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A DATA DICTIONARY MANAGER FOR MAINTAINING
AN ACTIVE DATA DICTIONARY

BACKGROUND OF THE INVENTION

This invention involves the management of a data
dictionary in a computer system and .the system objects
that it tracks. A data dictionary is defined in the IBM
Dictionary of Computing as "“[a] centralized repository of
information about data such as meaning, relationships to
other data_, origin, usage, and format." 'As such, a data
dictionary is not unlike the standard dictionary of a
spoken language ‘(e.g., Webster's Collegiate Dictionary).
Both the data dictionary and the standard dictionary con-
tain information about certain items. The difference
between the two concepts is the type of items that are
involved. The items of interest in the standard dictio-
nary are words; whereas, the items of interest in the data !
dictionary are called objects. An object can be a partic-
ular file or record, an instance of software (i.e., a
program), or some other important system resource. The
data dictionary is used by the computer system to keep
track of the status of these :meortant system resources.
The benefit of wusing a data dictionary is, in a word,.
control. Ideally, the exact status of every system re-
source is known at all times. With this control, however,
is the associated problem of ensuring that the data dic-
‘tionary has current information regarding every object.
To analogize this situation to that of the standard dic-
tionary, one need only consider the importance of having
an up to date d_j.ttionary. -Newer words and/or definitions
~are often lacking in older dictionaries. As the dictio-

nary becomes more and more out of date, it becomes less

RO 9 91 042

This Sheet Has Been Replaced

LT

ed~1- 12, 1316, 1, 17 -7

@



BACKGROUND OF THE | NVENTI ON This i nvention involves the

mapagengnt of a data dictionary in a conputer systemand the system
obj ect s that it tracks. A data dictionary is defined in the |BM
Dictionary of Conputing as "[a] centralized repository of

I nformation about data such as neaning, relationships to ot her

data, origin, usage, and format." As sucRB, a data dictionary is

ot it ke Lne Standaig SLel RIS e aompen ROAE IS e e
standard dictionary dgfuaries becausgi.nafndRROsEE| bR VaRdsut tRRAPHERE TR -
The difference - tembetangents el vonORNEEPtieing héeidigpe of itens that .
are i nvol ved. The itens of interest in the standard dictio-
To deal with this problem, typical data dictionary
'designs include various built-in mechanisms that perform
both the modification of the objects and the associated
change to the data dictionary. That is, when a user or an
application program requires that a change be made to a
particular object, an interface to the data dictionary is
used to make the change. Then, an internal mechanism of
the data dictionary will automatically make the associated
dictionary changes. The problem with these current imple-
mentations is that. to be kept active, théy require that
all modifications be carried out through their built-in
utilities. This results in decreased flexibility. Appli-~
cation programs are limited +to potentially inadequate
mechanisms to access various system resources. Further,
since data dictionary utilities must themselves gain ac-
cess to system resources through operating system utili-

ties, overall system performdnce is adversely affected.
i

Another problem inherent in existing data dictionary
designs is the exposure to massive inaccuracies. Since
existing data -dictionary designs require tha;t all changes
to dictionary defined objects be made through built-in
utilities, they are not aware of changes which occur out-
side of their sphere of control. This means that when
changes of this type do occur, the data dictionary cannot
be depended upon as an accurate reflection of the state of
system objects. This problem is amplified when one con-
siders that in .some cases the only solution is a time
consuming system reload which in and of itself may result
in the loss of data.

SUMMARY OF THE INVENTION
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nary are words; whereas, the itens of interest in the data

dictionary are called objects. An object can be a partic- ular file
or redord, an instance of software (i.e., a program, or some other
i nportant systemresource. The data dictionary is used by the
conputer systemto keep - track of the status of these inportant
system resources. The benefit of using a data dictionary is, in a
vord, control. |deallyre e, qAGk BLAIMTOl Y Ehys SYSRAEP o provide
source i s known at all %IHES A i s control, howe ‘ t he
associ at ed probl em®¥ BARFSEhgethed at”r‘?eaBB"l’%Ftd‘Fc or the mana??’&"rfétrf hé'i‘s
current informati ofatagdiatiingaesery obj ect. To anal ogi ze this
situation to that of the standard dic- tionary, one need only
consi der the impor tance of; Nagbher objept ofMuilR ifvElAlSndie! LoOAL Never
wor ds and/ or def|n|t|on of t e

| acki I ctionaries.
As the dictio- met °dn%ﬁ'°&/aBB%’EﬁFé’§ ﬁB’Fe‘“aé‘ﬁ‘H"%rae ‘chWérle his8comes

| ess provides for more synchronization between a data dictio-
nary and the existing system environment by tracking
chenges to system objects regardless of how the changes
are effectuated.

It is still another object of this invention to pro-
vide an enhanced dictionary management method and appara-
tus which can be adjusted to provide the user with more

flexibility in choosing the degree of synchronization.

It is:still another object of this invention to pro-
vide an en@anced dictionary management method and appara-
tus for improving the overall integrity of the data dic-—
tionary by alerting the system administrator of any
threats to the data dictionary's integrity.

These and other objects are accomplished by the data
dictionary manager disclosed herein.

The data dictionary manager takes advantage of the
computer system's journaling capability enhanced to allow
users and application programs to manipulate system ob-
jects without the use of the data dictionary's built-in
utilities. As used here, journaling capability is an
internal tracking facility which exists in a somewhat
limited form on many computer systems. Typical journaling
mechanisms maintain a repository of information about some
of the activities that have taken place on the computer
system. The information is usually stored in a record
called an audit journal. Since many computer systems have

limited journaling mechanisms already in place, these
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2 and less valuable. The problemis anplified in data dic- tionaries

because, as opposed to words, the conputer sys- tem's objects are
cénstahtly being nodified.

4

mechanisms can be enhanced to. add the ability to record
information about changes to system objects. Examples of
system object changes included in the audit journal are

deletes, creates, renames, and moves.

Once the information has been logged in the audit
journal, the data dictionary manager retrieves the infor-
mation from the audit journal and ensures that the changes
are accurately reflected in the data dictionary. Since
the audit journal can be made accessible to several pro-
cesses, it is possible to have different instances of the
data dictionary manager responsible for different data
dictionaries. Alternatively, it is poséible to have a
single data dictionary manager that is responsible for all
of the computer system's data dictionaries.

Since information about changes to system objects is
recorded at the operating system level, the present inven-
tion does not share the inflexibility problems of existing
data dictionary implementations. Modifications to system
objects ican be madé without the use of built-in utilities
and without thei loss of synchronization between the data
dictionary and the state of system objects. To realize
this flexibility, the recorded information includes ény
and all changes that have been made to system objects.

Although the information could be stored in another
mannér, the existing audit journal provides the easiest
and most cost effective repository for the information.
The invention provides further flexibility by allowing the
user (system administrator) of the data dictionary manager
to control -exactly how accurately the data dictionary
reflects the current state of system objects. This con-
trol is aéhieved by making the data dictionary manager

responsive to both user stimulus and adjustable system
timers. '
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To deal with this problem typical data dictionary designs include various
built-i.n mechani snms that performboth the nodification of the objects and
t he assSoci ated change to the data dictionary. That i's, when a user or an
application programrequires that a change be nmade to a particul ar object,
an interface to the data dictionary is used to nmake the change. Then, an

I nternal nmechani smof the data dictionary vill au';]omat ically m.akeI t he
associ ated dictionary changes. The problemw th these current inple-
mentations is that %lo be %gbf ’astf}?e\?&flﬂféy e Bt et it oKF | TR AUSEERt NS
be carried out through™Héitragen Ito- pAjuat [thei ésta Ficsiomsyl menagerdéor besed

flexibility. Appli- cabarmileperdgicatl $fstehi Fduadehongnt entially inadequate
mechani snms to access various systemresources. Further, since data

dictionary utilities nust therrgetl:veg_ ain ac- cess to syfst%rln resosur ce$ble
through Oper atl ng Syst em UITPFI aata ictlionary manager 1s ur er responsl

for alerting the system administrator of potential prob-
lems with the configuration of the system's journaling
mechanism. The data dictionary manager accomplishes this
by monitoring system values to detect any system changes
that may impact the integrity of the data dictionary.
This capability allows the system'administrator to correct.
any problems before they become catastrophic.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows the computer system of the preferred
embodiment.

1
Fig. 2 shows how the various entities of a computer
system interrelate to keep the data dictionary up to date

with system activities according to the preferred embodi-
ment.

Fig. 3 shows how the data dictionary manager inter-
-acts with the dictionary services and the audit journal to
keep the data dictionary up to date with the state of
system objects according to the preferred embodiment.

Fig. 4 is a flow diagram of the operation of the data
dictionary manager according to theé preferred embodiment.

'DESCRIPTION OF THE PREFERRED EMBODIMENT

Fig. 1 shows a block diagram of a typical computer
system suitable for operation of the present invention.
In the preferred embodiment, computer system 10 is an IBM
Application System/400 midrange computer; however, other
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ties, overall system performance is adversely affected. Anot her

probl eminherent in existing data dictionary designs is the exposure to
madsi ve’ i naccuraci es. Si nce existing data dictionary designs require that
all changes to dictionary defined objects be nade through built-in ]
utilities, they are not aware of changes which occur out- side of their
sphere of control. Thi s neans that whenéchanges of this type do occur,

the data dictionary canpot he gegended uppon_ as an accurat e eflectiqﬂ of
h

the state .of system 6B} 6ects. —othts By 6Bl em STPERPIT fi"ed " When “onecon-

siders that in sone SFEEES t¢r¥leniagssobat M6Adi s FortainedondilhimhgoayRttem
rel oad which in and clystémseld amy d£rsldtorigéhes| 0sBU 020 dakémory 25, and

terminal interface 27. Data storage 15, as secondary
memory, may be a magnetic disk drive, an optical storage
device, or a combination of different storage devices.
CPU 20 is responsible for executing the software programs
that have been loaded into memory 25. Terminal interface
27 allows developers and users to communicate with comput-
er system 10, normally through a programmable workstation.

Data storage 15 contains application programs 30,
system object manipulation interface 35, audit journal 75,
" and oper;ating syétem 40.. Operating system 40 further
contains journaling mechanism 38. While storage 15 is
shown as a monolithic entity, it should be understood that
it may comprise a variety of devices, and that all pro-
grams and files shown will not necessarily be contained in
any one device. For example, portions of application
programs 30 and operating system 40 will typically be
i loaded into primary memory 25 to execute, while source
data files will typically be stored on magnetic or optical
disk storage devices.

Fig. 2Z shows how tﬁe separate conceptual entities of
computer system 10 work together to maintain active data
dictionary 90. As mentioned above, one purpose of the
invention is to keep data dictionary 90 up to date with
changes to system objects without necessarily involving
dictionary services 45. This capability is enabled by the
journaling mechanism 38. As mentioned above, journaling
mechanism 38,.as a part of operating system 40, is used by
computer systems to track (i.e., keep a journal of) vari-
ous system activities. Since journaling mechanism 38 is a
"low level" program, all changeé made by higher level
routines are know to it. Information about selected

changes are sequentially recorded in audit journal 75.

RO 9 91 042

-

as Been Replaced

" T



SUMVARY OF THE | NVENTI ON | According to one aspect -of the
invention there is disclosed a nmethod for maintaining a synchronized data
di'cti onary conprising the steps of:

7

Audit journal 75 is shown in Fig. 2B. Audit journal 75 is
made up of a series of entries. Each entry has a time
300, a date 310, _a journal entry type 320, an object ID
330, a user ID 340, and data 350. Time 300 and date 310
indicate the time in which journaling mechanism 38 logged
the particular entry. Journal entry. type 320 indicates
what type of entry is involved (e.g., DO is a delete en-
try). The journal entry types of the preferred embodiment
are shown in Fig. 2C. Object ID 330 identifies the object
for which the particular entry pertains. User ID 340
identifies the user or task which made the subject change.
Data 350 includes information which is particular to the
subject change. For example, for a create entry (CO) data
350 would include all the information involved in the
creation of the object identified by object ID 2211.

In some Eases, an existing journaling mechanism may
heed to be augmented to provide additional information
about changes to system objects. In the ﬁreferred embodi-
ment, journaling mechanism 38 is first initialized to
ensure that all necessary activities are tracked. The
particular activities that are tracked: include obJect
deletes, object creates, object moves, object renames and
object restores. In addition, journaling mechan'ism 38
tracks changes that occur to its configuration. This
allows data dictionary manager 85 to take appropriate
action when a necessary activity is no longer being
tracked by journaling mechanism 38.

Logical blocks 50, 52, and 54 depict three possible
classes of software entities that can co-exist with dic-
tionary manager 85. Each block represents a program or
utility that is independently capable of performing chang-
es to system objects through direct interaction with oper-
ating system 40. Since operating system 40 is always used
to effectuate the change, journaling mechanism 38 is able
to maintain an accurate record of all the changes by plac-
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accessing objcts coordinated by said dictionary, said objects being
contained in a data base and accessed by an application program

af fecting changes upon sai d .objects, said objects being changed by an
application program recordi ng i nformati on about said changes in a-
record which is separate fromsaid data dictionary and fromsaid data
base, said information being recorded b§ a journaling nechanism and

updating sai d data oL A" Unb i 4o Gha i FBNENIRS:  3BLdefBhAL I Gl Onary

application programs 54 need to create a system object
(e.g., a queue), they simply.invoke the appropriate rou-~
tine within operating system 40. Journaling mechanism 38,
aware that an object has been created, records the occur-
rence of the change in audit journal 75. It is then the
résponsibility of data dictionary manager 85 to retrieve
the information from audit journal 75 and update data
dictionary 90 accordingly. In this manner, data dictio-
nary 90 is kept abreast of the changes in the system envi-
ronment regardless of how they are effectuated.

Fig. 3 shows the interaction of data dictionary man-
ager 85, dictionary services 4S5, and audit journal 75 in
greater detail. As mentioned above, data dictionary man-
ager 85 is responsible for interrogating audit journal 75
from time to time and ensuring that changes to system
objects are reflected in data dictionary 90. The interro- ‘
gation and updating can be perfbrmed at predefined inter-
vals, or when triggered by requests for data dictionary
information, or on some other'%asis. The choice of lag
time between the occurrence of a change o a system object!
and the reflection of that change in data dictionary 90 is
an implementation decision. Some implehentations may not
require that changes be immediately reflected in data
dictionary 90. However, data dictionary 90 of the pre-
ferred embodiment is "closely coupled" to the actual state
of the system's objects. This close coupling is achieved
through the use of synchronization function 110, RQST data
line 115, and reply gqueue 120. Synchronization function
110 of dictionary services 45 controls the rate at which
data dictionary manager 85 queries audit journal 75. The
WAIT portion of dictionary manager 85 initiates audit
journal query activity whenever a reguest is received on
RQST data 1line 115 or whenever a user defined time-out
expires. The request that is sent by synchronization
function 110 can be initiated by a user or by an applica-
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updated by a data dictionary nanager. Accordi ng to anot her aspect of
the inyention there is disclosed a nethod for naintaining a data
dictionary across a systemfailure, said nethod conprising the steps
within a data dictionary manager of: * marking an audit journal with a
first mark, said audit journal containing audit journal entries, said
audit journal entries containing i nf or matd on about changes to a data base,

said first mar kdbei N8: 445 @ obarl .NdipG 2L €1 1RG oh BOP MR 68 FaSforddich Ledirnal
entry processed; request by processing all pending journal entries. When

_all of the journal entries have been applied to data dic-
tionary 90, the user or épplication program is informed of

" such through the use of reply data queue 120. Since the
system administrator is responsible for both the frequency
of requests and data dictionafy manager -85's' time-out
value, the degree of coupling can be tailored to best fit
system needs. '

Checkpoint line 130 is used by data dictionary manag-
er 85 to mark the most recently processed journal entry
and to provide for recovery in the event of a system fail-
ure. When data dictionary managef 85 has exhausted the
contents of audit journal 75, it logs its own checkpoint
entry in audit journal 75 and enters a wait state. When
dictionary manager 85 awakens, either through user stimu~
lus 115 or through a time-out, it will eventually return
its checkpoint entry. At this point, data dictionary
manager 85 knows that it has effectively marked the last
entry processed (i.e., the entry that was logged immedi-
ately before the checkpoint entry). To validate this
fact, data dictionary manager 85 will log a commit entry
into the audit journal. Data dictionary manager 85 then
knows that when recovering from a system failure it must
locate the last commit entry/checkpoint entry pair whenev-
er it resumes journal processing. Data dictionary manager
85 further knows that it must begin with the entry that is
logged immediately after the checkpoint entry to ensure
that it processés any entries that were logged between fhe
checkpoint entry and the commit entry. It is important to
note that since a system failure could take place at any
time, there may be "unpaired" checkpoint entries within
audit journal 75. As mentioned above, dictionary manager
85 knows that it must find a commit entry/checkpoinf entry
pair to be certain that all of the journal entries have

been processed. This means that dictionary services 45
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validating said |last entry processed with a second mark; returning to
Hhe first instance of said first mark that has been validated by said
second mark; and updating said data dictionary so that said data
dictionary is synchronized with said data base. According to stil
anot her aspect of the invention there is disclosed a nethod for adjusting
t he 'synchroni zati on of a data dictionary,1®aid nethod conprising the steps:

within a Journallng necpaglsggle ‘to tolerate an entry being processed pro- .

cessed more than once.
It is in this manner that data dictionary manager 85
is able to keep data dictionary 90 up to date with the

status of system objects even over a system restart.

Fig. 4 shows a flow diagram of the activities of data
dictionary manager 85. At startup, data dictionary manag-
er 85 will find its starting point by locating the last
commit entry/checkpoint entry pair 140. Since a commit
entry is not logged until data dictionary hgnager 85 is
certain that it has accurately marked its énding point
with a checkpoint entry, data dictionary manager 85 knows
that the first journal entry that requires processing will
be the first journal entry that follows the checkpoint
ent}y. Once the position is located, data dictionary
manager 85, after attempting to retrieve a journal entry
145, first ‘asks whether a journal entry exists 150. If
the answer is "no", data dictionary manager 85 first asks
vwhether theé last entry returned was a commit entry 192.
This latter test is in pléce to avoid placing multiple
checkpoint entries into audit journal 75 during idle time.
If the answer to the test'is no, dictionary manager 85
logs a checkpoint entry in audit journal 75 in step 200.
In either case, data dictionary manager 85 will next check
for any pending synchronization requests from dictionary
services 45 in step 220. - If there are synchronization
requests pending, data dictionary manager 85 will respond
205 to the request via reply data queue 120. In either
case, data dictionary manager .85 will eventually reach
decision block 210. Here, data dictionary manager 85 will
either proceed to wait state 225 or terminate 215. The
choice depends on whether a system shutdown has occurred.

In the preferred embodiment, the shutdown information is
accessed via a system variable.

RO 9 91 042

This Sheet Has Been Replaced

. § 1
3
i

. = aaas



recording information about changes to system objects in an audit journal,

wher e

said information its in the formof one entry per change;

Withifh a data dictionary manager of: accepting as pronpts
synchroni zati on requests, where said synchronization requests

11

Referring back to the NO option of decision block
150, data dictionary manager 85 will next ask whether the
jourr}al entry indicates that a significant change to the
configuration of journaling mechanism 38 has taken place
155. An example of such a change would be the re-configu-
ration of journaling mechanism 38 to no longer record
create activity. If this were to take place, data dictio-
nary manager 85 could no longer keep data dictionary 90 up
to date with the state of the system's objects. There-
fore, data dictionary manager 85 would inform-the system
administrator of such 195 and terminate 190. If the jour-
nal entry does not indicate such a change in configura-
tion, data dictionary manager 85 will ask whether the

journal entry is dictionary related 160. The followindg
journal entires of Fig. 2C are dictionary related: sV
(system values), DO (deletes), CO (creates), OM

(move/rename), OR (restore), CK (checkpoint), CT (commit).
Since not all entries in audit journal 75 are dictionary
related, data dictionary manager 85 must be able to ignore
non-dictionary related journal entries. Hence, the pro-
cess will return to block 145 whenever a non-dictionary
related journal entry is detected.

If it is 'determinecli that the journal entry is dictio-
nary related, data dictionary manager 85 then determines
whether the entry is a checkpoint journal entry or a com-~
mit journal entry 185. If the joufnal entry is neither
data dictionary manager 85 proceeds to update data dictioc-
nary 90, block 180. For example, if a create entry (CO)
was encountered, data dictionary manager 85 would use the
data stored in the entry to apprise data dictionary 90 of
the existence and nature of the new object. The proces
then repeats. If, instead, data dictionary manager =
determines that the journal entry is either a checkpoln
entry or a commit entry, it will, depending on e{-c— £l;
what type of an entry it is, either log a commit entxry 173

or simply attempt to retrieve another journal entry 145

m W

|
o

~

N

RO 9 91 042

Thls Sheet Has Been Replace

|0 lIIl

4



are requests to process said entries of said edit journal; waki ng
whenever a tinmer expires, said tinmer being set to an adjustable tinmeout

val ue; and respondi ng to said synchronization requests and said tiner
expiration by retrieving said entries fromsaid audit journal and updating-
said data dictionary accordingly. According to yet another aspect of
the invention there is disclosed an appar&gus for maintaining a
synchroni zed data dictionary conpri sing: means for accessing objects

coordi nated by said dictionary, said objects bein
y Aft%o}{lgh the pr!efe_rred emlg]odiment . 0of the subject

invention uses the system's existing audit journal, other
ways of storing the information are also possible. For
example, the operating system could maintain a separate
journal for use by the data dictionary manager. Indeed,
virtually any means for storing information about changes
to system objects could be used to provide the feedback.
capability of the present invention.
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contained in a data base and accessed via an application program
means jor affecting changes upon said objects; neans for recording
i nformati on about said changes in a record separate from sai a

a
dictionary and fromsaid data base; and maansifﬂl mm" '

dictionary to reflect said changes. According .t nﬂMHWJ ect
of the invention there is disclosed an appssatus for fraintdini*ngsa data

dictionary across.a systemfailure, said apparatus conpri sing: means
for marking an audit journal with a firstgggéﬂé

cont ai ni ng

1.

D>

. said audit journal

A method for maintaining a synchronized data dictio-
nary comprising the steps of:

accessing objects coordinated by said dictionary;
effecting changes upon said objects;

recording information about said changes in a record
separate from said data dictionary; and

updating séid data dictionary to reflect said chang-
es. '

The method of claim 1 wherein said recording step
comprises the step of placing an entry in an audit
journal for each of said changes.

The method of claim 2 wherein said updating step
comprises the steps of:

retrieving said information about said changes from
said audit journal and ensuring that said informa-
tion is reflected by said data dictionary.

The method of claim 2 for maintaining said data dic-
tionary across a system failure, said method com-
brising the steps of: ]

marking said audit journal with a first mark to indi-
cate the location of a last entry processed;

validating said last entry processed with a second
mark;

returning to the first instance of said first mark
that has been validated by said second mark; and
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audit journal entries, said audit journal entries containing information

ahout changes to a data base, said first mark being t he
| ocation of a last audit journal entry processed,

validating said | ast entry processed with a second H’"IL@Z{IMQMS for
returning to the first instance of a said fijrst mark+that

val idated by a said second mark; and means for updating said data

dictionary such that said data di cti onary is synchronized with said data

base. updating said data dictionary accordingly.

5. The method of claim 4 wherein said marking step com-

prises the step of using a checkpoint entry.

6. The method of claim 4 wherein said validating step

comprises the step of using a commit entry.

7. A method for adjusting the synchronization of a data

dictionary, said method comprising the steps of:

recording information about changes to system objects
in an audit journal, where said information is in

the form of one entry per change;

accepting as prompts syndhrbnization requests, where
said synchronization requests are requests to pro-
cess said entries of said audit journal;

waking whenever an adjustahle timeout occurs; and

responding to said synchronization requests and said
timeout by retrieving said entries from said audit
journal and updating said data dictionary according-
ly.

A data dictionary manager comprising :
means- for accessing objects coordinated by said dic-
tionary;
means for effecting changes upon said objects;
means for recording information about said changes in
a record separate from said data dictionary; and
RO 9 91 042
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According to yet another aspect of the invention there is disclosed an

appar at us for
appar &t us conpri si ng:

This is the replacement sheet - | U!mmwum , l,
a journal ing nechani sm whi ch conprises neans for 'r I on

about changes to systemobjects in an aud t journal, where said
in the form of

i-nformation

i's

adj usting the synchronization of a—tata—dietionary, said

10.

11.

12.

means for updating said data dictionary to reflect
said changes..

The data dictionary manager of claim 15 wherein said
means for recording comprises means for placing an
entry in an audit journal for each of said changes.

The data dictionary manager of claim 16 wherein said
means for updating comprises:

means for retrieving said information about said
changes from said audit journal; and

means for ensuring that said information is reflected
by said data dictionary. '

The data dictionary manager of claim 9 for maintain-

ing the data dictionary's ihtegrity across a system

failure, said data dictionary manager further com-

prising:
) ; i

means for marking an audit journal with a first mark

to indicate the location of a last entéy processed;

means for validating said last entry processed with a
second mark;

means for returning to the first instance of a said
first mark that has been validated by a said second
mark; and

means for updating said data dictionary accordingly.

The data dictionary manager of claim 11 wherein said

means for marking comprises a checkpoint entry.
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one entry per change; and a data dictionary gggiggim%@Lgh,ceﬁﬁff
means for accepting as pronpts synchroni zation req ere said
synchr*oni zati on requests are requests to process said “ﬁt&“@ audi t
journal ; means for waki ng whenever an adj ustab Eﬁ@“g“ and ..
means for responding to said synchronization request sai ¥ t1 meout by
retrieving said entries fromsaid audit jpournal and updating said data

di ctionary accordingly. According to yet anot her aspect of the
invention there is dilscl ogrddatdadsctdbfitPMAhlger of claim 11 wherein said

means for validating comprises a commit entry.
14. A data dictionary manager which allows for the ad-
justing of the synchronization of a data dictionary,

said data dictionary manager comprising:

means for recording information about changes to
system objects in an audit journal, where said in-
formation is in the form of one entry per change;

means for accepting as prompts synchronization re-
qguests, where said synchronization requests are
requests to process said entries of said audit jour-
nal;

means for waking whenever an adjustable timeout oc-
i curs; and

means for responding to said synchronization requests
and said timeout by retrieving said entries from
said audit journal and updating said data dictionary
accordingly.
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manager conpri sing: means for accessing objects coordinated by said
dictiopary, said object being contained in a data base and accessed via an
appl i cation program . means for affecting changes upon said objects;
means for recording information about said changes in a record which is
separate fromsaid data dictionary and from said data base; and

means for updating said data dictionary b reflect said changes.

According to yet another aspect of the inyention there is disclosed a data
di ctionary ABSTRACT OF THE DISCLOSURE

~-A DATA DICTIONARY MANAGER FOR MAINTAINING AN ACTIVE
DATA DICTIONARY

‘'The data dictionary manager (85) takes advantage of
the computer system's journaling capability enhanced to
allow users and application programs to manipulate system
objects (65) without the usé of the data dictionary's
built-in utilities. ~As used here, jéurnaling capability
is an internal tracking facility wi’xich exists in a some~
what limited form on many computer systems. Typical jour-
naling mechanisms (38) maintain a repository of informa-
tion about some of the activities that have taken place on
the computer system. The information is usually stored in
a record called an audit journal (75). Since many comput-
er systems have limited journaling mechanisms alreiady in
place, these mechanisms can be enhanced to add the ability
to record information about changes to system objects.
Examples of system object changes included in the audit
journal are deletes, createé, renames, and moves. Once the
information has been logged. in the audit journal, the data
dictionary manager retrieves the information from the
audit journal and ensures that the changes are accurately
reflected in the data dictionary (90). Since the audit
journal can be made accessible to several processes, it is
Possible to have different instances of the data dictio-
nary manager responsible for different data dictionaries.
Alternatively, it is possible to have a single data dic-
tionary manager that is responsible for all of the comput-
er system's data dictionaries.

.Figure : 22
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qenager whi ch maintains a data dictionary's |ntegr|ty across a system

tre said data dictionary nmanager conpri sing: means for marKking.
arfaudit journal with a first mark, said audit journal containing audit
Journal entries, said audit journal entries containing information about
‘changes to a dat a base, said first mark being used to indicate the
location of a last audit journal entry ‘ﬁ?ocessed nmeans for
validating said | ast entry processed with a second mark; nmeans for

returning to the first instance of a.said first mark that has been
val i dat ed ) : :
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by$5 safd second mark; and

This is the replacenent sheet 5a
means for updati.ng said data dictionary such that ‘it is synchronized with
said data base. According to yet another aspect of the invention
there i-s disclosed a data dictionary 277
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manager which allows for the adjusting of the synchronization of a data
dictionary, said data dictionary manager conpri sing: means within
said data dictionary manager for recording information about changes to
system objects in an audit journal, where said information is in the form
of one entry per change; means wi thy n said data dictionary manager
for accepting as pronpts synchronization requests, where said
synchroni zati on requests are requests to process said entries of said
audit journal;
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Fig. 2

said data dictionary

CRPTI ON OF THE DRAW NGS

D&

requests and said tineout by retrieving
and updati ng
Fig. 1 shows the conmputer system of the preferred enbodi nment.

means within said data dictionary nanager for
BRI EF

and

geans Wi thin said data dictionary nmanager for waki ng whenever an adjustable
respondi ng to said synchronization

shows how the various entities of a conputer systeminterrelate to keep the

said entries fromsaid audit journal

ti meout occurs;
accordi ngly.

92 9l

$adA] AJIUT [eudnof

*AJaA023J J0J AJIUD [RUJNO[ I TUWO)

*£JBA023 10J AJIUD [eudnof Jurodyoay)

*940159J 123[q0 Ayl JoJ 3dAY AJIUdD [euJnof y

" (SWEU3Y ‘9AOK) Sabueyd Juawabeuew 323 [q0 JOJ IdA1 AJIUD [EUINO[ Y
'S9183JD 123[q0 J0) 9dAl AJIus [eusnof y

'dor e Jo Jalauedted y3sn ayl 01 sabuey) JO S21eIL)

) ‘WIISAS Ayl U0 SAI[AP [V

*6UTIN0J WAYSASQNS 01 Sabuey)

*S9INQIJ3IIR NJOMIau 01 Sabuey)

"*SaNn|eA WIISAS 01 Sabuey)

. *IdV Hd139ASO BIA paleuauadb afpuey a[rjold
9[1J01d SJ3UMO BYl 1dope MOU [[IM 1BUY (W9dOH)) Swel60id 0] Sabuey)
_ *dIYSIauMo 123[qo 01 Sabuey)

*1959J pJomMssed Jad14J0 A114n2as Sq

"S9[1404d JIsn JO 2101SaY/AR[dS[(/239[3(1/SIBURY)/SI1BII)

"3SI] uolleziioyiny Jo 123{qo ‘*A311Joylne 133fqo 0} sabuey)
'Sa[1JoJd Jasn 40j AYI1JOYINe JO 9J03S3Y

'sabueyd AI1JOYINE UIYM S1I3[QO JO 2101S3Y

*S96UBYD UOTIBWIOJUT dIUSIIUMO USYM S13[Q0 JO 9101S3Y

‘Saleu Jasn ulejuod eyl suojldiudsag qof JO 310153y

"9[1J0J4d 13sn SJ3uMO J1ayl 1dope eyl suiesfoud Jo 9101SaY

*3JTASD WOJJ Paialus pPIOMSSed pI[eAU]

‘saunfiey Ayrqoyane 1y

i

(]

This Sheet Has Been Re

RO9 91 042



data djctionary up to date with systemactivities according to the
preferred enbodi nent. Fig.- 3 shows how the data dictionary manager

interacts with the dictionary services and the audit journal to keep the-
data dictionary up to date with the state of system objects according to

the preferred enbodi nent. Fig. 4 i§7a fl ow di agram of the operation
of the data dictionary nanager accordina to the preferred enbodi nent.

45 %0
\ /
Dictionary _ '
Services (‘,—___—__1 Data_
, Synch Function Dictionary
w | 1
110 N
RGST [Reply |
/hata |data 1120
ueue
115 ] -
- Dictionary
' : Manager
]
1 Wait 85
Checkpoint/Commit
Line 130
Audit
Journal |&
N\7s
FIG. 3
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DESCRI PTI ON OF THE PREFERRED ENMBODI MENT Fig. 1 shows a bl ock diagram
of a typical conputer system suitable for operation of the present
invention. In the preferred enbodi nent, conputer system 10 is an | BM
Application Systeni 400 m drange conputer; however, other

. 6/7

Locate Last 140
Checkpoint/Commit
Entry Pair

Attempt to | 145

Retrieve Next
L Journal Entry _ A

l 150
No Is the Audit
Journal Empty :

lYes -
P . : {200
Was Last
‘ No Leg Checkpoint
G T
220, e + 205
N _
Any Pending Yes Respond to
<:;ynch Requests §¥2CHES?SUSS§EE

d‘) : FIG. 4A .
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pystems such as persona
al so be used.

CPU 20, nenory 25, and termnna

secondary nenory,

Ter m nal
conput -

i nt érface

i nterface 27.

may be a magnetic disk drive,

Dat a

conputers and mai.nfrane conputer systens could
Cont-ained within conputer system 10 are data storage 15,

storage 15, as

an optical storage device,
or a conbination of different storage dgyices. CPU 20 is responsible for
executing the software progranms that have been |oaded into menmory 25.

cate with

195
Y, 15§
Inform System Does Journal
Adninistrator: le 16" gntry fndicate a
of gynchn y : Config. Change
< No
190
End
4 160
N v
No Is Journal
< < Entry Dictionary
Related
l?es |
IZ? 170 185\\ i
Log Commit ” Checkpoint
<4+—| Commit Journal or Commit
Entry Entry Journal Entry
Yes lﬁo
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AN Maintain
Data
Dictionary
< v J
FIG. 4B
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. er gystem 10, normally through a programuabl e wor kst ati on. Pata
storage 15 contains application prograns 30, SY&ii& rgg{ymaﬂao@ﬂlﬂ"bﬁ ﬁ on
interface 35, audit Journal 75, and operating system 40 Qper ati ng
ssyst em 40 further contains journaling nechani sm 38. §t orage 15 is
shown as-a monolithic entity, it should he undeDatejodB[ ha |t may conprise
a variet’y of devices, and that all pro- grams and files shown will| not
necessarily be contained in any one devi ce. For exanpl e, portions of

application progranms 30 anch oReA a3TOTYoSARY RANXHERMFOR mmmaﬁim be | oaded
cinto primary nenory 25 to execute, b EESOHAEE b folddyes W Il typically -

be stored on nagnetic or optical di sk st orage devi ces.

BACKGROUND OF THE INVENTION

This invention invo;ves the management of a data
dictionary in a computer system and the system objects
that it tracks. A data dictionary is defined in the IBM
Dictionary of Computing as "([a] centralized repository of
information about data such as meaning, relationships to

(N other data, origin, usage, and format." As such, a data
dictionary is not unlike the standard dictionary of a
spoken language ke.g., Webster's Collegiate Dictionary).
Both the data dictionary and the standard dictionary con-
tain information about certain items. The difference
between the two concepts is the type-of items that are
involved. The items of interest in the standard dictio-
nary are words; whereas, the items of interest in the data !
dictionary are called objects. An object can be a partic-
ular file or record, an instance of software (i.e., a
program), or some other important system resource. The .
data dictionary is used by the computer system to Kkeep
track of the status of these 1mportant system resources.

. ' The benefit of using a data dictionary is, in a word,.

U ﬁ%“- ' control. Ideally, the exact status of every system re-
source is known at all times. With this control, however,
is the associated problem of ensuring that the data dic-
tionary has current information regarding every object.
To analogize this situation.to'that of the standard dic-
tionary, one need only consider the importance of having
an up to date dictionary. Newer words and/or definitions
are often lacking in older dictionariés. As the dictio-

nary becomes more and more out of date, it becomes less
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"Fig.” 2 shows how the separate concept ual ent|t|e$h@f,sqﬁé‘rpé5|§éerﬁymt§meio
wor k-together to maintain active data dictionary 90. nent i oned above,

one purpose of the invention is to keep data di c.tlonary to date with
changes to system objects w thout necessarily i natazi ng2pli c(f nary servi ces
45 ‘This - capability is enabled by the jodrnaling mechani

rent | oned above. | 0GR, L JIEGHBI S oAl pAityEn AL f1199§J ageavakem 40,

i's used by conputer systems to ur na vari- ous
system activities. éﬁlﬁeérﬁeﬁj"ui"ﬁ&?‘i‘sr?g RS c ARRRRSH '3‘8 ‘F%rdé " B ‘f‘é‘\?é‘lter pP Ry am

all changes nade by temihearbjeevel areowbhsiemntlarieingomedifiedit . I nf or mati.on
about selected changes are sequentially recorded in audit journal 75.
To deal with this problem, typical data dictionary
designs ‘include wvarious built-in mechanisms that perform
both the modification of the objects and the associated
change to the data dictionary. That is, when a user or an
application program requires that a change be made to a
particular object, an interface to the data dictionary is
used to make the change. Then, an internal mechanism of
the data dictionary will automatically make the associated
dictionary changes. The problem'with these current imple-
mentations is that. to be kept active, they require that
all modifications be carried out through their built-in
utilities. This results in decreased flexibility. Appli-
cation programs are limited to potentially inadequate
mechanisms to access various system resources. Further,
since data dictionary utllltles must themselves gain ac-
cess to system resources through operating system utili-
ties, overall system performdnce is adversely affectled.
Another problem inherent in existing data dictionary
designs is the exposure to massive inaccuracies. " Since
existing data dictionary designs require that all changes
to dictionary defined objects be made through built-in
utilities, théy are not aware of changes which occur out-
side of their sphere of control. This means that when
W changes of this type do occur, the data dictionary cannot
be depended upon as an accurate reflection of the state of
system o'bjects. This problem is amplified when one con-
siders that in .some cases the only solution is a time
consuming system reload which in and of itself may result
in the loss of data.

SUMMARY OF THE INVENTION




S —
Audit journal 75

particular entry.

Is showmn in Fig. 2B. Audit journal 75 eshept of a
sefies of entries.
type 320, an object ID 330, a user |ID 340, an
310 indicate the tinme in which journaling nmechanis

Each entry has a tine 39g aﬂdaﬁ@Péi a journal
d

?m ged the
Journal entry type 320 indDal&te

I nvolved (e.g., DOis a delete en-

It is a principal object of this invention to provide
an enhanced method and apparatus for the management of a

data dictionary.

It is another object of this invention to provide a
method and apparatus for managing a data dictionary which
provides for more synchronization between a data dictio-
nary and the existing system environment by tracking
changes to system objects regafdless of how the changes
are effectuated.

It is still another object of this invention to pro-
vide an enhanced dictionary management methpd and appara-
tus which can be adjusted to provide the user with more
flexibility in choosing the degree of synchronization.

It is:still another object of this invention to pro-
vide an enhanced dictionary management me;hod and appara-
tus. for improving the overall integrity of the data dic-
tionary by alerting the system administrator of any
threats to the data dictionary's ihtegrity.

These and other objects are accomplished by the data
dictionary manager disclosed herein.

The data dictionary manager takes advantage of the
computer system’é journaling capability enhanced to allow
users and application programs to manipulate system ob-
jects without the use of the data dictionary's built-in
utilities. As used here, journaling capability is an
internal tracking facility which exists in a somewhat
limited form on many computer systems. Typical journaling
mechanisms maintain a fepository of information about some
of the activities that have taken place on the computer
system. The information is usually stored in a record
called an audit journal. Since many computer systems have
limited journaling mechanisms already in place, these

h&xfhsBem1Rclmxﬂ
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entry

at a 352 Tlne 300 and date

t type of entry is



try). The journal

wn
2C. Object 1D 330 identifies the object for whThib ig ke m‘ﬂqeﬂlﬁrﬁrsggﬁ't ry
pertains. User

change.

change. For exanple, for a create entry (€0 d

Dat a 350

*350 i ncl ude all

i nformation involved in the creation of the object identijfi ed by object
I n sone™THERL ST CHX i R | STGANCRT B9 iadg B nhaRiSihyndy weeerd o be
augrment ed to provi deinfdingtberalabiont ochemiges ntalxysten habnjpesst 0 Byesip@Es of

2211.

objects. In the prefejsed eBhest - cABRes [MiLAR

Lés, rehames

initialized to ensur&:eitell}%;ts aélle necessary activities are tracked.
a

particular activities t

are tratke rrc Pl em%‘bejséct

Once the information has been logged in the audit
journal, the data dictionary manager retrieves the infor-
mation from the audit journal and ensures that the changes
are accurately reflected in the data dictionary. Since
the audit journal can be made accessible to several pro-
cesses, it is possible to have different instances of the
data dictionary manager responsible for different data
dictionaries. Alternatively, it is poséible to have a

single data dictionary manager that is responsible for all

of the computer system's data dictionaries.

Since information about changes to system objects is
recorded at the operating system level, the present inven-
tion does not share the inflexibiiity problems of existing
data dictionary implementations. Modifications to system
objects ican be madé without the use of built-in utilities
and without the loss of synchronization between the data
dictionary and the state of system'objects. To realize
this flexibility, the recorded information includes ahy
and all changes that have been made to system objects.

Although-the information could be stored in another
mannér, the existing audit journal provides the easiest
and most cost effective repository for the information.
The invention provides further flexibility by allowing the
user (system administrator) of the data dictionary manager
to control 'exactly how accurately the data dictionary
reflects the current state of system objects. This con-
trol is achieved by making the data dictionary manager
responsive to both user stimulus and adjustable system
timers.
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| D 340 identifies the user or task which e the subject .
i ncludes information which i sgg rti cu{I%Ly ?) he subj ect
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del etes, object creates, object noves, object renanmes an ob'?e],ﬁt Hegptores.
In addition, journaling nmechanism 38 tracks c-ﬁtéiﬁg% & aGs ¥6 1 ts

corfiguration. This all ows data dictionary: nanager n% &ﬁ t ake
appropriate action when a necessary actiVipyie:is ) onger being
tracked by journaling nmechani sm 38. s Logi cal bl dcks 50, 52, and 54

depi ct ‘three possible classes of software entities that can co-exist with
di c- tionary manager 85. TiH#&cHsbbergficdpledentiata 1% s4teif dheurFtew adrat
i s independent|y capafihesefatper £6or4d 43 tCchne Giatas di Gtionat g matajgeet so tihwsaugh

direct interaction wWiphsPD&angiddEys¥eh G0 PremisRce OpPerati ng system40 is
hang . ; : :

al ways used to effectuate the changé, journaling nechanism 38 is able to

mai ntai n an accurate record of all the changes by pl ac-
The data dictionary manager is further responsible

for alerting the system administrator of potential prob-
lems with the configuration of the system's journaling
mechanism. The data dictionary manager accomplishes this
by monitoring system values to detect any system changes
that may impact the integrity of the data dictionary.
This capability allows the system administrator to correct
any problems before they become catastrophic.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows the computer system of the preferred
embodiment .
i
Fig. 2 shows how the various entities of a computer
system interrelate to keep the &ata dictionary up to date
with system activities according to the preferred embodi-
ment. ;

Fig. 3 shows how the data dictionary manager inter-
acts with the dictionary services and the audit journal to
keep the data dictionary up to date with the state of
system objecté according to the preferred embodiment.

Fig. 4 is a flow diagram of the operation of the data

dictionary manager according to the preferred embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Fig. 1 shows a block diagram of a typical computer
system suitable for operatioh of the present invention.
In the preferred embodiment, computer system 10 is an IBM
Application System/400 midrange computer; however, other

-
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Ing change entries in audit journal 75. Forrhgm@rmé@epméemgpﬂ shesdti on

programs 54 need to create a systemobject (e.g., a queue), they sinply
i nvoke the appropriate rou- tine within operatin sysI} ‘gﬂﬁ‘ . Journal ing

mechani sm 38, aware that an object has been cr&R&d,

s the occur-
6

systems such as personal compﬁters and mainframe computer
systems could also be used. Contained within computer
system 10 are data storage 15, CPU 20, memory 25, and
terminal interface 27. Data storage 15, as sécondary
memory, may be a magnetic disk drive, an optical storage
device, or a combination of different storage devices.

CPU 20 is responsible for executing the software programs

" that have been loaded into memory 25. Terminal interface

27 allows developers and users to communicate with comput-
er system 10, normally through a programmable workstation.

Data storage 15 contains application programs 30,
system object manipulation interface 35, audit journal 75,

"and operating system 40. Operating system 40 further

contains journaling mechanism 38. While storage 15 is
shown as a monolithic entity, it should be understood that
it may comprise a variety of devices, and. that all pro-
grams and files shown will not necessarily be contained in
any one device. For example, portions of application
prbgrams 30 and operating system 40 will typically be
loaded into ptrimary memory 25 to execute, while source
data files will typically be stored on magnetic or optical
disk storage devices. ’

Fig. 2 shows how the separate conceptual entities of
computer system 10 work together to maintain active data
dictionary 90. As mentioned above, one purpose of the
invention is to keep data dictionary 90 up to date with
changes to system objects without necessarily involving
dictionary services 4S5. This capability is enabled by the
journaling mechanism 38. As mentioned above, journaling
mechanism 38, as a part of operating system 40, is used by
computer systems to track (i.e., keep a journal of) vari-
ous system activities. Since journaling mechanism 38 is a
"low level' program, all changes made by higher level
routines are know to it. Information about selected

changes are sequentially recorded in audit journal 75.



rence of the change in audit journal 75. [t is.then peneei ity of
data dictionary nanager 85 to retrieve the i“’f‘%l‘sng}%iroe t]cfcref)r%?‘audit j our nal
75 and update data dictionary 90 accordingly. Int ig/ nner, data dictio--
nary 90 is kept abreast of the changes in thpatyste i ronment

regardl ess of how they are effectuated. 7 Fig. 3 shows the interaction
of data dictionary man- ager 85, dictionary services 45, and audit _journal
75 in greater detailAuddd dewiadndd bhehevn dat Bigi @B on2di trdAvrngder’>855 s
responsi bl e for intenadegaipi RF audietrig®ushadnt?bes r onEdchmeertteyt hae antlime
ensuring that changegog,0 S¥akeMeP) 6Lt fHudh8) F &lthi§ChHe | Sodlata dbghtongpy -

o0 e nerror, SaULSH adupchl 40, S5t DR RLL Ll sb ol e Libe
indicate the time in which journaling mechanism 38 logged
the particular entry. Journal entry type 320 indicates
what type of entry is involved (e.g., DO is a delete en-
try). The journal entry types of the preferred embodiment
are shown in Fig. 2C. Object ID 330 identifies the object
for which the particular entry pertains. User ID 340
identifies the user or task which made the subject change.
Data 350 includes information which is particular to the
subject change. For example, for a create entry (CO) data
350 would include all the information involved in the

L, creation of the object identified by object ID 2211.

In some Eases, an existing journaling mechanism may
heed to be augmented to provide additional information
about changes to system objects. In the ﬁreferred embodi-
ment, journaling mechanism 38 is first initialized to
ensure that all necessary activities are tracked. The
particular activities that are trackedi include object
deletes, object creates, object moves, object renames and
object restores. In addition, journaling mechanism 38
tracks changes that occur to its configuration. This
allows data dictionary manager 85 to take appropriate
action when é necessary activity 4is no 1longer being
tracked by journaling mechanism 38.

Logical blocks 50, 52, and 54 depict three possible
classes of software entities that can co-exist with dic-
tionafy manager 85. Each block represents a program or
utility that is independently capable of performing chang-
es to system objects through direct interaction with oper-
ating system 40. Since operating system 40 is always used
to effectuate the change, journaling mechanism 38 is able

to maintain an accurate record of all the changes by plac-



“information, or on sone other basis. The chotkie iofhd pgplademeriesheeen t he
occurrence of a change to a system object and the reflection of that change

in data dictionary 90 is an inplenentation decbsi on. rr? ianI enentations .
may not require that changes  be inmediately éﬁ-ec} 2 data dictionary
90. . However, data dictionary 90 of the pge- ferred enbodinent is "closely
coupl ed” to the actual state of the system s objects. This close coupling
i s achi eved through ihe deegefentuichr dni zeditodortnedt i76n 15K P Lat 2 | i ne
115, and 21 gply quereaggzlqh cat S CHFyrakat 5@NnéediCts Ofredat@ of glistemopdfyct
services controls t r gt whi.gh dag lg) GhiQnarY "8 gggfg 182=0UERL €5
audit journal 75. Thé \kﬁl"l_’ g?%%%)n’ Otfn di ctn?po ary managgr_ g i ri11; i.gte audi t
journal query activi EipevéhifeoPrrEififeSYStRD ARc o PBEN Y RABICAIIE™ ?%e 115
or whenever a user defamreedhtt e ctjeek piasebeen Tineateduascordatthes o§eRT - by
synchroni zati on rence of the change in audit journal 75. It is then the

résponsibility of data dictionary manager 85 to retrieve

the information from audit journal 75 and update data

dictionary 90 accordingly. In this manner, data dictio-

nary 90 is kept abreast of the changes in the system envi-

ronment regardless of how they are effectuated.

Fig. 3 shows the interaction of data dictionary man-
ager 85, dictionary services 45, and audit journal 75 in
greater detail. As mentioned above, data dictionary man-
ager 85 is responsible for interrogating audit journal 75
from time to time and ensuring that changes to system
objects are reflected in data dictionary 90. The interro-
:gation and updating can be perfbrmed at predefined inter-
vals, or when triggered by requests for data dictionary
iinformation, or on some other %asis. The choice of lag
time between the‘occurrence of a change to a system object
and the reflection of that change in data dictionary 90 is
an implementation decision. Some implementations may not
require that changes be immediately reflected in data
dictionary 90. However, data dictionary 90 of the pre-
ferred embodiment is "closely coupled" to the actual state
of the system's objects. This close coupling is achieved

1 through the use of synchronization function 110, RQST data
line 115, and reply gueue 120. Synchronization function
110 of dictionary services 45 controls the rate at which
data dictionary manager 85 queries audit journal 75. The
WAIT portion of dictionary manager 85 initiates audit
journal query activity whenever a request is received on
RQEST data line 115 or whenever a user defined time-out
expires. The request that is sent by synchronization

function 110 can be initiated by a user or by an applica-



func_tion 110 can be ini_tiat ed by a user or bmﬁ@isam'ﬂeﬁﬁrcement shéét
9 tion program Data dictionary manager 85 responds tq the request by

processing all pending journal entries. Wen all og ; ournal entries
have been applied to data dic- tionary 90, t Haataser :11) | i cation program
I's informed of 9

tion program. Data dictionary manager 85 responds to the
request by processing all pending journal entries. When
_all of thé journal entries have been applied to data dic-
ti;nary 90, the user or dpplication program is informed of
such through the use of reply data queue 120. Since the
system administrator is responsible for botb the frequency
of requests and data dictionafy manager 85's” time-out
value, the degree of coupling can be tailored to best fit
system needs.

Checkpoint line 130 is used by data dictionary manag-

er 85 to mark the most recently processed journal entry

and to provide for recovery in the event of a system fail-
N ure. When data dictionary manager 85 has exhausted the
'contents of audit journal 75, it logs its own checkpoint
entry in audit journal 75 and enters a wait state. When
dictionary manager 85 awakens, either through user stimu-
lus 115 or through a time-out, it will eventually return
its checkpoint entry. At this point,- data dictionary
manager 85 knows that it has effectively marked the last
entry processed (i.e., the entry that was logged immedi-
ately before the checkpoint entry). To validate this
fact, data dictionary manager 85 will log a commit entry
into the audit journal. Data dictionary manager 85 then
knows that when recovering from a system failure it must
locate the last commit entry/checkpoint entry pair whenev-
er it resumes journal processing. Data dictionary manager
85 further knows that it must begin with the entry that is
logged immediately after the checkpoint entry to ensure
that it processes any entries that were logged between the
checkpoint entry and the commit entry. It is important to
note that since a system failure could take place at any
time, there may be "unpaired" cheéckpoint entries within
audit journal 75. As mentioned above, dictionary manager
85 knows that it must find a commit entry/checkpoinf entry
pair to be certain that all of the journal entries have

been processed. This means that dictionary services 45
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such through the use of reply data queue 120. Tigsriedhg n@lgw%%sheet

adm ni strat or

dipfionary manager 85's tine-out value, the d ree
tailored to best fit system needs. Chec éﬁnt
data dictionary manag- er 85 to mark the u®st recently processed Journal

i ng can be
130 is used

I's responsible for both the frequency of (qu sts and dat

entry and to provide for recovery in the event of a §ysten1 ai

data dictionary manafest 88e haklexkaustisdathe®R oft it

€69 aBEH? es%ﬁJr aP

it logs its own checkpssewt meneryhamoncelit journal 75 and enters a wait
state. \When dictionary manager 85 awakens, either through user-stinmu-

115 or through a time-outy, it Wl Ly &VEaLHAl kel ChHLN b8 GREGKRBMYer €LTY.

At this point,

dat a dlctlonar

is able to keep data dictionary 90 up to date with the

status of system objects even over a system restart.

Fig. 4 shows a flow diagram of the activities of data
dictionary manager 85. At startup, data dictionary manag-
er 85 will find its starting point by locating the 1last
commit entry/checkpoint entry pair 140. Since a commit
entry is not logged until data dictionary manager 85 is
certain that it has accurately marked its endlng point
with a checkpoint entry, data dictionary manager 85 knows
that the first journal entry that requires processing will
be the first journal entry that follows the checkpoint
ent}y. Once the position is located, data dictionary
manager 85, after .attempting to retrieve a journal entry
145, first ‘asks whether a journal entry exists 150. If
the answer is "no', data dictionary manager 85 first asks
whether thd last entry returned was a commit entry 192.
This latter test is in place to avoid placing multiple
checkpoint entries into audit journal 75 during idle time.
If the answer to the test is no, dictionary manager 85
logs a checkpoint entry in audit journal 75 in step 200.
In either case, data dictionary manager 85 will next check
for any pending synchronization requests from dictionary
services 45 in step 220. °~ If there are synchronization
requests pending, data dictionary manager 85 will respond
205 to the request via rebly data queue 120. In either
case, data dictionary manager 85 will eventually reach
decision block 210. Here, data dictionary manager 85 will
either proceed to wait state 225 or terminate 215. The
choice depends on whether a system shutdown has occurred.

In the preferred embodiment, the shutdown information is
accessed via a system variable.

a

by

en
75,

| us



manager 85 knows that it has effectively marked the |last entry processed
(i.e., the entry that was | ogged i medi- atel yThigfiothe taptacgmsnt sopat
entry). To validate this fact, data dictionary mana 5 will log a
commt ,entry into the audit journal. Data di chﬁ&r}a j er 85 then knows
t-hat when recovering froma systemfailung it | ocate the last commt
entry/checkp0| nt entry pair whenev- er it resunes journal processing. Data
di ctionary manager 85 f (Refearikaobeck hte Fhe ntidtomdghn ofi dect HiPreIAFHt hat
“is logged i medi at elipoafd£da dhietcheakPabRigeanBbywil) QRKUr£&K hakthér the

processes any entri syl LS Laggsdletugen, UigngbeckRolRlanivy wad the

<conmit entry. It is n’gortan not e sl nce mfailure could
take place at any tiSPBIIGHEFE TaGE biowprping é%FChEHé?kﬁﬂ heseitFFR W thi n
audit journal 75. A$Snerdin eredpbb®fesuch @t pbmq/wqmgpsr tigs denoMRIIIAt it
must find a conmit eatiy CBECkBAkR{1i9At Mechanism 38 to no longer record

create activity. If this were to take place, data dictio-
nary manager 85 could no longer keep data dictionary 90 up
to date with the state of the system's objects. There-
fore, data dictionary manager 85 would inform.the system
administrator of such 195 and terminate 190. If the jour-
nal entry does not indicate such a change 'in configur?'
tion, data dictionary manager 85 will ask whether the

o ﬁournal entry is dictionary related 160. The following
journai entires of Fig. 2C are dictionary related: sV
(system values), DO (deletes), CO (creates), OM
(move/rename), OR (restore), CK (checkpoint), CT (commit).
Since not all entries in audit journal 75 are dictionary
related, data dictionary manager 85 must be able to ignore
non-dictionary related journal entries. Hence, the pro-
cess will return to block 145 whenever a non-dictionary’
related journal entry is detected.:

If it is determined that the journal entry is dictio-
nary related, data dictionary manager 85 then determines
whether the entry'is a checkpoint journal entry or a com-
mit journal eﬁtry 185. 1If the joufnal entry is neither

s data dictionary manager 85 proceeds to update data dictioc-
nary 90, block 180. For example, if a create entry (CO)
was encountered, data dictionary manager 85 would use the
data stored in the entry to apprise data dictionary 90 oI
the existence and nature of the new object. The process
then repeats. If, instead, data dictionary manager g3
determines that the journal entry is either a checkpoin=
entry or a commit entry, it will, depending on exzctly
what type of an entry it is, either log a commit entry 172

or simply attempt to retrieve another journal entry 145.



pair to be certain that all of the journal entriege Jhave 0 d.
This neans that dictionary services 45 TS ig'the re%?aec%n%n?(‘sﬁééfa 10

nust be able to tolerate an entry being processed pro-}‘!?.ﬁ;ed nore t han

once. Date: 3
12 :

N v

Although the preferred embodiment of the subject
invention uses the system's existing audit journal, other
ways of storing the information are also possible. For
example, the operating system could maintain a separate
journal for use by the data dictionary manager. Indeed,
virtually any means for storing information about changes
to system objects could be used to provide the feedback
capability of the present invention.



| t |5|nth|mmctlonary managefh85s i at a
dictionary 90 g s@etdaé&emk lacddhe st at us of systz%g J“z% l%c\:/éerﬁer{g\egviée
systemrestart. hovvs a flow diagramof th vities of data
di cti onary mana m\lﬁ | tup, dat a di ctlonaﬁgtenran}) e‘ﬁ 85 will find
its starting poi ocating the last cpgmit entry/checkpoint entry pair
140. Since a commt entry is not |logged until data dictionary nanager 85
is certain that it has accurately. markedCLAXSendi ng point with a checkpoi nt
entry, data dictionary manager 85 knows that the first jour naI entry that

requires processing wll be the first journal entr hat. f | I, ows _
checkpoint entry. Oice f‘he st t"'Jlotr‘)ﬁnm"}L “ocated, | (Yyl{:{lro lze ASHE dilso

ronary
nary comprising the steps of:

accessing objects coordinated by said dictionary;
effécting changes upon said objects;

recording information about said changes in a record
separate from said data dictionary; and

updating said data dictionary to reflect said chang-

es.

2. The method of c¢laim 1 wherein said recording step
comprises the step of placing an entry.in an audit
journal for each of said changes.

3. The method of c¢laim 2 wherein said updating step
comprises the steps of:

retrieving said information about said changes from
said audit journal and ensuring that said informa-
tion is reflected by said data dictionary.

4. The method of claim 2 for maintaining said data dic-
tionary across a system failure, said method com-
prising the steps of: '
marking said audit journal w1th a first mark to indi-
cate the location of a last entry processed;

validating said last ehtry processed with a second
mark;

returning to the first instance of said first mark

that has been validated by said second mark; and

A



‘manager after a te &gRb ctdetri eve a Journa{-h,grgme ﬂe}:ﬁacem&@ts"‘eﬁgks
whet her a Journa 50 If the answer is "no", data dictionary

manager 85 first a | ast entry returned comit entry
192. . This latter t ace to avoid %gC|n@aﬁhlt| g#gckpoint
entries into audit Journal 75 during idlet If the answer to the test
IS no, dictionary nanager 85 | ogs a checkpoi nt entry in audit journal 75 in

step 200. In either case, d cti | ona t check for
any pendi ng synchroni zati ob¥ % neo’sts r%a%nag?ﬁ "’Iscé;f)ﬁ‘fhcne(;sfl Y45 in step
220. If there are synchroni zatlon requests pend| ng, -data dictionary

manager 85 w || respénsl 203hé onédtodr eqUerdiny kawhefliy daid rpueieg 1XHep cohn

ei ther case, data-dictionagy;dBnager 8a, Wl Lsﬁl\éegt&@g%ogle@%tgem si on
bl ock 210. Here, data dictionary nmanager 85 wll either proceed to wait

state 225 or term nate 215. The
6. The method of claim 4 wherein said validating step

cohprises the step of using a commit entry.

7. A method for adjusting the synchronization of a data

dictionary, said method comprising the steps of:
recording information about changes to system objects
in an audit journal, where said information is in
I\ the form of one entry per change;
accepting as prompts synchronization requests, where
said synchronization requests are requests to pro-
cess said entries of said audit journal;
waking whenever an adjustahle timeout occurs; and
responding to said synchronization requests and said
timeout by retrieving said entries from said audit
journal and updating said data dictionary according-
ly..

A data dictionary manager comprising :

means for accessing objects coordinated by said dic-
tionary;

means for effecting changes upon said objects;

means for recording information about said changes in

a record separate from said data dictionary; and

_—
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chei ce depends on whet her a system shut down has Pgigur ke regificdriéntidtiiegr r ed
emhodi nent, the mausm I s accessed via a systemvari abl e. -
CLAIMS 1. A met ‘W ng a synchroni zed da 3’d'f i onary

corrprl Si ng t he st : Date: %7 /

means for updating said data dictionary to reflect
said changes..

9. The data dictionary manager of claim 15 wherein said
means for recording comprises means for placing an
entry in an audit journal for each of said changes.

10. The data dictionary manager of claim 16 wherein said
means for updating comprises:

means for retrieving said information about said
changes from said audit journal; and

~ _ ‘means for ensuring that said information is reflected
by said data dictionary.

11. The data dictionary manager of claim 9 for maintain-
ing the data dictionary's iﬁtegrity across a system
failure, said data dictionary manager further com-
prising: !

i
means for marking an audit journal with a first mark
to indicate the lacation of a last entry processed;

means for validating said last entry processed with a

second mérk;

means for returning to the first instance of a said
first mark that has been validated by a said second.
mark; and

means for updating said data dictionary accordihgly.

12. The data dictionary manager of claim 11 wherein said

means for marking comprises a checkpoint entry.

._;-_*__~*~_-_~_~“-_
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.accessing objects co di_nat d| ctionary, said objects b isﬂg'et
contained in a data by an ap %qagtqupiasgf‘%’f o

af fect i ng changes upon & sal d obj ects el ng changed by an
application program i nformation about 3 hanges in a
record which is separate from said data ct | ongrje: and@ sai d data
base, said information being recorded by J ournal i ng rrechani sm and

Epdatl ng said data digli onad Vaae@ BEE Bmbrs HagBANGC S 28R Th dRlededh CidiQnary
el ng

means for validating comprises a commit entry.

14. A data dictionary manager which allows for the ad-
justing of the synchronization of a data dictionary,
said data dictionary manager comprising:

means for recording information about changes to
system objects in an audit journal, where said in-
formation is in the form of one entry per change;

means for accepting as prompts synchronization re-
quests, where said synchronization requests are
requests to process said entries of said audit jour-

\/: nal H

means for waking whenever an adjustable timeout oc-~
i curs; and

means for responding to saigd synchronization requests
and said timeout by retrieving said entries from
said audit journal and updating said data dictionary
accordingly.

e
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updated by a data dictionary manager. 2. The nethod of claim 1 wherein
said recording step conprises the step within said journaling nmechani sm of
placing an entry in an audit journal for each of said dhisnigdbe ref@acembrt shest

nmet hod of claim 2 wherein said updating step conprises tile stepg within
said’ data dictionary manager of: rejrieving sai ﬁ jtrlf o] 31 about
sai d changes fromsaid audit journal; and ensuri 8%

information is reflected by said data dictionary. 4. A nethod for
mai ntaining a data dictionary across a systemfailure, said nethod

A DATA DICTIONARY MANAGER FOR MAINTAING AN
ACTIVE DATA DICTIONARY

ABSTRACT

The data dictionary managér (85) takes advantagé of the computer system's jéurnaling.
capability enhanced to allow users and application programs to manipulate sjstem objects
(65) without the use of e data dictionary's built-in utilities. As used hefe, journaling
capability is an internal tracking facility which exists in a some-what limited form on many
computer systems. Typical journaling mechanisms (38) maintain a repository of information
about some of the activities that have taken place on the computer system. The information
is usually stored in a record called audit journal (75). Since many systems have limited

- journaling mechanisms already in place, these mechanisms can be enhanced to add the ability
to record information about changes to system objects. Examples of system object changes
included in the audit journal are deletes, creates, renames, ahd moves. Once the information
has been logged in the audit journal, the data dictionary manager retrieves the information
from the audit journal and ensures that the changes are accurately reflected in the data
dictionary (90).

Fig. 2A
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conprising the steps within a data dictionary manager of: : mar ki ng an
audit journal with a first mark, said audit journal containing audit
journal entries, said audit journal entries containing information about
changes to a data base, said first mark being usedThg ikRgd ??;Sl cérﬂé’nt sheat
| ocaticon of a last audit journal entry prb@essed; at1 ng sal

| ast entry processed with a second nark; returning 5 Vo i first
instance of said first mark that has been vali dat edDete:sai d ecOnd mark;
and
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updating said data dictionary so that said data di ctio'na'ry I's synchroni zed

with said data base. . ent stidbt
5. The method of claim4 wherein said narking step gonpr’itggsre?‘ﬁge?t ep of

using.a checkpoint entry. 2/7 ~
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6. The nmethod of claim4 wherein said validating step conprises the step of
using a commt entry. 7. A nethod for adjusting the synchronlzatlﬁn of a
data dictionary, said method conprising the stepg:: is the remacﬁm?"

journal i ng nmechani sm of : " recordin ) i nformation abo nges to
system objects in an audit journal, wh é said i nf or me in the form
of one entry per change; V\Athl n a data di ctPae ary ager of ;
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and
said timer expiration by retrieving
contained in a data base and accessed via an application program

mai nt ai ni ng a synchroni zed data di ctionary conpri sing:
accessing objects coordinated by said dictionary, sai

accepting as pronpts synchronization requests,
and updating said data dictionary accordingly.

requests’
waki ng whenever a timer expires,
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‘means for affecting changes upon said objects; . nmeans for recordlng
I nformati on about said changes in a record sepagate f.rom
di ctionary and from said data base; and aﬁﬂ hQﬁeﬁE%éh?ng sald dat a

dictionary to reflect said changes. The apparatus o im8 wherein
sai d neans for recording conprises neaﬁy for pl pgigag In an audit
journal for each of said changes. 10. The apparatus o c a|n19 wherei n
said neans for updating conprises: means for retrieving said
i nformati on about said changes from said audit journal; and
45 ' - 90
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Pa—
""I2. The apparatus of claim 11 wherein said means for marking conprises a
checkpoint entry. 13. The apparatus of claim 11 whaifds H‘%éﬁﬂ!am shept
validating conprises a conmit entry. 14. An apparatus for justing the
synchroni zation of a data dictionary, said apparatug tecorrpz 7 a

j ournaling mechani sm whi ch conprises neads for recoral ng i nf of mation about
changes to systemobjects in an audit journal, where said information is in

the form of , : S
According to one aspect of the invention there is disclosed a method for

maintaining a synchronized data dictionary comprising the steps of:

accessing obj&'{*ts c;ordinated by said dictionary, said objects being contained in a
data base and accessed by an application program;

affecting changes upon said objects, said objects being changed by an application
program;

recording information about said changes in a record which is separate from said
data dictionary and from said data base, said 'informafion being recorded by a journaling
mechamsm and | /,‘;-.;" :';-.'-_.-‘. _f-u- :';',. IR

updating said data dlcubnary o reﬂecb said changes, said data dictionary being
updated by a data dictionary manager

According to another aspect of the invention there is disclosed a method for
maintaining a data dictionary across a system failure, said method comprising the steps
within a data dictionary manager of:

marking an audit journal with a first mark, said audit journal containing audit
journal entries, said audit journal entries containing information about changes to a data
base, said first mark being used to indicate the location of a last audit journal entry
processed; |

validating said last entry processed with a second mark;

returning to the first instance of said first mark that has been validated by said -
second mark; and

. updating said data dictionary so that said data dictionary is synchronized with said

data base.

According to still another aspect of the invention there is disclosed a method for
adjusting the synchronization of a data dictionary, said method comprising the steps:

within a journaling mechanism of:

recording information about changes to system objects in an audit journal, where

said information its in the form of one entry per change;

went 5'7‘0)"3"’?, (¥



Jone:en}ry per change; and a data dictionary manager which conpri ses:

means for accepting as pronpts synchroni zation r est.s ere s

synchroni zation requests are requests to procesS?@gﬂﬁEQﬁﬁ¥g%§§Tﬁéh§$eataudit

journal; nmeans for waki ng whenever an adj ustabl | meout occurs; and

means for responding to said synchroni Zation rena&ﬁtsp}ﬁ%fg d tineout by
dat(i n

retrieving said entries .fromsaid audit journal and u sai d data

di ctionary ac%{hqulgqia& dict}c?ﬁarfm%%gg%r%'f:Ct i onary manager conpri sing:

accepting as prompts synchronization requests, where said synchronization requests
are requests to process said entries of said edit journal;

waking whenever a timer expires, said timer being set to an adjustable timeout
value; and

responding to said synchronization requests and said timer expiration by retrieving
said entrie§ from said audit journal and updating said data dictionary accordingly.

According to yet another aspect of the invention there is disclosed an apparatus for
maintaining a synchronized data dictionary comprising:

means for accessing objects coordinated by said dictionary, said objects being
contained in a data base and accessed via an application program; |

means for affecting changes upon said objects;

means for recording information about said changes in a record separate from said
data dictionary and from said data base; and

means for updating said data dictionary to reflect said changes.

According to yet another aspect of the invention there is disclosed an apparatus for
maintaining a data dictionary across a system failure, said apparatus comprising:

means for marking an audit journal with a first mark, said audit journal containing
-audit journal entries, said audit journal entries containing information about changes to a
data base, said first mark being used to indicate the location of a last audit journal entry
probessed;

.. means for validating said last entry processed with a second mark;

means for returning to the first instance of a said first mark that has been validated
by a said second mark; and |

means for updating said data dictionary such that said data dictionary is
synchronized with said data base.

According to yet another aspect of the invention there is disclosed an apparatus for

adjusting the synchronization of a data dictionary, said apparatus comprising:



16 means for accessing objects coordi nated by,saj LGl d said
obj ect being contained in a data base and accﬁggé%t ge%é%eg%éﬁﬁi%?gﬁ on

pr ogr am means for affecting changes upon said qbjects; nmeans
for recording i-nformation about said chasnges iDa@;re%?rp) W-ch I s separate

a journaling mechanism which comprises means for recording information about
changes to system objects in an audit journal, where said information is in the form of
one entry per change; and

a data dictionary manager which comprises:

means for accepting as prompts synchronization requests, where said
synchronization requests are requests to process said entries of said audit journal;

means for waking whenever an gdjustable timeout occurs; and means for
responding to said synchronization requests and said timeout by retrieving said entries
from said audit journal and updating said data dictionary accordingly.

\/ According to yet another aspect of the invention there is disclosed a data dictionary
manager comprising: |

means for accessing objects coordinated by said dictionary, said object being
contained in a data base and accessed via an application program;

means for affecting changes upon said objects;

means for recording information about said changes in a record which is separate
from said data dictionary and from said data base; and

means for updating said data dictionary to reflect said changes.

According to yet aﬁother aspect of the invention there is disclosed a data dictionary

manager which maintains a data dictionary's integrity across a system failure, said data

(\

dictionary manager comprising:

means for marking an audit journal with a first mark, said audit journal containing
audit journal entries, said audit journal entries containing information about changes to a
data base, said first mark being used to indicate the location of a last audit journal entry
processed;

means for validating said last entry processed with a second mark;

means for returning to the first instance of a said first mark that has been validated

by a said second mark; and



"fromsaid data dictionary and from said data baggi. ; __means for
updating said data dictionary to reflect said c;rg'r?g'ggge reRlacemant sheet

di ctionary manager of claim 15 wherein said nmeans for. riecording conprises
neans for placing an entry in an audit journal Date:ea@h of i d changes.

17. The data dictionary nmanager of clai¥d 16 wherei.n saifd ahs for updating
conpri ses: means for retrieving said information about said changes

from said aUdlanarlsot‘iﬁ r&%hétinga&(ijd data dictionary such that it is synchronized with said data
| base. |
According to yet another aspect of the invention there is disclosed a data dictionary
manager which allows for the adjusting of the synchronization of a data dictionary, said'
data dictionary manager ¢omprising:
means within said data dictionary manager for recording information about changes .
to system objects in an audit journal, where said information is in the form of one entry
per change;
" means within said data  dictionary manager for accepting as prompts
\/ synchronization requests, where said synchronization requests are requests to process
said entries of said audit journal;
| means within said data dictionary manager for waking whenever an adjustable
timgout occurs; and
means within said data dictionary manager for responding to said syncﬁronizatioxil
requests and said timeout by retﬁeving said entries from said audit journal and updating
said data dictionary accordingly. |
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows the computer system of the preferred embodiment.
Fig. 2 shows how the various entities of a computer system interrelate to keep the
data dictionary up to date with system activities according to the preferred embodiment.
Fig. 3 shows how the data dictionary manager interacts with the dictionary services
and .the audit journal to keep the data dictionary up to date with the state of system
objects according to the preferred embodiment.
Fig. 4 is a flow diagram of the operation of the data dictionary manager according

to the preferred embodiment.



" means for ensuri ng that said information is reflected by said data
dictionary. 18. A data dictionary nmanager which

i nt.ai dat
dictionary's integrity across a systemfailure, rsrj?'% %éﬁg rgplég?'%ﬁa‘r%e“

manager conpri sing: means for marking an audit journ th a first
mark, said audit journal containing au¥t journal Dagd:ri & aud| t
journal entries containing information about changes to a ase sai d

first mark being “Sﬁﬂsbﬁmﬁb&ﬁbﬁ ﬂ;iﬁ I!E}Q?ﬁﬁmﬁf“’?as q‘lt journal

entry processed, nmeans I'ng sai entry processed with
a second nmarkgig. 1 shows a block diagram of a typical computer system suitable for operation

of the present invention. In the preferred embodiment, computer system 10 is an IBM

Application System/400 midrange computer; however, other



‘lmeans for returning to the first instance of a said firs

t hat,
been .validated by a said second mark; and Bissist P@B@Qﬁ“ﬁ@t g'i?%
data dictionary such that it is synchronl zed with said data ., base. 19. The
data dictionary nmanager of claim 18 wherein said ngggs. f oy v,;aﬁk-z)
conprises a checkpoint entry. 20. The dita dictionary na f claim18
wherein said neans for validating conprises a conmmt entry.

CLAIMS

1. A method for maintaining a synchronized data dictionary comprising the steps of:

accessing objects coordinated by said dictioné:y, said objects being contained ina
data base and accessed by an application program;

affecting changes upon said objects, said objects being changed by an application
program; |

recording information about said changes in a record which is separate from said
data dictionary and from said data base, said information being recorded by a journaling
mechanism; and

% updating said data dictionary fo reflect said changes, said data dictionary being

updated by a data dictionary manager.
2.  The method of claim 1 wherein said recording step copprises the step within said
journaling mechanism of placing an entry in an audit journal for each of said changes.
3. The method of claim 2 wherein said updating step corinprises tile steps within said
data dictionary manager of:

retrieving said information about said changes from said audit journal;

and ensuring that said information is reflected by said data dictionary.
4. A method for maintaining a data dictionary across a system féilufe, said method
comprising the steps within a data dictionary manager of:

marking an audit journal with a first mark, said audit journal containing audit
journal entries, said audit journal entries containing information about changes to a data
base, said first mark being used to indicate the location of a last audit journal entry
processed;

vé_lidating said last entr& processed with a second mark;

returning to the first instance of said first mark that has been vaiidated by said
second mark; and

updating said data dictionary so that said data dictionary is synchronized with said

data base.
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~21. 'A data di ctionary manager which allows for

. : fent Bleet
synchroni zation of a data dictionary, said data hﬂﬁ Ctl onaPGﬁﬁg‘nager _
conpri si ng: means within said data dictionary man r for recording
i nformati on about changes 14 Date: 3;7? ‘)‘7

5. The method of claim 4 wherein said marking step comprises the step of using a
checkpoint entry. -
6. The method of claim 4 wherein said validating step comprises the step of using a
commit entry.
7. A method for adjusting the synchronization of a data dictionary, said method
comprising the steps:
within a journaling mechanism of:
recording information about changes to system objects in an audit journal, where
said information its in the form of one entry per change;
w within a data dictionary manager of:
accepting as prompts synchronization requests, where said synchronization requests
are requests to process said entries of said edit journal;
waking whenever.a timer expifes, said timer being sét to an adjustable timeout
value; and i
responding to said synchronization requests and said timer expiration by retrieving -
said entries from said audit journal and updating said data dictionary accordingly.
8.  An apparatus for maintaining a synchronized data dictionary comprising:
means for accessing objects coordinated by said dictionary, sai& objects being
contained in a data base and accessed via an application program; '
means for affecting changes upon said objects;
means for recording information about said changes in a record separate from said
data dictionary and from said data base; and
means for updating said data dictionary to reflect said changes.
9.  The apparatus of claim 8 wherein said means for recording comprises means for
placing an entry in an audit journal for each of said changes. |
10. The apparatus of claim 9 wherein said means for updating comprises:
means for retrieving said information about said changes from said audit journal;

and
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to systemobjects in an audit journal, wherer ﬁ%'gthgﬁéﬁ' in t he
form of one entry per change; means w thin sai ata |c I onary
manager for accepting as pronpts synchronization re ue mhere sai d
synchroni zati on requests are requests to_proDats 7 ZL es of said
audit journal; means within said ta dictiona nager for waking
whenever an adjustable timeout occurs; and nmeans within said data

dictionary mapaggs er%rnsﬁrﬁ%OfBijéaﬂgmtf&nﬁ ofl i REPE By 43 BB dictionary.

11. An apparatus for maintaining a data dictionary across a system failure, said
apparatus comprising: |

means for marking an audit journal with a first mark, said audit journal containing
audit journal entries, said audit journal entries containing information about changes to a
data base, said first mark being used to indicate the location of a last audit journal entry
processed;

means for validating said lést entry processed with a second mark; _

means for returning to the first instance of a said first mark that has been validated

\,‘- by a said second mark; and

means for updating said data dictionary such that said data dictionary is
synchronized with said data base.

12. The apparatus of claim 11 whereiﬂ said means for marking comprises a checkpoint
entry. i

13. The apparatus of claim 11 wherein said means for validating comprises a commit
entry. .

14. An apparatus for adjusting the synchronization of a data dictionary, said apparatus
comprising:

a jourpaling mechanism which comprises means for recording information about
changes to system objects in an audit journal, where said information is in the form of
one entry per change; and

. a data dictionary manager which comprises:
means for accepting as prompts synchronization requests, where said
' synchronization requests are requests' to process said entries of said audit journal;

means for waking whenever an adjustable timeout occurs; and means for
responding to said synchronization requeﬁts and said timeout by retrieving said entries
from said audit journal and updating said data dictionary accordingly.

15. A data dictionary manager comprising:
. I —

T



\-requests and said timeout by retrieving said e%% Qsﬁ‘é l{,%@é}héhtw

journal and updating said data dictionary acco
16 13. The data dictionary nanager of claim 11 vvherel) a;id.{

16 Date:

means for accessing objects coordinated by said dictionary, said object being
contained in a data base and accessed via an application program;

means for affecting chénges upon said objects;

means for recording information about said changes in a record which is separate
from said data dictionary and from said data base; and

means for updating said data dictionary to reflect Said changes.
16. The data dictionary manager of claim 15 wherein said means for recording
comprises means for placing an entry in an audit journal for each of said changes.
17. The data dictionary manager of claim 16 wherein said means for updating

'\; comprises: |

means for retrieving said information about said changes from said audit journal;
and '

means for ensuring that said iﬁform’ation is reflected by said data dictionary.
18. A data dictionary manager which maintains a data dictionary's integrity across a
system failure, said data dictionary manager comprising: .

means for marking an audit journal with a first mark, said audit journal containing
audit journal entries, said audit journal entries containing information about changes to a
data base, said first mark being used to indicate the location of a last audit journal entry
processed;

means for validating said last entry processed with a second mark;

means for returning to the first instance of a said first mark that has been validated
by a said second mark; and

means for updating said data dictionary such that it is synchronized with said data

" base. ‘

19. The data dictionary manager of claim 18 wherein said means for marking
comprises a checkpoint entry.
20. The data dictionary manager of claim 18 wherein said means for validating

comprises a commit entry.
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“means for validating conprises a conmt ent I YThis id the mpﬁméﬂ\%téf‘ﬁﬁhary
manager which allows for the ad- justing of the synchronization of a

data dictionary, said data dictionary nanager c L Bjang: nmeans
for recording information about changes_ to Datgist jgg?s in an audit
mlof tone entry per

journal’, where said in- formation i%¥in the for
change; means for accepting as pronpts synchronization re-

ggiezt Z L ‘r"?g; eé‘?‘?dgfl%ﬁgﬁ%?’?ﬂﬁh‘ég%‘{ Which GAY&S f6r BB Gdjusting GAHE Sy fAcHrBniRARAF S

a data dictionary, said data dictionary manager comprising: -

means within said data dictionary manager for recording information about changes
to system objects in an audit journal, where said information is in the form of one entry
per change; |

means within said data dictionary manager for accepting as prompts
synchronization requests, where said synchronization requests are requests to process
said entries of said audit journal;

means within said data dictionary manager for waking whenever an adjustable

\/ timeout occurs; and | |

means within said data dictionary manager for responding to said synchronization

requests and said timeout by retrieving said entries from said audit journal ahd updating

said data dictionary accordingly.
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nal ; means for waki ng whenever an adjustable tineout qc- . ;
eplagsrment sHéeR,

and _ nmeans for responding to said synchroni Za§iied¢
said timeout by retrieving said entries from said audit journal and
updating said data dictionary accordingly. Date: g? ')) (1‘7
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A DATA DICTIONARY MANAGER FOR MAINTAING AN
ACTIVE DATA DICTIONARY

ABSTRACT

The data dictionary manager (85) takes advantage of the computer system's journaling
capability enhanced to allow users and application programs to manipulaté system objects
(65) without the use of the data dictionary's built-in utilities. . As used hei:e, journaling
capability is an internal tracking facility which exists in a some-what limited form on many
computer systems. Typical journaling mechanisms (38) maintain a repository of information
about some of the activities that have taken place on the computer system. The information
is usually stored in a record called audit journal (75). Since many systems have limited
journaling mechanisms already in place, !_these mechanisms can be enhanced to add the ability
to record information about changes to system objects. Examples of system object changes
included in the audit journal are deletes, creates, renames, and moves. Once the information
has been logged in the audit journal, the data dictionary manager retrieves the information
from the audit journal and ensures that the changes are accurately reflected in the data
dictionary (90).

L Fig. 2A



