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Abstract - In many mission-critical systems, the lump-sum online service, such as above-mentioned ATM. As the result,
update of large amounts of data is performed. On the oneit has become necessary that the batch update is performed
hand, with the development of internet business, nonstop on-concurrently with the online entry.

line services have become to be provided in many mission-  on the other hand, the mini-batch has been put to practi-
critical systems. So, the lump-sum update has to be per-cg| yse, which divides the lump-sum update into small update
formed concurrently with the online entry. However, in the ypjts to reduce the individual lock time and performs them se-
actual mission-critical systems, there are various kinds of |UquuentiaIIy [2]. However, because the mini-batch updates data
sum update operations corresponding to their business. In thigne after another, the state on the way of the update is queried,
paper, we define the lump-sum update models from the pointin which some data is not updated yet and the other is already

of view of both the actual business process and characteristic§pgated. That is, the ACID properties of the transaction are

update methods. Then, we propose a novel update method
for this problem, which utilizes the transaction time database,

and show its evaluation results of the efficiency of both the : .
. . : batch operations and the appropriate method should be adopted
lump-sum update and online entry comparing with the con- . . .
. for each case [3]. This suggests that the various requirements
ventional update method. Based on these results, we show . . .
) S exist for the lump-sum update process according to the busi-
the proposal method is effective in the case where the update . S
. ness operations, too. So, in this paper, we focus on a local
data is related to each other. - i
government system as an example of the mission-critical sys-
tems and define the lump-sum update models from the point
of view of both the actual business process and characteris-
tics of the target data, in which lump-sum update is divided
by both the conflict with the online entry and relevance be-
1 INTRODUCTION tween the update data. Then, we show the requirement of

In many mission-critical systems, their databases are usu-f[he lump-sum update method for each update model. And,

ally updated by two methods. The first is entries from on- :ir:wzoer:ter Ca\‘f/g \évr:?v:/etgéfepiirzﬁ;mergézrx?r:;r:ﬂi Vggz;it;fe?:;'
line terminals (hereinafter “online entry”) such as ATM (Au- of the de)xlt,a cannot be maintaine?:i by the conventional u dat):a
tomatic Teller Machine) in a banking system, which is per- Y P

formed at any time in the online service time zone and its re- methods.
sult is immediately reflected in the database. Because the on- For this problem, we propose a novel update method to
line entries are performed concurrently by many users, theirmaintain the ACID properties even in the above-mentioned
ACID properties are maintained by the transaction process-Case. It utilizes the transaction time database, which is a
ing based on the lock function of the database. So, the resulkind of temporal database and supports the record manage-
becomes as if they were performed in a certain order. ment on the transaction time when some fact existed in the
The second is the lump-sum update of large amounts ofdatabase [4]. Hereinafter we call this method “temporal up-
data in the database. For example, large amounts of accourfiate”. Moreover, we evaluate the efficiency of both the lump-
transfer in a banking system, which is entrusted by a com-Sum update and online entry about the following update meth-
pany, is performed as a lump-sum update. This process is nofds by developing prototypes: the batch update, the mini-
required rigorous immediacy, so it is performed at the des- batch and the temporal update. Based on these results, we
ignated time by the system administrator. Therefore, in the show the database can be updated in the practical efficiency
old days, it was performed as the night batch to avoid the by the temporal update method, even for the update model
online service time zone by the method locking the whole that was challenging for the conventional methods. In addi-
target data and updating them in a lump (hereinafter “batchtion, we show that an appropriate method has to be adopted
update”). However, in recent years, the electronic commercebased on the business operations, for not only the lump-sum
has been expanding due to the progress of the internet busitPdate but also the online entry.
ness, and many systems have become to provide the nonstop In Section 2, we define the lump-sum update models from

Here, in our previous study on query methods in a mission-
critical system, we showed that there are various kinds of

Keywords: Database, batch processing, mini-batch, trans-
action, mission-critical system, nonstop service.
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Figure 1:Business processes with lump-sum update T - ‘_’m
update
the point of view of the business operations, in Section 3 __ Table ] Online entry

we propose the temporal update method and in Section 4 we (c) Related data model
show the prototype to evaluate its efficiency and characteris-
tic. In Section 5, we evaluate the update methods from the
point of view of update models, and in Section 6 we show our
considerations.

Figure 2:Lump-sum update models about business

Here, several tax declarations from residents are late for this

2 MODELING OF LUMP-SUM UPDATE IN assessment, and several changes of residents also occur after
MISSION-CRITICAL SYSTEMS it. So, the reassessment to tax is performed at regular inter-
val to correct the taxation. Since these business processes are
2.1 Business Process with Lump-sum Update performed for a large number of residents, they are executed
by the lump-sum update. On the other hand, when a resident
In the actual mission-critical systems, there are various kindgg going to move out, his or her taxation is calculated based
of lump-sum update processing corresponding with each busi-gpy the change by the online entry at the report window of the
ness process. Figure 1 shows examples of them about the tapca| government office and reflected in Taxation table imme-

bles in a local government system, which is updated also bygiately. On this basis, the settlement of tax is performed at the
online entries. We show the requirement of the lump-sum up-sgme time.

date based on these cases below.

Resident table of Fig. 1 stores the data of resident cards2 2 Lump-sum Update Model about Business
which is used by the various business of the local govern-
ment office for the attribute information of the resident: name,  The lump-sum update during the online entry, which is
address and so on. Here, because residents belong to eadhown in Fig. 1 from the viewpoint of the business processes,
household, the consistency of the resident data in the samé&orresponds to the following three types of lump-sum update
household has to be maintained. In addition, as for a resi-models from the viewpoint of the update data, which is shown
dent, since a series of records from birth to death and so onfn Fig .2. Here, from the viewpoint of the business require-
is managed, the consistency among the records also has to g@ent, we assume that the online entry can update optional
maintained. In the online entry for this table, the change of target data at the optional time and the update cannot be pre-
the resident such as moving and birth is reflected in the tapledicted beforehand. In other words, since it is the business of
immediately. And, if the resident requests his or her residentthe report window about residents, the online entry cannot be
card simultaneously, it is published immediately reflecting the Suspended even during the lump-sum update.
change. On the other hand, for the example of the lump-sum
update of this table, the residence indication is given. This
business is performed to change addresses to be easy to un-
derstand, so it is performed in the whole target district at the
same time. That is, since a great deal of data is updated for
this business process, it is performed by the lump-sum update
in the local government system.

Similarly, Taxation table in Fig. 1 stores the taxation data of
the residents. There is no correlation among the data, because
taxation is performed for each resident individually. Since (b) Individual data model: the case that the lump-sum up-
the taxation is managed by the fiscal year, the assessmentto date and online entry are concurrently executed on the
tax is performed to add the tax data of the target year at first. ~ same data, and this data independent from the other data.

(a) Separated data model:the case that the lump-sum up-
dated data and online entry data are isolated as the busi-
ness process. It corresponds to “(2) Assessment to tax”
in Fig .1. In this case, the lump-sum update can be exe-
cuted without considering the online entry. As the other
example of this case, there is the business process to ap-
pend the budget data of the new fiscal year in accounting
systems.
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to “(1) Residence indication” in Fig .1. As for the resi- -=-=== = Bofore mdieation) =1 (After indication)
dents’ information of the same household and the records Resi denc:/i'n dication

of each resident, their consistency has to be maintained

before and after the update. On the other hand, the change
of a resident is processed by online entry: transference

between households by moving, addition to a household

by moving in and so on. Therefore, the lump-sum up- maintained as the whole lump-sum update because each up-
date has to be processed as a transaction that satisfies theate is executed as the individual transaction, although its in-

Figure 3:0Online entry example of the related data model

ACID properties for online entries. fluence on the online entry is small. Therefore, as for the re-

lated data model, there is a problem that the integrity of data

2.3 Problem of Conventional Lump-sum isn't able to be maintained by the conventional lump-sum up-
Update Method date methods.

For an example of this, we show the case of a resident trans-

The row lock function is provided by present database man-ference between households by moving, during the residents
agement systems, by which each single data of the table camdication processed by the mini-batch in Fig .3. Here, the
be locked [5]. So, as for “(a) Separated data model” of Fig .2, household that he or her belonged before this moving is not
we can execute the lump-sum update without affecting the ypdated yet by the resident indication; the household after this
online entry by locking only its target data, because the targetmoving was already updated. On the other hand, both of the
data is not covered by online entry. So, it can be executedpresent address and previous address are listed in the resident
as the transaction processing by the batch update as followsgard. And, when this moving is processed by online entry,
its commit is executed if the update succeeded; its rollbackpoth of the before and after moving household data is locked
is executed if the update failed. In addition, in this model, by the transaction. However, because 0n|y the after moving
the mini-batch can be also used for this lump-sum update up-household data has been updated, two types of addresses are
dating data sequentially, because its target data is not coverelsted in the resident card of this resident at the same time: the
by online entry. However, in this method, when the update previous address is before the update; the present address is
failure occurred, it is necessary to perform the separate com=after the update. Thus, the problem that the integrity of the
pensating transaction to cancel the whole update [2]. data isn’t maintained occurs.

As for “(b) Individual data model” of Fig .2, the online en-
try becomes a waiting state when it competes with the lump-3  PROPOSAL OF A NOVEL LUMP-SUM
sum update, because the both may update the same data. So, UPDATE METHOD
the lump-sum update is executed by the mini-batch, because
the batch update suspends the online entry for a long while. It  For the problem shown in Section 2.3, we propose a novel
is the method to update data one after another using the ronupdate method, that is, temporal update method. It utilizes the
lock function, which locks the currently updated data only, transaction time database that is a kind of temporal database.
and it makes the influence on the online entry smaller because In the transaction time database, the time history that some
the update time of the individual data is short [2]. However, it fact was valid in the database is managed. The data once
performs the commit to each update. So, even though the fail-stored in the database is not deleted physically, and the time
ure occurred and the rollback was executed, the data alreadyvhen the data became invalid is set to delete the data logi-
committed remains in the state of having been updated. Thatcally. The relation [1] of the transaction time database is ex-
is, the committed data cannot be canceled in this method, bepressed a&(K, T, D). First, attributek” expresses the set of
cause it may have been already used by the online entry. So, itittributes constituting the primary key of the snapshot queried
is necessary to complete all the updates finally with removing at the designated transaction time. Secdhdk the time pe-
the cause of the failure and continuing the update process. riod attribute of the transaction time, which is generated by

On the other hand, as for “(c) Related data model” of Fig .2, the system and isn’'t made public to users.is expressed
it is difficult to update data by these conventional methods. by the time set{T,,Ty}: T, shows the addition time that
First, as for the batch update, when the target data is beingdata was added to the databa®g;shows the deletion time
tried to update by the online entry concurrently, it obstructs that data was logically deleted from the database. As long as
the online entry in the same way as the individual data model.the data doesn't be deleted yet, the instance of the attribute
Next, as for the mini-batch, the ACID properties cannot be T, is expressed byrfow”, which shows the current time and
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method and conventional methods, which are the mini-batch
changes with the passage of time [7]. Thidd, expresses gn.d batch update, anq evaluated theirefficien_cy and chara_cter-
the other attributes. Therefore, since the time history is man-iStics. The prototype intends for the processing of a banking
aged, the snapshot at any designated past time can be queriegyStem shown in Fig. 4, and we show its data flow in Fig. 5.
Moreover, the query result for a designated transaction time tThat is, the withdrawals and deposits to the bank accounts
becomes the snapshot of the time, and it is similar to the usuaffom the ATM are processed by the online entry to update
database that is called a snapshot database. the balance of Amount table”. On thg other hand, large
For the proposal method, We exteficby addingP, which amounts of the account transfers, which are ordered by the

shows the update process: the online entry, batch update an§uSt company, are processed by the lump-sum update. Bas-
so on. So, the configuration df is expressed by the at- 1Ng on the bank account and debit of “T'rans fer tablthis

tribute set{ K1, Ko, ..., K, P}. Here, n is the number of at- process updates the balanceA)ﬁou_nt table and adds its
tributes excepP. Figure 4 shows an example of this method, result to “Result table”. Each table is expressed by the fol-
in which the account transfer is executed by the lump-sum !owing relations. HereJ'ransfer table doesn't need to be
update during the online entry from ATM in the banking sys- the transaction time database, because it isn't updated.
Fem. Here, the time peri_od of the Iump—§um .update process Amount table(Account, Balance, T, P)
is betweent, andt,. Using the transaction time database,

the integrity of the snapshot result at the past timean be Result table(Account, Result, T, P)
maintained even during the online entry, because it updates Trans fer table( Account, Debit)

the data atow.

As shown in (1) of Fig. 4, we perform the account trans-
fer using this snapshot by the lump-sum update, and add th
updated result to the database as the data which addition tim
is t,,. Here, since this data is separated from the online entry
data by the above-mentioned primary key attribbteve can
add it by the batch updat'e in the same way as (a) of Fig. 2. P = {Batch update, Online entry, OB update}

On the other hand, data is updated by the online entry from

the ATM concurrently with this update as shown by (2). How- As for the bank account which account transfer is successful,
ever, as shown in Fig. 3, since the batch update resultis not reBalance of Amount table is updated, and the result data is
flected in the online entry, the process of the account transferadded toResult table, of which Result is “0” (success). On
has to be executed individually in the same transaction of thisthe other hand, as for the bank account which doesn't exist or
online entry as shown by (3). Hereinafter, we call this pro- doesn’t have sufficient balancémount table isn't updated,
cess “OB update”. Thus, since three types of data are addednd the result data is addedResult table, of which Result

by different update process classified By the valid data is  is “1” (failure).

sorted out in the query process (4). That is, the process of this lump-sum update was so com-

Briefly, in the temporal update, if the online entry is exe- plex that we implemented its prototype by Java, because it
cuted during the batch update, the process of the later is alswaries depending on the bank account presence, account bal-
executed individually as the OB update in the same transac-ance and debit. And, we used MySQL for the DBMS (database
tion of the former. Incidentally, the OB update continues until management system); its storage engine InnoDB for transac-
the completion time,,, because,, have to be set previously. tion feature; JDBC to access the database with the row lock

from Java.
4 EXPERIMENTS We show the procedure of each lump-sum method below.

Here, each attribute shows the following data: “Accotint
eshows the bank account; “Balantshows the bank balance
f it; “Result” shows the result of account transfer from the
ank account; “T'and “P” shows what described above. In-
cidentally, the instance set éfis as follows.

(1) The mini-batch: the row lock with the update mode is
executed before each update Afnount table, and its
To confirm that we can put the temporal update method commit is executed every specified update number. In
to practical use, we constructed the prototypes of both this  this experiment, we used 1 and 80 for this number.

4.1 Composition of Prototype
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Method No-conflict Haliconflict
Figure 7:Evaluation data about deterioration of efficiency Mini-batch (1) 121.8 133.3
Mini-batch (80) 38.6 40.1
Batch update 27.0 29.0
(2) The batch update: at first the row lock on all the tar- Temporal update 23.5 22.4

get data with the update mode is executed; and then, the
lump-sum update by executeBatch statement of Java and
the commit at the end are executed. the competitiorbetween the online entry and lump-sum up-
date, we set the data @fransfer table so that the data of
Amount table is classified as shown in Fig. 7 as follows: (A)
updated by only the online entry, (B) updated by both of the
online entry and lump-sum update and (C) updated by only
the lump-sum update. We change their number based on each
experimental purpose.

(3) The temporal update: though the target data isn’t locked
specifically before the batch update of this method, the
added data is locked as the row lock until the commit by
the InnoDB feature. Here, the commit is executed after
the last addition. Incidentally, as shown in Fig. 4, the
corresponding OB update is executed in the online entry
transaction.

5 EVALUATIONS OF LUMP-SUM UPDATE
4.2 Experimental Environment METHODS

We performed this experiment by the Core i5 PC (Windows  To evaluate the efficiency of each update method, we ex-
7) in a stand-alone environment with MySQL5.1.40 and Inn- ecuted them without conflicts with the online entry, that is,
oDB. Here, we set InnoDB as follows: the isolation level is there is no overlap update data area shown at (B) in Fig. 7.
Repeatable read; “innodibcks unsafefor_binlog” of startup Figure 8 shows their elapsed time. Incidentally, the elapsed
option is “1” (enabled) to suppress the next-key lock [6]. time is not the transaction tiniE but the real time measured

We simulated the behavior of this prototype using thread by “currentTimeMillis” method of “System” class of Java. Its
programs of Java as shown in Fig. 6. That is, for the on- horizontal axis shows the number of online entry terminals,
line entry, plural thread programs are executed to simulate thethat is, the number of thread programs executed concurrently.
concurrent processing from multiple terminals. Here, the ex- Here, the case that only the lump-sum update was executed
ecution interval of each terminal was set to 0.5 second to sim-is shown at “0” of the scale. As shown in Fig. 8, the elapsed
ulate the load of practical environment. That is, supposing time of the mini-batch to commit at every update (hereinafter
that the actual online entry interval of each terminal is 30 sec- “mini-batch (1)”) is more than 3 times the mini-batch to com-
onds, 16 terminals simulate the load by about 1000 terminalsmit at every 80 update (hereinafter “mini-batch (80)”), and
that are 60 times of 16 terminals. We used “sleep” method for it is about 5 times the batch update. In addition, the tempo-
this process. And, the commit was executed at every processral update is most efficient, but the elapsed time become long
ing, and the OB update was also executed between the onlingradually with increasing the number of terminals. It is con-
entry and commit during the temporal update. sidered that this is an influence of the OB update shown in

As the data environment, we stored 100 thousand data inFig. 6, which is performed only in the temporal update pro-
Amount table, and performed 80 thousand of account trans- cess. We discuss this in Section 6.1.
fer by the lump-sum update, such that those all succeed. On To evaluate the efficiency and characteristics of the lump-
the other hand, to evaluate the deterioration of efficiency by sum update and online entry in the case of their conflict, we
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Figure 10:Efficiency of online entry during mini-batch (80)  Figure 12:Efficiency of online entry during temporal update

executed them as following: the number of online entry ter- (shown “no-conflict” in these figures). Similarly, the right
minals is 16; 8 of them conflict with the lump-sum update as axis shows the number of starting transactions. In addition,
shown at (B) in Fig. 7; the other doesn’t as shown at (A). As these figures show the time zone of the lump-sum update.
for the conflicting data, to avoid a deadlock, it was updated Here, as for the temporal update, the completion timef
in ascending order of bank account by both of the lump-sum Fig. 4 is set beforehand and the OB update continuesyntil
update and online entry. Tablel shows the elapsed time ofSo, its time zone of the batch update is shown by the solid
each lump-sum update method in both of the following caseline, and its OB update after the batch update is shown by the
side by side: in the left side, there is no conflict as shown at broken line. Incidentally, the elapsed time of the temporal up-
(A) in Fig. 7, and it corresponds to the data which number of date, which is shown in Tablel and so on, corresponds to the
terminals is0 in Fig. 8; in the right side, half of the termi- time zone of this batch update shown by the solid line.
nals cause the above-mentioned conflict. As for the temporal The elapsed time of online entries is fluctuating during the
update, both of the elapsed time is similar, whereas the otherexecution of the mini-batch or batch update, and it is the least
lump-sum update methods take more time in the case of than the mini-batch (80). On the other hand, as for the batch up-
conflict. Therefore, the elapsed time of the temporal updatedate, the online entries, which conflict with it, is waited until
is also least in the case of the conflict. its completion. As for the temporal update, though no on-
Next, from Fig. 9 to Fig. 12 show the efficiency of online line entry waited for a long while, the elapsed time of online
entries conflicting with each lump-sum update method as for entry transactions became more than 10 times. Because they
both the elapsed time and number of starting transactions peinclude the OB updates. But, the elapsed time fluctuations of
second. Here, the elapsed time is the average time of thednline entries are smaller than the other methods.
update starting at the corresponding time. The left vertical Table2 shows the evaluation about the lump-sum update
axis of each figure shows the elapsed time by the logarithmicmodels shown in Fig. 2. There are constraints of lump-update
scale and the data is divided as follows: the data of terminalsmethod to apply it to each model as shown in Section 2.3. As
with conflict; the data of the other terminals without conflict mentioned above, as for the separated data model and indi-
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Table2: Evaluations about lump-sum update model

Lump-sum Online entry Lump-sum update Available method
update model elapsed time elapsed time about the model
Separated dataodel MB (80) T MB, B, T
Individual data model MB (80) T MB, T
Related data model T T T

(Notes) MB:Mini-batch; B: Batch update; T: Temporal update

vidual data model, the mini-batch (80) gives the least impact flict between the lump-sum update and online entry. So, this
to the online entry. However, since it cannot be applied to is considered to be caused by the load of the OB update, to
the related data model, the temporal update method has to bavhich the processing such as the updaterefuit table is
applied to this model. Moreover, the elapsed time of the tem-added. And, its adjustment is the future challenge.

poral update method was the least among the target lump-sum Here, as for the temporal update method, its completion

update methods of this simulation. time needs to set beforehand, so some margin is necessary
for it. But, we consider it is valid from the view point of
6 CONSIDERATIONS efficiency not only for the related data model but also for the

other models. For example, it is valid for the update that has
In the actual mission-critical system, it is expected that to be processed in a short time and processing time can be
there are various kinds of system operations and restrictionsestimated beforehand. That is, the appropriate update method
about both of the lump-sum update and online entry. In this should be selected based on the business requirements.
section, we discuss the temporal update method based on the

evaluation results in Section 5. 6.2 Online Entry Method

6.1 Efficiency of Temporal Update Method Since the OB update is executed in the temporal update, the
' online entry takes longer time than in the mini-batch as shown

The temporal update had the highest efficiency about thein Fig. 9, 10 and 12. Though the adjustment of this part is
elapsed time of the lu -sum update in the above-mentionedthe future challenge as mentioned above, this time is within
experiment. The reason for this is because only the insertionabout 0.1 seconds, which is different from the wait time for
of data is executed in the temporal update, whereas the batclthe lock in the batch update as shown in Fig. 11. Therefore,
update executes querying of the data to update it. And, astis considered that we can apply it to actual mission-critical
for the temporal update, since the commit is executed collec-systems within a certain range of load even under the present
tively after updates, the increase of the load by the commit condition.
was suppressed as well as the batch update comparing with As for the mini-batch (80), since it updates the plural data
the mini-batch. Moreover, as for the temporal update, the up-collectively, the online entries have to complete in a short
dated data isn’t queried until the completion timeeven if its time. That is, when its target data is locked by an online en-
commit is executed. So, in the case that the target data is intry, its update process has to wait with locking the other data
creased, its update process can be executed one after anothepdating collectively. Moreover, it makes the other online en-
of dividing set with maintaining the ACID properties. That tries that try to update these data await state. In other words,
is, even in the case of extremely large number of updates, it isthere is the problem that the conflicts may spread to the un-
possible to apply the temporal update by executing them onerelated online entries. Therefore, the online entry transaction
after another. cannot include the processing that needs a long while, such

In addition, the temporal update maintains its efficiency as waiting for user input. This problem is similar as for the
even in the case of conflict with the online entry as shown temporal update, because the data updated by the batch up-
in Tablel, whereas there are declines in the other methodsdate become to be valid at the completion tityeas shown
Its reason is because the other update methods have to waih Fig. 4. That is, the following updates have to be serialized:
for the lock completion of the online entries, whereas the the online update beforg, the validation of the batch update
temporal update method executes only the data insertion thaaind the online update afteg.
doesn't need to lock them. By the way, since the online entry  Therefore, based on the requirement of the target business,
in the actual system operations updates data randomly, it ofthe appropriate method has to be selected for not only the
ten causes the deadlock with the batch update or mini-batcHump-sum method but also the online entry. For example, as
(80). On this point, the temporal update has an advantagefor above-mentioned case, there are some choices. As for
because it doesn't lock the data being updated by the onlinethe mini-batch (1), it is appropriate for the case where the
entry. various kinds of online entry methods are used though the

On the other hand, the elapsed time of the temporal updateestriction on the lump-sum update time is loose. On the other
become longer with the increase of the online entry terminalshand, if the online entry time is short, the appropriate lump-
as shown in Fig. 8. As mentioned above, there isn’t the con-sum method can be selected based on the requirement of the



28 T. Kudo et al. / Evaluation of Lump-sum Update Methods for Nonstop Service System

businessefficiency, the lump-sum update models and so on.
Incidentally, the batch update is not appropriate for the case
of conflict with the online entry as shown in Fig. 11.

7 CONCLUSIONS

With the spread of nonstop online services caused by the
development of the internet business, the lump-sum updatg
has to be executed concurrently with the online entry in the
mission-critical systems. In this paper, first, we showed the
lump-sum update model from the view point of the businesses,ent.
of mission-critical systems, and showed that the conventional
update methods have the problem in the case to update dat:
relating to each other. Second, we proposed the temporal up-
date method for this problem, and showed it has the practical
efficiency through the evaluations by the prototype. Third, we
showed that it is necessary to select the appropriate methoc 4
for both of the lump-sum update and online entry, based on |
the evaluations including both the proposal method and con-
ventional methods.

Future study will focus on the implementation method of
the temporal update for the actual mission-critical system, es-
pecially the improvement of the online entry response.
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