with It, dependmg on the path through 
which the execution reaches that statement This 
makes the CODASYL operations m a db program context 
dependent The previous works on the conversion of db 
programs from the CODASYL record at a time mterface 
to the set at a time mterface of the relational model 
consider only a limited class of programs where each db 
statement in the program 1s assumed to have a unique 
semantic interpretation In this paper, we first define a 
framework for analyzing the multiple semantics of the 
CODASYL operations and their context dependencies 
We then show how to convert a CODASYL db program 
which contains statements havmg ambiguous, multiply- 
deflned semantics In principle, the method described 
here allows us to convert all CODASYL db programs 

Index terms Abstract and Execution contexts, CODASYL 
operations, Enumeration loop, Program conver- 
sion. Relational interface, Semantic predecessor 
set 

CR-categories H 2 5, H 2 3 

1 INTRODUeTION 
The database program conversion problem has 

many facets and can be addressed from a number of 
different vlewpomts [6-13 151 The need to convert a db 
program may arlse due to a variety of reasons (1) 
migration from one dbms to another, or more generally, 
migration to a heterogeneous dbms environment, and 
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(2) changes m the db semantics, etc In this paper, we 
consider the situation (1) and, m particular, the conver- 
sion of db-programs from the CODASYL record at a time 
interface to the set at a time relational interface This 
type of conversion 1s specially Important for a dlstn- 
buted database environment because the set at a time 
interface mmimizes the number of interactions between 
the application program and the dbms, and accordmgly, 
reduces the communication overhead 

One of the major problems m converting a CODASYL 
program 1s that the semantics of a CODASYL db opera- 
tion often depends on the program context in which the 
operation is used For example, the operation “FIND 
DUPLICATE WITHIN <set-name> ” may And records of 
different types depending on which member record type 
of the set <set-name> has been accessed most recently 
This context dependency often gives rise to multiple 
possible interpretations for many of the CODASYL db 
statements in a program It has been noted m [U] that 
the multiple interpretations cause ambiguity m the 
“parameters” of the relational queries for the target 
program, and causes the algorithm in [9] to fall in such 
cases It is worth pointing that the ambiguity of the 
CODASYL operations 1s m its very nature and 1s not to be 
regarded as exceptions [3 41 The oblectlve of this 
paper 1s to (1) present a framework for analyzmg the 
multiple semantics of the CODASkL dml m a precise and 
systematic manner, and (2) show how it can be used m 
the conversion of the CODASYL db programs The 
conversion algorithm given here can be considered a 
refinement of the algorithm m [9] In principle, our algo- 
rithm can convert all CODASYL db programs, even when 
there are context dependent db operations If the pro- 
gram contains no ambiguous statements, then our algo- 
rithm reduces to that in [9] 

The paper is organized as follows In section 2, we 
introduce the notion of abstract context of a CODASYL 
operation Then we define the notion of program con- 
text for a CODASYL statement and Its one or more exe- 
cution contexts The concept of coherent execution 
contexts IS introduced to classify the ambiguous 
interpretations into groups which are “slmllar” in yome 
sense Section 3 shows how the above concepts are used 
in the db program conversion A Program Conversion 
System (PCS) based on these ideas IS described in [7] 

2 ANALYSIS OF CODASYL OPERATIONS 
We restrict our attention here only to the CODASYL 
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FIND operations The FIND operations in themselves 
have sufficient dlverslty to illustrate the various ambl- 
gusty issues and our conversion techmques We define 
the notion of the abstract context of a FIND operation 
based on its semantics as defined in [3] Each FIND 
operation is then consldered withm the context of a db 
program and we define the notion of Its execution con- 
texts 

2 1 The CODASYL FIND Operations 
For each FIND operation we identify Its 

(1) abstract context, 

(2) the result record type, and 

(3) the semantic predecessor set 

The abstract contezt of a FIND operation m 1s a set 
of parameters or values that a CODASYL database sys- 
tem requires for an execution of m There are two types 
of such values (a) the values which come from the sys- 
tem area, namely, the currency indicators of the run 
unit, the records, and the sets, and (2) the values which 
come from the user working area (UWA), namely, the 
values of one or more db ldentlfiers We write at(m) for 
the abstract context of m We define the result of a 
FIND operation by speclfymg the type and the particular 
occurrence of the record ldentlfied 

The semuntzc predecessor set sps(m) of a FIND 
operation m IS defined to be a minimal set of db- 
operations which together deflne the value of at(m) 
The sps(m) may Include the CODASYL and also the host 
language statements The term “predecessor” here 
indicates that the operations in the sps(m) must pre- 
cede m along each execution path m the program lead- 
ing to m in order for them to completely define the 
value of at(m) prior to the execution of m The concept 
of sps 1s closely related to the notion of “basic mstruc- 
tlon sequences” m [lo] The sps and the abstract con- 
text for the most commonly used FIND operations are 
shown below 

1 m FIND ANY ret-m 

Here, “ret-m” denotes the record name referred to 
m the operation m We assume here that the 
calculation-key of ret-m 1s the attribute(s) attr-m 

Abstract context 

a) System (none) 

b) UWA attr-m of ret-m 

Result 

4 Record type ret-m 

b) Occurrence the record whose attr-m value 
equals the attr-m value m UWA and has the 
lowest db-key (computed from the attr-m 
value) among all such records 

Semantic predecessor set 
A MOVE-statement setting the value of attr-m 

2 m FIND DUPLICATE ret-m 

The most common use of this operation IS in the 
situation where the current record of the run unit 
1s of the same type as ret-m However, this 1s not 
required to be the case accordmg to the CODASYL 
rules 

Abstract context 

4 System db-key of the current record of the 
run unit and the value of its attr-m 

b) UWA (none) 
Result 

4 Record type ret-m 

b) Occurrence the record whose calculation-key 
attribute value 1s equal to that of the run umt 
and has the smallest db-key larger than that of 
the run unit (Here, the calculation-key attn- 
bute of ret-m must also be an attribute of the 
run-unit record type ) 

Semantic predecessor set 
A statement setting the current record of the 
run unit. which may be different from ret-m 

3 m FIND DUPLICATE WITHIN set-m USING attr-m 

In this case, a member record of the set-m 1s 
identified which has the same type as that of the 
current member record m set-m Note that set-m 
can have several member record types (here as 
well as m the categories (4)-(6)) In particular, the 
record type selected by &I is not determmed by the 
ooeration m itself (cf the categories (1) and (2) 

z \- ~~ 

above), but by the abstract context of m Here, 
attr-m is an arbitrary attribute(s) of ret-m 

Abstract context 

a) System Value(s) of attr-m m the current 
member record of set-m and the current of 
set-m 

b) UWA (none) 

Result 

a) Record type same as that of the current 
member record of set-m 

b) Occurrence the record which follows the 
current member record of set-m according to 
the set ordering crlterla m set-m and which 
has the same attr-m value(s) and type as those 
of the current member of set-m 

Semantic predecessor set 

A statement settmg the current of set-m, 
which can be any of the member record types 
of set-m 

4 m FIND NEXT ret-m WITHIN set-m 

This statement is generally used to scan the 
member records of type ret-m belongmg to a par- 
ticular set of type set-m, irrespective of their attn- 
bute values (cf category (3)) (The analysis of the 
other variations of m where NEXT 1s replaced by 
PRIOR, LAST, etc are similar and are omitted 
here ) 

Abstract context 

a) System current of set-m 

b) UWA (none) 
Result 

a) Record type ret-m 

b) Occurrence the record which follows the 
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current member record of set-m relative to 
the set ordering crlterla and belong to the 
current set-m The occurrence 1s the first 
member record of type ret-m m that set If the 
current of set-m 1s of type owner record of 
set-m 

Semantic predecessor set 
A statement settmg the current of set-m, 
which may be any of the member record types 
or the owner record of set-m 

5 m FIND OWNER WITHIN set-m 

Abstract context 

a) System current of set-m 

b) UWA (none) 

Result 

a) Record type owner of set-m 

b) Occurrence the record which 1s the owner of 
current set-m 

Semantic predecessor set 
A statement setting the current of set-m, 
which may be any of the member record types 
of set-m 

8 m FIND ret-m WITHIN set-m CURRENT USING attr- 
m 

Here, attr-m must be an attribute of ret-m, but 
othermse arbitrary 

Abstract context 

a) System current of set-m 

b) UWA value of attr-m m ret-m 

Result 

a) Record type ret-m 

b) Occurrence the member record in the 
current set-m which LS of type ret-m and IS the 
Arst record of that type relative to the set ord- 
ering crlterla m set-m, and which has Its attr- 
m value(s) equal to that m UWA 

Semantic predecessor set 
A statement setting the current of set-m, 
which may be any of the member record types 
m set-m, and a statement settmg the attr-m in 
UWA ret-m (It 1s possible that the two state- 
ments are one and the same, for example, m 
itself can constitute an sps of m as m the case 
of a loop containing m ) 

For the FIND operations not shown here, the 
abstract context and the sps’s are defined in an analo- 
gous manner The same prmclples also apply to the 
other db operations like STORE, etc For slmphcity, we 
hmit our discussion here only to the FIND 
operations(l)-(6) Note that all sps’s except for the 
category (6) have a smgle element 

2 2 The FIND Statements m A DB Program 

The progl-am contezt pc(m) of a FIND state- 
ment m consists of those statements m the program 
which set the values of one or more components of 
at(m) In other words, pc(m) consists of the statements 
that can potentially mfluence the semantics of an exe- 
cutlon of m For each component of at(m) and for any 

execution path m the program leadmg to m only one 
statement which is nearest to m and sets the value of 
that component 1s mcluded in pc(m) Thus, there can 
be many statements m pc(m) which defines the value of 
the same component of at(m) If there are many execu- 
tion paths to m Note that the role of sps(m) 1s simply 
determmmg the types of statements that may belong to 
pc(m) The determination of pc(m) from the analysis of 
the source program 1s easily done by using the global 
dataflow analysis techmques which 1s well-known in the 
theory of compllatlon and code optlmizatlon [l] 

The sps of m = “FIND ANY ret-m” (category (1)) 
contams one statement operatmg on ret-m The sps(m) 
for statements m the categories (Z)-(5) contains one 
statement operating on “the current of the run unit”, 
which in principle can be any record of the db schema 
The sps(m) for statements m the categories (3)-(6) con- 
tams one statement operating on “the current of the 
set-m” which can be either the owner of set-m or one of 
the member record types of set-m This statement m 
the sps for the categories (Z)-(6) which may operate on 
different record types 1s called an umb~2~0~ definztzon 
statement We refer to the sps’s of the categories (2)- 
(6) as ambiguous For categories (2)-(5). the (unique) 
statement in the sps is the ambiguous detiltlon state- 
ment For category (6), the ambiguous deflmtlon state- 
ment is the one which sets the current member of set- 
m In this case, the ambiguity exists both for the multl- 
ple and for the single member type sets simply due to 
the fact that the owner record type of a set 1s different 
from the member record types We note that except for 
the category (3), the result record type of a FIND opera- 
tion 1s always determined unambiguously One may view 
the ambiguity of a statement m as the differences m the 
record types m at(m), any differences m the result 
record type of m 1s simply a consequence of the former 

An ezecvtzon contezt et(m) of a FIND statement m 
1s an mstantlatlon of the at(m) To be more precise, it 
is a mmlmal subset of the statements in pc(m) which 
belong to a single execution path leading to m and which 
completely defines an instance of the at(m) One can 
alternatively view an et(m) to be an instantiation of the 
sps(m) The ec(m)‘s form a decomposition of pc(m), 
which may not be dlslomt Fig l(c) shows the program 
context and the execution contexts for each FIND state- 
ment m the program m Fig l(b) Here, the currency of 
the D-C set which 1s used m statement 9 is determined 
by each of the statements 4 and 7 The statement 9, 
which 1s contained m a loop, belongs to its own program 
context 

Two execution contexts et,(m) and ecs(m) of a 
statement m are said to be coherent if the mstantla- 
tions of the ambiguous definition statement in sps(m) 
operate on the same record type in both the ec,(m)‘s 
The executions of m associated with two coherent 
ec(m)‘s not only give the same result record type, but 
the associated mstantlatlons of the at(m) also have the 
record types They do not, of course, necessarily result 
m the same record occurrence since the ec(m)‘s may 
define different values of attr-m, currency of set-m, etc 
The global dataflow analysis m [I] can easily detect, but 
not resolve, the incoherencies at the precompile time 
In Fig l(c), the statements 4 and 9 operating on the 
record type COURSE and statement 7 operating on the 
DEPARTMENT record type implies that ccl(9) = 141 and 
ecs(9) = 19j are the only coherent et’s for m = 9 The 
coherency of the et’s 1s an equivalence relation for any 
given m 
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3 TBE PROGRAM CONVERSION 
We now describe the program conversion algorithm 

using the notion of execution context We use the et’s 
to classify the amblgultles m the CODASYL db operations 
m the program and we essentially define one operation 
of the relational db interface for each dlstmct ec 

3 1 The Data Schema Pappmg 
Any program conversion method tacitly assumes an 

underlying mapping of the source data model to the tar- 
get data model In the present case the CODASYL net- 
work model 1s mapped to the relatlonal model [16] We 
map a record type in the CODASYL schema into a rela- 
tion type which contains, in addltlon to the original 
fields of the record type, one additional attrlbute for 
every CODASYL set m which It 1s a member The “value” 
of such an attribute IS simply the tuple identifier (TID) 
of the owner record of the CODASYL set See Fig l(d) 
We refer to these TID’s as the set-TID’s 

3 2 The Relational Interface 
We assume that the target interface to the rela- 

tional data model IS a QUEL-hke language which con- 
tams both declarative primltlves for query deflmtlon 
and operational prlmltlves for mampulatlon of query 
value sets [9, 141 There are three types of operational 
primitives The OPEN operation evaluates and defines 
the value set of a query If a query 1s reOPENed, its pre- 
vlous value set is destroyed and a new value set 1s com- 
puted The OPEN primitive provides a set oriented 
mterace to the program vvlth the relational database A 
lower level, record oriented interface to the query value 
set IS provided by the notion of a “cursor” [2, 5, 91 The 
SELECT operation moves the cursor to the next data 
item m the value set, and the FETCH operation transfers 
the corresponding data to the UWA A query value set 1s 
thus assumed to be ordered in one way or other, which 
may be arbitrary or as per the user defimtlon via the 
CODASYL data definition The successive SELECT and 
FETCH operations transfer the data from the value set 
accordmg to this order We use the term query and cur- 
sor synonymously when there 1s no confusion likely We 
refer to the position of a record in the value set yla its 
tuple ldentlfier, “pos TID” In this paper, we use a 
slightly extended form of the QUEL in [9]. where we 
allow the use of “pos TID” m the formulation of where- 
clause of a query For example, “pos TID > p” may be 
used to restrict the selection to a subset of the records 
which follow the position p in the ordering The main 
difference between the FIND operation m CODASYL and 
the SELECT operation m QUEL is that the former 
involves a database actlvlty while the latter does not 
The FETCH operation m CODASYL and the GET operation 
m QUEL are on the other hand equivalent In what 
follows, we focus on the data retrieval operations only, 
and do not consider the data update operations 

Two remarks about the query value set are m 
order First, the value set of a query IS m general a 
multi-set, meaning that the same item may occur more 
than once and perhaps m non-consecutive positions m 
the ordermg Second, the query value set IS always 
homogeneous, 1 e consists of records of only one type 
It IS usually a subset of the union of one or more 
CODASYL set occurrences of some type The ordermg of 
a query value set LS determmed. in general, by that of 
the navlgatlon paths to the result records The navlga- 
Lion paths are considered ordered by the dictionary 
ordering For example the ordering of a set of paths of 
thp form from record type A to El to C” 1s done as fol- 
lows If p, = (0, b, ~1) and pa = (~2 b, cn) are two 

such paths, then p1 < ps If al < as. or a, = a2 and bl < 
b,, or a, = ag, b, = b,, and c1 < ce Here, each of the 
navigation steps “A to B” and “B to C” can be from an 
owner to a member record type or vice-versa Note that 
a different query usmg a different navlgatlon path to the 
same record type C may generate a different ordering 
of the result records m its value set The ordering of a 
query value set requires that the definition of the rela- 
tional operators (join, projection. selection, etc ) be 
augmented appropriately to reflect the proper ordering 
of the result relation from those of the arguments This 
1s easily done This augmentation, however, destroys 
the commutative properties of the Cartesian product 
and the join operation, but that 1s not of any serious 
concern because the general optlmlzatlo? techniques 
for relational queries can still be carried out for the 
cursors 

3 3 The Program Conversion Algorithm 
As in [9], we have two basic steps m our conversion 

algorithm (1) the derivation of the cursor defimtlons, 
and (2) the embedding of cursor operations among the 
host language statements in the target program The 
steps (1) and (2) are performed m that order 

3 3 1 Cursor defimtions 
Our main concern here 1s the proper deflrntlon of a 

cursor m the presence of amblgultles m a FIND state- 
ment We deflne one or more cursors for each FIND 
statement m the source program It 1s sometimes pos- 
sible to “cover” several FIND statements vvlthm a single 
cursor and thereby mmlmlze the number of cursors [6. 
91 However, we ignore such optimization issues here 
due to the space hmltatlons Table 1 summarizes the 
cursor definitions correspondmg to the categories (l)- 
(6) m Section 2 Here, each cursor parameter IS written 
as (par-name par-type), where par-type is either “TID”, 
indicating that the value of this parameter 1s a TID. or it 

1s “attr-m” indicating that the value 1s one or more 
attribute values The actual values of these parameters 
are specified in the cursor OPEN operation, which are 
given in the next section When there 1s no confusion 
likely, we shall write only the par-name part In Table 1 
and in what follows, rel-m 1s the name of the relation 
corresponding to the type of record selected by the 
statement m 

The category (3) m Table 1 gives only a “skeletal” 
definition of the cursor because the relation name m the 
range-clause may be dependent on the execution con- 
text If there are k mutually incoherent ec(m)‘s, due to 
different record types in the execution contexts, then 
we defme k corresponding cursors Cml, Cm2, , Cmk 
for the statement m Each Cmi, 1 I 1s k, has the range 
of X deAned over a different relation rel-ml correspond- 
ing to different member record types in the set-m, but 
they are identical otherwlse In order to select the 
appropriate Cm1 for the OPEN operation at the run time. 
we introduce a variable Vm associated vvlth m A state- 
ment assigning a value ‘Cmi’, 1 s 1 zz k, to the variable 
Vm 1s inserted followmg each occurrence of the amblgu- 
ous defimtlon statement in the pc(m) 

For the category (4). we have two different cursor 
definitions, where unlike the category (3). the number 
of parameters is different for the two cases The cursor 
Cm_a corresponds to the case where the record type m 
the et(m) consists only of a owner record of set-m, 1 e , 
no member of set-m has been accessed yet The cursor 
Cm-b corresponds to the other case where the et(m) 
also includes a member record of set-m which may be 
different from ret-m As before, a corresponding van- 
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able Vm 1s introduced in this case as well 

For the categories (l)-(2) and (5)-(6), we do not 
need different cursors defimtions even when mcoherent 
execution contexts exist This is partly due to the fact 
that the result record type is not context dependent 
The actual parameters might be, however, different for 
the OPEN cursor statements from the different ec(m)‘s 
(Note that the value set of each cursor m Table 1 1s 
indeed homogeneous ) 

3 3 2 Embeddmg of Cursor Operations 
The second step of the program conversion algo- 

rithm 1s the embeddmg of the OPEN, SELECT, and 
FETCH operations among the host language statements 
m the target program In general, each FIND statement 
1s replaced by a pan- of OPEN and SELECT statement, 
and a GET statement 1s replaced by a FETCH statement 

3 3 2 1 OPEN cursor operations 

Table 2 gives the actual parameters of the cursor 
OPEN operations for each of the categories (l)-(6) 
Here, ml, m2, , mk refer to the ambiguous defimtlon 
statements m the pc(m) In each case the case state- 
ment results m OPENmg exactly one of the cursors 
defined for m For the category (4), the cursors Cm_a 
and Cm& are those defined m Table 1 Note that the 
first parameter value, the owner record TID, m the varl- 
ous OPEN s of the cursor Cm-b are obtained from 
different rel-ml’s corresponding to the member record 
types of the set-m 

A similar situation arises in both the cases (5)-(6) 
because the owner of set-m may be reached from 
different statements ml, m2, , mk m the pc(m), 
operating on the different member record types of set- 
m In category (6), two different classes of actual 
parameters are possible though the cursor defimtlon 1s 
unique (cf category (4)) The case Vm = ‘Cml’ refers to 
an et(m) where the record type is the owner of set-m, 
the other cases correspond to the ec(m)‘s where the 
record type 1s a member of set-m The categories (2)- 
(6) m Table 2 have a case structure for the OPEN opera- 
tion because these are the cases where the et’s might 
be incoherent 

3 3 2 2 Embeddmg of OPW-SELF.CT operations 
In general, we replace a FIND statement by an 

OPEN statement as defined in Table 2 and this 1s 
immediately followed by a SELECT statement of the 
form shown below, which selects the same cursor Cm1 
that has been most recently opened for the statement 
m If sps(m) is unambiguous, then the case statement 
reduces to a simple “SELECT Cm” 

case Vm of 
‘Cml’ SELECT Cml. 
‘Cm2’ SELECT Cm2, 

‘Cmk’ SELECT Cmk, 
end, 

If the statement m belongs to a loop, then each execu- 
tion of m in the target program will now cause an OPEN 
on one of the Cml’s This 1s clearly quite mefflclent from 
the view point of the program execution speed (though 
in no way worse than the correspondmg sltuatlon m 
CODASYL) There 1s one case where the number of times 
the OPEN operation is executed for the entire loop can 
be reduced to only one, namely, that m has an 
enumeration loop associated with it A FIND statement 

m 1s an enzLmeratzon statement if it 1s one of the follow- 
mg forms (cf categories (2)-(4)) “FIND NEXT ‘I, “FIND 
PRIOR “, or “FIND DUPLICATE ” [6] One of the exe- 
cution contexts for such an m 1s always the statement 

{ml itself The enumemtzon loop EL(m) of m 1s defined 
to be the smallest non-empty loop d any, which con- 
tams m but not contammg any statement of sps(m) 
other than m An EL(m) 1s baslcally a refined form of 
the C-diagram of the first type m [9] It 1s clear that the 
second and all subsequent executions of m m the loop 
EL(m) have the same et(m) namely, tmj This suggest 
that d we “unfold” the first lteratlon of EL(m) then the 
OPEN operation for the remammg loop can be placed 
Just before the loop entry node (Also, the OPEN opera- 
tion can be restricted to the specn¶c Cm1 resulting from 
the et(m) = [ml ) However, smce the unfolded copy of 
m can still have mcoherent et’s, if the orlgmal m had 
incoherent et’s, the unfolding does not ehmmate the 
problem If there were no mcoherent et’s for the orlgl- 
nal statement m, then the unfoldmg 1s not needed and 
the OPEN operation can be placed before the loop entry 
This is essentially what 1s done m [9] In our method, we 
can put the OPEN operation before the loop entry, 
vvlthout havmg to unfold the Arst Iteration, m all cases 
Because the variable Vm takes care of all mcoherencles 
of m. if any The execution of the entire loop ~~11 now 
involve exactly one execution of the OPEN operation for 
m Note that the use of “pos Pl < pos XTID” m the 
where-clause in categories (2)-(4) m Table 1 1s 
motivated by the above posslblhty of placing the OPEN 
statement outside the loop EL(m) Replacmg that by “1 
+ Pl = pos X TID” would not have sufficed even otherwlse 
because of multiple member types m a set, It would 
suffice for smg!e member sets and the cursor value set 
would have at most one record in that case 

3 3 2 3 Conversion of Other CODA3YL Operators 
The methods described m the previous sections can 

be extended to other CODASYL operations as well As an 
example, consider the GET statement A GET operation 
m refers to the current record of the run umt, and Its 
sps(m) consists of a single statement which sets the 
current record of the run unit, 1 e , a FIND statement 
The pc(m) equals the set of all FIND statements m’ in 
the program to which m is apphcable We define an 
et(m) to be of the form [m’j u ec,(m’), where ec,(m’) 1s 
an execution context for m’ It IS necessary to define 
et(m) m this way because the particular record 
occurrence mvolved m m depends both on m’ and Its 
ec(m’)‘s We mtroduce a variable Wm to ldentlfy the 
particular et(m) involved at the run time and to apply 
the FETCH operation to the appropriate cursor among 
all the cursors for the varLous m’ To that end, we make 
the assignment Wm = Vm’ lmmedlately followmg the 
assignment to Vm’ (see 3 2 2 1) If k incoherent seman- 
tic paths lead to a GET statement, then the GET state- 
ment LS replaced by the case statement below 

case Wm of 
‘Cml’ FETCH Cml, 
‘Cm2 FETCH Cm2. 

‘Cmk’ FETCH Cmk, 
end, 

Statements such as IF RECORD NOT FOUND or IF END OF 
SET are replaced by a statement of the form IF END OF 
CURSOR Vm or IF END OF CURSOR cursor-name 

Example The code m Fig l(b) is one of the cases 
where the algorithms m [9 lo] fall because of amblgulty 
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m statement 9 Fig l(e) shows the target program 
obtamed by our conversion method The lmes in the 
target program are numbered here convemently to 
show the correspondence vvlth the hnes m th? source 
program The statements 4 and 7 give rise to the cur- 
sors Cl and C2 while the statement 9 gives rise to two 
different cursors C3 and C4 because of its incoherent 
execution contexts [4j and {7j The OPEN statement for 
m = 9 have been moved outslde the enumeration loop 
EL(9) = 19, 10. 11, 121 

A possible solution for reducmg most of the case 
statements for cursor operations to simple statements 
1s described m [6] where the target mterface 1s 
assumed to support the notlon of CODASYL currency by 
updating the record TID (and any set-TID’s contained m 
that record) whenever a SELECT operation 1s performed 
This currency slmulatlon 1s not difficult to implement on 
the top of a relational system and it simplifies the tar- 
get program conslderably, which Itself might be a 
sufficient reason to provide such support In this paper, 
which basically concerns the prmclples for attackmg 
the conversion problem, we have presented the results 
assuming that the target database system 1s a pure 
relational system 

4 CONCLUSION 

We have introduced here the notlons of abstract 
context, semantic predecessor set, and the execution 
context for analyzmg the context dependency of 
CODASYL db operations We have used them to obtain a 
more refined techmque for decompllmg CODASYL pro- 
grams that takes into account the dependency of 
CODASYL operations In prmclple. our techmque can 
convert an arbitrary CODASYL program to one vvlth the 
relational interface If the source db program contams 
no ambiguous db statements, then our algorithm when 
combined with reduces to the algorithm m [9] 

The concepts of abstract context, etc can also be 
apphed m deslgnmg tools for supportmg the develop- 
ment of semantically correct db programs Context 

dependency analysis 1s essential m detectmg improper 
use of db operations such as missmg components of an 
abstract context We pomt out that a framework similar 
to the one described here can be used for analyzmg the 
context dependency of the db operations in the 
hlerarchlcal data model and also for analysis of file I/O 
operations of a general purpose languages 
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(a) A CODASYL schema 

1 
2 CASE 
3 ‘C’ 
4 
5 
6 ‘D’ 
7 
6 

END 
9 A FIND 

10 
11 GET 
12 

GO TO 
13 E EXIT 

(read OPT) 
OPT OF 
(set COURSE key) 
FIND ANY COURSE 
IFRECORDNOTFOUNDGOTOE 
(set DEPARTMENT key) 
FIND ANY DEPARTMENT 
IF RECORD NOT FOUND GO TO E 

NEXT COURSE WITHIN D-C 
IF RECORD NOT FOUND GO TO E 
COURSE 
(print COURSE) 
A 

A CODASYL-like code sequence It prints either (for 
OPT = ‘C’) the COURSES which follow a given 
COURSE m the database ordering and are in the 
same DEPARTMENT or (for OPT = ‘D’) all the 
COURSES under a given DEPARTMENT 

m = 4 pc(4) = [3j = ec(4) 

m = 7 pc(7) = [S] = ec(7) 

m=9 PC@) = [4, 7, 91 
ccl(9) = 141, ec2(9) = 171. ec3(9) = 191 
ec,(9) 1s coherent with ecs(9) 
ec 1(9) 1s incoherent with ece(9) 

The program contexts and the execution contexts 
for the statements 4, 7, and 9 m (b) 

1 DEPARTMENT 1 

1 INSTRUCTOR 1 

t COURSE ! D-C ! I-C 1 (e) The target program 

The relational schema corresponding to the 
CODASYL schema m (a) 

cursor Cl(P1) {retrieve COURSE with TID = Pl] 
range of X 1s COURSE 
retrieve (X) where (Pl = X TID) 

cursor C2(Pl) Iretrieve DEPARTMENT with TID = Pl] 
range of Y 1s DEPARTMENT 
retrieve (Y) where (Pl = Y TID) 

cursor C3(Pl, P2) 

range of 
retrieve (Z) where 

[retrieve COURSES followmg Pl and 
under the DEPARTMENT vvlth TID = P2] 
Z 1s COURSE 
(Pl < pos Z TID) and 
(P2 = pos Z D-C) 

ordered by D-C 

cursor C4(Pl) 

range of 
retrieve (W) where 

(retrieve COURSES under the 
DEPARTMENT with TID = P11 
W 1s COURSE 
(W D-C = Pl) 

5 
6 

7 

6 

9 A 

10 
11 

12 

13 E 

CASE 
‘C’ 

‘D’ 

END 
CASE 
‘C3’ 
‘C4 
END 
CASE 
‘C3 
‘C4’ 
END 

CASE 
‘C3 
‘C4’ 
END 

GO TO 
EXIT 

(read OPT) 
OPT OF 
(set COURSE key) 
OPEN Cl(COURSE key) 
SELECT Cl 
(set variable V9 to ‘C3 ) 
(set variable Wll to ‘C3’) 
IF END OF CURSOR Cl GO TO E 
(set DEPARTMENT key) 
OPEN CB(DEPARTENT key) 
SELECT C2 
(set variable V9 to ‘C4’) 
(set variable Wll to ‘C4’) 
IF END OF CURSOR C2 GO TO E 

V9 OF 
OPEN CS(COURSE TID, COURSE D-C-TID) 
OPEN C4(DEPARTMENT TID) 

V9 OF 
SELECT C3 
SELECT C4 

IF END OF CURSOR V9 GO TO E 
Wll OF 
FETCH C3 
FETCH C4 

(print COURSE) 
A 

Figure 1 (Contd ) 

Figure 1 (Contd ) 
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TABLE 1 CURSOR DEFINITIONS 

(1) C”l-SOX- Cm(A1 attr-m) 

(3) 

(44 

(4b) 

(5) 

(6) 

range of 
retrieve(X) where 
ordered by 

cursor 
range of 
retrieve(X) where 

ordered by 

cursor 
range of 
retrieve(X) where 

ordered by 

(pos Pl < pos X TID) and 
(P2 = X set-m) and 
(A3 = X attr-m) 
set-m ordering criteria 

cursor 
range of 
retrieve(X) where 
ordered by 

Cmd(P 1 TID) 
X is rel-m 
(PI = X set-m) 
set-m ordermg crlterla 

cursor 
range of 
retrieve(X) where 

Cm-b(P1 TID, P2 TID) 
X is rel-m 

ordered by 

(pos Pl < pos X TID) and 
(PX = X set-m) 
set-m ordering criteria 

cursor Cm(P1 TID) 
range of X is rel-m 
retrieve(X) where (Pl = X TID) 

cursor 
range of 
retrieve(X) where 

ordered by 

Cm(P1 TID. A2 attr-m) 
X 1s rel-m ,~ ~~ 
(Pl = X set-m) and 
(A2 = X attr-m) 
set-m ordering criteria 

X is rel-m 
(Al = X attr-m) 
X TID 

Cm(P1 TID, A2 attr-m) 
X is rel-m 
(pos Pl < pos X TID) and 
(A2 = X attr-m) 
X TID 

Cm(P1 TID, P2 TID, A3 attr-m) 
x 1s 

TABLE 2 OPEN CURSOR OPERATIONS 

(1) OPEN Cm(rel-m attr-m) 

(2) case Vm of 
‘Cml’ OPEN Cm(rel-ml TID, rel-ml attr-m), 
‘Cm2’ OPEN Cm(rel-m2 TID, rel-m2 attr-m), 

‘Cmk’ OPEN Cm(rel-mk TID. relname-mk attr-m). 
end, 

(3) case Vm of 
‘Cml’ OPEN Cml(rel-ml TID, rel-ml set-m, 

rel-ml attr-m), 
‘Cm2’ OPEN Cm2(rel-m2 TID, rel-m2 set-m, 

rel-mZ attr-m), 

‘Cmk’ OPEN Cmk(rel-mk TID, rel-m2 set-m, 
rel-m2 attr-m), 

end, 

(4) case Vm of 
‘Cml’ OPEN Cmd(rel-ml TID), 
‘Cm2’ OPEN Cm-b(rel-m2 set-m, rel-m2 TID), 

‘Cmk’ OPEN Cm-b(rel-mk set-m, rel-mk TID), 

(5) case Vm of 
‘Cml’ OPEN Cm(rel-ml set-m), 
‘Cm2’ OPEN Cm(rel-m2 set-m), 

‘Cmk’ OPEN Cm(rel-mk set-m), 
end, 

(6) case Vm of 
‘Cml’ OPEN Cm(rel-ml TID. rel-ml attr-m), 
‘Cm2’ OPEN Cm(rel-m2 set-m, rel-m2 attr-m), 

‘Cmk’ OPEN Cm(rel-mk set-m rel-mk a&-m), 
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