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Express Mail No.: EE661456784U3

Application Number: 08/775,864

Art Unit: 2771
Examiner: Hosain T. Alam
Applicant: Richard Michael Nemes

August 10, 1998
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Assistant Commissioner of Patents and Trademarks i -2
Washington, D.C. 20231 S ]
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Sir,

{.

s

g-17-76
0,

U-dAIdU 4

It is respectfully requested that the time for response to the Office action dated

April 20, 1998, be extended for a period of one month from July 20, 1998, to and
including August 20, 1998. A check for the $55 fee for this extension is enclosed.

Respectfully submitted,
Richard Michael Nemes
2821 Kings Highway, Apartment iM

Brooklyn, New York 11229
U.S.A.

Telephone: (718) 677-1748

00000103 08775864
55,00 op
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Richard Michael Nemes
2821 Kings Highway, Apartment 1M
"Brooklyn, New York 11229

August 10, 1998

Assistant Commissioner of Patents and Trademarks
Washington, D.C. 20231

re: Patent Application No. 08/775.864, Art Unit: 2771, Examiner; H.T. Alam

Dear Sir,

Find enclosed a 6-page response to the Office action dated April 20, 1998,
in conjunction with the above patent application. In addition, I am enclosing a
petition for extension of time along with a check in the sum of $55, and a self-

addressed postcard listing the enclosed items.
Please note my change of permanent address and phone number:

Richard Michael Nemes
2821 Kings Highway, Apartment 1M
Brooklyn, New York 11229

U.S.A.
Telephone: (718) 677-1748 b o
&
Sincerely yours, o
o
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Richard Michael Nemes
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Application Number: 08/775,864 Express Mail No.: EE661456734U; 8#/ 7’78
Art Unit; 2771 Jr
Examiner: Hosain T. Alam

icant: Richard Michael Nemes

RESPONSE

Sir:
~ Inresponse to the outstanding Office action dated April 20, 1998, please consider the following
remarks (a petition for extension of time and payment are enclosed herewith).

REMARKS

1. Formal drawings will be submitted after allowance of the application.

Response to “Part III DETAILED ACTION,” Items 3-7: Double Patenting

2. The Office states in items 3-5 that the subject matter claimed in the instant application is
fully disclosed in U.S. Patent No. 5,121,495 issued to Nemes (hereinafter ‘495) and claimed in
Claim 1 of ‘495. Specifically, item 5 states that the term *“chain of records” appearing in Claim 1
of ‘495 (col. 12, line 7) is equivalent to a linked list of pointers/addresses of records, and that
“chaining” is equivalent to being linked.

‘495 nowhere teaches or claims linked lists or pointers, and is strictly confined to the linear
probing technique of hashing, as explicitly stated in Claim 1 of ‘495 which reads “An information
storage and retrieval system using hashing techniques to provide rapid access to the records of

said system and utilizing a linear probing technique ...” (col. 11, line 67 through col. 12, linc 3).
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Application Number: 08/775,8¢ L oUnie 27N Examiner: Hosain T. Alam Applicant: Richard M. Nemes

The linear probing technique is described in pages 506-549 of the classic text by D. E. Knuth
entitled The Art of Computer Programming, Volume 3, Sorting and Searching, Addison-Wesley,
Reading, Massachusetts, 1973 (Cite No. 1 in the List of Prior Art Cited by Applicant submitted in
conjunction with the instant application) and is shown there to be applicable only to the “open
addressing” x-ﬁ;:thod of collision resolution, which is a nonlinked-list technique. In the same vein,
in the DETAILED DESCRIPTION section of the disclose in ‘495 a hash table is “described as a
logically contiguous, circular list of consecutively numbered, fixed-sized storage units, called
cells, each capable of storing a single item called a record” (col. 4, line 33--36). This description
excludes linked list implementations, which are claimed here. Since the instant application claims
linked lists, not suggested by linear probing of the cited art, the subject matter claimed is not dis-
closed in ‘495.

The term “gham of records” appearing in ‘495 is used descriptively, and not as a term of art.
In ‘495 it consistently refers to a sequence of consecutively occupied storage locations, and makes
no sense when interpreted to include linked list implementations (col. 1, line 60-63; col. 2, line
11-17). The aforementioned text by Knuth at page 527 is cited by ‘495 in this context (col. 2, line
17), the discussion in that text being limited to linear probing under open addressing, a strictly
nonlinked-list technique. In the same vein, in the DETAILED DESCRIPTION section of the dis-
closure in ‘495, all uses of the term “chain” (e.g. col. 5, lines 7, 10, 41, 44; col. 6, line 39) follow
and are consistent with the description of a hash table only “as a logically contiguous, circular list
of consecutively numbered, fixed-sized storage units, called cells, each capable of storing a single
item called a record” (col. 4, line 33-36.). This definition of “chain” is inconsistent with and does
not suggest the linked list technology claimed in the present application. Thus, ‘495 does not

teach or suggest linked list technology claimed in the instant application.
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Application Number: 08/775,8¢ 4 cut Unit: 2771 Examiner: Hosain T. Alam Applicant: Richard M. Nemes

Item 5 states that as to claims 1 and 3, ‘495 does not recite the term “linked list,” but instead
recites “chain of records,” it being obvious to a person of ordinary skill in the art at the time the
invention was made to use a linked list of records because a chain of records generates a linked
list. In light of the preceding explanation that “chain” as used in ‘495 does not suggest linked list,
this rejection silould be withdrawn.

Item 5 states that as to claims 2 and 4, ‘495 does not recite the removal based on the deter-
mination of a maximum number or expired records, “it being obvious to a person of ordinary skill
in the art at the time the invention was made to group a number of records and thus to predeter-
mine the maximum number in the group to facilitate an efficient processing of records ....” Since
claims 2 and 4 are dependent on claims 1 and 3, respectively, which have been shown in the previ-

ous paragraphs to be not suggested by the subject matter of ‘495, these claims are also patentable.

3. The Office states in items 67 that the subject matter of claims 5-8 is fully disclosed in U.S.
Patent No. 5,287,499 issued to Nemes (hereinafter ‘499) and claimed in Claims 1 and 2 of ‘499,
Specifically, item 6 states that Claims 1 and 2 of ‘499 are “directed to an apparatus and method for
information storage and retrieval wherein the r;lcmory addresses are hashed by using a chain of
records having same hash address, the chaining of records is external (see claim 1, col. 17, line
1).” It then states that “the ‘external chaining of records’ is equivalent to a linked list of pointers/
addresses of records as claimed and the ‘chaining’ is equivalent to being linked.”

Although it is true that in the instant application “external chaining” and “chaining” are each
equivalent to being linked, ‘499 does not teach or suggest on-the-fly deletion of at least some
records based on automatic expiration of data, which is claimed here.

77 44l

Item 6 states that as to claim 5 and 7, ‘499 does not recite the terms “linked list,” “insert,”
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Application Number: 08/775,864 st Unit: 2771 Examiner: Hosain T. Alam Applicant: Richard M. Nemes

“retrieve,” or “delete,” but instead recites “external chaining” and “storing,” and that “it would
have been obvious to a person of ordinary skill in the art at the time the invention was made to use
a linked list of records because a chain of records chained by an external chaining generates a
linked list” (sic). The*499 patent, however, does not teach means or methods for identifying and
removing “at"l.;aast some expired ones of the records” from the linked list “when the linked list is
accessed” (see claims 5 and 7), which is taught by the instant application and is integral to claims
5 and 7. Thus, the rejection should be withdrawn.

Item 6 states that as to claims 6 and 8,' ‘499 does not recite a “maximum number of
records” but instead recites “threshold,” and that “It would have been obvious to a person of ordi-
nary skill in the art at the time the invention was made to group a number or records for determin-
ing the threshold and thus to predetermine the maximum number for the threshold to facilitate an
efficient processing of records ....” The “maximum number of records” (in the instant application)
and “threshold” (in ‘499) serve different purposes and are structured and determined differently.
In the instant application, the number is a single quantity that serves as an upper limit on the num-
ber of records removed from the linked list whenever the linked list is accessed (see claims 6 and
8), whereas in ‘499 the threshold is a pair of coupled quantities, an upper threshold and a lower
threshold, that serve as two-way signals indicating when the system should automatically reorga-
nize a group of records that reside in cells of the hash table into a linked list, and vice versa (col.
6, lines 44-54 and 61-65; APPENDIX). Since neither the maximum number of records nor the
upper threshold can be learned from the other by a person of ordinary skill in the art from either

‘499 or the instant application, the rejection should be removed. Furthermore, the dependent

1. Hem 6reads ... As to claims 7 and 8: The ‘499 patent does ot recite a ‘maximum number of records’
instead recite a ‘threshold” ™ (sic). This appears to be in error and should read “As Lo claims 6 and 8: ...
since the term “maximum number” appears only in claims 2, 4, 6, and 8.
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claims are patentable because the independent claims on which they depend are patentable.

Item 7 states that there is no apparent reason why claims corresponding to those of the
instant application were not presented during prosecution of ‘499. In light of what has been shown
above, that the teachings of the instant application are not included in those of 499, the rejection

should therefore be withdrawn.
Response to “Part I DETAILED ACTION,” Items 8-11: Claim Rejections — 35 USC § 103

4. Initems 8-11, the Office rejects claims 1-8 under 35 U.S.C. § 103 (obviousness) as being
unpatentable over U.S. Patent No. 5,287,499 issued to Nemes (hereinafter ‘499) in view of U.S.
Patent No. 5,202,981 issued to Shackelford (hereinafter “Shackelford”). Specifically, item 10
states that with respect to claims 1-8, ‘499 teaches everything that is claimed (col. 2, line 60-64;

col. 6, line 49-51) with the exception that it does not explicitly indicate the determination of

|
!

“threshold” as being the “maximum number of records,” and that Shackelford teaches “maximum
number of pointers” (col. 3, line 61 through col. 4, line 2).

Claims 1-8 of the instant application address on-the-fly deletion of at least some records
from a linked list based on automatic expiration of data, whereas ‘499 teaches automatic reorgani-
zation of records from linked list structure to sequential storage structure and vice versa to facili-
tate system efficiency. Nowhere does ‘499 teach deletion from the system, nor does it teach
regarding automatically expiring data.

The instant application teaches and claims (claims 2, 4, 6, and 8) means and method for
dynamically determining the maximum number of records to be removed on-the-fly from a linked

list when that linked list is accessed. Shackelford, on the other hand, teaches an unrelated quan-
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tity, the existence of a stored quantity accompanying the stream class data structure that identifies
the maximum number of pointers that are permitted to exist (col. 3, line 61 through col. 4, line 2).
Shackelford does not address an application with automatically expiring data, nor does he address
how many items to delete. These references separately or in combination do not suggest the

claims of the pfcscnt application. The rejection, therefore, should be withdrawn.

5. Item 11 states that claims 1-8 are rejected under 35 U.S.C. § 103 as being unpatentable over
‘499 directed to the linked lists and the step of removing, as set forth in the Double Patenting dis-
cussion, which is item 6 in the Office action.

Neither ‘499 nor Shackelford suggest what is recited in claims 1, 3, 5, and 7, for example,
means and methods for identifying and removing “at least some expired ones of the records” from
the linked list “when the linked list is accessed.” In addition, for the reasons explained in detail in
the previous discussion, rejection of claims 2, 4, 6, and 8, which are directed to “dynamically
determining maximum number,” has already been discussed above. Thus, this rejection should be

withdrawn,

In view of the foregoing remarks, this application should be allowed to issue as a patent.

Respectfully submitted,
Richard Michael Nemes

August 10, 1998

BTEX0000369



h/ Application No. Applicant(s)

08/775,864 Nemes
NOtiCG Of AIIowabiIity Examiner Group Art Unit
Hosain T. Alam 2771

Al claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
nerewith {or previously mailed}, a Notice of Allowance and Issue Fee Due or other appropriate communication will be
mailed in due course.

X This communication is responsive to the Response file August 11, 1998

X! The allowed claim(s) is/are 1-8

The drawings filed on are acceptable.

!

1 Acknowledgement is made of a claim for foreign priority under 35 U.S5.C. § 119(a)-{d).
3 Alt ] some* [] None of the CERTIFIED copies of the priority documents have been

[1 received.
] received in Application No. (Series Code/Serial Number)

71 received in this national stage application from the International Bureau (PCT Rule 17.2(a)).

*Certified copies not received:
Acknowledgement is made of a claim for domestic priority under 35 U.S5.C. § 119(e).

A SHORTENED STATUTORY PERIOD FOR R_ESPONSE to comply with the requirements noted below is set to EXPIRE
THREE MONTHS FROM THE "DATE MAILED" of this Office action. Failure to timely comply will result in
ABANDONMENT of this application. Extensions of time may be obtained under the provisions of 37 CFR 1.136(a).

{1 Note the attached EXAMINER'S AMENDMENT or NOTICE OF INFORMAL APPLICATION, PT0-152, which discloses
that the oath or declaration is deficient. A SUBSTITUTE OATH OR DECLARATION IS REQUIRED.

X Applicant MUST submit NEW FORMAL DRAWINGS

¢

L1 because the originally filed drawings were declared by applicant to be informal.
X including changes required by the Notice of Draftsperson's Patent Drawing Review, PT(0-948, attached hereto or
to Paper No. 3

1 including changes required by the proposed drawing correction filed on , which has been
approved by the examiner.

. 1 including changes required by the attached Examiner's Amendment/Comment.

ldentifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the reverse side of the
drawings. The drawings should be filed as a separate paper with a transmittal lettter addressed to the Official
Draftsperson,

{1 Note the attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIQLOGICAL MATERIAL,

Any response to this letter should include, in the upper right hand corner, the APPLICATION NUMBER (SERIES
CODE/SERIAL NUMBER). If applicant has received a Notice of Allowance and Issue Fee Due, the ISSUF BATCH NUMBER
and DATE of the NOTICE OF ALLOWANCE should also be included.

Attachment(s)

X! Notice of References Cited, PTO-892
71 Information Disclosure Statement(s), PT0-1449, Paper No(s).

{1 Notice of Draftsperson’s Patent Drawing Review, PT0-948

1 Notice of Informal Patent Applicajcion, PT0-1562 /'“\()MP‘S iE\“N

71 Interview Summary, PT0-413 ?g?\\l\so“\‘g\i% ?:NQ
i Examiner's Amendment/Comment U "
| Examiner's Comment Regarding Requirement for Deposit of Biological Material
X' Examiner's Statement of Reasons for Allowance
V.S, Patent and Trademark Office
PT0-37 (Rev. 9-95) Notice of Allowability Part of Paper No. 6
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Serial Number: 08/775,864 Page 2
Art Unit: 2771

1. The following is an Examiner's Statement of Reasons for Allowance:

The prior art does not teach or fairly suggest a method and apparatus for on-the-
fly deletion of records in linked lists based on automatic expiration of data as claimed.
In other words, the prior art of record does not teach or fairly suggest the means (or an

equivalent step in the method claim) of “means for ..accessing a linked list. at the same

time, removing_.....some of the expired ones of the records in the linked list,” as recited

in lines 7-8 of claim 1. Although the prior art of record (Nemes, ‘495 reference) teaches
the use of chains of records and the deletion of records, the Applicant, in the Response
dated August 11, 1998, Paper No. 5, provided arguments as to why the chain of
records as taught in the ‘495 reference is not the same as the linked list as claimed.
The Applicant also distinguishes the claimed invention over the teachings of the ‘499

references, see page 3, Paper no. 5.

Any comments considered necessary by applicant must be submitted no later
than the payment of the Issue Fee and, to avoid processing delays, should preferably
accompany the Issue Fee. Such submissions should be clearly labeled "Comments

on Statement of Reasons for Allowance.”

2. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Hosain Alam whose telephone number is (703)

308-6662.

(L
S 1\:\0\""%2&“"“\“
’ N\ 0

September 28, 1998
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PROCESS AND APPARATUS FOR
MANIPULATING A BOUNDLESS DATA STREAM
IN AN OBJECT ORIENTED PROGRAMMING
SYSTEM

FIELD OF THE INVENTION

This invention relates to object oriented program-
ming systems and more particularly to a method and
apparatus for manipulating a boundless data stream in
an object oriented programming system.

BACKGROUND OF THE INVENTION

Object Oriented Prograwming systems and processes
have been the subject of much investigation and interest
in state of the art data processing environments. Object
Oriented Programming is a computer program packag-
ing technique which provides reusable and easily ex-
pandable programs. In contrast with known functional
programming techniques which are not easily adaptable
to new functional requirements and new types of data,
object oriented programs are reusable and expandable
as mew requirements arise. With the cver increasing
complexity of computer based systems, object oriented
programming has received increased attention and in-
vestigation.

In an object oriented programiming system, the pri-
mary focus is on data, rather than functions. Object
oriented programming systems are composed of a large
number of “objects” An object is a data structure and a
set of operations or functions that can access that data
structure. The data structure may be represented as a
“frame”. The frame has many “slots”, each of which
contains an “attribute” of the data in the slot. The attri-
bute may be a primitive (i.c. an integer or string) or an
Object Reference which is 8 pointer to the object’s
instance or instances (defined below). Each operation
(function) that can access the data structure is called a
“method”.

FIG. 1 illustrates & schematic representation of an
object in which a frame is encapsulated within its meth-
ods. FIG. 2 illustrates an example of an object, in which
the data structure relates to employee data, and a num-
ber of mcthods surround this data structure. One
method, for example, obtains the age of an employee.
Each defined object will usually be manifested in 2
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programs need not be written to handle new types of
data or functions.

FIG. 3 illustrates the inheritance property. For ease
of illustration, the objects are illustrated as rectangles
rather than as circles, with the object name at the top of
a rectangle, the frame below the abject name and the
methods below the frame. Referring to FIG. 3, three
object classes are illustrated for “salesperson”, “em-
ployee” and “person”, where a salesperson is a “kind
of* employee, which is a “kind of"* person. In other
words, salesperson is a subclass of employee and em-
ployee is the superclass of salesperson. Similarly, em-
ployee is the subclass of person and person is the super-
class of employee. Each class shown includes three
instances. B. Soutter, W. Tipp and B. G. Blue are sales-
persons. B. Abraham, K. Yates and R. Moore are em-
ployees. I. McEnro, R. Nader and R. Reagan are per-
sons. In other words, an instance is related to its class by
an *is a” relation.

Each subclass “inherits” the frame and methods of its
superclass. Thus, for example, a salesperson frame in-
herits age and hire date objects from the employee
superclass as well as print and promote methods. Sales-
person also includes a unique quota attribute and a pay
commission method. Each instance can access all meth-
ods and frames of its superclass, so that, for example, B.
G. Blue can be promoted.

In an object oriented system, a high level routine
requests an object to perform one of its methods by
sending the object a “message” telling the object what
to do. The receiving object responds to the message by
choosing the method that implements the message
name, executing this method and then returning control
to the calling high level routine, along with the results
of the method.

Object oriented programming systems may be em-
ployed as database management systems which are ca-
pable of operating upon a large database, and which are
expendable and adaptable. In an object oriented data-

40 base management system, the data in the database is

number of instances. Each instance contains the particu- .

lar data structure for a particular example of the object.
For example, an object for individual ‘employee named
Joyce Smith is an mstance of the “employee™ object.

Objoct oriented programming systems provide two
primary characteristics which allow flexible and reus-
gble programs to be developed. These characteristics
are referred to as “encapsulation” and “inheritance”. As
may be seen from FIG. 1, the frame (data set) is encap-
sulated by its methods (functions). A wall of code has
been placed eround each picce of data. All access to the
frame is handied by the surrounding methods. Data
independence is thereby provided because an object’s
data structurc is accessed only by its methods. Only the
associated methods know the internal data structure.
This ensures data integrity.

The “inberitance” property of object oriented pro-
gramming systems allows previously written programs
to be broadened by creating new superclasses and sub-
classes of objects. New-objects are described by how
they differ from preexisting objects so that entirely new

50

55 large to fit in
_the system’s memory, or into the portion of the system's

60
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organized and encapsulated in terms of objects, with the
instances of the objects being the data in the database.
Similarly, the database manager may be organized as a
set of objects with database management operations
being performed by sending messuages from one object
to another. The target object performs the requested
action on ns attributes us'ulg its mcthods.

ggement systems | typically operate on large databascs
However, it is difficult to manipulate theTarge

or a large subset of the database which results from a
database query, in order to view, update or delete se-
lected elements therefrom. From a system perspective,
the object oriented datab: results,
are a “boundless” data stream which is too

memory allocated to an individual user.

“TAs 15 well known to those having skill in the art, a
data processor typically includes internal, volatile mem-
ory, often referred to as random access memory (RAM)
or simply as “memory”, which is available to the system
for data manipulation. For multiuser systems, memory
is typically divided among the users. Due to physical
memory limitations, each user is limited to a maximum
size of data stream which can be manipulated. In order
to allow manipulation of data streams which exceed the
maximum size, more memory must be provided, or a

mechanism must be provided which creates the appear-
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3
ance of manipulating a boundless data stream without
exceeding the physical limitations of the data processing
environment.

Attempts have been made in prior art functionally
programmed database management systems to provide 5
the appearance of access 10 a boundless data stream by
providing a *“cursor” For example, in the Structured
Query Language (SQL) databasc management system
marketed by IBM Corporation as program product
number 5470-XYR, a “cursor” is provided. The cursor 10
is a file which provides forward pointers to a larger data
stream. Thesc forward pointers allow the data to be
manipulated in the forward direction as one very large
data stream. Operation of a cursor in an SQL database
system is described in a publication entitled “IBM Data- 15
base 2 Version 2 SQL Reference Release 17, IBM publi-
cation number SC26-4380-0, the disclosure of which is
incorporated herein by reference.

Unfortunately an SQL cursor only allows & boundless
data stream to be accessed or “scrolled” in the forward
direction. Data manipulation often requires backward
scrolling as well. In other words, bidirectional scrolling
is required. Morcover, one particular SQL cursor may
only be employed by one user at one time. Unfortu-
nately, large database management systems often re- 25
quire multiuser capability. Finally, the SQL cursor is
implemented in a functionally programmed database
management system. A process and apparatus for bidi-
rectional, multiuser manipulation of a boundiess data
stream in an object oriented database management sys- 30
tem bas heretofore not been available.

SUMMARY OF THE INVENTION

It is therefore an object of the invention to provide a
process and apparatus for manipulating a boundless data 35
“stream,

It is another object of the invention to provide a
process and apparatus for manipulating a boundless data
stream in an object oriented programming system.

It is still another object of the invention to provide a
process and apparatus for bidirectionally scrolling a
boundless data stream in an object oriented program-
ming system.

It is yet another object of the present invention to
provide a process and apparatus for allowing a single
user to bidirectionally scroll multiple instances of the
same boundless dats stream in an object oriented pro-
gramming system.

These and other objects are provided by the present o,
invention in an object oriented database management
system including a data storage device having a data-
base of data objects stored thereon and an object ori-
ented database manager operating in a data processor
connected to the data storage device. According to the ¢
invention, the object oriented database mansger in-
cludes a “stream” class of objects. Each time a bound-
less data stream is manipulated by a user, an instance of
the stream class is created.

The stream class of the preseat invention includes
attributes and methods for allowing & boundless data
stream to be manipulated bidirectionally by one user
without exceeding the physical limitations of the user's
environment. In particular, the stream class attributes in-
clude a number of pointers which identify sequential 65
data objects selected from the database, and an attribute
which identifies the maximum number of pointers per-
mitted. The maximum number of pointers is limited by

20

@

4

the smount of memory available to the user of the

stream class instance. In cffect, the attributes of the
stream class create a “window™ into the database for the
user, with the maximum size of the window being deter-
mined by the amount of memory available to the user.

It will be understood by those having skill in the art
that the poiater in the stream attributes may point di-
rectly to (Le. directly identify) data objects in the data-
base. Alternatively, the pointers may point to (identify)
data objects in a large data stream produced as & result
of a query to a databasc. In fact, the pointers may point
to data clements in an SQL cursor. Each pointer in the
stream class attribute may also indirectly point to the
data elements in the database by pointing to a stream
element which includes therein one or more data ele-
ments from the database. Alternatively, each pointer in
the stream class attribute may point to a stream element
which in turn contains a pointer to onc or more data
elements from the database. In other words, direct or
indirect pointing may be employed.

According to the invention, an instance of the stream
class is created when a user desires to manipulate a
boundless data stream. The instance will contain space
for a pumber of pointers, the maximum number of
which is determined by the amount of available mem-
ory.

The data attributes of the stream class of the present
invention also include an identification of a current one
of the pointers, with the current pointer changing in
response to a user request. Thus, cach instance of the
stream class will include a current value ideatification
of one of the pointers in the set of pointers in the stream
class instance.

The stream class of the present invention also in-
cludes methods sssociated therewith. In particular,
“move to next” and “move to previous” methods are
included. The “move to next” method changes the
pointers in the stream class instance attributes to include
the data element immediately following the current
data element, and to include neighboring data elements
of the immedistely following data element in the re-
maining pointers, so that pointers to sequential data
elements are included in the stream jnstance. When the
maximum number of pointers are already present in the
stream class instance, at least anc pointer must be de-
leted before the immediately following data clement
may be inserted. Similarly, the “move to previous"
method changes the pointers in the stream class instance
attributes to include the data element immediately pre-
ceding the current data element, and to include neigh-
boring clements of the immedintely preceding data ele-
ment in the remaining pointers, so that poicters to se-
quential data elements are included in the stream in-
stance. When the maximum number of pointers are
slready present in the stream class instance, at least one
pointer must be deleted before the immediately preced-
ing dats element may be inserted. The stream instance
thereby provides a “sliding window" into the large data
stream, with the sliding window including a' desired
data clement, and as many surrounding dats elements as
are possible, consistent with the user’s memory allocs-
tion.

The stream class of the present invention also in-
cludes methods to “move to first” and “move to last”.
In these methods, the pointers in the stream instance
attributes are changed to include the first and last
stream elements, respectively, and following or remain-
ing elements respectively, up to the maximum allowed
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narmes of pointers. The stream class may also include an
attribute defining the maximum pumber of data ele-
ments to be read each time the database is physically
accessed, to thereby provide input/output buffering. In

& preferred embodiment, the maximum number of 5
pointers in the stream class instance attribute is prefera-
bly an integer multiple of the maximum number of data
elements which can be read by the system at one time.
The number of elements in the window is thereby a
fuaction of the number of elements which may be physi- 10
cally accessed at one time.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a schematic representation of an
object. 15
FIG. 2 illustrates a schematic representation of an

example of an object.

FIG. 3 llustrates the inheritance property of objects.
FIG. 4 illustrates a schematic block diagram of an
object oriented computer system according to the pres- 20

ent invention.

FIG. § illustrates 2 schematic block diagram of an
object oriented program according to the present inven-
tion.

FIG. 6 illustrates a representation of the stream class 25
of the present invention.

FIG. 7 illustrates a representation of the stream class
of the present invention, as it appears to & user.

FIG. 8 illustrates a representation of the maximum
size of a stream class of the present invention. 30
FIG. 9 illustrates input/output buffering in a stream

class of the present invention.

FIG. 10 illustrates stream elements in a stream class
of the present invention.

FIG. 11 illustrates a current value pointer in a stream 35
class of the present invention.

FIGS. 12 through 15 illustrate a stream class of the
present invention at various stages during operation of a
first example of the present invention.

FIG. 16 through 29 illustrate a stream class of the 40
present invention at various stages during operation o a
second example of the present invention.

FIGS. 30 through 34 illustrate a stream class of the
present invention at various stages during operation of a
third example of the present invention. 45

FIGS. 35 through 40 illustrate a stream class of the
present invention at various stages during operation of &
fourth example of the present invention.

DESCRIPTION OF THE PREFERRED ¢

EMBODIMENT

The present invention now will be described more
fully hercinafter with reference to the eccompanying
drawings, in which a preferred embodiment of the in-
vention is shown. This invention may, however, be 5
embodied in many different forms and should not be
construed as limited to the embodiment set forth herein;
ruther, this embodiment is provided so that this disclo-
sure will be thorough and complete, and will fully con-

U

vey the scope of the invention to those skilled in the art. 60

Like numbers refer to like elements throughout.
OBJECT ORIENTED COMPUTER SYSTEM

In an object oriented computer system, work is ac-
complished by sending action request messages to an 65
ohject which contains (encapsulates) data. The object
will perform the requested action on the data according
to its predefined methods. The requestor of the action

6
need not know what the actual data looks like or how
the object manipulates it.

An object’s class defines the types and meanings of
the data and the action requests (messages) that the
object will honor. The individual objects containing
data are called instances of the class. Classes generally
relate to real-world things. For example, “Parts™ may
be a class. The data elements (slots) of a part might be a
part number, a status and a part type. The instances of
this class represent individual parts, each with its own
part number, status, and type information. The pro-
grams performing the requested actions are called
methods of the class, L

Object classes can be defined to be subclasses of other
classes, Subclasses inherit all the data characteristics
and methods of the parent class. They can add addi-
tional data and methods, and they can override (rede-
fine) any data elements or methods of the parent class.
While most messages are sent to object instances, the
message that requests that a new instance be created is
sent to an object class. The class will cause a new in-
stance to be created and will return an object identifier
by which that object will be known.

The sender of an action request message need not
know the exact class of the object to which it is sending
the message. As long as the target object either defines
a method to handie the message or has a parent class
that defines such a method, then the message will be
handled using the data in the object instance and the
method in its class or its parent class. In fact, it need not
be an immediate parent, but may be a parent’s parent,
etc. The sender of the method necd only have the object
ID of the receiving object. This property of object
oriented systems is called *“inheritance”. The inheri-
tance property is used in the present invention

Referring now to FIG. 4, a schematic block diagram
of an object oriented computer system 10 is illustrated.
The system 10 includes a data processor 11 which may
be & mainframe computer, minicomputer or personal
computer. For large databases having multiple users, a
mainframe computer is typically employed. As is well
known to those having skill in the art, the data proces-
sor 10 includes a volatile data storage device 13, typi-
cally random access memory (RAM) for providing a
working store for active data and intermediate results.
Data in RAM 13 is erased when power to the data
processor 11 is removed or a new user session is begun.
System 10 also includes a nonvolatile data storage de-
vice 14 for permanent storage of objects. Device 14
may be a direct access storage device (DASD-a disk
file) a tape file, an erasable optical disk or other well
known device. Nonvolatile data storage device 14 will
also be referred to herein as 8 “database”. Volatile data
storage device 13 will also be referred to a3 “memory™.
A display terminal 15 including a cathode ray tube
{CRT) or other display, and a keyboard, is also shown.

An object oriented operating program 12 is also in-
cluding in data processor 11. Object oriented operating
program 12 may be programmed in object oriented
languages such as “C” or “Smalltalk” or variations
thereof, or in conventions! programming languages
such as FORTRAN or COBOL. The design of an ob-
ject oriented operating program 12 is well known to
“those skilled in the art of object oriented programming
systems, and will only be described generally below.

Referring now to FIG. 5, the main components of an
object oriented program (12, FIG. 4) will be described.

- A more detailed description of the design and operation
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of an object oriented program is provided in “Object
Oriented Software Construction”, by Bertrand Meyer,
published by Prentice Hall in 1988, the disclosure of
which is incorporated herein by reference.

Referring to FIG. 5, object oriented program 12
includes three primary components: a Messenger 51, an
Object Management Table $2 and a Loaded Classes
Table 53. The Messenger 51 controls communication
between calling and called messages, Object Mansage-
ment Table 52 and Loaded Classes Table 53. Object
Management Table 52 contains a list of pointers to all
active object instances. The Loaded Classes Table 53
contains a list of pointers to all methods of active object
classes.

Operation of the Object Oriented Program 12 will
now be described for the example illustrated in FIG. 8,
in which Method A (block 54) of aa object sends a
message to Method B (block 55) of an object. Method A
scnds a message to Method B by calling Messenger 51.
Messenger 51 obtains & pointer to the data frame 56 of
the instance object specified by Method A, by searching
Object Management Tablc 52 for the instance object. If
the specified instance object cannat be found, Object
Management Table 52 adds the instance object to the
table and calls the instance to materialize its data from
the database, Once in the instance table, Object Man-
agement Table 52 returns the pointer to the materialized
instance object.

Messenger 51 then obtains the address of Method B
from the Loaded Classes Table 53. If the instance’s class
is not loaded, the Loaded Classes Table 53 will load it at
this time to materialize its data. The Loaded Classes
Table 53 searches for the specified method (Method B)
and returns the address of the method to Messenger 51.

The Messeoger 51 then calis Method B, passing it a
system data area and the parameters from the call made
by Method A including the pointer. Method B accesses
the data frame 56 using the pointer. Method B then
returns control to the Messenger 51 Which returns
control to Method A.

BOUNDLESS DATA STREAM

Inherent within object oriented database manage-
ment systems is the necessity to easily manipulate very
large amounts of data. Due to the physical limitations
of the computer and its operating system, each user is
limited to & finite amount of storage. This, in turn,
limits the amount of data which can be in memory at

-any one moment. In order to incresse the volume of
accessible data, either more memory must be allocated
to the application or & mechanism is needed which
provides the appesrance of access to a very large
volume of data while still remaining within the physical
limitations of the user's environment. The present in-
vention, a process and apparatus of manipulating
boundless data streams, provides the user with the
ability to manipulate any number of lists of virtually
unlimited size in & finite amount of storage. This inven-
tion expands on the “cursor” known to those skilled in
the art which permits only uni-directional access to
date and which is non-recursive in that the data can
only be used once by a single user at any single point in
time, ¢.g. the SQL cursor.

The boundless data steam expands upon the capabili-
ties of a “cursor™ by providing more flexible navigation,
i.¢. bidirectional movement. Memory and 1/0 optimiza-
tion in the boundiess data stream can be customized to
meet the requirements of a particular application in
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various ways including alteting the size of the stream as
well as the amoust of data read into memory from the
cursor at one time. Furthermore, the data stream trans-
parently manages multiple data streams against the same
“cursor” Thus, the boundless data stream reduces the
amount of computer application code necessary (o ma-
nipulate a “cursor” while providing a superior interface
to the data.

In an object oriented programming system, accord-
ing to the present invention, the boundless data stream
is an infinitely long linked list of object references. The
physical structure of the data stream in memory may be
represented as illustrated in FIG. 6. The large, outer
stream box 21 is the maximum amount of memory uti-
lized by the stream. The smaller, inner stream boxes 22
are the number of rows read from the cursor 23 at any
one time. The arrows show the direction in which one
may access the data. The stream, however, logically
appears to the user as a bi-directional cursor. This is
illustrated in FIG. 7 where the arrows show the direc-
tion in which one may access the data. The rows appear
in groups of two because, in this example, the data will
be read into the stream two clements at a time. This
nurmber is arbitrary and can be designated by the user in
order to optimize 1/0.

In an object oriented programming system, the
boundless data stream may be implemented by two
object classes, namely the Stream class and the Stream
Element class. The Stream Element class is where the
actual data is stored about the individual data objects
for which the stream was developed. It could be some-
thing as simple as an object ID to a join of any number
of objects. These appear in memory only while the
Stream class needs them. They are discarded and recre-
ated as memory requirements dictate.

The Stream class is composed of a linked list of object
references to Stream Elements. Additionally, it has all
those methods necessary for converting & “cursor” or
any other similar uni-directional database access mecha-
nism into a boundiess linked list. This linked list aliows
both forward and backward movement and transpar-
ently handles all the cursor interfacing. Essentially, a
user just moves up and down the Stream and accesses
the data directly. The Stream handles all the cursor
opens, closes, and positioning as well as all the memory
management chores. Thus, for all practical purposes,
the Stream appears to the user as a “smart” linked list.
That is, all the data within the Stream appears automati-
cally, ‘The user need only reference it.

‘The Stream class allows a user to create any number
of lists based upon the same cursor. The user can move
to the first, last, next, or previous elements. In addition,
the user can specify the maximum number of Stream
Elcments to maintain in memory st any one time. He
also can specify the number of elements to be read with
each physical access of the database, ie. designate 1/0
buffer size. Finally, the user can refresh the list at any
time with a single instruction so that the list contains the
current, updated value of the data as stored in the data-
base.

Somc of the attributes and methods of the stream
class and stream element class of the present invention
will now be described in detail.
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STREAM CLASS—ATTRIBUTES
Max_List. Size
Max_List_Size, an_instance attribute (sometimes

referred to as maximum attribute), permits the user to
specify the maximum number of elements to keep in the
‘linked Tist in RAM at any one time. Through its use, the
“overall memory requirements of a stream are reduced.

“For example, if the number of elements in the list is
equal to Max_List_Size and an additional element is to
be added to the end of the list, then a Deletc_First is
done by the Move_to__Next method. The defauit value
for Max_List_Size is LONG_MAX. Where Max-
_List_Size is reduced to less than this default, it is
desirable to set the new value to a multiple of the Num-
ber..to_Read instance attribute. It is preferable to usc
an integer multiple greater than 1 such as 10 or 100
times Number_to_Read.

Number_to__Read

Number_to_Read attribute (sometimes referred to
as Number_.to_Read number attribute) is the number
of rows to be read from the cursor at any one time, i.e.
the small box 22 in FIG. 6. This may also be called
Buffer_Size. By reading a set number of rows at any
given time, physical 1/0 performance is optimized.

Nb_Elements

The Nb_Elements instance attribute contains the
total number of elements in the logical linked list. It bas
three states:

‘zere’

Nb__Elements Is set to “zero” when the stream has
just been created but the database has not been ac-
cessed.

‘Unknown_Nb_ Elem’ (999999999)

This is known as the “unknown” state since aithough
clements have been read from the database, the actual
end of the logical linked list has not been reached, ic.
the ¢end of the cursor has not been reached.

*Known’

This state is the actual number of elements in the 50

logical linked list. This state comes in to existence only
when the end of the cursor has been reached, and only
then can it be assigned to Nb_Elements.

55
An alternative embodiment adds an additional select

statement which actually returns the count of the num-
ber of elements which will meet the selection criteria
and assign that valuc at that time.

Current._Carsor

The Current_Cursor instance attribute is used to The
Current indicate which cursor is the active cursor for
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Current_Value_Pointer Current_ Value_.Pointer
(sotnetimes referred to as current attribute) is the OREF
to the Current Stream Element in the linked list.

Row_Count

Row_Count refers to the count of the rows in the
database or in the result of the selection criteria.

STREAM CLASS-—METHODS
Cwirent_Value

The Current. Value instance method, returns the
OREEF to the current Stream Element in the linked list.

Move_to__First

The Move_to__First instance method positions the
user at the first element in the logical linked list.

Move_to__Last

The Move_to_Last instance method positions the
user at the last element in the logical linked list.

Move_.to_. Next

The Move_to_Next instance method positions the
user at the next clement in the logical linked list,

Move_to._Prev
The Move_to_Prev instance method positions the
user at the previous ¢lement in the logical linked [ist.
Restart

The Restart instance method closes the physical data-
base access link, i.e. the “cursor”. It deletes all stream
elements from memory and clears out the physical
linked list. Finally, it resets the stream instapce attri-
butes to their original state. In other words, it forces the
stream to refresh itself without baving to delete it and
create a new stream instance.

Reopen

The reopen method reopens a closed cursor and sets
the pointer to the beginning of the cursor.

Other methods and attributes which are utilized to
implement the above methods will be described in the
examples which follow.

STREAM ELEMENT CLASS—ATTRIBUTES
Object _Id
The Object 1d instance attribate is an OREF to any
object.
STREAM ELEMENT CLASS—METHODS
Create

This method creates a pew Stream Element object.
This method stores the values in the Stream Element

60 object’s instance attributes

DETAILED DESCRIPTION OF STREAM AND
STREAM ELEMENT CLASS METHODS

Examples are now presented to illustrate the opera~

the stream instance. Although it is possible todefine any g5 tion of the invention. Example 1 describes the move to

number of cursors within a particular stream class, any
stream instance can only use one cursor within a partic-
ular stream clags at a time,

first method which manipulates the data stream to set
the current value pointer to point at the first element in
the cursor. Example 2 describes the move to last
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method which manipulates the data stream to set the
current value pointer to point at the last element in the
cursor. Example 3 describes the move to next method
which manipulates the data stream to set the current
value pointer to point at the next element in the cursor.
Example 4 describes the move to previous method
which manipulates the data stream to set the current
value pointer to point at the previous element in the
Cursor.

For purposes of these examples, arbitrary values are
chosen for various attributes including Max Lis-
t. Size=12, Number_to__Read=4, and 19 rows in the
database mecet the selection criteria. In all examples, the
term “database™ is used to refer to nonvolatile data
storage device 14 (FIG. 4). The terms “RAM" and
“memory” are used to refer to a volatile data storage
device 13 (FIG. 4).

The term “row” refers to an entry in a database table.
it can represent either the physical row in the database
table or the row as stored in memory. Thus, it is some-
times used interchangeably with the term Stream Ele-
ment. “Stream Element” refers to an object instance
which is pointed to by an object reference (OREF)
within the physical list. OREF's are commonly used in
object oriented programming systems to point to an
instance of an object. Stream Elements are the memory
images of rows retrieved from the database.

“Logical list”, “logical linked list”, or “virtual list" is
the entire list as defined by the cursor's selection criteria
against the physical database table(s). This is the list
which “appears” to the user to be in memory but in
reality is not. If instance attribute Max__List _Size, were
set to infinity and all rows from the cursor could be
placed into memory at one time, then the logical list
would be the same as the physical list. “Physical list”,
“physical linked list”, or “actual list"” refer to the actual
in-memory linked list used to track the Stream Ele-
ments. This is the “sliding window” of the database. Its
size is the number of elements in this linked list is
bounded by: 1 =namber of elements in the physical kst
ZMax Yist Size.

“Maximum list size™ or “max-size” refer to the value
defined by the Max. List _Size instance attribute. This
is the maximum number of rows in memory at any one
time. If the number of rows in the physical list exceeds
this number, the first row in the physical List must be
removed from memary before an additional row may be
sdded at the end of the physical list. “Number to read”,
“read buffer”, “burst mode read™, or “burst read” refer
to the value defined by the Number_to_Read instance
attribute. A certain number of rows are read each time
the stream must access the database with 1/0 com-
mands. Since most database access mechanisms provide
for some sort of data buffering, selection of the buffer
size for this burst read optimizes the utilization of the
database’s buffering.

The reserved word SELF appears throughout the
examples. As is well known to those having skill in the
art, the use of SELF in an expression having a method
and object denotes the current instance of the class. The
function of SELF in the present invention denotes the
current instance of the Stream Class,

Deferred methods also appear throughout the exam-
ples. As is well known to those having skill in the art, a
deferred method which is defined by a class but is only
implemented by the dependents (children) of the class.
The function of the deferred method is precisely speci-
fied by the Stream Class of the present invention, al-
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though it is implemented by children of the Stream
Class.

Mcmory utilization at a particular time (“flash
points™) are also conceptually represented in the Exam-
ples. The data stream is illustrated as a vertical box as
shown, for example in FIG. 6 and 7. The memory occu-
pied by the physical list is illustrated as a long horizontal
box as depicted in FIG. 8. It will hold at most Max_Lis-
t__Size elements. The memory occupied by the elements
read in any one burst mode from the database will be
shown as a short horizontal box, usually within the
physical list box, as illustrated in FIG. 9. Each burst
mode box will hold & maximum of Number._to_Read
clements,

As illustrated in FIG. 10, row numbers will often be
seen within the barst read boxes to demonstrate which
rows, i.c. strcam elements, are in memory at that time,
Finally, the current value pointer will be represented by
a vertical arrowhesd underncath the physical list. As
illustrated in FIG. 11, it will point to the current ele-
ment. In this figure, it is pointing to element 05.

EXAMPLE 1—MOVE TO FIRST

As a first example, assume that there is a stream
My_Stream which has already been created but has not
yet been accessed. The physical list in memory is ilins-
trated in FIG. 12. This example will load the first Num-
ber_to_Read elements which the buffer can hold.
Once these are in the physical list, the current value
pointer is set to point to the first clement.

A user of My. _Stream issues a cal] to the Move .to_.
First method, and the Move_to._First method receives
control. This call can be represented as:

My_Stream Move_to_First

The Move._ to__First method determines that this is the
first time the stream has been accessed. Thus, it makes a
call to the stream's Load _Next method. Load..Next
invokes the Fetch _Row method to retricve a stream
element. Fetch _Row now receives control. It deter-
mines that this is the first time this stream has been
accessed and issues a call to the Open method. Qpen
receives control and invokes the deferred method for
the appropriate database query language to open the
stream. This deferred method receives control

The operation to this point can be illustrated on the
program invocation stack as:

My__Stream Move._to__First, which in turn called
SELF.Load _Next, which in tarn called
SELF.Fetch Row, which in turn called

SELF Open, which in turn called

SELF.database_query_language_Open

The deferred method loads the relevant search crite-
ria and opens the actual data cursor, i.e. cursor 23 in
FIG. 6. It then returns & result code to its caller. Assum-
ing that the open by the deferred method is successful,
OK is returned to the caller, i.e. the Open method. Open
determines that the open was successful and initializes
instance attributes. Cursor Status is set to ‘open’ and
Nb_Elements is set to Unknown_Nb_Elems. The
Row_.Count instance attribute is set to 0. Open then
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returns to its caller, i.e. Fetch. Row. FetchRow now
issues a call to the database _query_language to Fetch,
i.c. to get a stream element. Fetch receives control. The
program invocation stack can be illustrated as:

My__Stream.Move.._to._First, which in turn called
SELF.Load_Next, which in turn called
SELF.Fetch. Row, which in turn called
SELF.database;j query_ language Open

The deferred Fetch routine fetches cursor row 01
into the appropriate host variables and issues a call to
the Stream Element’s Create method. The Stream Ele-
ment’s Create method creates an instance of the Stream
Element and invokes the Initialize method. The pro-
gram invocation stack can be illustrated as:

My._Stream.Move__to_First, which in turn called
SELF.Load_Next, which in turn called
SELF.Fetch._Row, which in turn called

SELF.datatbase_query_language Fetch, which in
turn called

StreamElement.Create, which in turn called

Stream Element. Initialize.

The Stream Element s Initialize method stores the
values in its instance attributes and returns to the Create
method. The Stream Element’s Create method returns
contral to its caller, database_query_language__Fetch.
Fetch returns the OREF of the newly created Stream
Element to its caller, Fetch._ Row. The Fetch__Row
method increments the Row..Count instance attribute
from 0 10 1 and returns controf to its caller, Load _Next.

The Load_Next method adds the stream element to
the end of the list which is currently empty. The physi-
cal list is illustrated in FIG. 13. The Load_. Next method
then invokes Fetch . .Row and adds the resultant stream
element to the physical list three more times, for a total
of Number__to._Read timcs, in this example, 4 times,
‘The physical list can be represented im FIG. 14.

Load. Next has caused Number_to_Read, ie. 4,
rows to be read from the database, It now returns con-
trol to its cafler, Move_to_First. At this point, the
Current_Value_Pointer is undefined. Thus, the
Move_to_Fimst method now establishes the Curren-
t_Value_Pointer to point to the first element in the list.
The physical list is illustrated in FIG. 15. Note that 4
elements were read in at one time in a single burst.
These are illustrated in FIQ. 15 in the burst read box
(read buffer). The Current. Value. Pointer is pointing
to the first element, stream element 01

EXAMPLE 2--MOVE TO LAST

For the second example, again assume that there is a
strcam My__Stream which has already been created but
has not yet been accessed, The physical list is illustrated
in FIG. 16. This example reads in the elements a buffer
at a time. Since the size of memory is 12 and buffer size
is 4, three buffers will be read. Another buffer is read.
Memory is then full. The first element in memory will
be deleted end of memory. This will be repeated until
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the buffer is empty. Another buffer will be read from
the database. Elements from the front of the physical
list will be deleted and Elements from the buffer will be
added to the end of the physical list. This process will
continue until the end of the cursor is reached. The
Current_Value__Pointer will then be set to point to the
last element in the physical list.

A user of My__Strcam issues 2 call to the Move_to_
Last method and the Move to_Last method receives
control. The call can be represented as:

My_Stream.Move_to__Last

Move__to._Last determines that this is the first time the
stream has been accessed. Thus, it calls the stream’s
Load Next method. Load Next invokes the Fetch_
Row method to retrieve a stream element. Fetch__Row
receives control. It determines that this is the first time

this stream has been accessed and calls the Open .

method. Open receives control and invokes the de-
ferred database__query _language. Open method. This
deferred Open method receives control. The program
invocation stack can be represented as:

My_ Stream.Move_to_Last, which in turn called
SELF.Load Next, which in turn called
SELF.Fetch . Row, which in tamn called
SELF.Open, which in turn called

SELF.database__query_langnage_Open

Deferred Open loads the relevant search criteria and
opens the actaal data cursor, i.e. cursor 23 in FIG. 6. It
then returns 2 result code to its caller, Open. Assuming
that the open is successful, OK is returned to the caller,
Open. Open determines that the open was successful
and initializes the instance attributes. Cursor Status is
sct to *open’ and Nb_Elements is set to Unknown  N-
b_Elems. The Row_Count instance attribute is set to
0. Open then returns control to its caller, Fetch _Row.
Fetch_Row calls database..query._language Fetch,
to get a stream element. Fetch receives control. The
program invocation stack can be represented as:

My_Stream.Move_to_Last, which in tarn calied

' SELF.Load_Next, which in turn called

SELF.Fetch_ -Row, which in tum called
SELF.database_query_language Fetch

Fetch fetches cursor row 01 into the appropriate host
variables and issues a call to the Stream Element’s Cre-
ate method. The Stream Element’s Create method cre-
ates an instance of the stream element and invokes the
Initialize method. The program invocation stack can be
represented as:
My_Stream.Move_to_Last, which in tum called
SELF.Load WNext, which in turn called

SELF.Fetch. Row, which in turn called
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SELF.database_query_language_Fetch,
turn called

which in

Stream__Flement. Create, which in turn called
StreamElement Initialize,

The Stream Element’s Initialize method stores the
values in its instance attributes and returns control to

the Create method. The Stream Element's Create 10

method returns control to its caller database_query_.
language_Fetch. Fetch retumns the OREF of the newly
created Stream Element to its caller, Fetch _Row.
Fetch _Row increments the Row_Count instance attri-
bute from 0 to | and returns control to its caller, Load 15
Next.

The Load Next method adds Stream Element 01,
i.e. Stream Element from Row 01 of the database se-
lected results, to the end of the list which is currently
empty. The physical list is illustrated in FIG. 17. 20
Load_Next then invokes Fetch Row and sadds the
resultant stream clement to the physical list three more
times, for a tota! of Number_to_Read times, ie. 4
times. Thus, 4 elements are read in a single burst. The
physical list can is illustrated in FIG. 18, 25

Load_Next has caused Number._to. _Read rows, i.e
4 rows, to be read from the database It now returns
control to its caller, Move_to__Yast. Move_to_Last
determines that the end of the cursor has not been
reached. Thus, it calls the Load Next method again, to 30
load the next Number_to_Read block of rows. Load_.
Next invokes the Fetch Row method to retrieve a
streamn element. Fetch Row calls database_query__.
language._Fetch, to get a stream clement. Fetch re-
ceives control. The program invocation stack can be 35
represented as:

My_Stream.Move_to_Last, which in murn called
SELF.Load_Next, which in turn called 40
SELF.Fetch__Row, which in turn called

SELF .database_query_language_Fetch
45
Fetch fetchies cursor row 05 into the appropriate host
variables and issues a call to the Stream Element's Cre-
ate method. The Stream Element’s Create method cre-
ates an instance of the Stream Element and invokes the

Initialire method. The program invocation stack can 50

now be represented as:

My.-Stream.Move_to__Last, which in turn called
SELF.Load__Next, which in turn called
55

SELF Fetch Row, which in turn called

SELF database_.query_language._Fetch, which in
tumn called

60

Stream . Element.Create, which in turn called
Stream__Element. Initialize.

The Stream Element's Initialize method stores the 65

values in its instance attributes and returns control to its
caller, the Create method. The Stream Element's Cre-
atc method rcturns comtrol to  its  caller,

16
databasc__query_language_Fetch. The Fetch routine
returns the OREF of the newly created Stream Element
to its caller, Fetch.. Row.

Fetch_Row increments the Row__Count instance
attribute from 4 to 5 and returns control to its caller,
Load_Next. Load. Next adds the 05 Stream Element,
i.c. the element from row § of the cursor, to the end of
the list. The physical list is illustrated in FIG. 19.
Load_Next then invokes Fetch._ Row and adds the
resultant stream element to the physical list three more
times, for a total of Number_to_Read times, Le. 4
times. This is because 4 elements are read in a single
burst. The physical list is illustrated io FIG. 20. Load —
Next has caused Number__to__Read rows, ic. 4 rows, to
be read from the database. It now returns control to its
caller, Move _to__Last.

Move_to__Last determines that the end of the cursor
has not been reached. Thus, it calls the Load _Next
method again, to load the next Number to..Read
block of rows, i.e. 4 rows. The Load_Next invokes the
Fetch _Row method to retrieve a stream element.
Fctch_Row issucs a call to database. query.lan-
guage_Fetch. Fetch receives control. The program
invocation stack can be represented as:

My._Stream.Move _to_Last, which in turn called
SELF.Load__Next, which in turn called
SELF.Fetch . Row, which in turn called
SELF.database__query_language  Fetch.

Fetch fetches cursor row 09 into the appropriate host
variables and issues a call to the Stream Element’s Cre-
ste method. The Stream Element’s Create method cre-
ates an instance of the Stream Element and invokes the
Initialize method. The program invocation stack can be
represented as: .

My. Stream.Move. to. . Last, which in tum called
SELF.Load__Next, which in turn called
SELF.Fetch_Row, which in turn called -

SELF.databasc_query_language Fetch, which in
turn called

Stream__FElement.Create, which in tumn called
Stream—Element. Initialize.

The Strearn Element's Initialize method stores the
values in its instance attributes and returmns control to
the Create method. The Stream Element's Create
metbod returns control to its caller, database_query.
language . Fetch. Fetch returns the OREF of the newly
created Stream Element to its caller, Fetch. Row.

Fetch Row increments the Row_Count instance
attribute from 8 to 9 and returns control to its caller,
Load._Next. Load. Next adds the 09 Strcam Element
10 the end of the list. The physical list is illustrated in
FIG. 21.

Load_next then invokes Fetch_ Row and adds the
resultant Stream Element to the physical list three more
times, for a total of Number_to_Read times, i.e. 4
times. This is because 4 rows are read in a single burst.
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The physical list is illustrated in FIG. 22. Load Next
has caused Number_to. Read rows, i.e. 4 rows, to be
read from the database. It now returns control to its
caller, Move__to_Last.

Move__to_Last determines that the end of the cursor
has not been reached, so it issues a call to the Load
Next method again, to load the next Number._to_Read
block of rows, i.¢. 4 rows. Load._Next invokes Fetch__.
Row to retrieve a stream element. Fetch. Row calls
database_query_language_.Fetch, to get a Stream Ele-
ment. Fetch receives control. The program invocation
can be represented as:

My._ Stream.Move_ to__Last, which in turn called
SELF.Load . Next, which in turn called
SELFE.Fetch Row, which in turn called
SELF.database_query—language_Fetch.

Fetch fetches cursor row 13 into the appropriate host
varisbles and issues a call to the Stream Element’s Cre-
ate method. The Stream Element’s Create method cre-
ates an instance of the Stream Element and invokes the
Initialize method. The program invocation stack can be
represented as: |

My_Stream.Move__to..Last, which in turn called
SELF.Load_Next, which in turn called
SELF.Fetch..Row, which in turn called

SELF.database_query-language Fetch, which in
turn called

Stream_ Element.Create, which in turn called
Stream __Element Initialize.

The Stream Element's Initialized method stores the
.values in its instance attributes and retwns control to
the Create method. The Stream Element's Create
method returns control to its caller, Fetch. The Fetch
routine returns the OREF of the newly created Stream
Element to its caller, Fetch_Row.

The Fetch_Row method increments the Row..
Count instance attribute from 12 to 13 and returms con-
trol to its caller, Load Next. Load. Next determines
that the physical list has reached the Max. List Size
boundary, so it deletes the first element off the list. The
physical list is illustrated in FIG. 23. Load_Next next
adds the stream element to the end of the list. The physi-
cal list is iflustrated in FIG. 24. Notice that no more
than a total of Max_List_Size, i.e. 12, elements are in
the list at any oae time.

Load_Next invokes Fetch. . Row and drops off the
front elements and adds the resultant Stream Elements
to the physical list three more times, for a total of Num-
ber. to..Read times. As is well known to those having
skill in the art, elements are deleted from the front of a
list by freeing the memory. The physical list is illus-
trated in FIG. 25. Load_Next has caused Num-
ber_to_Read rows, i.e. 4 rows, to be read from the

‘database. It now returns control to its caller,

Move._to_Last.
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Move_to._Last determines that the end of the cursor
still has not been reached. Thus, it calls the Load Next
method again, to load the next Number_to_ Read
block of rows, i.e. 4 rows. Load_Next invokes Fetch__.
Row to retrieve a Stream Element. Fetch_Row calls
database__query._language Fetch, to get a Stream Ele-
ment. Fetch receives cantrol. The program invocation
stack can be represented as:

My_Stream.Move_to._Last, which in turn called
SELF.Load_Next, which in turn called
SELF.Fetch._.Row, which in turn called
SELF.database__query. language_Fetch.

Fetch fetches cursor row 17 into the appropriate host
variables and issues a call to the Stream Element's Cre-
ate method. The $tream Element's Create method cre-
ates an instance of the Stream Element and invokes the
Initialize method. The program invocation stack can be
represented as:

My._Stream.Move._to. Last, which in turn called
SELF.Load_Next, which in turn called
SELF.Fetch._Row, which in turm called

SELF.database query-language_Fetch, which in
turn called

Stream__Element.Create, which in turn called
Stream. Element. Initialize,

The Stream Element’s Initialize -method stores the
valucs in its instence attributes and returns control to
the Create method. The Stream Element's Create
method retums control to its caller, Fetch. Fetch re-
turns the OREF of the newly created Stream Element
to its caller, Fetch _Row.

Fetch._ Row increments the Row_Count instance
attribute from 16 to 17 and returns to its caller, Load.
Next. Load_Next determines that the physical list has
reached the Max _List Size boundary, ic. 12, so it
deletes the first element off the list. The physical list is
illustrated in FIG. 26, Load__Next adds the stream ele-
ment to the end of the list. The physical list is illustrated
in FIG. 27. Notice that 10 more than a total of Max-
—List_Size, ie. 12, elements are in the list at any onc
time. Load .next invokes Fetch _Row and drops off the
front elements and adds the resultant Stream Element to
the physical list two more times. The physical list is
illustrated in FYG, 28.

The Load_Next method invokes the Fetch_ Row
method a fourth time. LoadNext invokes the Fetch ..
Row method to retrieve & Stream Element Fetch
Row calls database_query_langusge Fetch, to get a
Stream Element. Fetch receives control. The program
invocation stack can be represented as:
My_.Stream.Move_to_Last, which in turn called

SELF.Load. Next, which in turn called

SELF.Fetch -Row, which in turn called
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SELF.database__query_language_Fetch,

Fetch reccives an End. of _Cursor from the fetch
and returns control to Fetch._Row with the appropni-
ate indicator, The Fetch_.Row method sets Nb__Ele-
ments equal to Row_Count, sets the Cursor Status
attribute 1o End..of _Cursor and returns control to its
caller, Load _Next. The Load_Next method deter-
mines that the cursor has been closed from the value in
Cursor Status and returns control to its caller,
Move_to_Last, without modifying the physical list.
The Move_to__Last method determines that the end of
the cursor has now been reached. Since the Curren-
t_Valoe_ Pointer is currently undefined, Move _to_.
Last establishes the Current_Value. Pointer to point to
the last element in the list. The physical list is illustrated
in FIG. 29. Note that there are only Max_Size_List
elements, ie. 12 elements, in the list. Also note that the
Current_Value_ Pointer is pointing to the last element,
i.c. the element from row 19 in the result of the database
sclection,

EXAMPLE 3-—-MOVE TO NEXT

For purposes of this example, sssume that a partial list
is currently in mémory. The physical list is illustrated in
FIG. 30 shows where the maximum 12 elements (Max-
_List_Size) are in memory and the Curren-
t_Value_ Pointer is pointing to the last clement in the
physical list, ie. the element from the row 16 in the
database, In this example, since the Curren-
t_Value_Poiuter is pointing to the last element will be
read from the cursor into the buffer. Elements will be
deleted from the front of the physical list and added to
the end of the physical list from the buffer, one at & time
until the contents of the entire buffer is in the physical
list. The Current_Value_Pointer will then be set to
point to the next clement in the physical list.

A user of My__Stream issues a call to the Move_to_—
Next method and the Move_to_ Next method receives
control. The call can be represented as:

My_Stream.Move_to_Next  (End_of_List_Indica-
tor)

End_of_List_Indicator is passed as a parameter and is
assigned a state as control is returned. Move to.. Next
determines that the Current_ Value_Poiater is on the
last clement, ie. the 12th element, in the physical list
and also that the End_of the. Cursor has not been
rexched. Thus, it invokes Load _Next to load in the
next buffer, i.c. 4 elements, from a single burst. Load
Next invokes the Fetch__Row method to retrieve
Stream Element. Fetch _Row calls database_query_
fanguage_Fetch, to get « stream Element. Fetch re-
ceives control. The program invocation stack can be
represented as:

My._Stream.Move__to.Next, which in torn called
SELF.Load Next, which in tun called
SELF.Fetch_Row, which in turn called
SELF.database__query. language _rFeeh

Fetch fetches cursor row 17 into the appropriate host

variables and issues a call to the Stream Element's Cre-
ate method. The Stream Element’s Create method cre-
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ates an instance of the Stream Element and invokes the
Initialize method. The program invacation stack can be
represented as:

My_Stream.Move..to_Next, which in turn called
SELF.Load_Next, which in turn called
SELF.Fetch_ Row, which in turn called

SELF.database._query. language._Fetch, which in
turn called

Stream.. Element.Create, which in turn called
Stream  Element Initialize.

The Stream Element’s Initialize method stores the
values in its instance attributes and returns control to
the control to its caller, Fetch. Fetch returns the OREF
of the newly created Stream Element to its caller,
Fetch_Row.

The Fetch_Row method increments the Row.___
Count instance attribute from 16 to 17 and retums con-
trol to its caller, Load_next. The Load_Next method
determines that the physical list has reached the Max-
—List_Size boundary, i.e. 12 elements. Thus, it deletes
the first clement off the list. The physical list is illus-
trated in FIG. 31. N

The Load_Next method adds the Stream Element to

the end of the list. The physical list is illustrated in FIG.
32. Notice that no more than a total of Max__List__Size,
i.c. 12, clements are in the list at any one time: The
Load._Next method then invokes Feich Row and
drops off the front elements and adds the resultant
Stream Element to the physical list two more times.
The physical list is illustrated in FIG, 33.

The Load_Next method invokes the Fetch_Row
method a fourth time. The Load _Next invokes the
Fetch_Row method to retrieve a Stream Element.
Fetch.Row calls databasc._query_language . Fetch,
to get 8 Stream Element. Fetch receives control. The
program invocation stack can be represented as:

My_Stream Move._to...Next, which in turn called
SELF.Load_Next, which in turn called
SELF.Fetch_Row, which in turn called

SELF.database._query.-language ¥etch,

Fetch receives an End_of _Cursor from the fetch
and retumns control to Fetch_ Row with the appropri-
ate End_of_Cursor indicator. The Fetch_ Row
method sets the Cursor. Status attribute to En-
d_of_Cursor and returns control to its caller, Load _
Next. The Load _Next method determines that the
cursor has been closed from the value in Cursor__Status
and returns control to its caller, Move to_Next, with-
out modifying the physical list. The Move_to_Next
method then moves the Current _Value_Pointer to the
next clement in the list, i.c. the element that was row 17
in the database. The physical list is illustrated in FIG.
34. Notice that there are Max_Size_List elements, i.c.
12 clements, in the physical list and the current value
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pointer is pointing to the element which was in row 17
in the database.

EXAMPLE 4—MOVE TO PREV

For purposes of this example, assume that a partial list
is currently in memory with the Curren-
t_Value_ Pointer pointing to the first element of the
list. The physical list is illustrated in FIG. 35. In this
example, it will be determined that Cumen-
t__Value__Pointer is set to the first element of the physi-
cal fist. The cursor pointer will be determined. All ele-
ments in the physical list will be deleted. The carsor
will then be closed. The cursor will be recopened with
the pointer pointing to the beginning of the cursor.
Memory will be loaded with elements a Number_to._
Read elements at a time. The Current.Value_ Pointer
will then be set to point to the previous element in
memory (the physical list).

A user of My_ Stream issues a call to the Move_to__
Prev method and the Move.._to_Prev method receives
control. The call can be represented as:

My_Stream Move..to._Prev
tor)

(End—of_List__Indica-

End_of_ List_Indicator is passed as a parameter and is
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assigned its state as control is returned. The Move_to..

Prev method determines that the Curren-
t_Value_Pointer is on the first element in the physical
list and that some elements have previously been
dropped from the beginning of the list. This is deter-
mined by comparing Row_Count to Max_ List. Size.
If it is greater, then some elements have been deleted
from the beginning of the list. Thus, it invokes Load .
Prev to load in the previous buffer. The Load Prev
method determines the physical row number of the
element as it resided in the result of the database selec-
tion immediately preceding the first element in the
physical list, i.c. row number 4. It then closes the cursor
by calling the Close method.

Close calls the databasc_query_language  Close
method. If there is more than ome cursor open,
database _query_language Close determines which is
open, closes it, and returns control to the Close method.
Close returns control to its caller, Load.. Prev. The
Load._Prev method then deletes all the physical list
clements and frees memory. The physical list is illus-
trated in FIG. 36

The Load _Prev method then executes the Load
Next method for Max_List_Size/Number_to._Read
times since Max_List Size is 12 and Number_to__
Read is 4, Load Prev executes Load. _Next 3 times.
For the first of the 3 imes, Load. Next receives control
on the first loop and invokes the Fetch_Row method to
retvieve a Stream Element. Fetch Row calls
database_query_language Fetch, to get 2 Stream Ele-
ment. Fetch receives control. The program invocation
stack can be represented as:

My__Stream Move..to_Prev, which in turn called
SELF.Load_Prev, which in turn called
SELF.Load _Next, which in turn called

SELF.Fetch Row, which in turn called
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SELF.database_query_language _ Ferch.

Fetch finds that the cursor is closed and returns to its
caller with an appropriate clased cursor indication. The
Fetch_Row method, upon finding that the cursor is
closed, calls the Reopen method to reopen and reposi-
tion the cursor, The Reopen method opens the cursor
and positions the pointer to the beginning of the cursor.
It then returas to the Fetch _Row method.

Fetch _Row now issues a call to itself to call
database.. query_langunage_Fetch, to get a Stream Ele-
ment. Fetch receives control. The program invocation
stack can be represented as:

My__Stream.Move_to_Prev, which in turn called
SELF.Load__Prev, which in tumn called
SELF.Load._Next, which in turn called
SELF Fetck . Row, which in turn called
SELF.FetchRow, which in turn called

SELF.database_query_language_Fewh.

Fetch fetches cursor row 01 into the appropriate host
variables and issues a call to the Stream Element's Cre-
ate method. The Stream Element's Create method cre-
ates an instance of the Stream Element and invokes the
Initialize method. The program invocation stack cau be
represented as:

My Stream Move_to_ Prev, which in turn called
SELF.Load__Prev, which in turn calied -
SELF.Load Next, which in turn called
SELF.Fetch._Row, which in turn called
SELF.Fetch_Row, which in turn called

SELF.database_query_language Fetch, which in
turn called

Stream__Element.Create, which in turn called
Stream. Element Initinlize.

The Stream Element’s Initialize routine stores the val-
ues in its instance attributes and returns to the Create
method.

The Strearn Element’s Create method returns control
to its caller, database _query_. language. Fetch. Fetch
returns the OREF of the newly created Stream Element
to its caller, the second Fetch . Row. The second Fetch-
~Row method iocrements the Row_Count instance
attribute from 0 to | and returns control to its caller, the
first Fetch _ Row. The first Fetch_Row retums control
to Load . Next.

The Load_Next method adds the Stream Element to
the end of the list, which is currently émpty. The physi-
cal list is llustrated in F1G. 37, The Load . Next method
then invokes Fetch__Row and adds the resultant Stream
Element to the physical list three more times, for a total
of Number_to_Read times. The physical list is illus-
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trated in FIG. 38. Load..Next has caused Num-
ber_to_Read rows, i.c.. 4 rows, to be read from the
database since Number_To_Read is 4. It returns con-
trol to its caller, Load Prev. Load _Prev invokes
Load . Next two more times, for a total of three times.
The physical list is illustrated in FIG. 39. Load__Next is
called 3 times because Max_ List_ Size is 12 and Num-
ber_.to_. Recad is 4.

Load _Prev now returns control to its caller,
Move_to_Prev. The Move_to_ Prev method posi-
tions the Current._Value .Pointer to the appropriate
element in the list. The physical list is illustrated in FIG.
40. Notice that the Current_Value_ Pointer is pointing
to the clement from the 4th row in the database, i.c. one
before the row number from the database which the
pointer pointed to in the physical list (row 5).

PSEUDO CODE APPENDIX A—STREAM CLASS

The following Appendix contains a pseudo code
listing of an implementation of the stream class of the
present invention in an object oriented computer sys-
tem. The pseudo code listing is designed to operate with
IBM’s well-known Structured Query Language (SQL).

PSEUDO CODE APPENDIX B—STREAM
ELEMENT CLASS

The following Appeéndix contsins a pseudo code
listing of an implementation of the stream class of the
present invention in an object oriented computer sys-
tem. The pseudo code listing is designed to operate with
IBM's well-known Structured Query Language (SQL).

In the drawings and specification, there have been
disclosed typical preferred embodiments of the inven-
tion snd, although specific tecms are employed, they arce
used in & generic and descriptive sense only and not for
purposes of limitation, the scope of the invention being
set forth in the following claims.

That which we clsim is:

1. A method for bidirectionally accessing data in a
databsse management system comprising a data storage
device, a database of a first plurality of data clements
stored in the data storage device, a data processor con-
nected to the data storage device, said data processor
executing a database manager for converting a plurality
of unidirectional pointers into bidirectionsl pointers to
manipulate said first plurality of daw clements; said
bidirectional access method comprising the steps of:

accepting a query request;

processing the accepted query request to obtain a

second plurality of pointers to a second plurality of
data clements selected from said fust plurality of
data elements as a result of said query;

cresting a file in mid data storage device for storing
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said second plurality of pointers therein in a prede- 5

termined sequence, from a first to a last pointer,
said file allowing only unidirectional access to said
second plurality of pointers, from said first to said
Inst pointers; ,

accepting 8 request to manipulate said second plural-
ity of data clements, including a selected one of said
second plurality of data elements;

creating a dats window in said data storage device,
for storing therein a third plurality of pointers se-
lected from said second plurality of pointers stored
in said file allowing only unidirectional access to
said second plurality of pointers;

storing the selected third plurality of pointers in said
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dsta window, the selected third plurality of point-
ers comprising a third plurality of sequential point-
ers from said second plurality of pointers stored in
said file allowing only unidirectional access to said
second plurality of pointers, including a pointer to
said selected one of said second plurelity of data
elements; and

bidirectionally accessing said third plurality of point-

ers stored in said data window and selected from
said second plurality of pointers stored in said file
allowing only wnidirectional access to said second
plurality of pointers.

2. The method of claim 1 wherein said query request
accepting step comprises the step of accepting a request
to manipulate a first data clement in said file and
whercin said storing step comprises the step of storing a
third plurality of sequential pointers from said second
plurelity of pointers, beginning with said first pointer.

3. The method of claim 1 wherein said query request
sccepting step comprises the step of accepting a request
to manipulate a last data clement in said file and wherein
said storing step comprises the step of storing a third
plurality of sequential pointers from said second plural-
fty of pointers, ending with said last pointer.

4. The method of claim 1 wherein said query request
accepting step comprises the step of accepting a request
to manipulatc & next data clement in said file and
wherein said storing step comprises the step of storing a
third plurality of sequential pointers from said. second
plurality of pointers, including a pointer to said next
data clement.

5. The method of claim 1 wherein said query request
accepting step comprises the step of accepting a request
to manipulate a previous data element in said file and
wherein said storing step comprises the step of storing a
third plurality of sequential pointers from said second
plunality of pointers, including said next data element.

6. The method of claim 3 whercin said storing step
further comprises the step of repeatedly storing the
third plurality of sequential pointers beginning with said
first pointer, until said last pointer is stored.

7. A database management system comprising:

a data storage device;

a database of a first plurality of data elements stored

in said data storage device;

a data processor connected to said data storage de-

vice; and

said data processing executing a database manager,

for converting a plurality of unidirectional pointers
into bidirectional pointers to manipulate said first
plurality of data elements, comprising:

means for accepting a query request;

.means for processing the accepted query request to
obtain a second plurality of pointers to a second
plurality of data elements selected from said first
plurality of data elcments as a result of said
query;

means for creating a file in said data storage device
_for storing said second plurality of pointers
therein in a predetermined sequence, from a first
to a last pointer, said file allowing only unidirec-
tional access to said second plurality of pointers,
from said first to said last pointers;
means for accepting a request to manipulate said
second plurality of data clements, including a
selected one of said second plurality of data ele-
ments;
means for creating a data window in said data stor-
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age device, for storing therein a third plurality of
pointers selected from said second plurality of
pointers stored in said file allowing only unidi-

rectional access to said second plurality of point- 5

€r3;

means for storing the selected third plurality of
pointers in the data window, the selected third
plurality of pointers comprising a third plurality
of sequential pointers from said second plurality
of pointers stored in said file allowing only unidi-
rectional access to said second plurality of point-
ers, including the pointer to said selected one of
said plurality of said elements; and

means for bidirectionally accessing said third plu-
rality of pointers stored in said data window and
sclected from said second plurality of pointers
stored in said file allowing only unidirectional
access to said second plurality of pointers.

8. The system of claim 7 wherein said query request
sccepting means comprises means for accepting a re-
quest to manipulate a first data element i said file and
whetein sasid means for storing comprises means for
storing a third plurality of sequential pointers from said

second plurality of pointers, beginning with said first "

pointer.

9. The system of claim 7 wherein said query request
accepting means comprises means for accepting a re-
quest to manipulate a last data element in said file and
wherein said means for storing comprises means for
storing & third plurality of sequential pointers from said
sccond plurality of pointers, beginning with said last
pointer,

10. The system of claim 7 wherein said query request
accepting means comprises means for accepting a re-
quest to manipulate & next data element in said file and
wherein said means for storing comprises means for
storing a continuous third plurality of sequential point-
ers from said second plurality of pointers, including a
pointer to said next data element.

35

11. The system of claim 7 wherein said query request *°

sccepting incans comprises means for accopting a re-

quest to manipulate a previous data element in said file -

snd wherein said means for storing comprises means for
storing a third plurality of sequential pointers from said
second plurality of pointers, including a pointer to said
previous data element.

12. The system of claim 9 wherein said means for
storing further comprises means for storing & series of
third pluralities of sequential pointers beginning with
said first pointer, nntil said last pointer is stored.

13. The system of claim 7 wherein said file comprises

a structared query language cursor.

14. A process for manipulating a data strcam compris- -

ing a second plurality of data objects in an object ori-
ented database management system comprising a data
storage device, a database of a first plurality of data
objects stored in said data storage device in a predeter-
mined sequence, a data processor connected to said data
storage device, said data processor executing an object
oriented database manager, for manipulating said first
plurality of data objects; said process comprising the
steps of:
providing a stream class of objects in said object
oriented database manager, said stream class of
objects including stream class attributes and stream
class methods;
said stream class attributes comprising:
a second plurality of pointers for identifying a sec-
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ond plurality of data objects selected from said
first plurality of data objects in said database;

a current attribute for identifying a current one of
said second plurality of pointers; and

a maxivoum attribute for identifying the maximum
number of pointcrs in said second plurality of
pointers;

said stream class methods comprising:

a first method for placing in an instance of said
stream class, a second plurality of pointers in-
cluding s pointer for identifying a data object
immediately preceding the data object identified
in said current attribute; and

a second method for placing in an instance of said
stream class, a second plurality of pointers in-
cluding a pointer for identifying a data object
immediately succeeding the data object identi-
fied in said current attribute;

creating an instance of a stream class object to manip-
ulate said first plurality of data objects using said
second plurality of pointers; and

processing said instance of said strcam class object on
said data processor using said first and second
stream class methods.

15. The process of claim 14 wherein said stream class

methods farther comprise:

a third method for placing in an instance of said
stream class, a second plurality of pointers includ-
ing a pointer for identifying a first data object in the
predetermined sequence of said first plurality of
data objects; and

a fourth method for placing in an instance of said
stream class, a second plurality of pointers includ-
ing a pointer for identifying a last data object in the
predetermined sequence of said first plurality of
data objects; and

wherein said processing step further comprises pro-
cessing said instance of said stream class object on
said data processor using said third and fourth
stream class methoxds,

16. The process of claim 14 wherein said second plu-
rality of pointers directly identify said second plurality
of data objects,

17. The process of claim 14 wherein said second plu-

rality of pointers comprise said second plurality of data

objects.

18. The process of claim 14 further comprising the
step of creating a stream element class of objects, and
creating a second plurality of instances of said stream
element class of objects, a respective one of said second
plurality of pointers identifying a respective one of said
se]:gnd plurality of instances of said stream element
[+) 5

19. The process of claim 18 wherein said second plu-
rality of instances of said stream element class of objects
includes a pointer for identifying a respective one of
said second plurality of data objects.

20. The process of claim 18 wherein said second plu-
rality of instances of said stream element class of objects
comprises a respective oue of said scocond plurality of
data objects. .

21. The process of claim 14 further comprising the
step of selecting said maximum attribute to be less than
or equal to the maximum number of pointers which may
be stored in said data storage device.

22. The process of claim 14 wherein said first method
performs the following steps:

" deleting at least one of said second plurality of point-
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ers from said stream class attributes; and

inserting said pointer for identifying a data object
immediately preceding the data object identified in
said current attribute, into said stream class attr-
butes.

23. The process of claim 14 wherein said second

method performs the following steps:

deleting at least one said second plurality of pointers
from said stream class attributes; and

inserting said pointer for identifying a data object
immediately succeeding the data object identified
in said current attribute, into said stream class attri-
butes.

24. The process of claim 15 wherein said third

method performs the following steps:

deleting all of said second plurality of pointers from
said stream class attributes; and

inserting said pointer for identifying said first data
object into said second plurality of pointers.

28. The process of claim 15 wherein said third

method performs the following steps:

deleting all of said second plurality of pointers from
said stream class attributes; and

inserting a second plurality of pointers for identifying
said stream class, with the inserted second plurality
of pointers beginning with said first data object.

26. The process of claim 15 wherein said fourth
method performs the following steps:

deleting all of said second plurality of pointers from
said stream class attributes; and

inserting a second plurality of pointers for identifying
s3id stream class, with the inserted second plurality
of pointers ending with said last data object.

27. The process of claim 14 wherein said step of creat-
ing an instance comprises the step of creating an in-
stance of said stream class object for each user of said
object oriented database management system.

28. The process of claim 14 wherein said step of creat-
ing an instance comprises the step of creating an in-
stance of said stream class object for each query of said
database in said object oriented database management
system. ’

29. An object oriented database mansgement system
comprising:

a data storage device;

a database of a first plurality of data cbjects stored in
said dats storsge device in a predetermined se-
quence;

ldfuprooemrwnnectedmniddaustcmgcde-
vice,

said date processing exccuting an object oriented
database manager, for manipulating said first pla-
rality of data objects, ssid object oriented database
manager including a stream class of objects, said
stream class of objects including stream class attri-
butes and stream class methods;

said stream class attributes comprising:

a second plurality of pointers for identifying a sec-
ond plurality of data cbjects selected from said
first plurality of data objects in said database; -

a current attribute for identifying a current one of

 said second plurality of pointers; and

a maximum attribute for identifying the maximum
number of pointers in said second plurality of
pointers; '

said stream class methods comprising:

15

5

45

35

28

a first method for placing in an instance of said
stream class, a sccond plurality of pointers in-
cluding a pointer for identifying a data object
immediately preceding the data object identified
in said current attribute; and

a second method for placing in an instance of said
stream class, a second plurality of pointers in-
cluding a pomter for identifying a data object
immediately succeeding the data object identi-
fied in sajd current attribute;

creating means, including in said object oriented data-
basc manager, for creating an instance of a stream
class object; and

stream class method processing means, included in
said object oriented database manager, for process-
ing said instance of said stream class object using
said first and second stream class methods.

30. The object oriented database management system
of claim 29 wherein said stream class methods further
comprise:

& third method for placing in an instance of said
stream class, a second plurality of pointers includ-
ing & pointer for identifying a first data object in the
predetermined sequence of said first plumlity of
dats objects; and

a fourth method for placing in ot instance of said
stream class, a second plurality of pointers includ-
ing a pointer for identifying a last data object in the
predetermined sequence of said first plurality of
data gbjects; and

wherein said stream class method processing means
also processes said instance of said stream class
object using said third and fourth stream class
methods.

31. The object oriented database management system
of claim 29 wherein said database of data objects com-
prises a subset of a larger database of data objects, said
first plurality of dats objects resulting from a query of
said larger databasc.

32. The object oriented database management system
of claim 29 wherein said data storage device comprises
& nonvolatile data storage device and wherein said data-
base is stored in said nonvolatile data storage device.

33. The object oriented database management system
of claim 29 wherein said data storage device compriscs
a volatile data storage device and wherein said database
is stored in said volstile data storage device.

3. The object oriented databasc management system
of claim 31 wherein said subset of a larger database
comprises a cursor of said larger database.

35, The object oriented database mansgement system
of claim 29 wherein said second plurality of pointers
directly identify said second plurality of data objects.

36. The object oriented database mansgemett system
of claim 29 wherein said second plurality of pointers
comprise said second plurality of data objects.

37. The object oriented database management system
of claim 29 wherein said object oriented database man-

-ager further includes & stream element class of objects,

and means for creating a second plurality of instances of
said stream element class of objects, a respective one of
said second plurality of pointers identifying a respective
one of said second plurality of instances of said stream
clement class.

38. The object oriented database management system
of claim 37 wherein said second plurality of mstances of
said stream element class of objects includes & pointer
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for identifying a respective one of said second plurality
of data objects.
39. The object oriented database management system
of claim 37 wherein said second plurality of instances of
said stream element class of objects comprises a respec-
tive one of said second plurality of data objects.
40. The abject oriented database management system
of claim 29 wherein said maximum attribute is selected
to be less than or equal to the maximum number of
pointers which may be stored in said data storage de-
vice,
41. The object oriented database management system
of claim 29 wherein said first method comprises:
means for deleting at least one of said second plurality
of pointers from said stream class attributes; and

means for inserting said pointer for identifying a data
object immediately preceding the data object iden-
tified in said current attribute, into said stream class
attributes,

42. 'The object oriented database management system
of claim 29 wherein said second method comprises:
means for deleting at Jeast one of said second plurality
of pointers from said stream class attributes; and

means for inserting said pointer for identifying a data

object immediately succeeding the data object
identified in said current attribute, into said stream
class attributes. _
43. The object oriented database management system
of claim 30 wherein said third method comprises:
means for deleting all of said second plurality of
pointers from said stream class attributes; and

means for inserting said pointer for identifying said
first data object into said second plurality of point-
ers.

44. The object oriented database management system
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of claim 30 wherein said third method comprises:
means for deleting all of said second plurality of

pointers from said stream class attributes; and
means for inscrting a second plurality of pointers for

. identifying said stream class, with the inserted sec-
ond plurality of pointers beginning with said first
data object.

45. The object oriented database management claim

30 wherein said fourth method comprises:

means for delcting all of said sccond plurality of
pointers from said stream class attributes; and

means for inserting a second plurality of pointers for
identifying said steeam class, with the inserted sec-
ond plurality of pointers ending with said last data
object.

46. The object oriented database management system
of claim 29 wherein said second plurality of data objects
comprises a second plurality of sequential data objects
selected from said first plurality of data objects.

47. The object oriented database management system
of claim 29 wherein said stream class attributes further
comprise:

a number attribute for identifying the number of said
first plurality of objects to be read from said data
storage device at one time.

48. The object oriented database management system
of claim 47 wherein said maximum attribute is an inte-
ger multiple of said number attribute.

49. The object oriented database management systcm

of claim 29 wherein seid means for creating an instance

comprises means for creating an instance of said stream
class object for each user of said object oriented data-
base management system.

50. The object oriented database management system
of claim 29 whercin said means for creating an instance
comprises means for creating an instance of said stream
class object for each query of said database in said ob-

ject oriented database management system.
L] - - "« &
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 5,202,981 Page 1 of 22
OATED : April 13, 1993
INVENTOR(S) : Shackelford

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby
corrected as shown below:
Column 1, line 31, after "objects" insert --.--.
Column 3, line 7, after " "cursor" " insert --.--.
Column S5, line 40, "FIG." should be --FIGS.--.
Column 5, line 41, "o" should be --o0f--.

Column 6, lines 57-58, "including" should bhe
--included--.

Column 7, line 39, "Which" should be --which--.
Column 8, line 5, after " "cursor" " insert --.--.
Column 2, line 25, delete "Number_to_Read".

Column 9, line 63, delete "The".

Column 9, line 64, deléte *Current"”.

Column 10, line 1, "Current Value Pointer" (first
occurrence) should be centered above coluwmn.

Column 10, line 60, after "attributes" insert --.--.

Column 11, line 39, after "is" (first occurrence),
insert --limited by the Max List Size instance attribute.
That is, --.
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‘/— UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. 5,202,981 Page 2 of 22
DATED : April 13, 1993

{t is certified that errar appears in the above-identified patent and that said Letters Patent is hereby
corvected as shown below:

Column 12, line 66, "Cursor Status" should be
--Cursor_Status--.

Column 13, line 12, *"delete ",;" and insert -- --.

Column 13, line 33, "Element s" should be
--Element’'s--.

Columm 13, line 68, after "deleted" insert --and the
next element from the buffer will be loaded at the--~.

Column 14, line 40 *"Cursor Status" should be
--Cursor_Status--.

1 Column 17, line 43, "Initialized" should be
: --Initialize--.

Column 19, line 6 "Cursor Status" should be
--Cursor Status--.

Column 19, line 10, "Cursor Status" should be
--Cursor_ Status--.

11 Column 19, line 26, delete “"shows".

Column 19, line 31, after "element" insert --in the
physical list, the next Number to Read elements--.

Column 19, line 64, "psn" should be --Fetch--.
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corvected as shown below:

method returns--.
Column 22, line
Column 22, line
Column 23, line
Column 23, line

A - STREAM CLASS~~
attached) .

attached) .

-—-processor--.

should be --data--.

Column 25, line
--ending--.

UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENTNOG. 5,202,981 Page 3 of 22
DATED : April 13, 1993
INVENTOR(S) : Shackelford

it is certified that error appears in the above-identified patent and that said Letters Patent is hereby

Column 20, line 21, after "the" (first occurrence)
insert --Create method. The Stream Element’s Create

1, "peean" should be --Fetch--.
25, "een" should be --Fetch--.
2, "i.e.." should be --i.e.--.

23, after "(SQL)." insert --APPENDIX

Column 23, line 32, after "(SQL)." insert --APPENDIX
B - STREAM ELEMENT CLASS- )

Column 24, line 48, "processing" should be

Column 25, line 13, "said" (second occurrence)

31, "beginning" should be
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 5,202,981 Page 4 of 22
OATED : April 13, 1993
INVENTOR(S) : Shackelford

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby
corrected as shown below:

Column 27, line 53, "processing" should be
--processor--.

Column 28, line 11, "including" should be
--included--. ‘

Column 29, lines 25-26 should be indented.

Column 30, line 8, after "management" insert
--gystem of--.

Signed and Sealed this
First Day of November, 1994

BRUCE LEHAMAN

Attesting Officer Commissioner of Patenis and Trademarks
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APPENDIX A - STREAM CLASS

package body Stream Cls is -- deferred --* BADBSTRE

--* A stream object is a "smart* Jionked Jist of slream elements which
--* toads its data aulomatically from a SQL cursor. This stream class

~-* is nol totally effeclive since il lacks Lhe actual SQU cursor declarations,

*

~-* To make your own stream:

»

1. Group all your queries by application by stream element. This
means that, in general, place all your qucrics within a
particular applicalion which share the same stream elemenl into
a single stream class.

»

»

Inherit from this class and define the deferred methods
tdentified throughout this document: SQL Open, SQU _Close, and
SQL_Fetch, Take care that their relative positions are uot
changed. [n particufar, SQL_Open musl physically appear in the
- class representalion before hoth

- SQL Close and SQL_Fetch. Why? The SQL pre-processor is a gue
pass processor and the cursor declaration must appear before

- any raferences to it. Sinte Lhe cursor declaration is at the
beginning of the S5QL_Open method, it must, by default, appear
. before the alher SQL_777 methods.

o

L A

L ™

.

--* 3. Define assignment methods to Yoad the search criteria instance
- attributes., There are & coupie of ways to do this. You can
-~ deline one single instance method which accepts all the search
-- criteria for a particular cursor as parameters. This single
-~ method wauld load the appropriate instance attributes and also
-~ set the Current_Cursor to refer to the correct cursor.

* 3 4 & &

*

Alternatively, you could have multiple, single valued
assignment statements. This stream object could then be passed
around ta different methods where cach may (ill in a portion of
the setection criteria. When all relevant selection criteria
- has heen supplied, another method on this stream would then be
-t called which assigned Lhe correct cursor number to

-- Current_Cursor. You may want one methad which assigns a value
- to Current Cursor for each query, or you may want one method

- which decides which value Lo assign Lo Current Cursor based

-- upon a sort parameler and which seleclion crileria instance

-- attributes may have been filled in so far. .

L I

* > o » »

-- There are a lot of variations on the previous two themes. The
-- key is that you must decide how you want to set your search

[

et criteria and Current_Cursor. [t is certainly acceptahle to
--*  combine these different approaches iu any way desired within
-t the same stream. Just make sure and document your interfaces

*

-- clearly and completely.

»

. If you want a modifiahle strcam, you must cxporl Lhose features
from XALNKLST as desired. lowever, if you change Hax List _Size
and the stream is forced Lo discard portions aff the (ront of
the 1ist, any modifications in the list vhich are not already

- physically reflected in the data base will be lost.

-

* > 2 3 s

Page 5 of 22
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-=* How a client uses a stream:

* Assume we are in a method where My Stream is declared of type
* Some_Arbitrary_Slream_Class. The following piece of cade shows how
--* aclient of a stream ciass would use My _Stream,

My Stream.Create;
My_Stream.Assign Selection Criteria (, , , , )i
My Stream.Move_to Last; 7

Assign_Selection _Criteria wauld accept particular selection criteria as
well as assign Current Cursor to be the correct cursor value,

--* note: SQL intreduces a serious drawback: it is not recursive, Lhat

~-* is, a cursor can only be open once at any one time. This means that

--* if two instances of the same stream which use the same cursor exist at

* Lhe same time, each streem instance will be competing for the same

* cursor. Each instance will be closing the olher instance's cursor and

* re-opening the cursor with its awn selecltion criterin. Serious

* thrashing can result. One way to prevent this is to only allow one
* instance-cursor to exist at any ane tiwe. Additionally, this effect can
* be minimized by assigning a sufficiently large value to Numhier_to_Read.

~=* Another, mare sophisticated and more drastic approach is lo declare the
*
*
*

exact same cursor mulliple times with differcnt names, Then, define
boolean class attributes which indicate which curseors are in use hy any
tnstance of that stream class.

note: SQLCODE is a #define macro which is translated Lo SQULCA.SQLCODE by
-=* the SQU pre-c?mpiler.

-- INIERDT

-~ Link_List_Cls;

-~ RENAME

-- Create Stream renames Create,

~~  XALNKLST Del AlV cenamos Delcte All,

<~ XALNKLST_Del_Cur renames Deicle_Current,
-~  XALNKLST Del First renawes Delete First,
-~ XALNKLST Del_Last renames Delete_Last,
-~ XALNKLST Mov2frst renames Move_to_First,
-+ XALHKLST Mov2last rennmes Move to Last,
-~ XALNKLST Mov2flext renames Move_ta Next,
== YALKKLST Mov2frev renames Move to Prev,
=~ XALNKLST Nb Elems renames Nb_Elements;

-« EXPORT

-« Create_Stream, --* inherited from XALNKLSY
--  Current_Value, --* inherited Trom XALNKLST
--  Maove_to_First, --* defined belov

--  Hove_to_last, -=* defined below

-~ Move_to Hext, <-* defined helow

-~ Hove_to_Frev, --* defined helow

--  Hb_Elements, --* defined helow

--  Restart, --* defined helow

--  Row_Count; --* definnd below

-~ CLASS ATIRIBUTES
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UNKNOWN_SQL_ERROR : EXCEPVION;
~=* a SQU error was encountered which is not one of those shown helow
--* as “SQL_77777" class atlributes.

Cursor Closed : SHORT :-~ Oy
--* used by Cursaor_Status lo iadicate that Lhe cursor is closed.
--* this value must be zero (0), since Cursor Status is initialized
«=* to zero (0).

Cursor_Open : SHORT := 1;
~-* used by Cursor_Status to indicate Lhat the cursor i5 apen,

End_of _Cursor : SHORT := 2;
--* used by Cursor Status to indicate that the cursor is open hut at
--* end of file condition.

SQU_OK : SHORC := @
--* the previous SQU command completed successfully and normally.

SQL_Cursor_fot Open : SHORT := -501;
--* 3 felch (or close) was altempted on & cur<or which is nat open.
--* & cursor must be open before a fetcn can be donc, recover Dy
--* opening the cursor and trying the Tetch again,

SQL_Cursor Open : SHOAT := -50¢;
--* an open cursor was issued to a cursor which is already open.
--* recover by closing the cursur and trying the open again,

SQU_End_of Cursor : SHORT := 100;
«=* the last row in the cursor has already been read. Uhere are na more
--* raws in the cursor. .

Unknown _Nb Elems : LOHG := 999999999;
--* used to initialize Nb_Elements.

-~ INSTANCE ATYRIBUTES

Current_Cursor : SHORT := 0;
--* to determine which parlicular cursor is in use hy this instance.
--* allows the SQL routines (i.e. SQU_fetch, SOL_Open, & SQL_Close)
--* to perform their tasks.
--* note: be very carelul about changing this
==* value ofter the stream has hegun processing the curser. if you must
~-* change it, do it as follows:
--* SELF.Restart;
¥ =" immediateiy folloved by:
~~*  Current_Cursor := mew_value;

Cursor_Slatus : SHORT :=~ 0
-=* saves the stale of Lhe cursor. valucs correspond lo Corsor_Open,
--* Cursor_Closed, End_of Cursor.

First_Time : BOOLEAN := TRYE;
--* used Lo determine if this is the first time through Uhe Move_ta First
--* routine so that a Load_text and Hove_to_lirst can he done.

Last_Object letched : Object ID;
--* this attribute keeps track of the last row fetched (rom
--* the cursor. it is used in conjunction with Row_Count
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--* to re-position Lhe cursor after a OB2 commit.

Max_List Size : LONG := LONG'MAX;
* this specifies Lhe maximum number of clements Lo keep in Lhe linked

* list at any one time, 1t {5 used in reducing Lhe overal) memory
* requirements of a stream. it is used this way: {f the number of
* elements in the list is equal to Max_List_Sfze and an additionatl
--* element is to le added to the end of the list, then a Delete_First
* is done by the Move_to Next method. if you decide to reduce it from
--* LONG'MAX, then the new value should be a multiple
-~* of Number to Read. preferably a multiple greater than 1 and more
--* like 10 or 100 times Numher_ to_Read.

Nb_Elemenls : LONG := 0;

--* this conlains the number of eiemenls in the linked tist.

--* it is initialized as an arbitrarily large value (Hnkoown Nb Elcms)
--* when the cursor is open and retains that value until the end of the
-* cursar is reached, then, it is set lo the actual nuwber of elements
~=* in the Tist.
* note: do not use this atlribule in a TOR loop. the FOR loop makes
--* a temporary copy of the stop value and works with Lhat instead of ‘
--* interrogating the original stop value each loop. if you must use this
--* attribute in a logp, use some sort ol WILE loop.

Number_to_Read : SIORT := 100;
-=* this {s the number of rows to read from the cursor

~=* at one time, its primary purpose is to lmprove
-=* performance,

Row_Count : LONG :- O;
--* Lhis attribute keeps track of the the number of rows fetched from

--* the cursor. it is used in conjunclion with Last_Objecl _fetched
--"to re-pasition the cursar alter a DB2 commit or to determine
-=* how many rows to read to rebuild the beginning of the list.

~-* note ta children: declare the search crileria for ALL your cursors
~«* as inslance atlributes here.

-~ CLASS METHODS
-~ THSTAHCE METIIOOS

procedure close
<* (" close the cursor *) *> is

5QLCode : SHORT;
--* used as a return parameter [rom the sql methods to détermine
~~* il the method was successful

begin
-- LO6IC
SELF.Notily;
<* (* if the cursor is not closed, we close it. if it is closed,

then we just ignore this call *) *» is

begin
if
{Cursor_Status /= Cursor_Closed)
then
<4 (* switch to the correct plan *} *= is
begin

CLASS_REF (BADBOBAS) . Switch Plan ( SELF )3
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end;
<* (* close Lhe correct cursor *) *> is
begin
SFLF.SQL_Close ( {ASQLCode} )3

end;
<* (* check the sqlcode value for any prvors, it is ok if
the cursor was already closed when we tried to close

it *) *> is
begin
ir
( (5QLCode = SQU_OK)
or
(5QLCode = SQL_Cursor_Not_Open) )
then

Last_Object_Fetched.FORGET;
Cursor_Status := Cursor Closed;
clse
CLASS_RET (BADBDBAS).Set_Last _SQL_Errer ( SQLCode );
raise UNKNOWN SqL_ERROR;
end il;
end;
end if;
end;
end close;

procedure delete all
<* (* delete all the elcments in the Tinked list *} *> is
-«* note: this method is provided in case a child decides
--* to exporl the delete_all feature. there are some special handiing
--* consideralions which nced Lo be implemenled,
begin
-- LOGIC
SELF.Notily;
while
(XALNKLST Hb_Elems > 9)
loop
SELF.Delete_First;
end loop;
end delete_all;

procedure delelc_current
<* (* delete the current valuve (i.e., stream element) from the linked
Tist *) *» is

--* note: this method is provided in case a child decides

--* to export the delete_current feature. there are some special handling

--* considerations which need to be implemented.

Save_Current Value : Elem;
-«* used to save the QREF of the stream element so that it may be
--* physically removed [rom memory

begin
-- Lo6IC

SELF_Notily;
<* (% save the ORCF Lo the current stream elcment so we can clobber it

after we remove it from the linked list *) *> is

begin
Save_Current_Value := SELF.Current_Value;
end;
<* {* let the inherited delete current remove tie node from the list *) *» is
begin
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SELF. XALNKLST De1_Cur;

end;

<* {* now, remove the stream element from memory. *) *> is
begin
CLASS_REF(DAGUWM) .UOW_Remove_Ohject { Save Current Value )i
end;

end delete_current;

pracedure delete_first
<* (* delete the first element in the linked list *) *= is
--* note: this method is provided in case a child decides
--* to expart the delete first feature. there are some special handling
--* considerations which need to be implemented.
Save Current_Value : Eiem;
--* used to save the OREF of the stream element so Lhat 1t may he
--* physically removed from memory
begin
-= LOGIC
SELF.Notify; .
<* (* save the OREF to the current stream element so we can clobber it
afler ve remove it from the linked list *) *> is

begin
Save_Current Value := SELF.Current Value;
end;
<* [{* let the inherited detete first remove the node from the list *) *= is
begin
SELF_XAULNKLSY Del First;
end;
<* {* now, remove the stream element from memory. *) *» is
begin
CLASS_REF (BAGUWM) .UOW_Remove_Object { Save Current_Value };
end;

end delete first;

procedure delete_last
<* (* delete the Jast element in the finked [isl *) *» is
-~* note: this method is provided in case a child decides
--* to export the delete_ last feature. there are some special handliing
--* considerations vhich need to be implemented.
Save Current Value : Elem;
-=* used to save the OREF of the stream element so that it may be
--* physically rcmoved from memory
begin
-- LoGIC
SELF.Hotify;
<* (* save Lhe OREF to the current stream clemenl so we can clobber it
after ve remove it from the linked list ¢} *» is

begin
Save_Curreat Value := SELF.Current_Value;
emd;
<* (* let the inherited delete last remove Lhe node from the list ¢} *> ig
begin
SELF . XALNKLST Del Last;
end:
<* (* now, remove the stream element from memory. *) *> is
begin
CLASS_REF (BAQUWM) . UOW_Remove_Ghject ( Save Current Value );
end;

end detete_last;
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procedure fetch_raw (
Stream_Element_Out : out Stream Element )
<* {* switch to the correct plan. exccute the SQU (etch statemcnt and
return a stream element. 1! the cursor does not relurn a row
(1.e. SQL code of 100), it mcans that we have hit end of file.
so, invoke SELF.Close. if the cursor is not open
(i.e. SQU code of -501), this means that Lhe cursor was closed
hecause of a comwit or rollthack and we must re-open the cursor
and Lhen try the fetch again. *) *» is
SQL_Code : SHORT;
-~* used as a return parameter from the sql melhods Lo determine
--* if the method was successful
begin
-~ LOGIC
SELF.Notify;
<* (* if this is the first time through, we nced to farce the
cursor open *) *> is
hegin
if
(First_Time = TRUE)
then
SELF.0pen;
--* note: SELF.Open does a data_base.switch_plan, so
--* ane is not necessary here.
First_Time := FALSE;

else
<* (* switch to the correct plan *) *= is
hegin
CLASS_REF (BADBDBAS) . Switch Plan { SELT );
end;
end il;
end;
<* (* fetch the next row from the correct cursor *) *» is
begin
SELF.SQL Fetch ( Stream Element Out, (&SQL_Code) );
end;
<* (* process the sqicode *} *> is
begin
I
\ (SQL_Code = SQL_0K)
4 then
i <# (* we got another row, so increment the row counter *) *> is
& begin
: Row_Count := Row_Count + 1;
end;

<* (* keep track of the object id in the last row fetched sa
we can reposition qur cursor later il necessary *) *» is
begin
i Last Objecl Fetched := GET_OBJECT_ID ( (*Stream_Element_Out).Object );
. end;
e else '
if
(SQL_Code = SQL_End_of_Cursor)
then
Cursor Status := End of _Cursor;
(*Stream Element.Qut).FORGET;
else

if

Page 11 of 22
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(SQL_Code = SQU_Cursor_Hot_Open)
then

SELF . Reopen;
note: the Reopen method in turn calls this method

-
~-* a5 it attempts Lo reposition the cursor.
l «=* it is not possible that
! this recursive call will alse get a SQL_Cursor_Not_Open i
--* condition since the cursor cannot he closed by an
--* intermediate
--* commit to the data hase. therefore, this routine is
--* protected from an *infinite loop" possibility.
SELF.Fetch_Row ( Stream Element Out );
else
CLASS REF (BADBOOAS).Set Last SQU Evror { SQU Code );
raise UNKHOWN SQi._ERROR;
end if;
end if;
end if;
end;
end fetch row;

-

procedure load_next
<* (* load the next Numher to Read Stream Elements into the list *) *> is

Indx : SHoRr;
-=* used to drive the logop which fills up the list with Number_to_ Read
--* elements

Streom_Element : Stream_Elcment;
~«* this streom element is returned by the fetch_row routine after

--* which it is appended to the end of the linked list
begin
-- LoGIC
SELF . Botify;
<* (* initialize variables *) *» is
begin
Indx := 0;
end;
<* (* append stream elements to the end of Lhe list. *} *> is
begin
while
( (Indx < Number_to_Read)
and
(Cursor Status /» End_of Cursor) )
-=* stop when Number_to Read elements are loaded or when the end of
=«* the cursor is reached, whichever occurs first. note that when
--* the end of the cursor is reached, Lhe fetch will return a
--* void stream_element ohject reference.
foop
<* (* fetch the next stream element from the cursor. if 3 void
object reference is returned, it mrans that we have reached
the end of Lhe cursor. *) *» is
begin
SELF.Fetch_Row ( (&Strcam Element) );
end:
<* (* if stream element is not void, then we successfully
created a new stream clement, so append it to the list *) *= is
begin
if
{Stream_Element VOID = FALSE)
then
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<* (* do we need to discard an element from
the froat of the 1ist? ¢} *= ig

begin
if
(Max_Lisl_Size = XALNKLST Wb Elems)
then
SELF . Delete First;
end if;

end;
<* (* add the streom element from the letch to the

end of the list. *) *» is
begin .
SELF. Insert_Last ( Stream Element );
end;
< (* increment the loop limiler *) *> is
begin
Indx := Indx + 1;
end;
end iy
end;
end loap;
end;
<* (* update Nb_Elements {f wve have reached the end of Lhe cursor *) *> is
begin
if
(Cursor_Status = End_of_Cursor)
then

Nb_Elements := Row Count;
--* you won't have te look at all those 9's after this

«* (* we hit the end of the cursor, so let's close it and
release database resources *] ‘> is
begin
SELF.Close;
end; f
end if;
end;

end load_next;

procedure load_prev
<* {* load the previous Stream Elements inlo the list *) *» is
Stop _Loop : LONG;
-~* Maximum List_Size / Humher_to_Read
~~* how many times to execute load_next
begin
-~ PRECONDITION (Row Count » Hax_List _Size);
~=* ngte: this method is anly called by Lhe move_to_prev
--* wethod, which verifies that row count is greater than
--* the maximum Tist size, -

-~ LOGIC

SELT _Notify;
<* (* set the row count to reflect Lhe row number of the first

element in the number_to read block immcdiately before this
current block.
it currently reffects the row number of
the last element in the entire iist ¢) *~ is
begin
Row_Count := ({Row_Count - XALNKLST Nb Flems) - Max_List_Size);
<* {* make sure that Row Count is grealer than or equal to 0 *) *> is

begin
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if
(Row_Count < (lang)0)
then
Row_Count := (lang)9;
and;
end;
end;
<* (* let's clean everything up so we can force a reopen *) *> is
begin
<* (* close Lhe cursor to release all the database resources *} *> is
begin
SELF.Close;
end;
<* (* now, clear out the lislL *) *> is
hegin
SELE.Delete AlT,
end;

end;
<* (* here's what we've all been waiting for folks: re-read

the cursor up to and including the rov immediolely preceeding
the first row in the old linked list *) *~» is
begin
Stop_toop := Max_List_Size / Number_teo Read;
1oop
SELF.Load_Next;
Stop_Loop := Stop_Loop - 13
exit when (Stop_Loop = 0}];
end loop;
endy
end load_prev;

procedure mave_to_Tirst
<* (* move to Lhe first element in the Vist
B begin
B -~ LOGIC
: <* (* if we dropped something off the front of the Tist, we will
need to start the curser all over again *) *» is

l) LT iS

i begin
ki if
B {Hax_List_Size < Row_Count)
i then
SELF.Restart;
f end if;
E i re"d'

(First_Time = TRUE)
then
<* (* get the first balch of elements and Yoad them into the list *) *» is

“hegin

SELF.Load_Hext;
end;

end if;
<* (* position the current pointer to the (irst elemeat in the list *) *> is
begin

if

(XALNKLST Nb_Eiems = 0)
then

SELF.XALNKLST MovZ2Frst;
end if;
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enaid;
end move_to_first;

procedure move to_last
<* (* move Lo Lhe last element in the Tist ¢} *> is

begin
-- LOGIC
if
(First_Time = TRUE)
then
Toop
SELF.Load_Hext;
exit when {Cursor_Status = Cursor Closed);
end loop;
clse
vhile
(Cursor_Status /= Cursor_Closed)
loop
SELF. Load_Next;
end loop;
end if;

SELF. XALNKLST Mov2last;
end move_to_last;

procedure move_ta_next (
Last _Out : out BOOLEAN )
<* (* move to the next link in the list *) *» is

begin
-= LOGIC
if
(First_Time = TRUE )
then
SELF.Move_to_First;
if
(XAULNKLST Kb _Elems > @)
then
(*Last _Out) := FALSE;
else
{*Last_Out) := [RUE;
end if;
else

<* (* if ve are at the right-nost end of the list and we have not
already hit the end of the cursor, load more from the
cursor into the tist *) *» is

begin
if
{ (SELF.On_Last = TRUE)
and
(Cursor_Status = Cursor_Open) )
then
SELF. Load_Next;
end if;

end;
<* {* let the inherited Hove_to_Hexl do the rest of
the wark for us *) *» is
begin
SELF.XALWKLST Movaext ( Last_Out )3
end;
end if;
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end move_to_next;

procedure move_to_prev (
Last_Out : oul DOOLEAN )
<* (* move Lo Lhe previouws link in Lhe list *) *> is
Hew Pos @ LONG;
--* used to re-position the current pointer after a toad_prey
begin
~- LOGIC
if
(First_Time = TRUE )
then
(*Last_Out) := TRUE;
else
=* (* go to the previows clement in the list.
if we are at the left-most end of the lisl awd we have
had to drop any previous elemenls, then re-open
and re-position Lhe cursor lo lead the previous number
to read block of clements back inte the list *) *» is

begin
if
(SELF.On _First = TRUE)
then
if
(Row_Count > Max_List_Size) --* dropped some off frout
then
New_Pos := Row_Count - Max_List_Size;
if
(New_Pos > Max_List_Size)
then
New Pos := Max_List Size;
end if;

SELF.Load_Prev;
SELF.Move_To ( New_Pos );
(*last_Out) := FALSE;

else
(*last_Out) := TRUE;
end if;
else
SELF.XALRKLST Mov2Prev ( Last_Out );
end if;
end;
end if;

end move_to prev;

procedure open
<* (* open the 5QL cursor *) *» is
SQLCede : SHORT;
begin
-= LOGIC
SELF.Notify;
<* {* swilch to Lhe correcl plan *) *» is

& Legin
: CLASS_REF (BAOBDUAS) . Switch_Plan ( SELF );
end;
<* (* open the carrect cursor *) *s is
begin
SELF.SQL_Open ( (&5Q1.Cade) );
end;
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if

(5QLCode = SQL_0K)
then
flaw_Count := 0;
Last_Object Fetched.FORGET;
Cursor_Status := Cursor_Open;
Nb_Elements := Unknown_Nb_Elems;
else
if
(SQLCode = SQL_Cursar_Open)
then
SELF Close;
SELF.Open;
--* nole: it is not possihle that
--* this recursive call will also get a SQL_Curser_Open
: -=* since we just closed Lhe cursor in Lhe previous statement.
: -=* therefore, this routine is
--* protected (rom an "infinite loop™ possihilily.
else
CLASS_REF {BADBDBAS) . Set_Last_SQU_Error { SQLCode );
: raise UNKNOWN_SQL_ERROR;
W : end if;
- end if;
end open;

procedure reopen
<* (* call Open with the initial search criteria, then fetch rows (rom the

cursor Row-Count tiwes, or the last object id fetched is located, or
EQF, whichever occurs (irst and discard the fetched rows. in some
rare cases, it may be possible to save a "restart key". in these
situations, the user should redefine this method to just apen the
cursor with the restart search criteria. the more general "loop=
appronch is shown here. *) > is :
Oummy_Stream Element : Stream Element;
Save_Last_Object fetched : Ohject_ID;
--* to keep track of the current value of Last_Object_Fetched.
Save Nb_Elements : LONGy
««* Lo kecp track of the currenl value ol Now_Count.
Save _Row_Count, : LONG;
-=* to keep track of the current value of Row_Caunt.
begin
-= LOGIC
; SELF.Halify;
W <* (* save the currcnt counts *) *» is
hegin
Save_tih_Elements := Nh_Elements;
“ Save_Row_Count := Row_Count;
i end;
<* (* save the object id of the last oliject fetched so we kunow when
to stop *) *~ is
begin
Save_Last_Object Fetched := Last Object Fetched;
end;
<* {* open the cursor. this will put us at the heginning. *) *» is
hegin
SELF.Open;
end;
<* (* since we are at the hegimning of the curser, we must discard
all those rows which are before where we necd to restart. rows
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are discarded until either the last_object_felched is found,

or until we mect the rowv_count, or until the end of the cursor

is reached, whichever occurs first. *) *> is
hegin

-=* nole; Lhere are some potential problems with this approach.

* namely, {1 a row has hecn inserted which appears in this new
* cursor belore the last object fetched, then it Is possible to
* get a few rows repeated. the only way to preveat this is te
* create a cursor which has a restartable unique key. see the
.
.

sampie code following this methad which demonstrates how to
write a Reopen using a reslartable unique key.

if
{Row_Count < Save Row_Count)
then
Toop
SELT Tetch_Row { (KOummy_Stresm Elemenl) );
-* nole: the Reopen method was initially invoked by the
«~* Fetch_Row method to reposition the cursor.
--* it is not possible that
--* this recursive call will also get a SQL_Cursor_Not_Open
-=* condition since the cursor cannat be closed by an intermediate
--* comnit to the data hase. therefore, Lhis routine is
--* protected [rom an "inlinite loap” possihiltily.
il
(Dummy_Stream_Element.VOID ~ TRUF)
then
break;
end iT1;
<* (* discard this Stream Elewment *) *» is
begin
CLASS_REF (BAQUWH) . UOW_Remove Ohjact
{ Dummy_Stream Element };
end;
if
{ (Row_Count = Save Row_Count)
or
( 08JiD_cHp
{ Save Last_Object Fetched,
Last 0h|r({ fotrhrd ) — TALSE ) )
then
break;
end ify
end loop;
ond if;
end;
<* (* restore Hb_Elemants *) *> is
b hegin
: " _Elements := Save_Nh_Elements;
&‘ € .d;

end reopen;

-=* example reopen using a unique key:

7' -=* procedure reopen
==*  <* {* call Open wilh the currenl search criteria *) *» is
-=4 hegin
-t -~ LOGIC
-t SELF.Open;
--* end regpen;
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procedure restarl
<% (* close Lhe cursor, delcte all the linked list elements and
set up for a restart at the beginning *) *= is

begin
-- L0GIC
SELF . Notify;
SELF.Close; .
SELF.Delete All;
First Time := INUC;
Row_Count := (long}0;
Wb _Elements := (long}8;

end restart;

procedure sql_open (
SQL_Code_Qut : out SHORT );
-~ DEFERRED

»

--* sample sql_open method follows:

»

--* <* (* declare and open the appropriate cursor ‘) *> is

-

»

[

declare all your search criteria host variables for the cursor

declarations here. )
note: these must be in NBZ data Tormat. this means that you

*

-

* cannot declare a host variable of type HLS String or NLS Oate, nor
L1

-

*

*

can you use any of our huge selection of specialized macres. they
must be declarcd using C primitive data types. these host variables
must begin and end with the SQU declare section statements.

»

»

»

EXEC SQL BEGIN BECLARE SECTION;
some_c_type HOST_VARIABLE 13

some_c_Lype HOST_VARIABLE M;
EXEC SQL ENO DECLARE SECTION;

--* declare your cursor here. it must have a unique name within this
--* source file.

LN O T R R PN

- EXEC SQL
-~ DECLARE

-~ CURSOR_NAE_L

i - CURSOR TOR

: -~ SELECT

.- 08JECT_I0

-- FROM

- “some table name”

. - WHERE ‘
g - "some search criteria”

: --* note: the host variables defined above are used here

L4

* o r s

ORDER BY

"sort order of oulpul*;

the SQU pre-compiler to generate the cursor and select statement control
blocks. Lthe cursor declaration mast appear hefore any SQL references to

- the cursor.

.
*  the declare cursor statement is not executed. it is siwply wsed by
*
*
-

--*  bhegin
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-t <% {* load Lhe local host variables from the sefection criteria
-t instance attributes *) *>;
.t if :
. (Current Corsor = 1) --* hetter to use & name instead of a number here
-t Lhen
--* EXEC 5QL OPLN CURSOR_MAME T;
- elseif h i
-t {Current_Cursor = 2)
--* then
--* EXEC S5QL OPEN CURSOR_NAME_ 24
-t elseif
- <* (* and so on, for each cursor you define . . . *) *>;
- end if;
.t {*SQL_Code_Out) := SQLCODE;
--* end sq!_open;
procedure sql_close (

SQL_Code Qut : out SHORT );

~- DEFERREQ
--* sample sqi_close method follows:
-=* =«* (* close the SQU cursor *) *= is
--* begin
--* -~ LOGIC
.t if
--* (Current_Cursor = 1) --* belter to use a name instead of a number here
-t then
--* EXEC SQL CLOSE CURSOR_NAME 1
-t elseif
w® (Current_Cursor = 2}
- then
.-t EXEC SQU CLOSE CUNSOR_NAME 2,
~=* elself
-t <* (* and so on, for each cursor you define . . . *} *>;
.- end if;
wa (*SQL_Code_Qut} == SQLCODE;
.t end sql_close;

nracedure sql_fetch (
Stream Element Out : out Stream_[lement;
SQL_Code_Out : out SHORT );
-~ DEFERRED

~«* sample sql_fetch method follows:
_—
~=* This sample code i5 to show an implementation vhich uses GAOBSTEL.
~-* Change delcaration of My Stream Element to be Lhe particular stream
~=* element you will be using.

*

--* =* (* execute the SQL (etch statement againsl the appropriate cursor

-t and (i}l in the Stream Element *) *» is

et --* declare all loca) variables here to be used with the 5QU fetch.

-t ~-~* pote: these must be in 082 data format. this means that you

-t --* cannot declare a hast variable of type HLS_String or NLS Date, nor
--* -~* can you use any of our huge seiection af specialized macros. they
.t --* must be declared using € primitive dota types. these host variables
--* --* must begin and end with the SQU declare section statements.

BTEX0000422



Patent No. 5,202,981 APPENDIX A - continued Page 21 of 22

-t My _Stream_Element : Stream_Element;
. EXEC SQL DEGIN DECLARE SECIION;

unsigned char  OQBJECT_1D{29];
~- EXEC SQU END DECLARE SECTION;
~- begin

-~ LOGIC

My_Stream Element.FORGEY;

if

(Current_Cursor = 1) --* better to use a name instead of a number here

*

-

*

*

. then

--" EXEC SqQL

--* FETCH

-t CURSOR_NAME_1

-t {Nfo
-
*

- :0BJECT_ID;

-=* don't worry about spurious SQiCodes.
--* fetch_row will handle all SQLCodes for you.

-- elseif

-- (Current_Cursor = 2)
- then

-~ EXEC SQL

-~ FETCH

- CURSOR_NAME_2
- [NiQ

-~ :0BJECT_1D;

--* don't worry about spurious SQLCodes.
-~ -~* felch_row will handle all SQLCodes for you.
- elseif
--* <* (* and s0 on, for each curser you define . .
o end if;
.n (*SQL_Code_Out) := SQLCODE;
&
&

'_ t) t,;

.- if

- (*SQL_Code_Out = SQL_OK)

-+ then

- Hy_Stream Element.Create { OBJECT_I0 };

N ~--* gther parameters should be added Lo the Create method as

* --* additional attributes are added to the stream element you

* -=* definc. see DADBSIEL for more information.

* <* (* lgad all hast variables from the fctch into Lhe

* selection criteria {nstance attributes for efficient

* cursor repositioning if 8 reopen is necessary. If your curser
*
~

-

does ot have @ unique restart key, ignore this step. *) *=;

end if;
(*Stream_Element Out) := Hy Stream Element;
« end sql_fetch;

.-
-

end Stream _Cls;
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package body STREAM_ELEMENT is ~=* BADBSTEL

--* A stream object returns a fixed 1ist of Stream Elements. The Stream_Element
--* contains an Object ID. Most users will inherit this class and define

--* additional attritutes. additional attributes mean additional parameters

--* to the create and initialize methods,

~- INHERIT

--  Frame_Class;

-~ RENAME

-- Frome Create renames Create;

--  EXPORT
- Create,
-- Object;

-- INSTAKCE ATTRIBUTES
Object : Object Class;
== CLASS METHODS

procedure create (
Object_In : in Object Class }
<* (* create the new stream element object *) *» {s
begin
-- LOGIC
SELF.Frame Create ( Instance };
(*Instance).initialize ( Object_In );
end create;

-~ INSTANCE METHODS

procedure injtiatize {
Object_In : in Object Class }
<* (* set Object to Object_In *) *= is
begin
-- LOGIC
SELF. Notify;
Object := Object_In;
end initialize;

end STREAM_ELEMENT;

Page 22 of 22
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METHODS AND APPARATUS FOR
INFORMATION STORAGE AND RETRIEVAL
UTILIZING A METHOD OF HASHING AND

DIFFERENT COLLISION AVOIDANCE SCHEMES §

DEPENDING UPON CLUSTERING IN THE HASH
TABLE

This application is a continuation of application Ser.
No. 07/326,976, filed Mar. 22, 1989, now abandoned.

TECHNICAL FIELD

_ This invention relates to information storage and
retrieval systems and, more particularly, to the dynamic
reorganization of the stored information to optimize
access in such systems.

BACKGROUND OF THE INVENTION

Information or data stored in a computer-controlled
storage mechanism can be retrieved by searching for a
particular key in the stored records. The stored record
with a key matching the search key is then retrieved.
Such searching techniques require repeated accesses or
probes into the storage mechanism to perform key com-
parisons. In large storage and retrieval systems, such
searching, even if augmented by efficient search algo-
rithms such as a binary search, often requires an exces-
sive amount of time.

Another well-known and much faster method for
storing and retrieving information from computer store
involves the use of so-called “hashing” techniques.
These techniques are also sometimes called scatter-stor-
age or key-transformation techniques. In a system using
hashing, the key is operated upon (by a hashing func-
tion) to produce a storage address in the storage space
(catled the hash table). This storage address is then used
to access the desired storage location directly with
fewer storage accesses or probes than sequential or
binary searches. Hashing techniques are described in
the classic text by D. Knuth entitled The Art of Com-
puter Programming, Volume 3, Sorting and Searching,
pp. 506-549, Addison-Wesley, Reading, Mass., 1973.

Hashing functions are designed to translate the uni-
verse of keys into addresses uniformly distributed
throughout the hash table. Typical hashing operations
include truncation, folding, transposition and modulo
arithmetic. A disadvantage of hashing techniques is that
ruore than one key can translate into the same storage
address, causing “collisions” in storage or retrieval
operations. Some form of collision-resolution strategy
(sometimes called “rehashing™) must therefore be pro-
vided. For example, the simple strategy of searching
forward from the initial storage address to the first
empty storage location will resolve the collision. This
latter technique is called linear probing. If the hash table
is considered to be circular so that addresses beyond the
end of the table map back to the beginning of the table,
then the linear probing is done with “open addressing,”
i.e., with the entire hash table as overflow space in the
event that a collision occurs. Deletion of records is
accomplished by marking the record as “deleted” but
leaving it in place, or by some deletion algarithm. One
such deletion algorithm, known as Knuth's delction
algorithm, operates by recursively moving an appropri-
ate one of the next encountered *“‘occupied” record
positions into the now “empty” (deleted) record posi-
tion and marking that next record position as “empty.”
Iterating this procedure until the first unoccupied re-
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cord position is encountered results in remova! of the
record 10 be deleted. Deletion problems of this type are
discussed in considerable detail in Data Structures and
Program Design, by R. L. Kruse, Prentice-Hall, Engle-
wood Cliffs, N.J., 1984, pp. 112-126, and Data Struc-
tures with Abstract Data Types and PASCAL, by D. F.
Stubbs and N. W. Webre, Brooks/Cole Publishing,
Monterey, Calif., 1985, pp. 310-336,

Another technique for resolving collisions is called
external chaining. In this technique, each hash table
position is able to store all records hashing to that loca-
tion. More particularly, a linked list is used to store the
actual records outside of the hash table. The hash table
entry, then, is no more than a pointer to the head of the
linked list. The linked list is itself searched sequentially
when retrieving or storing a record. Deletion is accom-
plished by adjusting pointers to eliminate the deleted
record from the linked list.

The linear probing with open addressing technique
has the advantages of simplicity and minimal storage
accesses, but the disadvantages of contamination due to
deleted records (if records are merely marked as de-
leted), the averhead of the more complex deletion algo-
rithms such as Knuth's algorithm, and the precipitous
degradation of operation under high load factors. Ex-
ternal chaining has the advantages of simple deletion
algorithms, readily extendible storage size and graceful
operation under high load factors. Thus, neither ap-
proach is optimum for all storage and retrieval systems.

The problem, then, is to provide the simplicity and
speed of access of linear probing techniques for loads
involving little or no collisions, but taking advantage of
the more graceful operation of external chaining tech-
niques for loads which cause collisions to rise above
some preselected threshold.

It is also well-known that the frequency of retrieval
of some records is much higher than others. If this fre-
quency data is known ahead of time, the data can be
organized in the storage system to minimize the re-
trieval time of the most frequently accessed records, for
example, by placing such records at the initial hashing
position or at the head of the chain. Unfortunately, such
optimal organization of the storage system requires an a
priori knowledge of the frequency of retrieval statistics.
A real problem in storage and retrieval systems is the
optimal organization of the storage space when no a
priori knowledge is available concerning the frequency
of retrieval statistics.

SUMMARY OF THE INVENTION

In accordance with the illustrative embodiment of the
invention, these and other problems are overcome by
using dual storage organization techniques which can
be selected “on the fly” while data is being stored or
accessed in the storage space. In particular, the key for
each new record is hashed to a particular position in the
hash table. If the number of records hashing to that
same position is below a preselected threshold, the colli-
sion is resolved by linear probing under open address-
ing. Once the number of records hashing to that same
position rises above the threshold, all of the records_
hashing to that position are removed trom the hash
table and Tinked by external chaining, Teaving a pointer
to the head of the chain in the hashed position, When
the number of records in the external chain drops below
a threshold (not necessarily the same threshold that
caused external chaining), the external chain is de-
stroyed and the records returned to the hash table and

—
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the records stored there using linear probing under
open addressing. Any of the known record deletion
techniques can be used in this dynamically combined
dual storage system. Each position in the hash table
therefore can contain either a record or a pointer to the
head of an external chain which can be distinguished,
for example, by a one bit flag.

The above system can be simplified by maintaining, in
each position of the hash table, a field holding the count
of the number of records heretofore hashing to that
position in the hash table. This count therefore repre-
sents the length of the external chain when the thresh-
ald is exceeded.

This dynamic reorganization of the storage space of a
storage and retricval system has the decided advantage
of optimizing the retrieval time of records regardless of
load factors. Moreover, the higher overhead encoun-
tered with external chaining is avoided until the higher
load factor (higher number of collisions) suggests that
lincar probing times will deteriorate substantially. The
threshold loadings for switching between the two tech-
niques are, of course, selected to optimize the overall
performance of the combined system.

BRIEF DESCRIPTION OF THE DRAWING

A complete understanding of the present invention
may be gained by considering the following detatled
description in conjunction with the accompanying-
drawing, in which:

FIG. 1 shows a general block diagram of a computer
system hardware arrangement in which the information
storage and retrieval system of the present invention
can be implemented;

FIG. 2 shows a general block diagram of a computer
system software arrangement in which the information
storage and retrieval system of the present invention
will find use;

FIG. 3 shows a genera] flow chart for a record re-
trieval procedure in a dynamically reorganizable, com-
bined linear probing, external chaining storage and re-
trieval system in accordance with the present invention;

FIG. 4 shows a general flow chart for a record inser-
tion procedure in the dynamically reorganizable, dual
storage technique storage and retricval system in accor-
dance with the present invention; and

FIG. 5 shows a general flow chart for a record dele-
tion procedure in the dynamically reorganizable, dual
storage technique storage and retrieval system in accor-
dance with the present invention.

To facilitate reader understanding, identical refer-
ence numerals are used to designate elernents common
to the figures.

DETAILED DESCRIFPTION

Referring more particularly to FIG. 1 of the draw-
ings, there is shown a general block diagram of a com-
puter hardware system comprising a Central Processing
Unit (CPU) 10 and a Random Access Memory (RAM)
unit 11. Computer programs stored in the RAM 11 are
accessed by CPU 10 and executed, one instruction at a
time, by CPU 10. Data, stored in other portions of
RAM 11, are operated upon by the program instruc-
tions accessed by CPU 10 from RAM 11, all in accor-
dance with well-known data processing techniques.
CPU 10 may, of course, comprise multiple processors
and interact with multiple memory units 11 by way of
caches for data and/or instructions, all as is also well-
_ known in the data processing, art.

]
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Central Processing Unit (CPU) 10 also controls and
accesses a disk controller unit 12 which, in turn, ac-
cesses digital data stored on one or more disk storage
units such as disk storage unit 13. In normal operation,
programs and data arc stored on disk storage unit 13
until required by CPU 10. At this time, such prograrms
and data are retrieved from disk storage unit 13 in
blocks and stored in RAM 11 for rapid access.

Central Processing Unit (CPU) 10 also controls an
Input-Output (I0) controller 14 which, in turn, pro-
vides access to a plurality of input devices such as CRT
(cathode ray tube) terminal 15, as well as a plurality of
output devices such as printer 16, Terminal 15 provides
a mechanism for a computer operator 10 introduce in-
structions and commands into the computer system of
FIG. 1, and may be supplemented with other input
devices such as card and tape readers, remotely located
terminals, optical readers and other types of input de-
vices. Similarly, printer 16 provides a mechanism for
displaying the results of the operation of the computer
system of FIG. 1 for the computer user. Printer 16 may
similarly be supplemented by line printers, cathode ray
tube displays, phototypesetters, graphical plotters and
other types of output devices.

The constituents of the computer system of FIG. t
and their cooperative operation are well-known in the
art and are typical of all computer systems, from smali
personal computers to large main frame systems. The
architecture and aperation of such systems are well-
known and, since they form no pant of the present in-
vention, will not be further described here.

In FIG. 2 there is shown a graphical representation of
a typical software architecture for a computer sysiem
such as that shown in FIG. 1. The sofiware of FIG. 2
comprises an access mechanism 20 which, for simple
personal computers, may comprise no more than turn-
ing the system on. In larger systems, providing service
to a larger number of users, login and password proce-
dures wauld typically be implemented in access mecha-
nism 20. Once access mechanism 20 has completed the
login procedure, the user is placed in the operating
system environment 21. Operating system 21 coordi-
nates the activities of all of the hardware components of
the computer system (shown in FIG. 1) and provides a
number of utility programs 22 of general use to the
computer user, Utilities 22 might, for example, comprise
assemblers and compilers, mathematical routines, basic
file handling routines and system maintenance facilities.

The computer software system of FIG. 2 typically
also includes a plurality of application programs such as
application software 23, 24, . . . 28. Application software
23-25 might, for cxample, comprise an editor, a spread
sheet program, s graphics package, a data base man-
ager, and so forth. Each of the application programs 23
through 25 includes or provides access 1o a plucality of
programmed processes 26, 27, . . . 28, respectively. It is
the programmed processes 26 through 28 which actu-
ally perform the tasks necessary to carry out the pur-
pose of the corresponding application program. In
order to make effective use of these application pack-
ages, the user must be able to execute the processes
26-28 at the time, and in the sequence, necessary to
accomplish the user's goals.

The present invention is concerned with information
storage and retrieval systems. Such a system would
form one of the application software packages 23, 24,
..+ 25 of FIG. 2. The various processes (26,27,28) which
implement the information storage and retrieval system
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are herein disclosed as flow charts in FIGS. 3, 4 and 5,
and shown as psendocode in the APPENDIX to this
specificatian. 1t is believed that the creation and execu-
tion of the computer programs necessary to carry out
these processes are readily apparent to those skilled in
the programming art from the present disclosure.

Many fast techniques for storing and retrieving data
are known in the prior art. In situations where storage
space is caonsidered cheap relative to retrieval time, a
technique called hashing is often used. In classic hash-
ing, each record in the information storage system in-
cludes a particular ficld called the key, which is used as
the basis for storing and retrieving the assoctated re-
cord. A mathematical function or map, called a hashing
function, translates the key into a cell number or address
in the storage space, called the hash table. Taken as a
whole, a hash table is a logically contiguous, circular list
of consecutively numbered, fixed-size storage units
called cells each capable of storing a single data item
called a record. The hashing function can be any opera-
tion on the key which results in hash table addresses
more or less evenly distributed throughout the hask
table. Known hashing functions include truncation,
folding, transposition, modulo arithmetic, and combina-
tions of these operations. Unfortunately, hashing func-
tions do not always produce unique addresses in the
hash table. That is, many distinct keys can map into the
same cell number, producing what are called collisions.
Some form of collision resolution strategy is therefore
required in all hashing systems. In every instaace of
collision, it is necessary to find an empty storage loca-
tion somewhere else to store the new record. Moreover,
such alternate storage locations must be readily reach-
able during future probes searching for the displaced

record. ) )
Two forms of collision resolution are well-known in

the prior art. The first is called open addressing. Under
open addressing, whenever a collision occurs due to
two different keys hashing to the same cell number, a
technique called linear probing is used. Under linear
probing, a sequential scanning of storage cells takes
place, beginning with the next cell following the celi
hashed to, and treating the hash table as circular. The
record is stored in the first unoccupied cell encountered
in the lincar probe. Retrieval of the record is similar.
The search key is hashed to the initial cell number. If
the record is not found there (the keys do not match),
the lincar probe is used to access all successive cells
until the record is found (the keys match). If an empty
cell is encountered during this linear probing, the re-
cord sought is not in the data base and the process ter-
minates as an unsuccessful search. The deletion of re-
cords under open addressing involves either merely
marking the cell as deleted, or physically moving the
contents of a cell to fill the deleted cell and maintaia the
continuity of the probe path. The preferred deletion
algorithms (called “garbage collection™) are disclosed
in the copending applications of the present applicant,
Ser. Nos. 151,638 and 151,639, both filed Feb. 2, 1988,
and assigned to applicant’s assignee, now issued as U.S.
Pat. Nos. 4,996,663, Feb. 26,1991, and 5,121,495, Jun. 9,
1992, respectively.

A second general technique for collision resolution is
called external chaining. Under external chaining, cach
cell in the hash table effectively stores all of the collid-
ing records. This is accomplished by making each table
entry {(cach cell) consist of a pointer to the head of a
linked list of records. Such linked lists arc formed by
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storing records randomly in any available storage space,
but maintaining in ¢ach record a pointer to the location
of the next record in the chain. When a search key is
hashed to the hash table entry, the pointer located there
is used to locate the first record. If the search key does
not match this record, the poiater therein contained is
used to locate the second record. In this way, the
“chain” of records is traversed sequentially until the
desired record is located or until the end of the chain is
reached (no pointer to a next record). Deletion of re-
cotds simply involves adjusting the pointers to bypass
the delected record.

External chaining has numerous advantages over
open addressing. The delection procedure is simple and
does not leave records in place which must be searched
over in future probes, if Knuth’s deletion algorithm is
not used. The number of records can exceed the size of
the hash table, and can be expanded readily without
changing the hashing function. Indeed, storage space
for mew records can be allocated dynamically as
needed. Most importantly, the number of probes re-
quired to conduct searches for a particular hashed key
does not rise precipitously with increases in the table
load factor. In an open addtessing system, as the table
loading grows, the average number of probes necessary
to locate a particular record also grows. At some load-
ing level, the successful operation of the retrieval sys-
tem collapses precipitously.

On the other hand, linear probing uander open ad-
dressing has distinct advantages over external chaining
under more moderate load factors. The addition storage
for pointer fields is avoided, along with the processing
averhead of following the pointer chains. If the table is
implemented in virtual memory, a minimal number of
page faults are incurred during record access since the
portion of the hash table to be accessed occupies contig-
uous storage locations on one or two pages.

In accordance with the present invention, the major
advantages of both techniques, open addressing and
external chaining, are achieved in the same system.
More particularly, these two techniques are combined
in one system, and the actual storage strategy is selected
dynamcally, depending on the then current local load
factor. Initially, all records are stored in the hash table
using the open addressing with linear probing tech-
nique. When the local load factor exceeds a preselected
threshold, the system shifts dynamically to the external
chaining technique. That is, while inserting or deleting

a record, the local load factor, as reflected in the num- ™1

ber of records hashed to this same hash table cell, 1s

‘examined. I thes number eXééeds a threshold, the re- 1
cords hashed 1o this cell address are reorganized, re-

moved from the hash table itself and organized into an
external chain in another part of the store. While such
reorganization involves considerable overhead, the
payoff comes in subsequent searches where the external

chaining greatly reduces the search time. It is assumed, ¢-¢
of course, that the frequency of retrievals greatly ex-

ceeds the frequency of insertions and deletions, an as-
sumption which holds true for most data storage and
retrieval systems. When a dcletion from a linked list
causes the chain length to fall below a threshold, nat
necessarily the same threshold that triggered chain
formation, the chain is destroyed and the entries reab-
sorbed into the hash table.

In further accord with the present invention, the
dynamic shifting between open addressing and external
chaining 1s facilitated by maintaining a record count

e “"t.-’ —
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field in each occupicd hash table cell. This count is
incremented each time a new record is hashed to this
same cell, and decremented each time a record, which
hashes to this same cell, is deleted from the data base.
The count field is then consulted on each access for 5
insertion or deletion, and the value in this field used to
dynamically determine the colliston resolution strategy
to be used. Each entry in the hash table cell also advan-
tageously includes a flag indicating whether the table
entry is a record or a pointer 1o an external chain. 10

Referring then to FIG. 3, there is shown a flowchart
of a retrieve algorithm for retricving records from a
data storage and retrieval system in accordance with
the present invention and involving dual collision reso-
lution schemes dynamically selected depending on load (5
factor. In FIG. 3, starting at start box 30, box 31 is
entered where the search key is hashed using any
known hashing function. The cell location resulting
from the hashing operation is used to access a hash table
cell. In decision box 32, the contents of the cell is exam-
ined to determine if the cell contains a record or a
pointer 10 an external chain. As previously noted, a
one-bit flag can be reserved for this purpose. Alterna-
tively, the length of the contents can be used to distin-
guish between records and pointers, or the contents
examined 10 make this decision. 1f the contents of the
cell 1s a list pointer, box 33 is entered to search the
external linked list for a matching key. In decision box
34, the records in the linked list are examined to ascer-
tain if the keys match, and if they do, box 37 is entered
to return the contents of the matching record. The
process is then terminated in box 38. If no matching
record is found in the linked list, box 35 is entered to
return a message that the search was unsuccessful, and
the process terminated in box 36.

Returning to decision box 32, if the contents of the
initial hash table cell is not a pointer, decision box 39 is
entered to determine if the cell is empty. If the cell is
empty, box 35 is entered 1o return an unsuccessful
search message and the process terminated in box 36. If
the cell is not empty, decision box 40 is entered to again
determine if the contents of the cell is 2 list pointer. This
is necessary because of later iterations of the logic path.
If the cell does contain a list pointer, box 42 is entered
to advance to the next cell in the hash table. Decision
box 39 is then re-entered.

If it is determined in decision box 40 that the contents
of the current cell is not & list pointer, decision box 41 is
entered where the scarch key is compared to the key in
the current cell. If a match occurs, box 37 is entered to
return the matching record and the process terminated
in box 38, If 2 match does not occur in box 41, box 42 is
entered to access the next cell in the hash table. Thus,
the linear probe of the hash table continues until either
an empty ccll is encountered (box 39) or a cell with a
matching key is encountered (box 41). Intervening cells
containing list pointers arc passed over (box 40).

It can be secn that the retrieve process of FIG. 3
serves to locate the target record whether it is stored
under the open addressing process or under the external
chaining process. The retrieve process of FIG. 3 as-
sumes that the record has previously been stored using
the most efficient storage strategy. The insertion pro-
cess of FIG. 4 insures that this choice is properly made.

Turning then 1o FIG. 4, there is shown a flowchart of 65
a record insertion process suitable for carrying out the
dual storage scheme of the present invention. In FIG. 4,
starting at start box 50, box 51 is entered where the
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search key of the record to be inserted is hashed. Using
the hash table address produced by the hashing opera-
tion, the count field in the cell at that location is incre-
mented by one tn box 52 Decision box 83 is then en-
tered where it is determined whether or not the con-
tents of that cell is a list pointer, If the contents of the
cell is a list pointer, box 54 is entered to add the new
record to the external chain. This is accomplished by
“walking' the chain to its end. The new record is then
added at the end of the chain by placing a pointer to the
new record in the previously last, but now penultimate,
record in the chain. The process then terminates in
terminal box 58.

Returning to decision box 53, if the contents of the
hashed cell is not a pointer, decision box 55 is entered
where the cell count is compared to a numerical upper
threshold Ty. If the cell count does not exceed this
threshold, box 57 is entered where the new record is
added 10 the hash table using standard linear probing
techniques. The process then terminates in terminal box
58. If the cell count does exceed the Ty threshold in
decision box 55, box 56 is entered where all of the re-
cords hashed to this same hash table address are re-
trieved, formed into an external linked chain and 2
pointer to that chain placed in the hashed cell address.
Box 54 is then entered to place the new record at the
end of that chain, The process then terminates in termi-
nal box 58. The process of forming the linked list in-
valves no more than retrieving the hash table records
(using FIG. 3), finding a frec storage location for the
first record, storing the first record there and placing a
pointer to that location in the hash table cell, finding
another free storage location for the second record,
storing the second recard there and placing a pointer to
that second location in the first record, and so forth. If
the hash table cell originally stored a record that hashes
elsewhere (from a previous probe), then that record
must be relocated in the hash table to make room for the
pointer, again using the open addressing technique.

In FIG. 5 there is shown a flowchar:t of a record
deletion process. Starting at start box 60, box 61 is en-
tered where the search key is hashed to provide a hash
table cell location. In box 62, the cell count field at thar
cell location is decremented by one. Decision box 63 is
then entered to determine whether or not the contents
of that cell is a list pointer. If it is not, box 68 is entered
to use any known table deletion algorithm to remove
the record from the hash table. As previously noted, the
record can merely be marked “deleted” and left in place
or can by physically deleted by some algorithm such as
Knuth's algorithm. The process terminates in terminal
box 66.

If it is determined in decision box 63 that the contents
of the cell is a list pointer, box 64 is entered where the
record to be deleted is removed from the linked lkist.
This is easily accomplished by adjusting the pointer in
the chain just beforc the record to be deleted to point
the the record following the record to deleted. The
storage space of the thus “deleted™ record can then be
returnied to free storage space for future assignment to
another record.

Following the removal of the record in box 64, deci-
sion box 65 is entered where the decremented cell count
is compared to another lower threshold Ty. If the count
is not equal to or less than this T threshold, the process
terminates in terminal box 6. If, however, the cell count
is less than or equal to the T, threshold, box 67 is en-
tered where the linked list is disassembled and the re-
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cords added to the hash table using linear probing tech- different forms of deletion are included in the APPEN-
niques. The process then terminates in terminal box 66. DIX. The correspondence between the listings and

It can be seen that the processes of FIGS. 3, 4 and § FIGS. 3, 4 and 5§ arc obvious and will not be further

cooperate 1o provide a dual collision resolution hashed described here,

storage system where the form of collision resolution is 5 It should also be clear to those skilled in the art that
determined dynamically “on the fly” depending on the further embodiments of the present invention may be
Jocal Joad factor at the time records are to be added or made by those skilled in the art without departing from

deleted from the system. Pseudo-code listings for each the teachings of the present invention.
of these processes, together with pseudo-code for two
10
APPENDIX
Formal Definitions

a. const table_size /* size of hash table */

b. const upper threshold /* used by insert for conversion to chain structure */

-¢. const lower_threshold /* used by delete for conversion to table structyre */

Q‘l.‘

£

/* lower_threshold <upper threshold */
d. type list_elemert_type = record
record_contents: record_type;
next: {list_element_type [* pointer to next node in linked list */
end -
e. type table_element_type = record
count: integer;  [* number of stored keys that hash
to this cell * /
status: (empty, occupied, deleted);
case structure: (tbl, list) of /* type of data structure currently
storing records that hash here */
tbl: (record_contents: record_type);
list: (list_head: Ylist_element type)
end )
" f. var table: array(0 .. table_size-1] of table_element type  /* hash fable */
Initial state of each element of table: '
a. count =0
b. status = emply
¢. structure = thl

Retrieve Algorithm

procedure retrieve (key: key_type);
vari: 0.. table_size-1;
continue: boolearn;

BTEX0000434



5,287,499
11 12
begin
| := hash (key),
if table[i] soructure = list |
then search linked list pointed to by table(i] list_head
else begin
continue := true;
while (table[i].status #empty) and continue do
if (table(i}structure = (bl) and (table[i] status = occupied)
then if table[i]record_contents key = key
then continue : = false
elsei:= (i + 1) mod table_size
elsei:= (i + 1) mod table size;
if table{i]starus = empty
then not found
else found
end /*else begin */
end ‘ "

Insert Algorithm

procedure insert (new_record: record_type); *
var i, j: 0.. table size-1; -
D: Ylist_element_type,  [* used for constructing chain */ -
begin
i := hash (new_record key);
table[i].count ;= table[i].count + 1;
. if table[i].structure = list
then list_insert (table[i}Jist_head, new record);
else if table(i].count > upper threshold .
then begin  /* convert to linked list */
p:=nil,  /*initialize for while loop */
ji=1i
while table[j]status #empty do [* traverse sequence of records
and add to linked list */
begin
if (table[j)structure = tbl) and (table]j).status = occupied)
then if hash (table[j].record_contents key) = i
then begin
list_insert (p, table[j].record_contents);
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knuth_delete (j)
end
elsej:= (j + 1) mod table_size
elsej:= (j + 1) mod table_size
end; /*while*/
list_insert (p, new_record); -
if tableli].status = occupied
then table_insert ( hash (table[i).record_contents key),
table[i).record _contents)
else table[i]status := occupied,
tableli)structure : = list;
table[illist_head :=p
end /* ifelseif then begin (convert to linked list) */
else table_insert (i, new _record)

end
Delete Algorithm

procedure delete (key: key type);
var i: 0 .. table_size-1;
p: Ylist_element type;  /* used for traversing chain */
continue: boolean;
begin
i := hash (key),
- table[i).count := tablefi].count - 1
if table[i) structure = list
then begin  /* delete from linked list ‘/
search linked list pointed to by table[i]list_head
and remove record whose key matches key;
if tablefi}.count < lawer__threshold
then begin  /* convert linked list to table resident entries */
p := tableli)list_head, |
table(i)structure := thl,
knuth_delete (i),
while p #nil do
begin
table_insert ( hash (plrecord_contents key), pl.record_contents);
remove pt from linked list, dispose of element pointed to by p,
and advance p to next list element
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end

end /* then begin (convert linked list to table resident entries) */
end /* if then begin (delete from linked list) */
else begin /* delete table resident entry */
continue ;= true;
while continue do
i (table[i) structure = tbl) and (table[{].status #deleted)
then if rable(i]record_contents key = key
then continue : = false
elsei:= (i + 1) mod table size
elsei:= (i + 1) mod table_size;
invoke mark_deleted (i) or louuth delete (i)
.end  /* else begin (delete table resident entry) */

end
Mark Deleted Algorithm
procedure mark_deleted (i: 0 .. table_size-1);
begin
table(i]status .= deleted
endR

Knuth Delete Algorithm

procedure knuth_delete (i: 0 .. table_size - 1);
/* Delete cell i from hash table */
procedure recursive_delete (j, k: 0 .. table_size - 1);
/* Delete cell k instead of cell j if required */
begin /* recursive_delete */
if cell k is marked empty
then mark cell j empty
else if record in cell k hashes at or before position j
then begin
contents(j) := contents(k);
recursive_delete (k, (k + 1) mod table_size)
end /* then */
elserecursive_delete (j, (k + 1) mod table_size)
end; /* recursive_delete */ '

begin /* knuth_delete */
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