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r" w The resuls shown in Figure 748 are those expeced. Direct addressing, 0N un

with one probe per digraph, gives the best performance. External chaining resolution

€5k and coalesced chaining give essentially the same performunce, Using a binary external ¢

g" search tree gives better performunce than either linear or double hashing, g

v ar despite requiring more probes during a search, This is because searching o Lo structures

| c hash wble requires more overhead: evaluating the hash function and the array asorted
3 £ i mapping function. If the data structure were higger, the difference in number with coale

f E 5k of probes required would be larger and the hash technigques would provide Jengths,

o |apraasesii 2 heuner performance than would a binary search tree. ' Figu

gl Nowe that initiatly, lincar probing is faster than double hashing, This is in Figure

= . . - because chusters have litde effect on performance, whereas collisions require ~ comparan

: JOR 2000 an et mnu‘)m:ni(m (the step §i7¢) ﬁ‘n' double hashing. As the hash wble fills average
4 Number of Digraphs and clusters form, the performance of linear probing deterioraes. . particular
: Processed Another consideration for hashing is worst-case performance. Table 7.2 empirical
x linear rehashing shows the maximum number of probes required to find a digraph as a function chapers i

o Diouble hashing of the number of digraphs processed. in this e

® Binary search tree (linked ) Ohserve that for coalesced and external chaining the maximum number plexiny by

» Coalesced chaining of probes is itde different from the average. For lincar rehashing and, w0 4 many mo

A External chaining Jesser extent, double hashing the maximum number of probes becomes quite one proly
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- —  home address, and the performance can be disaserous. A generad discussion pavs oft

i Figure 7.48 of the worst-case performance of hash tiles, which compures linear searching, and far o
Freguency widvses of digraphis rundom hishing, and external chaining, is given in Larson (1982), A
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TABLE 7.2 Comparison of eshing techniques, including the masimum number of probes for a successtul search, stgaest |
The tble size = 300 and the cellur size for codeseed chaining is 93, reguaren
. - problom
Linecar search Double hashing  Coalesced chaining External chaining

Digraphs Distinct Load Avg Max Avg Max Avg Max Avg Max
p_mccsscd digraphs factor  probes  probes  probes | probes  probes - probes probes pruht:,sl %7 Sur
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.- 7.0.2 Frequency Analysis Summary NENaT
Lot us now review and compare all the approaches we have used for our ; andd sever
frequency analysis problem. We have used three data structuees: lists, binary cgivs upo
trees, and sets. The analvsis with fists involved two representations—array and thotht op
linked—and four ditferent orders—chronological. sorned. frequency ordered. formanee
and self-organizing, The wabvsis with binany rees used linked representation- cleaghy sh
of buth binany search tees and AVL wrees. The analysis using sets was Losed . titwes at v

e
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on an array representadon of o hash table and considered four collision.
resolution policies—linear rehashing, double hashing, cowlesced chaining, and
external chaining,

Figure 7.49 shows the expected search lengths for five representative dat
structures—sequential search of a list in chronological order, binan search of
asorted lis, binary search tree, hashing with lineitr rehashing, and hashing
with comlesced chuining. A semilog plot is used because of the range of search
tengths,

Figure 7,50 compares the performance of the data structures considered
in Figure 7.49. A semilog plot is used so dhag difterences can be clearly seen. A
comparative analysis  of data structures  includes  performunce  (hoth
average and worst case), memory requirements, algorithm complexity, and
particular strengths and weaknesses. Figures 7.49 and 7.50 show the results of
cmpicical studies of performance. Memory requirements are discussed in the
chapters in which we introduced the dagt structures. All of the dut structures
in this text are (refatively) simple. We can, however, see one impact of com-
plexity by comparing Figures 7.49 and 7.30. Sequential search of a list requires
many more probes than does binarv search of a sorted list. However, because
one probe during o binary search is more complex than one probe during a
sequential search, the number of elements must be Lirge before ahinaey search
pavs off. The meaning of “large™ varies with the processor und software used,
and for our example it appears that large means 150 or more elements.

An example of a data structure weakness is the order of hashed data Sinee
the clements are stored in random order, it would be ditficult o tind wl
clements whaose key values are in o given interval. o would he easy to do this
for dara in a sorted fst, and that s an advantage of that dac structure, As we
suggest here, selection of o dwa structure involves matching application
requirements with datastructure strengths. We have seen in the case ofasimple
problem. frequency anadysis of digraphs, that there are many trade-ofts w consider,

7.7 Summary

I this chapter we have studied data structures whose structure is setlike. The
only refationship of interest among the elements is that they are members of
the set. We have distinguished berween two kinds of sets—rthose whose ele-
ments are atomic and those whose elements are structured.

We have seen that i pacticularly important implementation weehnigue for
sets of structured elements is hashing. We studied several hashing functions
and several collision-resolution (or rehushing) strategics. The rehashing strac
egies upon which we concentrated were linear cehashing and double hashing
thoth open address methods) and external and coalesced chaining. Per-
formance analyses and comparisons were made in Sections 7.5 and 7.6 They
clearly showed that hashing is an excellent method in terms of the execution
times of its algorithms.

One question that we have not vet addressed is a compurison of the
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Chapter 7+ Sets

complexity of hashing algorithms with those of lists and trees. We have given
no complete package for the hashed implementation of sets, but rather we
have presented several of the key algorithms. In previous chapters we closed
by giving tables containing at least crude measures of the complexity of the
various packages presented in the chapter. As a substitute here, Table 7.3 com-
pares the complexity of a single operation—findkey—for various data struc- ]
tures and their implementations. We see that in terms of the simple measure E 8.1
we are using, complexity of the hashed (open address) implementations of 4 8.2
Sfindleey are comparable with those of the other data structures, ;

TABLE 7.3 Complexity of findkey for various data structures.

Lines of code
Data type Representation for findkey
List Array 9
List Linked 14
Soeted lisg Array (binary search) 17
Binary scarch tree Linked : 12
Set Hashed, linear rehash 13
Set Hashed, double hashing 15

The applied problems section at the end of the book suggests additional
applications of the data structures discussed in this chapter. Problems related 8.1 Ir
to this chapter's topics are 2, 3, 4, 3, and 10.
Much of
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157 ABSTRACT

A method and apparatus for performing storage and
retrieval in an information storage system is disclosed
which uses the hashing technique. In order to prevent
conlamination of the storage mediuvm by automatically
expiring records, a garbage collection technique is used
which removes all expired records in the neighborhood
of a probe into the data storge system. More particu-
larly, each probe for insertion, retrieval or deletion of a
record is an’ occasion to search the entire chain of re-
cords found for expired records and then removing
them and closing the chain. This garbage collection
automatically removes expired record contaminalion in.
he vicinity of the probe, thereby automatically decon-
taminating the storagc space. Because no long term
contamination can build up in the present system, it is
uscful for large data bases which are heavily used and
which require the fast access provic:? by l:ashing.
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METHODS AND APPARATUS FOR
INFORMATION STORAGE AND RETRIEVAL
UTILIZING HASHING TECHNIQUES

This application is 2 continuation of application Ser.
No. 07/151,639, filed Feb. 2. 1988 now abandoned.

TECHNICAL FIELD

This invention relates to information storage and
retrieval systems and, more particularly, to the use of
bashing techniques in such systems.

BACKGROUND OF THE INVENTION

Information or data stored in a computer—controlled
storage mechanism can be retrieved by searching lor a
particular key in the stored records. The stored record
with a key matching the search key is then retrieved.
Such scarching techniques require repeated accesses or
probes into the storage mechanism to perform key com-
pansons. In large storage and retrieval sysiems, such
scarching, even if augmented by efficient search algo-
tithms 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

5

23

involves the use of so-called “hashing™ 1echniques.

These techniques are also sometimes called scatter-stor-
age or key-transformation techniques. In a sysiem using
hashing, the key is operated upon (by a hashing func-
tion) to produce a storage address in the storage space
(called the hash table). This storage address is then used
10 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, Sorring and Searching.
pp- 506-549, Addison-Wesley, Reading, Mass., 1973,

Hashing funciions 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 technigues is that
more than one key can translate into the same storage
address, causing “coliisions” in storage or retneval
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
cmpty storage location will resolve the collision. This
atter technique is called linear probing. If the hash table
is considered 1o be circular so that addresscs beyond the
end of the 1able map bhack 1o the beginning of the table,
then the linear probing is done with “open addressing,™
i.c., with the entire hash table as overflow space in the
cvent that a collision occurs.

Some forms of data records have a limited lifetime
after which they become obsolete. Scheduling activi-
ties, for example, involves records which become obso-
lete after the scheduled activity has occurred. Such
record storage locations cannot be simply emptied since
this location may be a link in a chain of locations previ-
ously created during 2 collision-resolution procedure.
The classic solution 1o this problem is to mark the re-
cord as “deleted” rather than as “empty,” and to leave
the record in place, In time, however, the storage space
can become contaminated by an excessive number of
deleted or obsolete storage locations that must be
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scarched 10 locate desired records. With the passage of
time, such storage contamination can reduce the perfor-
mance of retrieval operations below acceptable levels.
Problems of this type are discussed in considerable
detail in Date Structures and Program Design, by R. L.
Kruse, Prentice-Hall, Englewood Cliffs, N.J., 1984, pp.
112-126, and Dato Structures with Abstract Data Types
and PASCAL, by D. F. Stubbs and N. W. Webre,
Brooks/Cole Fublishing, Monterey, Calil,, 1985, pp.
310-336.

In the prior an, such storage space contamination
was avoided by deletion procedures that climinated
deleted records by replacing the deleted record with
another record in the collision-resolution chain of re-
cords and thus close the chain without lesving any
deleted records. One such procedure is shawn in the
aforementioned text by Knuth at page 527. Unforiu-
nately, such non-contaminating procedures, due to the '
necessity for successive probes into the storage space,
take 5o much time that they can be used only when the
data base is off line and hence not available for access-
ng.

The problem, then, is to provide the speed of access
of hashing techniques for large and heavily used infor-
mation storage sysiems having expinng data and, at the
same time, prevent the large-scale contamination which
normally results from expired records in such large and
heavily used systems.

SUMMARY OF THE INVENTION

In accordance with the illustrative embodiment of the
invention, these and other problems are overcome by
using a garbage collection procedure “'on the fly” while
other types of access to the storage space are taking
place. In particolar, during normal data insertion or
retrieval probes into the data store, the expired, obsolete
records are identified and removed in the neighborhood
of the probe. Specifically, expired or obsolete recards in

‘the collision-resolution chain including the record to be

accessed are removed as pant of the normal retrieval
procedure. .

. This incremental garbage collection technique has
the decided advantage of automatically eliminating
contamination caused by obsolete or expired records
without requiring that the data base be taken off-linc for
such garbage collection. This is particularly important
for data bascs requiring rapid access and continuous
availability to the user population.

BRIEF DESCRIPTION OF THE DRAWING

A compléte understanding of the present invention
may be gained by considering the following detniled
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
might 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
might find use; )

FIG. 3 shows a general flow chart for table searching
operation which might be used in 3 hashed storage
system in accordance with the present invention;

F1G. 4 shows a general flow chart for a garbage

“collecting remove procedure which formos part of the

table searching operation of FI1G. 3;

BTEX0000317



5,121,495

3

F1G. § shows & general flow chart for record inser-
tion operations which might be used in a hashed storage
system in accordance with the present invention;

FIG. 6 shows a general flow chart for a record re-
tricval operation for use in 8 hashed storage system in
accordance with the present invention; and

FIG. 7 shows a general flow chart for a record dele-
tion operation which might be used in the hashed stor-
age system in accordance with the present invention.

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

DETAILED DESCRIFTION

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 cxecuted, one instruction at a
time, by CPU 10. Data, stored in other portions ol
RAM 11, arc operated upon by the program instruc-
tions accessed by CPU 10 from RAM 11, all in accor-
dance with well-known data processing techniques.

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 are stored on disk storage unit 13
until required by CPU 10. At this time, such programs
and data are retriecved 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 (10} controller 14 which, in turn, pro-
vides access 1o & plurality of input devices such as CRT
{cathodc 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 to 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 resulis 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, pholotypesetiers, graphical plotters and
other types of output devices.
— The constituents of the computer system of FIG. 1
and their cooperative operation are well-known in the
art and are typical of all computer systems, from small
personal computers 1o large main frame systems. The
architecture and operation of such systems are well-
known and, since they form no part of the present in-
veation, will not be further described here.

In FIG. 2 there is shown a graphical representation of
a typical software architecture for a computer system
such as that shown in FIG. 1. The software of FIG. 2
comprises an access wechanism 20 which, for simple
personal computers, may coraprise no more than tumn-
ing the systcm on. In larger systems, providing service
to 2 larger number of users, login and password proce-
dures would typically be implemented in access mecha-
nisro 20, Once sccess mechanism 20 has completed the
login procedure, the user is placed in the operating
system environment 21. Operating system 21 coordi-
nates the activities ol all of the hardware components of
the computer system (shown in FIG. 1) and provides a
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4
number of utility programs 22 of general use 10 the
computer user. Utilities 22 might, for example, comprise
assemblers and compilers, mathematical routines, basic
file handling routines and system maintenance facilities.

Many computer software systems also include a data
basc manager program 23 which controls access to the
data records in a dats basc 24. Data base 24 may, for
example, reside on a disk storage unit or units such as
disk storage unit 13 of FIG. 1. User application pro-
grams such as application program 25 then use the data
basc manager program 23 o access data base records in
data base 24 for adding, deleting and modifying data
records. It is the efficient realization of a data base man-
ager such as data base manager program 23in FIG. 2 10
which the present invention is directed.

Before proceeding 10 a description of one embodi-
ment of the present invention, it is first useful 10 discuss
hashing techniques in general. Hashing techniques have
been used classically for very fast access to static, short
term data such as 1 compiler symbol table. Typically, in
such storage tables, deletions are infrequent and the
necd (or the storage table disappears quickly.

In some common types of data storage systems, data
records become obsolete merely by the passage of time
or by the occurrence of some event. If such expired,
lapsed or obsolete records arc not removed from the
storage table, they will, in time, seriously degrade or
contaminate the performance of the retrieval system.
Contamination arises because of the ever-increasing
need to search longer and longer chains of record loca-
tions, many of which arc expired, to rcach a desired
location.

More particularly, a hash table can be described as a
logically contiguous, circular list of consecutively num-
bered, fixed-sized storage units, called cells, each capa-
ble of storing a single item called a record. Each record
contains a distinguishing ficld, called the key, which is
used as the basis for storing and retrieving the associ-
ated record. The keys throughout the hash table data
base are distinct and unique for each record. Hashing
functions which associate keys with storage addresses
are usually not one-to-one in that they map many dis-
tinct keys into the same_Jocation.

To store a new record, a cell number is generated by
invoking the hashing function or the key for the new
record. If this cell Jocation is not occupied, the new
record is stored there. If this cell location 15 occupied, a
collision has occurred and the new record must be
stored elsewhere, in an overflow area, using an appro-
priate collision-resolution technique. A common colli-
sion-resolution strategy, which will be described here, is
known as lincar probing under open addressing. Open
addressing means that the overflow area is the entire
hash table itsclf. Linear probing indicates sequential
scanning of cells beginning with the next cell, recalling
that the storage table is viewed circularly, The collision
is resolved by storing the record in the first unoccupied
cell found.

To retrieve a record, the key is hashed to generate a
cell location. If the record is not there (the keys do not
match), scarching continues following the same for-
ward path as record storage. An cropty cell terminates
the retrieval procedure, which has then faied to find
the record 1o be retrieved. )

In FIG. 3 there is shown a flowchart of = search table
procedure for searching the hash table preparatory to
inserting, retrieving or deleting a record. The hash table
may, for example, comprise the data base 24 of FIG. 2
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and the search table procedure of FIG. 3 compnse 2
portion of the data base manager 23 of FIG. 2. Starting
in box 30 of the search table procedure of FIG. 3, the
search key of the record being searched for is hashed in
box 31 to provide the address of a cell. In box 32, the
empty cell just past the end of the search chain of non-
empty cclls is Jocated, i.e., the first succeeding unoccu-
picd cell is found. In box 33, the procedure moves one
cell backward from the cutrent cell position (now at the
end of the chain). Decision box 34 examines the cell to
determine whether the cell is empty or not. If the cell
tested in decision box 34 is empty, decision box 35 is
entered to determine if a key match was previously
found in decision box 41 (as will be described below). If
50, the search is successful and returns success in box 36
and terminates in terminal box 39. If not, box 37 is en-
tered where the location of the empty cell is saved for
possible record insertion. In box 38 failure is returned
since an cmpty cell was found before a cell with a
matching key. The procedure again terminates in box

If the cell tested in decision box 34 is not empty,
decision box 40 is entered to determine if the record in
that cell has expired. This is determined by comparing
some portion of the contents of the record 1o some
external condition. A timestamp in the record, for ex-
ample, could be compared with the time-of-day. Alter-
natively, the occurrence of an event can be compared
with 2 field identifying that event in the record. In any
event, if the record has not expired, decision box 41 is
entered to determine if the key in this record maitches
the search key. If it does, the cell Jocation is saved in
box 42 and the procedure returns to box 33. If the re-
cord key does not match the search key, the procedure
returns directly to box 33

If decision box 40 determines that the record has
expired, box 43 is entered to perform a non-contaminat-
ing deletion of the expired record, as will be described
in connection with F1G. 4. In general, the procedure of
box 43 (FIG. 4) operates 10 move 2 record further
1oward the end of the chain into the position of the
record which has expired, thereby removing the ex-
pired record and, at the same time, closing the secarch
chain.

It can be seen that the search table procedure of FIG.
3 operates to examine the entire chain of records of
which the searched-for record is a pan, and io delete
expired records by chain-filling rather than by marking

“such records as deleted. In this way, contamination of

A
1\!\0\:{1‘9}{"‘“[ :

the storage space by expired records is removed in the
vicinity of each new table search. If contamination
becomes too large even with such automatic garbage
collection, then the insertion of new records can be
inhibited until the search table proccdure has had a
chance to remove 2 sufficient number of expired re-
cords to rendzer the operation of the svstem sullicienlly
eflicient,

The searck table procedure illustrated generally in
FIG. 3 is implemented in the Appendix as PASCAL-
like pseudocode. Source code suitable for compilation
and execution on any standard hardware and software
computing system can readily be devised from this
pscudocode and the flowcharts of the figures by any
person of ordinary skill in the art.

In FIG. 4 there is shown a flowchart of a remove
procedure which removes records {rom the database,
either records 1o be deleted or expired records. In gen-
eral, this is accomplished by traversing the chain of the
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record to be removed in a forward direction searching
for a record whose key hashes at or behind the cell to be
removed. When such a record is found, it is copied 10
the cell of the record to be removed. The copied record
is then taken as the record to be removed and the pro-
cess is continued until the end of the search chain is
reached. In box 54, the final copied record is marked
empty prior to teminating the procedure. The remove
procedure of FIG. 4 might comprise a portion of the
data base manager program 23 of FIG. 2.

Starting at starting box 50 of F1G. 4, the procedure is
entered with the location of a cell to be removed which
is calied the base cell. Initially, box 51 is entered where
the load count in the table is adjusted to reflect the
rermoval of onc record. The load, of course, is the pum-
ber of occupied cells. As previously noted, the valuc of
this Joad can be used to disable the insertion of new
records until the load has reached a low enough value
to permit cfficient scarching. In box 52, the procedure
of FIG. 4 advances 10 the next cell in the chain beyond
the base cell. In decision box 53 this cell is tested 10 see
if jt is empty. it is empty, the end of the chain has been
reached and box 54 is entered to mark the base ccll as
empty. Decision box 55 is then entered 10 determine if a
record was found (by the search 1able procedure) which
matched the search key and, if so, the procedure is
terminated in terminal box 56. If a matching record was
not found, decision box 57 is entered to determine if the
base cell is ahead of the hash location of the search key.
If not, the procedure is terminated in box 56. If the base
cell does hash ahead of the search record, then the base
cell can be used for storing a new record, In box. 58, the
location of this empty cell is therefore saved as a possi-
ble insertion site.

Returning to box 53, if the next cell is not empty, box
59 js entered to determine if the record in this cell
hashes ahead of the base cell. If so, box 52 is re-entered
10 advance to the next cell.in.the chain. If this next cell
hashes at or behind the base cell, however, box 6" is
entered to copy the contents of this next celi to the base
cell, thereby obliterating (removing) the base cell con-
tents. Box 61 is then entered 1o test if the search 1able
procedure found a matching record. If not, box 52 is
re-entered to advance 10 the next cell. if a matching
record was found, decision box 62 is er1cred to test if
the matching record is the base cell record. If not, box
52 is re-entered to advance to the next cell. If the match-
ing record is the base cell, however, box 63 is entered *o
store the location of the {former base cell as the position
of the matching record and then box 52 is re-entered to
advance to the next cell in the search chain.

it can be seen that the procedure of FIG. 4 operstes
to cxamine the eotire search chain and to move records
from later positions in the chain to vacated positions in
the chain such that the chain is entirely closed at the end
of the procedure. That is, no empty cells are left to
erroncously break up a search chain, As noted in con-
nection with FIG. 3, expired records are subjected to
the remove procedure of FIG. 4. As will be noted in
connection with F1G. 7, records to be deleted from the
data basc are also subjected 10 the remove procedure of
FIG. 4.

The remove procedure illustrated generally in FI1G. 4
is implemented in the Appendix as PASCAL-like
pseudocode. Source code suitable for compilation and
execution on any standard hardware and software com-
puting system can readily be cevised from this pscudo-
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code and the flowchart of FIG. 4 by any person of
ordinary skill in the ant.

in FI1G. 5 there is shown a dewsiled flowchan of an
insert procedure suitable for use in the information stor-
age and retricval system of the present invention. The
insert procedurc of FIG. 5 begins as starting box 70
{from which box 71 is entered, In box 71, the search table
procedure of FIG. 3 is invoked with the search key of
the record to be inserted. As noted in connection with
FIG. 3, the search table procedure locates the target cell
Jocation and, if part of a search chain, removes all ex-
pired cells from that search chain, Decision box 72 is
then entered where it is determined whether or not the
search table procedure found a record with a matching
key. If so, bax 73 is entered where the record to be
inseried in put into the storage table in the position of
the old record with a matching key. In box 74, the insert
procedure reports that the old record has been replaced
by the new record and the procedure is terminated in
terminal box 75.

Returning to decision box 72, if 2 matching record is
not found, decision box 76 is entered to determine if the
table load is below a preselected threshold (typically
about 75% of the table capacity). If the load is not

below the threshold, the storage table is too full to be

access cfficiently, and box 77'is entered to report that
the The table is Tull and the record cannot be inscrted.
The procedure then terminates in terminal box 75. If the
load is below the threshold, box 78 is entered where the
record to be inserted is placed in the empty cell position
found by the search 1able procedure. In box 79, the Joad
is adjusted to reflect the addition of onc record to the
storage table, the procedure reports that the record was
inserted in box 80 and the procedure terminated in box
75. -

The insert procedure illustrated generally in FIG. 5
implemented in the Appendix as PASCAL-like pseudo-
code. Source code suitable for compilation and execu-
tion on any standard hardware and software computing
system can readily be-devised from this pseudocode and
the flowcharts of the FIG. 5 by any person of ordinary
skill in the art.

In FIG. 6 there is show a detailed flowchan of a
retrieve procedure which is used to reirieve a record
from the data base 24 of FIG. 2. Suarting in box 90, the
search table procedure is invoked in box 91, using the
key of the record 1o be retrieved as the search key. In
box 92 it is determined if a record with a maiching key
was found by the search table procedure. If not, box 93
is entered to report fature of the retrieve procedure and
the procedure is terminated in box 96. If 3 matching
record was found, box 94 is entered to copy the match-
ing record into a buffer store for processing by the
calling program, box 95 is entered to retumn an indica-
ton of successiul retrieval and the procedure termi-
nated in box 96.

The pseudo-code for the retrieve procedure of FIG. €
is included in the Appendix. Executable code for all
common hardware and system software arrangements
can readily be devised by those skilled in the ant from
the flowchar and the pseudo-code.

In FIG. 7 there is shown a detailed flowchart of a
delete procedure useful for actively removing records
from the data base 24 of F1G. 2. Starting at box 100, the
procedure of FIG. 7 first invokes the search 1able proce-
dure of FIG. 3 ih box 101, using the key of the record to
be deleted as the search key. In box 102, it is determined
if the search table procedure was able to locate a record
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with a matching key. If not, box 103 is entered to report
failure of the deletion procedure and the procedure is
terminated in box 106, If 2 matching record was found,
as determined by box 102, the remove procedure of FI1G.
4 is invoked in box 104. As noted in connection with
F1G. 4, this procedure removes the record to be deleted
and, at the same time, closes the scarch chain. Box 105
is then entered to repon successful deletion to the call-
ing program and the procedure is terminated in box 106,

The delete procedure illustrated generally in FIG. 7 is
implemented in the Appendix as PASCAL-like pseudo-
code. Source code suitable for compilation and execu-
tion on any standard hardware and softwarc computing
system can readily be devised from this pscudocode and
the flowchart of FIG. 7 by any person of ordinary skill
in the art.

The atiached Appendix contains pseudocode listings -
for all of the programmed functions necessary 1o imple-
ment a data base manager 23 (FIG. 2) operating in ac-
cordance with the present invention. These listings
follow the flowcharts of FIGS. 3-7 and further explain
and elucidate the flowcharts. Any person of ordinary
skill in the art will have no difficulty implementing
these functions in any desired program language to rua
on any desired computer hardware configuration.

It should also be clear 10 those skilled in the art that
further embodiments of the present invention may be
made by those skilled in the art without departing from
the teachings of the present invention.

APPERDIX

Yunctions Frovidsd

The folloving functionx are wade aviilabla to the
application program:

inmerr (record: recory type)

Retwrns replaced {f a record axsoziated virh record.kev.
vax found in the table and subswquently raplaced.

Returns inserted if a record axsoziated vith record.kev
was not found An the table and the pasxed record vas
subseguently insarted.

Raturnxz full {f a2 recovd assxociated vith rwcord.Xasv wvax
not found in the table and passed Tecord could not be
inxerted because losd factor har resached max losd fscter.

retriove (racord: record type)

Returns succexs if record azsociaced withs r-cor-d.g-_v_ ves
Toynd in the tabla trd ssrigned to recerd. .

Returnse faflurw if sesrch vas onsucceszsfyl.

G=lete (racord key: Twcord key type)

Heturns zuccess if record szsocisted with record kev vas
found in the tabla and gubsequently deleted

Raturnx fajlure 4f nope-founa.
Definitions

‘The following formal dafinitions are required tor ~
specifying the insartion, retrieval, and deletion
algorithas: -

const table wire /* mize of hash table «/
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/* 0 % pax load fector < } */

‘momst wax losd factor

vay table: arzray(® .. table xize-1) of record type:
J/* hash table »/

war Joad: 0 .. table mite-3;
/* number of ocrupied entries of
bash table array {(initially 0) */

Algorithms - 10

Mgorithes for the functions described anove are |
yivan balow:
tfunction insert (record: record tyme):

(replaced, inserted, full }:

¥ar poxitfon: 6 .. Table size-~1:
/* poxition in table to update or
inzert (returned by zesrch table) +/

bagin 20

12 zearch table (record.key, pocition)

tbhun bagin

table(position) := record: 23

raturp {(replaced)

and

slse LT Joad/table sire « ®ax load factor a0

then begin
load i~ Joad+l:
table{poaition) i« recard: 35
retnrn (inserted)

and

alse retura (ull)

40
and /* Ansert 4/
functied rettieve (var record; record tyoe):
(z3ccess, faflure):s
45
war position: O .. table wize~I:
/* position in table whete Tecord
resides (returned by teerch table} ¢/
bagin
9 : 50
1f sesrch table (fecord.key, position}
ther bagin
record = tablelpositioni: 55
Iatutn (Fuvccess)
and
alse Yeturn (failure} &0
and /* retrieve =/
frmction gelete (recprd key: record key tvpe):
(success, fallure):
65

var position: O .. Lable size-1: .
/* position in table where record
residan {returnsd by gearch table) */

10
dyvmsy varjsble: 0 .. table wjre-i:

/* lagt two arguments to Felove are
not relevant here LY

Pegin

4t search table (record key, position)

thah begin

rewove (position, true, dymmy veriable,
dumey varlable)s

returz (muccexs)

and

alse retoro (fai)ure)

4nd /* delete °/

tunction geaych table (record keyt record key tvoe:
war pogition: 0 .. table sire-1): boolean:

/% senrch table for grcord kev and delete expired
wxpired records in taryct chain: poxition iz set to
index af found record or appropriate empty ceall v/

var 4: 0 .. table wize-1;
/* usad for scanning chain, .
both forwards & backwards +/

pos emoty: O .. table xize-1:
/* index of leftmoft mnpty cell
to rignt of pasition </

isz rec found: boolean:

/* indicates whether search is successiul */

bagin

position e hash (record kev):
iz rec found :~ false:

ir tablefposition] is not eapty then

begin
4 v position: /+ loop initializacion */

repsat /* scan forvard to «nd of chain
contsining table(pesition} */

1 i~ ({+41) mod table size

wntil (teble(l) is empiy):

=

poc _epoty = i:
4 2= (i~1+tuble wite} mod table size:

while {tablef{i) is not ampry} do
/*scan chain {n revarse,
dalating xpirwed antries v/

begin

1f tapla(i) iz axpired
then ramove (i, is rec found,

pezition, pos _swptyv)

alse 4f table{i).Xey = record xev
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11 12
than beyin ‘hashing techniques to provide rapid access to the re-
cords of said system and utilizing a lincar probing tech-
ds yec found := frve: nique to store records with the same hash address, at
sicion = 4 Jeast some of said records automatically expiring, said
5 system comprising

o a record search means utilizing a search key 10 access
4 t= (i-1+gable size) mod table site : a chain of records having the same hash address,
said record search means including means for identi-
end; /* while ¢/ fying and removing all expired ones of said records
10 from said chain of records each time said chain is
if mot s rvec found than position := pos sty amd' and
s /o then o/ : means, uli}izipg said record search means, for insert-
ing retrieving and deleting records from said sys-
yeturn (is pec found) 15 i tem and, at the same time, removing all expired
' ones of said records in the accessed chains of re-
apa /* mearch table =/

| cords.
2. The information storage and retricval sysiem ac-
|cording to claim 1 further comprising
50 means for recursively moving a record {rom a later

: /¢ Delate table(cal] to gel] 7 position in said chain of records into the position of
i — . one of said expired records.

procedurs ywmove {(cel) to del: .
0 .. tabla wite~1; iz yec found: boolesn;
vay pos_of mesrch Tec, pos ewpty: © .. table size-1;

» var §, 4r © .. table sige-1: 3. The information storage and retrieval system ac-
cording to claim 1 further including
begin . 25 means for counting the number of records in said
load e Ypad-1: - system,
means, responsive 1o said counting means, for inhibit-
o forevar " ing the insertion of new records into said system
\ . when the number of records in said system exceeds
i 1 = gel] to del: 30 a preselected value.
/% save poririon of ampried slot +/ 4. The information storage and retrieval system ac-
cording to claim 3 further including

i rapaat /* =can forward looking for &

! . . ing m
| record to £ill bole in chain +/ means, also responsive to said counting means, for

re-enabling the insertion of new records into said

: call to del i= (call to deled) mod table size: 35 ' system when the number of records in said system
! falls below said preselected valuc.
if table{cel] To del] iz empty 5. A method for storing and retrieving information
records using hashing techniques to provide rapid ac-
then begin : cess 10 said records and utilizing a linear probing tech-
table[i) i+ wmpty: 40 nique 10 store records with the same hash address, at
Jeast some of said records automatically expiring, said
1t not ix rec found then ‘method comprising the steps of

sccessing a chain or records having the same hash

Ar (po3 of search rec £ 1 < pos ezsov) address,
or (i< pos e=puy < pus of swsrch vec) 45  jdentifying the automatically expired ones . said

or (pos empty< pos of gearch yec < records,
4) then poa smpty i- 1 removing all automatically expired records from said
ertur. _ chain of records each time said chain is accessed,

and? - T and
50  inserting, retrieving or deleting one of said records
4 := hash (table{call to del).key) . from said system following said step of removing.
- 6. The method according to claim 5 further compris-
wntf) {f < 1 < gall to del) ing the step of

or (i< enlltods) <) moving a record from a later position in said chain of

dal - 2 . -
or {cal) to del< 1 < 1): 55 records into the position of one of said expired

records.
7. The method according to claim 5 further compris-
ing the steps of

tabla{i] i~ tablafcell to del}:
/% uss tabla(cell to del] to plug hole in chain +/

1f (i _rec found) sad counting the number of records in said system, and
{pos of sasrch Tec = gell to del) €0 jinhibiting the insertion of new records into said sys-
thas pos of mearch reg i< } tem when the number of records in szid system
: rises above a presclected value.
wnd 8. The method according to claim 7 further compris-

ing the step of

i /e pezave */ 65 re-cnabling the insertion of new records into said
. . ) _ system when the number of records in said system

What is claimed is: . . falls below said preselected value.

1. An information storage and rctrieval system using .« s oa e
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[s7) ABSTRACT

A method and apparatus for performing storage and
retrieval in an information storage systew is disclosed
which uses the hashing technique. In order to prevent
contamination of the storage medium by automatically
expining records, a garbage collection technique is used
which removes all expired records in the neighborhood
of a probe into the data storge system. More particu-
larly, each probe for insertion, retrieval or deletion of a
record is an’ occasion to search the entire chain of re-
cords found for expired records and then removing
themn and closing the chain. This garbage coliection
autamaiically removes expired record contamination in
the vicinity of the probe, thereby automatically decon-
taminaling the storage space. Because no long term
contamination can build up in the present system, it is
useful for larpe data bases which are heavily used and
which require the fast access provic:2 by hashing.
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METHODS AND APPARATUS FOR
INFORMATION STORAGE AND RETRIEVAL
UTILIZING HASHING TECHNIQUES

This application is a continuation of application Ser.
No. 07/151,639, filed Feb. 2, 1988 now abandoned.

TECHNICAL FIELD

This invention relates 10 information storage and
retrieval sysiems and, more particularly, to the use of
hashing techniques 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 siored record
with a key matching the scarch key is then retnieved.
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 eflicient 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

20

involves the use of so-called “hashing” techniques.

These techniques are also sometimes called scatter-stor-
age or key-transformation technigues. In a system using
hashing, the key is operated upon (by a hashing func-
tion) to produce 2 storage address in the storage space
(called 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 Arr of Com-
puter Programming. Volume 3, Sorring and Searching,
pp- 506-549, Addison-Wesley, Reading, Mass., 1973,

Hashing funciions 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 techniqgues is that
more than one key can translate into the same storage
address, causitig “coliisions” 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
cmpty storage ocation will resolve the collision. This
Iatter technique is called lincar 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 lincar probing is done with “open addressing,™
1.c., with the entire hash table as overflow space in the
cvent that a collision occurs.

Some forms of data records have a limited lifetime
after which they become obsolete. Scheduling activi-
tes, for example, involves records which become obso-
Jete after the scheduled activity has occurred. Such
record storage locations cannot be simply emptied since
this location may be a link in a chain of locations previ-
ously created during a collision-resolution procedure.
The classic solution 1o this problem is to mark the re-
cord as “‘deleted” rather than as “empty,” and to leave
the recard in place. In time, however, the storage space
can become contaminated by an excessive number of
deleted or obsolete storage locations that must be
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searched to Jocate desired records. With the passage of
time, such storage contamination can reduce the perfor-
mance of retrieval operations below acceptable levels.
Problems of this type are discussed in considerable
detail in Data Structures and Program Design, by R, L.
Kruse, Prentice-Hall, Englewood Cliffs, N.J., 1984, pp.
112-126, and Data Structures with Abstract Data Types
and FASCAL, by D. F. Stubbs and N. W. Webre,
Brooks/Cole Publishing, Monterey, Calif., 1985, pp.
310-336.

In the prior art, such storage spacc contamination
was avoided by deletion procedures that eliminated
deleted records by replacing the deleted record with
another record in the collision.resolution chain of re-
cords and thus close the chain without leaving any
delcted records. One such procedure is shown in the
aforementioned text by Knuth at page 527. Unforu-
nately, such non-contaminating procedures, due to the
necessity for successive probes into the storage space,
take so much time that they can be used only when the
data base is off line and hence not available for access-
ing.

The problem, then, is to provide the speed of access
of hashing techniques for large and heavily used infor-
mation storage sysiems having expiring data and, at the
same time, prevent the large-scale contamination which
normally resuits from expired records in such large and
heavily used systems.

SUMMARY OF THE INVENTION

In accordance with the illustrative embodiment of the
invention, these and other problems are overcome by
using a garbage collection procedure "on the {ly” while
other types of access to the storage space are taking
place. In particular, during normal data insertion or
retrieval probes into the data store, the expired, obsolete
records are identified and removed in the neighborhood
of the probe. Specifically, expired or obsolete records in

“the collision-resolution chain including the record to be

accessed are removed as part of the normal retrieval
procedure. i

- This incremental garbage collection technigue has
the decided advantage of automatically eliminating
contamination caused by obsolete or expired records
without requiring that the data base be taken off-line for
such garbage collection. This is particularly important
for data bases requiring rapid access and continuous
availability to the user population.

BRIEF DESCRIPTION OF THE DRAWING

A compiéte understanding of the present invention
may be gained by considering the following detaiied
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
might be implemented;

F1G. 2 shows a general block diagram of a computer
system software arrangement in which the information
storage and retrieval system of the present iovention
might find use;

FIG. 3 shows a general flow chart for table searching
operation which might be used in a hashed storage
system in accordance with the present invention;

FIG. 4 shows a general flow chart for a garbage

‘collecting remove procedure which forms part of the

table searching operation of F1G. 3;
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F1G. 5 shows a general flow chart for record inser.
tion operations which might be used in a hashed storage
system in accordance with the present invention;

FI1G. 6 shows a gencral flow chart for a record re-
tneval operation for use in 8 hashed storage system in
accordance with the present invention; and

FIG. 7 shows a general flow chart for a record dele-
tion operation which might be used in the hashed stor-
age system in accordance with the present invention.

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

DETAILED DESCRIPTION

Relerring more particularly to FIG. 1 of the draw-
ings, there is shown a general block diagram of a com-
puter hardware system comprising a8 Central Processing
Unit (CPU) 10 and 2 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, arc operated upon by the program instruc-
tions accessed by CPU 10 from RAM 11, all in accor-
dance with well-known data processing techniques.

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

Central Pracessing Unit (CPU) 10 also controls an’

Input-Output (10) controller 14 which, in tum, 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. 1
and their cooperative operation are well-known in the
art and are typical of all computer systems, frorn small
personal computers to larges main frame systems. The
architecture and operation of such systems are well-
known and, since they form no part of the present in-
veation, will not be further described here.

In FIG. 2 there is shown a graphical representation of
a typical software architecture for a computer system
such as that shown in FIG. 1. The software of FIG. 2
comprises an access wechanism 20 which, for simple
personal computers, may comprise no wore than turn-
ing the system on. In larger systems, providing service
to = larger number of users, login and password proce-
dures would 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
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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.

Many computer software systems also include a data
base manager program 23 which controls access to the
data records in a data base 24. Data base 24 may, for
example, reside on a disk storage unit or units such as
disk storage unit 13 of FIG. 1. User application pro-
grams such as application program 25 then use the data
base manager program 23 to access data base records in
data base 24 for adding, deleting and modifying data
records. Itis the efTicient realization of a dats base man-
ager such as data base manager program 23 in FI1G. 2 to
which the present invention is directed.

Before proceeding to a description of one embodi-
ment of the present invention, it is first useful to discuss
hashing techniques in general. Hashing techniques have
been used classically for very fast access to static, short
term data such as a compiler symbol table. Typically, in
such storage tables, deletions are infrequent and the
need for the storage table disappears quickly.

In some common types of data storage systcms, data
records become obsolete merely by the passage of tune
or by the occurrence of some event. If such cxpired,
lapsed or obsolete records are not removed from the
storape table, they will, in time, seriously degrade or
contaminate the performance of the retrieval system.
Contamination arises because of the ever-increasing
need to search longer and longer chains of record loca-
tions, many of which are expired, to reach a desired
Jocation,

Maore particularly, a hash table can be described as 2
logically contiguous, circular list of consecutively num-
bered, fixed-sized storage units, called cells, each capa-
ble of storing a single item called a record. Each record
contains a distinguishing field, called the key, which is
used as the basis for storing and retrieving the associ-
ated record. The keys throughout the hash table data
base are distinct and unique for each record. Hashing
functions which associate keys with storage addresses
are usually not one-to-one in that they map many dis-
tinct keys into the same Jocation.

To storec a new record, a cell number is generated by
invoking the hashing function or the key for the new
record. If this cell loczton is not occupied, the new
record is stored there, If this cell location is occupied, a
collision has occurred and the new record must be
stored elsewhere, in an overflow area, using an appro-
priate collision-resolution technique. A common colli-
sion-resolution strategy, which will be described herc, is
known as linear probing under open addressing. Open
addressing means that the over{low ares is the entire
hash table itsell. Lincar probing indicales sequential
scanning of cells beginning with the next cell, recalling
that the storage table is viewed circularly. The collision
is resolved by storing the record in'the first unoccupied
cell found.

To retrieve a record, the key is hashed to generate 2
cell Jocation. If the record is not there (the keys do not
match), scarching continues following the same for-
ward path as record storage. An empy ocll terminates
the retrieval procedure, which has then failed 10 find
the record to be retrieved. .

In FIG. 3 there is shown a flowchan of & search table
procedure for searching the hash table preparatory to
inserting, retrieving or deleting a record. The hash table
may, for example, compnse the data base 24 of FIG. 2
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and the search rable procedure of FIG. 3 compnise 2
portion of the data base manager 23 of FIG. 2. Starting
in box 30 of the search 1able procedure of FI1G. 3, the
search key of the record being searched for is hashed in
box 31 ta provide the address of a cell. In box 32, the
empty cell just past the end of the search chain of non-
empty cells is located, i.c., the first succeeding unoccu-
pied cell is found. In box 33, the procedure moves one
cell backward from the current cell position (now at the
end of the chain). Decision box 34 examines the cell to
determine whether the cell 1s empty or not. If the cell
tested in decision box 34 is empty, decision box 35 is
entered 10 determine if a key match was previously
found in decision box 41 (as will be described below). If
50, the search is successful and returns success in box 36
and terminates in tenminal box 39. If not, box 37 is en-
tered where the location of the empty cell is saved for
possible record insertion. In box 38 failure is returned
since an empty cell was found before a cell with a
matching key. The procedure again terminates in box
39.

If the cell tested in decision box 34 is not empty,
decision box 40 is entered 1o determince if the record in
that cell has expired. This is determined by comparing
some portion of the contents of the record to some
external condition. A timestamp in the record, for ex-
ample, could be compared with the time-of-day. Alter-
natively, the occurrence of an event can be compared
with 2 field identifying that event in the record. In any
cvent, if the record has not expired, decision box 41 is
entered to determine if the key in this record maiches
the search key. If it does, the cell location is saved in
box 42 and the procedure returns 1o box 33. If the re-
cord key does not match the search key, the procedure
returns directly to box 33.

If decision box 40 determines that the record has
expired, box 43 is entered 10 perform a non-contaminat-
ing deletion of the expired record, as will be described
in connection with F1G. 4. In general, the procedure of
box 43 (FIG. 4) operates 1o move a record further
toward the end of the chain into the position of the
record which has expired, thereby removing the ex-
pired record and, at the same time, closing the search
chain.

It can be seen that the search table procedure of FIG.
3 operates to cxamine the entire chain of records of
which the searched-for record is a part, and to delete
expired records by chain-filling rather than by marking
such records as deleted. In this way, contamination of
the storage space by expired records is removed in the
vicinity of each new table search. If contamination
becomes too large even with such automatic garbage
collection, then the insertion of new records can be
inhibited until the search table proccdure has had a
chance to remove 2 sufficient pumber of expired re-
cords to render the operation of the system sufficiently
efficient. :

The search table procedure illustrated gencrally in
F1G. 3 is implemented in the Appendix as PASCAL-
like psecudocode. Source code suitable for compilation
and execution on any standard hardware and software
computing system can veadily be devised from this
pscudocode and the flowcharts of the figures by any
person of ordinary skill in the art.

In FIG. 4 there is shown a flowchart of a remove
procedure which removes records from the database,
either records to be deleted or expired records. In gen-
eral, this is accomplished by traversing the chain of the
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record 1o be removed in a forward direction scarching
for & record whase key hashes at or behind the cell 10 be
removed. When such a record is found, it is copied 10
the cell of the record to be removed. The copied record
is then taken as the record to be removed and the pro-
cess is continued until the end of the search chain is
reached. In box 54, the final copied record is marked
cmpty prior to teminating the procedure. The remove
procedure of FIG. 4 might comprise a portion of the
data base manager program 23 of FIG. 2.

Starting at starting box 50 of FIG. 4, the procedure is
entered with the location of a cell to be removed which
is called the base cell. Initially, box 51 is entered where
the load count in the table is adjusted to reflect the
removal of one record. The load, of course, is the num-
ber of occupied cells. As previously noted, the value of
this load can be used to disable the insertion of new
records until the load has reached 2 low enough value
10 permit eflicient scarching. In box 52, the procedure
of FI1G. 4 advances to the next cell in the chain beyond
the base cell. In decision box 53 this cell is tested to see
if it is empty. If it is empty, the end of the chain has been
reached and box 54 is entered 1o mark the base cell as
empty. Decision box 55 is then entered to determine if a
record was found (by the search 1able procedure) which
matched the search key and, if so, the procedure is
terminated in terminal box 56. If a matching record was
not found, decision box 57 is enterec to determine if the
base cell is ahead of the hash location of the search key.
If not, the procedure is terminated in box 56. If the base
cell does hash ahead of the search record, then the base
cell can be used for storing a new record. In box 58, the
Jocation of this empty cell is therefore saved as a possi-
ble insertion site.

Retuming to box 53, if the next cell is not empty, box
59 is entered to determine if th= record in this cell
hashes ahead of the base cell. If sz, box 52 is re-catered
to advance to the next cell.in the.chain. If this next cell
hashes at or behind the base cell, however, box 6" is
entered 1o copy the contents of this next crli 1o the base
cell, thereby obliterating (removing) the base cell con-
tents. Box 61 is then entered 1o test if the search rable
procedure found a matching record. If not, box 52 is
re-entered to advance to the next cell. if 2 matching
record was found, decision box 62 is ertered 1o test if
the matching record is the base ccli record. If not, box
£2is re-entered 10 advance 10 the n=at cell. 1 the match-
ing record is the base cell, however, box 63 is entered 0
store the location of the former base ceil as the position
of the matching record and then box 52 is re-entered 1o
advance 1o the next cell in the search chain.

It can be seen that the procedure of FIG. 4 operstes
to examine the entire search chain and to move records
{rom later positions in the chaip to vacated positions in
the chain such that the chain is entircly closed at the end
of the procedure. That is, no empty cells are left to
erroneously break up a search chain. As noted in con-
nection with FIG. 3, expired records are subjected to
the remove procedure of FIG. 4. As will be noted in
connection with FIG. 7, records to be deleted from the
data base are also subjected to the remove procedure of
FIG. 4.

The remove procedure illustrated gencrally in FIG. 4
is implemented in the Appendix as PASCAL-like
pseudocode. Source code suitable for compilation and
execution on any standard hardware and software com-
puting system can readily be devised from this pscudo-
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code and the flowchart of FIG. 4 by any person of
ordinary skill in the art.

In FIG. 5 there is shown a dewiled flowchan of an
insert procedure suitable for use in the information stor-
age and retricval system of the present invention. The
insert procedure of FIG. 5 begins as starting box 70
from which box 71 is entered. In box 71, the search 1able
procedure of F1G. 3 is invoked with the search key of
the record to be inserted. As noted in connection with
FIG. 3, the search table procedure locates the target cell
location and, if part of a search chain, removes all ex-
pued celis from that search chain. Decision box 72 is
then entered where it is determined whether or not the
search 1able procedure found a record with a matching
key. If so, box 73 is entered where the record to be
inserted in put into the storage table in the position of
the old record with a matching key. In box 74, the insert
procedure reports that the old record has been replaced
by the new record and the procedurc is terminated in
terminal box 75.

Retumning to decision box 72, if a matching record is
not found, decision box 76 is entered to determine if the
table load is below a preselected threshold (typically
about 75% of the table capacity). If the load is not
below the threshold, the storage (able is too full 1o be
access cfliciently, and box 77 is entered to report that
the the table is full and the record cannot be inserted.
The procedure then terminates in terminal box 75. If the
load is below the threshold, box 78 is entered where the
record to be inseried is placed in the empty cell position
found by the search rable procedure. In box 79, the Joad
is adjusted to reflect the addition of one record 1o the
storage table, the procedure reports that the record was
inserted in box B0 and the procedure terminated in box
75. .

The insert procedure illustrated generally in F1G. 5 is
implementec in the Appendix as PASCAL-like pseudo-
code. Source code suitable for compilation and execu-
tion on any standard hardware and software computing
system can readily be devised from this pseudocode and
the flowcharts of the FIG. 5 by any person of ordinary
skill in the ar.

In FIG. 6 there is show a detailed flowchart of a
reirieve procedure which is used to retrieve a record
from the data base 24 of FIG. 2. Starting in box 90, the
search 1able procedure is invoked in box 91, using the
key of the record 1o be retrieved as the search key, In
box 92 it is determined if a record with a matching key
was found by the search table procedure. If not, box 93
is entered to report failure of the rerrieve procedure and
the procedure is terminated in box 96. If 2 matching
record was found, box %4 is entered to copy the match-
ing record into a buffer store for processing by the
calling program, box 95 is entered to return an indica-
tion of successful retrieval and the procedure termii-
nated in box 96,

The pseudo-code for the retrieve procedure of FIG. 6
is tacluded in the Appendix. Executable code for all
common hardware and system software arrangements
can readily be devised by those skilled in the art from
the flowchan and the pseudo-code,

1o FIG. 7 there is shown a dctailed flowcehart of a
delete procedure useful for actively removing records
from the data base 24 of F1G. 2. Starting at box 100, the
procedure of FIG. 7 furst invokes the search 1able proce-
durc of F1G. 3 ih box 101, using the key of the record to
be deleted as the search key. In box 102, it is determined
if the search 1able procedure was able 10 locate a record
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with a matching key. If not, box 103 is entered 10 report
failure of the deletion procedure and the procedure is
terminated in box 106. If 2 matching record was found,
as determined by box 102, the remove procedure of FIG.
4 is invoked in box 104, As noted in connection with
F1G. 4, this procedure removes the record 1o be deleted
and, at the same time, closes the scarch chain. Box 105
is then entered to repornt successful deletion 1o the call-
ing program and the procedure is terminated in box 106.

The delete procedure illustrated generally in FIG. 7is
implemented in the Appendix as PASCAL-like pseudo-
code. Source code suitable for compilation and execu-
tion on any standard hardware and softwarc computing
system can readily be devised from this pseudocode and
the flowchart of F1G. 7 by any person of ordinary skill
in the art.

The attached Appendix contains pseudocode listings
for all of the programmed functions necessary 1o imple-
ment a data basc manager 23 (FIG. 2) operating in ac-
cordance with the present invention. These listings
follow the flowchants of FIGS, 3-7 and further explain
and elucidate the flowcharts. Any person of ordinary
skill in the art will have no difficulty implementing
these functions in any desired program language to run
on any desired computer hardware configuration.

It should also be clear to thase skilled in the art that
further embodiments of the present invention may be
made by those skilled in the art without departing from
the teachings of the present invention.

APPINDIX
Yuncticons Frovided

The tolloving functions are wade aviiiable to the
application program:

inwart (record: record type)

Returns replaced If a record aszociated vith record.-Xev
Vax found in the table and zubdeguertl; replaced.

Returns inserted {f a record axsoclated with record.kev
vas hot Iound in the table and the passad racord vas
subsvguently insarred.

Raturna full {f & record aszoclated with racord.Xsv wvax
not found in the table and passed record could not b
inserted bucsuse losd factor hax resched max losd factor.

ratrieve (racord: record type)

Return: success if record azzociated with record. kav wks

found in the Tabls ehd =szxigned to recerd.

Returns failurw if mearch was anzuccassiul.

Aaleta (racord key: record key tvpe)

Returny success if
found in the tabla

record axsocisted vith record kav vas
and subsequently deleted

Returnx fajlure 1if none - found.

Definiticos

The folloving formal dufinitions are required for °
apacifying the inseartion, retrieval, a~d aelaxion
Algorithas: -

const table sire

/* =ixa of hash table =/
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‘comat max losd factor /* 0 % pax load factor < 1 */ dumsy variable: 0 .. table sire-1:
/* last two arguments Lo remove are

war table: array(0 .. table xizre-1} of record type! not rejevant hefe Ly,

/* hash table +/

5

var Joad: © .. fable size-i; bagin

/* number of occupied entries of

haxh table array (initially ©0) */ 1f search table (record key, pozition)
that begin

AMlgorithas . 10

i R rewove (positien, truc, dowsy verisble,
| Algerithms for the functions described above are ., duwry variable):

givan balow:

functien insert (Zwcomd: record tyoe): - return (success)
{replacsd, inszerted, full );

and

; var position: O .. fable zize-1;

/* positien in table Yo update or #lse returp (fellure)
inzert (returned by zearch tablg) */

+nd /* delete o/
bagin . 20

Af zeprch table (record.key, poeition) fonction search table (record key: record kev tvoe:

! war position: O .. table xire—1): béoclean:

: then begin
i
. 25 /* search teble for record kev and delete expired
: table(position) $= record: expired records in target chain: pozizion is set to
ravurn (replaced) index ef found record or appropriate empty cell /
«nd

i var i: 0 .. table mivre-d:
| /* used for mcanning chain,

wlss if load/table size < max load factor 30 both forwards & backvards */
than bagin

pos emuty: 0 .. table wize-1:

/* index of leftnott enpty cell
load := lead+l; Te right of positien +/
table{position] := record: 15
revncn {inserted) iz Tec found: boolean:

/* indicates wvhether asearch is successiu) */

and

alrs raturz (Inll)

bagin
40
usd /* insery o/ position = hash (recerd kev): -
3s rec Ipund = false;
tunctlop retrieve {var record: record tyoe):
(success, fallvre): if table(position) is not empty then
’ 45

war position: © ., table sire-I:
/* pesition in table where record bagin
| 4 b rcn_tabley * )
‘ resides (revurne Y RS J —/ 4 1= position: /4 loop iritlalizavien ¢/
bagin Twpast /% xcan forvard to end of chain
30 containing table{position] */

1f search table (record.Xey, pesitien!

5 = (1+1) mod table zize

then begin
until (rable(i) is empty):
record = Table(pesition]: 55
raturn (success) pot_emoty = i: .
: ) i t= {i-1+table sira) wod table sire:
apd

while (teble(i) is not ampry) de
wlss rsturn (failure) 60 /*scan chain in revarse, .
daleting sxpired antries ¢/
apd /v retrieve +/ -

begin
function delete (racord key: record key tvpe}:
{svccesx, fallure); i tablaf{i) i explired

’ 65 thes pamove (4, ia rac found,

1 : =1; sition % =mpTV)

war position: 0 .. table sfize-i; . po . B2 pTV
7/ position in table vhere record

reafdes (yeturned by search Ttable} */ wlsw 17 table{i).key = record kev
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5,121,495

11

then pbagin

e}

iz rec found :e
position 1~ }

and;

4 t= (4{~3+table wize) mod table kite

and; /* while e/
i{f mot i3 yec found then position := pos_smntv

and; /% then */

return (ix yec found)

snd /* resrch table */

proceduts ywmove {(cel) to del: .

© .. tabla size-1; ix rec found: boolean;

var pos_of msarch rec, pos smpty! ¢ .. table size-i:

/+ Delata tsble(cel] to del) ¢/

var f, 4: 0 .. table sire-1;

bagin
Josd 1= 1oad-1:

do forevar

3 = gel] to del:

/% sava poszition of emptied slot */

Tapeat /* scan forvard leooking for a

record to £i1) hole in chain */

ca}l to de) :w (call to del+l) mod tahle wize:

4r tabla(cell o del) iz =mpty

ther bagin

tablefi}] :~ empry:
if met iz rec found thaen

{f (pox of wearch rec < i < pos ex=:v)
or (i< pos_empiy « pos of search vec)
ar (pos sapty< pos_of search rec <

1) tben pos empty 1= i:

r=tur.
and}

4 2= hash (table{gel) to del).key) N
untd)l (4§ < { < cell to del)
or (1 « call to dal < {)
eor (call to dal<  x 4):

tahla(i] := tabla{call to del);
/% vsa table{cell to del} to plug hole in chain ¢/

ir (iz_rec found) and
{pox_of saarch rec = call to del)
than pos of search rec i= §

=nd

and /* ramava =/

What is claimed is:
1. An information storage and rctrieval system using

20

23

30

45

50

35

&

]

: 12
‘hashing techniques to provide rapid access 1o the re-
cords of said system and utilizing a lincar probing tech-
nique 1o store records with the same hash address, at
Jeast some of said records automatically expiring, said
system COMPIISIng .
a record search means utilizing a search key to access
& chain of records having the same hash address,
said record search means including means for identi-
fying and removing all expired ones of said records
from said chain of records each time said chain is
accessed, and
means, utilizing said record search means, for insert-
ing retrieving and deleting records from said sys-
tem and, at the same time, removing all expired
ones of said records in the accessed chains of re-
| cords.
' 2. The information storage and retrieval system ac-
jcording to claim 1 further comprising
means for recursively moving a record from a later
position in said chain of records into the position of
one of said expired records.

3. The information storage and retrieval system ac-

cording to claim 1 further including

means for counting the number of records in said

system,

means, responsive to said counting means, for inhibit-

ing the insertion of new records into said system
when the number of records in said system exceeds
a presclected value.

4. The information storage and retrieval system ac-
cording to claim 3 further including

means, also responsive to said counting means, for

re-enabling the insertion of new records into said
systemn when the number of records in said system
falls below said preselected value.

5. A method for storing and retricving information
records using hashing techniques to provide rapid ac-
cess 10 said records and utilizing 2 linear probing, tech-
nique 1o store records with the same hash address, at
Jeast some of said records automatically eapiring, said
method comprising the steps of

accessing a chain or records having the same hash

address,

identifying the automatically expired ones 0. said

records,

removing all automatically expired records from said

chain of records each tiroe said chain is accessed,
and

inserting, retrieving or deleting one of said records

from said system following said step of removing.

6. The method according to claim 5 further compris-
ing the step of

moving a record from a later position in said chain of

records into the position of one of said expired
records. T

7. The method according 1o claim $ further compris-
ing the steps of

counting the number of records in said system, anc

inhibiting the insertion of new records into said sys-

tern when the number of records in seid system
rises above a preselected value.

8. The method according to claim 7 further compris-
ing the step of

recnabling the insertion of new records into said

_ systern when the number of records in said system

falls below said preselected value.

L d » L * -
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i r Application No, Applicant(s)
. . 08/775.864 Nemes
Offlce Action Summary Examiner Group Art Unit
Hosain T. Alam 2771

{1 Responsive to communication(s) filed on

[ This action is FINAL.

{0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is closed
in accordance with the practice under Ex parte Quayle, 1935 C.D. 11; 4563 O0.G. 213.

A shortened statutory period for response to this-action is set to expire 3 month{s), or thirty days, whichever
is longer, from the mailing date of this communication. Failure to respond within the period for response will cause the
application to become abandoned. (35 U.S.C. § 133). Extensions of time may be abtained under the provisions of

37 CFR 1.136(a).

Disposition of Claims

X Claim{s) 7-&8 is/are pending in the application.
Of the above, claim{s) ’ is/are withdrawn from consideration.

O Ctaimis) ' is/are allowed,

Xl Claim(s) 1-8 is/are rejected.

[ Claim(s) is/are objected to.

{7 Claims are subject to restriction or election requirement,

Application Papers
X See the attached Notice of Draftsperson's Patent Drawing Review, PT0Q-948,

[J The drawing(s) filed on is/are objected to by the Examiner,

[ The proposed drawing correction, filed on is ([hpproved [Hisapproved.
[ The specification is objected to by the Examiner,

[ The oath or declaration is objected to by the Examiner.

Priority under 35 U.S.C. § 119
[0 Acknowledgement is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d).
O At Jsome* [INone of the CERTIFIED copies of the priority documents have been
U received.
{1 received in Application No. (Series Code/Serial Number)

[ 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.S.C. § 119(e).

Attachment(s)
Notice of References Cited, PTO-892
information Disclosure Statement(s), PTO-1449, Paper No(s). 2
O Interview Summary, PT0-413
Notice of Draftsperson's Patent Drawing Review, PTO-948
[J Notice of Informal Patent Application, PTO-152 '

--- SEE OFFICE ACTION ON THF FOLLOWING PAGES —

P‘Ts" atent and Trademark Office )
10-326 (Rev. 9-95) Office Action Summary Part of Paper No. 3
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Serial Number: 08/775,864 : 2

Art Unit: 2771

Partill DETAILED ACTION

1. Claims 1-8 are pending in this application.
Drawings
2. This application has been filed with informal drawings which are acceptable for

examination purposes only. Formal drawings will be required when the application is

allowed.

Double Patenting

3. The nonstatutory double patenting rejection is based on a judicially created
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the
unjustified or improper timewise extension of the "right to exclude" granted by a patent
and to prevent possible harassment by multiple assignees. See In re Goodman, 11
F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225

USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA
1982); In re Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA 1970),and, in re Thorington,
418 F.2d 528, 163 USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321© may be
used to overcome an actual or provisional rejection based on a nonstatutory double
patenting ground provided the conflicting application or patent is shown to be
commonly owned with this application. See 37 CFR 1.130(b).

Effective January 1, 1994, a registered attorney or agent of record may sign a
terminal disclaimer. A terminal disclaimer signed by the assignee must fully comply
with 37 CFR 3.73(b).

4. Claims 1-4 are rejected under the judicially created doctrine of double patenting

over claim 1 of U. S. Patent No. 5,121,495 issued to Nemes, hereinafter (1495) since
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Serial Number:; 08/775,864 3

Art Unit: 2771

the claims, if allowed, would improperly extend the “right to exclude" already granted in
the patent.

5. The subject matter claimed in the instant application is fully disclosed in the
patent and is covered by the patent since the patent and the application are claiming
common subject matter, as follows:

The retrieval system as claimed in Claim 1 of the ‘495 patent is directed to an
apparatus and method for information storage and retrieval wherein the memory
addresses are hashed by using a chain of records having same hash address (see
claim 1, col. 12, line 7-8) and wherein the step of removing the expired records is also
included.

The “chain of records” is equivalent to a linked list of pointers/faddresses of
- records as claimed and the “chaining” is equivalent to being linked.

As to claims 1 and 3: The ‘495 patent does not recite the term, “linked list" and
instead recites “chain of records”.

it would have been obvious to a person of ordinary skill in the art at the time t.he
invention was made to use a linked list of records because a chain of records
generates a linked list.

As to claims 2 and 4: The ‘495 patent does not recite the removal based on the

determination of a maximum number of expired records.
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Serial Number: 08/775,864 4

Art Unit: 2771

It would have been 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 predetermine the
maximum number in the group to facilitate an efficient processing of records and to
reduce the system overhead by avoiding expensive /O operations based on the
number of records in the grouping. The number of records in a group determines the
bytes of memory required in the group.

6. Claims 5-8 are rejected under the judicially created doctrine of double patenting
over claims 1 and 2 of U. S. Patent No. 5,287,499 issued to Nemes, hereinafter (' 499)
since the claims, if allowed, would improperly extend the “right to exclude" already
granted in the patent.

The subject matter claimed in the instant application is fully disclosed in the
patent and is covered by the patent since the patent and the application are claiming
common subject matter, as follows:

The retrieval system as claimed in Claims 1 and 2 of the ‘499 patent is directed
to an apparatus and method for information storage and retrieval wherein the memdry
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).

The “external chaining of records” is equivalent to a linked list of
pé:i‘nters/addresses of records as claimed and the “chaining” is equivalent to being

linked.
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Serial Number: 08/775,864 5

Art Unit: 2771

As to claims 5 and 7: The ‘499 patent does not recite the term, “linked list” and
instead recites “external chaining” and further does not recite the terms, “insert, retrieve
or delete” instead recites “storing” (see claim 2, col. 18).

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.

As to claims 7 and 8: The ‘499 patent does not recite a “maximum number of
records” instead recite a “threshold”.

It would have been obvious to a person of ordinary skill in the art at the time the
invention was made to group a number of records for determining the threshold and
thus to predetermine the maximum number for the threshold to facilitate an efficient
processing of records and to reduce the system overhead by avoiding expensive 1/O
operations based on the number of records associated with the threshold. The number
of records associated with the threshold determines the bytes of memory required for
the threshold.

7. Furthermore, there is no apparent reason why applicant was prevented from
presenting claims corresponding to those of the instant application during prosecution
of the application which matured into a patent. See /n re Schneller, 397 F.2d 350, 158

USPQ 210 (CCPA 1968). See also MPEP § 804.
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Serial Number: 08/775,864 6

Art Unit; 2771

Claim Rejections - 35 USC § 103
8. The following is a quotation of 35 U.S.C, 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

9. Claims 1-8 are rejected under 35 U.S.C. § 103 as being unpatentable over U.S.
Patent No. 5,287,499 issued to Nemes ('499) in view of U.S. Patent No. 5,202,981
issued to Shackelford ("Schackelford").
10.  With respect to claims 1-8, Nemes teaches everything that is claimed (col. 2, line
60-64, col. 6, line 49-51; '499 reference) except that it does not explicitly indicate the
determination of threshold as being the maximum number of records.

Schackelford teaches the maximum number of pointers to records wherein the
records are linked in a bidirectional linked list (col. 3, line 61 through col. 4, line 2).

it would have been obvious to a person of ordinary skill in the art at the time the
invention was made to determine the maximum number of records to make the best use
of the memory space available to a user and thus to reduce the system overhead (col.
4,lines 1-2, Schackelford).
11.‘ The above reasoning does not discuss the linked list and the step of removing

the records, it rather addresses the issue of determining the maximum number of
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Serial Number: 08/775,864 7

Art Unit: 2771

records. For the limitations directed to the linked lists and the step of removing, the
Applicant is requested to refer to the Obvious Double Patenting rejection set forth

hereinabove where they have been discussed in details.

Contact Information

12.  Direct inquiries concerning this communication should be directed to Hosain
Alam whose telephone number is (703) 308-6662. The examiner can normally be
reached on Monday - Thursday from 8:00 AM to 4:30 PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Thomas Black, can be reached on (703)305-9707.

Any responsé to this action should be mailed to:

Commissioner of Patents and Trademarks

Washington, D.C. 20231

or faxed to:

(703) 308-9051, (for formal communications intended for entry)

or:

(703) 305-9724 or (703) 308-6606 (for informal or draft communications, please
label "PROPOSED" or "DRAFT")

B Hand-delivered responses should be brought to Crystal Park Il, 2121 Crystal

Drive, Arlington. VA, Sixth Floor (Receptionist).
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Inquiries of a general nature or relating to the status of this application should be

directed to the Group receptionist whose telephone number is (703) 305-9600.

-
H.A.
Aprit 14, 1998 /}//\/
e C8 NER
- G B W\
RIS ™

BTEX0000347



“
U.S. DEPARTMENT (OF COMMERCE - Patent and Trademark Office Application No. 9_7 ;_Zé ;

NOTICE OF DRAFTSPERSON’S PATENT DRAWING

Form PTO 948 (Rev. 10-94)

REVIEW

PTO Draftpersons review all originally filed drawings regardless of whether they arc designated as formal or informal. Additionally,
patent Exammuners will review the drawings for compliance with the regulations. Direct telephone inquiries concerning this review to

the Drawing Review Branch, 703-305‘8404.

»

abjected to by the Draftsperson under 37 CFR 1.84 or 1.152 as

below. The Examiner will require submission of sew, comrected
drawings when necessary. Corrected drawings must be submitted
according to the instructions on the back of this Nolice.

{. DRAWINGS. 37 CFR 1.84(a): Acceptable categorics of drawings:
Black ink. Color.
___ Not black solid lines, Fig(s)___
__.. Color drawings are not acceptable uatil penlmn is granted,
Fig(s) ___
. PHOTOGRAPHS. 37 CFR 1.84(b)
_ Phaotographs arc not acecptable until petition is granted.
Fig(s) _
___ Photographs not prupcrly tnounted (must use brystol board or
photographic double-weight paper). Fig(s)
Poor quality (half-tonc). Fig(s)_.
. GRAPHIC FORMS. 37 CFR 1.84 (d)
___ Chermical or mathemnatical formula not labeled as separate figure,
Figls) ...
___ Group of waveforms not presented as a single figure, using
common vertics! axis with time extending along horizontal axis.
Fig(s)
__ Individuals waveform not identified with 3 separate letter
designation adjacent to the vertical axis. Fig(s), _
4. TYPE OF PAPER. 37 CFR 1.84(c)
___ Paper not flexible, strong, white, smooth, noashiny, and durable.

™~

e

and fotds copy machine marks not sccepied. Fig{s)
—_ Muyfar, velum papes is not acceptable (too thin). Fig(s)
5. SIZE OF PAPER. 37 CFR 1.84(f): Acceprable sizes:
21.6 ¢m. by 35.6 em. (8 V2 by 14 inches)
21.6 cm. by 33.1 em. (8 ¥/2 by 13 inches)
21.6 cm. by 27.9 cm. (8 1/2 by 11 inches)
21.0 cm. by 29.7 em. (DIN size Ad)
. All drawing sheets not the same size, Sheet(s)___
. Drawing shect not an acceptable size, Sheet(s)
6. MARGINS, 37 CFR 1.84(g): Acceptable margins:

Paper size

216em X356em. 216 cm X 3%iom 2Leem X 279 ¢n. 21.0cn. X 29.7 cm.
(812 X 14 inches) (B Y2 X 13inches) (B2 X 11 inches) (DIN Size A4)

T 5.0em (2 2.5 em. (1) 25 ¢m. {1") 2.5cm.
I 64 cm. {1/4%) 64 cm, (1/47) 64 cm. (1/47) 25¢cm,
R 64.cm. (1/4") 64 e (147) 64 con. (1447 15em.
B 64cm. (1/47) 64 e (1/47) 64 e, (1/47) {0cm.

Margins do nat conforra to chart above.
Sheey(s).
_ _Top(m___L2fi(l) Right (R) __ Bonom (B)

7. VIEWS. 37 CFR 1.84(h)
REMINDER: Specification tay require revision o correspoad ta
drawing changes.
___ All views not grouped together. Fig(s) -
___ Views connected by projection lines or lead lines.
Flg(s)_____
Partial views. 37 CFR 1.84(h)2

—

The drawings filed (insert date), * . are
not objected to by the Dr: spemm under 37 (‘FR 1.84 or 1,152,
inc;;al

heet(s)
- ASUICS, alterations. ovcrwmmgs intechineations, C\'lcks?

__ View and enlarged view not labled separatly or propecly.
Fig(s) .
Sectional views. 37 CFR 1.84 (h) 3

___ Hatching not indicated for sectional portions of an object.
Fig(s).. —

__.. Cross section not drawn same as view with pants in cross section
with regularly spaced paraliel obtique strokes. Fig(s)

8. ARRANGEMENT OF VIEWS. 37 CFR L.84(i)

___ Words do not appear on a horizoatal, lefi-to-right fashian whea
page is either upright or tumed so that the top becomes the right
side, except for graphs. Fig(s)

9. SCALE. 37 CFR 1,84(k)

— 3cale not large enough to show mechanism with crowding
when drawing is reduced in size 1o two-thirds in reproduction,
Fig(s)_. —_
__ Indication such as “actual size” or scale 1/2” not permitied.
Fig(s).. .
ARACTER OF LINES, NUMBERS, & LETTERS. 17 CFR
t)

Lines, numbers & leuers not uniformly thick and well defined,

lean, dural and black (except for color drawings),
degle)d = /.
1. SHADING. 37%CFR {.84(m)

___ Solid black shading areas not permitted.
[0 R —
__ Shade lmrs pale, mugh and blurred. Fig(s) -

12. NUMBERS, LETTERS, & REFERENCE CHARACTERS, 37 CFR

A(p)
%:rs and ref rcn characters nol plain and legible, 37 CFR
O] Fig(s)

__ Numbers and teferencd ch.\rauen aot oriented in same direction
as the view. 37 CFR 1.B4(p)(l) Fig(s)____

English alphabet not used. 37 CFR 1.84(p}2)

Fig(s) .
Numbers, letters, and reference characters do not measyre at least

AZem. (J/8 irﬂn')in height. 37 CFR(p)(3)
Fgl oAb T

13. LEAD LINES. 37 CFR 1.B4(q)
___Yead lines cross cach other. Fig(s)
__. Lead lines missing, Fig(s)_____

t4. NUMBERING OF SHEETS OF DRAWINGS. 37 CFR 1.84(0)

. Sheets not numbered consecutively, and in Arabic numerals,
beginning with number 1. Shee(s)___ —

15. NUMBER OF VIEWS, 37 CFR 1.B4(u)

__ Views not numbered consecutively. and in Arabic numerals,
beginning with number . Fig(s)__,

__ View nutnbers not preceded by the abbreviation an
Fig(s)___. ——

16. CORRECTIONS, 37 CFR 1.84(w)

Corrections nol made from prior T0-948.

Figls) .

17. DESION DRAWING. 37 CFR 1.152

___. Surface shading shown not appropriate. Fig(s)
—onn Solid black shading not used. forcolor contrast,
Fgls) . -
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REMINDER

Drawing changes may also require changes in the specification,
e.g., if Fig. 1 is changed to Fig. 1A, Fig. 1B, Fig. IC, etc., the
specification, at the Brief Description of the Drawings, must
likewise be changed. Please make suchchangesby 37CFR 1.312
Amendment at the time of submitting drawing changes.

INFORMATION ON HOW TO EFFECT DRAWING CHANGES

. Correction of Informalities--37 CFR 1.85

File new drawings with the changes incorporated therein. The application number or the title of the
invention, inventor’s name, docket number (i any), and the name and telephone number of a person
to call if the Office is unable to match the drawings to the proper application, should be placed on the
back of each sheet of drawings in accordance with 37 CFR [.84(c). Applicant may delay filing of the
new drawings until receipt of the Notice of Allowability (PTOL-37). Extensions of tirne may be
obtained under the provisions of 37 CFR1.136. The drawing should be filed as a separate paper with
a transmittal letter addressed to the Drawing Review Branch.

. Timing of Corrections

Applicant is required to submit acceptable corrected drawings within the three-month shortened
statutory period set in the Notice of Allowability (PTOL-37). If a correction is determined to be
unacceptable by the Office, applicant must arrange to have acceptable correction resubmitted within
the original three-month period to avoid the necessity of obtaining as extension of time and paying the
extension fee. Therefore, applicant should file corrected drawings as soon as possible.

Failure to take cormective action within set (or extended) period will result in ABANDONMENT of
the Application,

3. Corrections other than Informalities Noted by the Drawing Review Branch on the Form PTO 948

All changes to the drawings, other than informalities noted by the Drawing Review Branch, MUST
be approved by the examiner before the application will be allowed. No changes will be permitted
to be made, other than correction of informalities, unless the examiner has approved the proposed
changes.
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