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Abstract—This study suggests how an order-receiving company In other words, order-placing companies tend taiireqmore

can avoid disclosing schedule information on um@isks to the
order-placing company when carrying out a collabeeaproject on

the value chain in an order-oriented industry. Sjpadly, it suggests
methods for keeping schedule information confidéntiand

categorizes potential situations by inter-task delpecy. Lastly, an
approach to select the most optimal non-disclosonethod is

discussed. With the methods for not disclosing wethted

information suggested in the study, order-receiviognpanies can
logically deal with political issues relating toetiguestion of whether
or not to disclose information upon the executiéra @ollaborative
project in cooperation with an order-placing firfMoreover,

order-placing companies can monitor undistortedrimftion, while

respecting the legitimate rights of an order-reiogjvcompany.

Therefore, it is fair to say that the suggestiosglenin this study will
contribute to the smooth operation of collaboratimercompany
projects.
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project, dependency,

I. INTRODUCTION

I N order-oriented industries, an order-placing comyps a
firm that places an order with another company,levian
order-receiving company is a firm that receiveeder from

information on the progress of the project, whileriost cases,
order-receiving companies are reluctant to reveaths
information, in order to ensure the security ofithechnology
and know-how and avoid unwanted interference frowirt
clients. For this reason, it is imperative to gtuebrk-related
information disclosure methods for intercompanyatmrative
projects. From an order-receiving company’s poihview,
information on project schedule, budget, resoultacation
and the like is considered sensitive. Having dadd, tthis study
focuses on schedule information only to researcthous for
keeping project information confidential.

This study suggests how to hide schedule informatioeach
unit task, without distorting information on thedio Bar Chart
managed by an order-receiving firm. A unit task task placed
on the lowest level of the WBS (Work Breakdown Stuue)

SCheoIUI‘?jividing project tasks in a hierarchical mannerclEanit task

has the start time, the termination time and tBk peeriod as its
property information, and may include inter-taskpeiedency
information in addition to the schedule informatidnter-task
dependency involves the existence of a precedetagonship
between unit tasks and mutual dependency.

This study is structured as follows. In Chapterc@nmon

another business. Each order made by an orderraglacnloroject schedule management techniques are inteddto

company constitutes a project, and such projeetsampleted
by order-receiving companies. An order-receivingnpany
may also function as an order-placing company ptetes an
order to another firm. In the study, intercompangjgcts are
considered to be collaborative projects. The autwa@arts
industry is a typical example of an industry in i
collaborative projects are common. In the indysmost
collaborative projects involve module/parts comparplacing
an order for producing molds with molding comparjisAn
order-placing company and its order-receiving camypdefine
the nature of the collaborative project through ualt
agreement before actually executing the projectvéier, it is
common for the two companies to display differaahdpoints
when defining the project.
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provide background information on Logic Bar Chaotwhich
the methods for not disclosing schedule informatinggested
by this study are applied. Chapter 3 describe®threthods to
avoid the disclosure of a particular unit task. @ha4 mentions
16 situations in which dependency between unitstask occur,
and suggests how to select the best way of notodisg
information in each situation. Finally, Chapter gegents the
conclusion of the study, and offers several dicedtifor future
research.

Il. PROJECTSCHEDULE MANAGEMENT TECHNIQUE

A. Schedule Network Diagram(SND)

A Schedule Network Diagram (SND) is a widely used
technique to diagram project inter-task dependeAcproject
manager can use this to easily comprehend the fimxkand
the critical path of the project. An SND is compdsof arrows
and rectangles, and is designed using either thé PD
(Precedence Diagramming Method), in which unit saake
presented on rectangles, or the ADM (Arrow Diagrangm
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Method), in which unit tasks are displayed on asd@j. In
PDM, project tasks or activities are demonstratitd rectangle
or circle nodes, and the arrows between nodestralies
inter-task dependency [6]. For this reason, PDls® known
as AON (Activity-On-Node)[7]. In the study, a Logsar Chart,
in which a PDM-type SND is combined with a Gantia@his
examined [2].

B. Bar Chart(BC)

A BC demonstrates unit task schedule informatioth Wwars
to show the start date, the termination date, Aedestimated
task period. Bar charts are easy to understand,tfargl are
mainly used in management and administration rep@t the
bar chart types, the Gantt Chart is the most comi@enerally,
in a Gantt Chart, the vertical axis describes mtajasks, while
the horizontal axis illustrates the schedule infation of the
tasks. Thanks to its outstanding readability inatieh to
schedule information, Gantt Charts are commonlyduse
project management. However, they are not suitdble
describing the influence of a task on another taskhey do not
show inter-task dependency. In recent years, thgicLBar
Chart, which adds inter-task dependency informatios Gantt
Chart, has also been used as a schedule managemief].

between them. As a result, the schedule of the tagk
containing sensitive information remains undisctbsé/hen
there are several unit tasks with dependency, tiitetask for
non-disclosure shall be incorporated into the orith the
highest dependency level. Fig. 1-(a) illustratessaample of
unit task incorporation. In this example, unit td&sks merged
into Unit task A to remain undisclosed. Accordindliye task
period for unit Task A is extended in proportionttee task
period for unit task B.

Equation (1) is a numerical expression of unit task
incorporation, while equation (2) is the descriptiof the unit
task incorporation featured in Fig. 1-(a) in ac@orck with
equation (1).

Mer: X, Y - Z, ifX,Y have a depender
Mer (A B)=A

@)
@)

B. Deletion of a Unit Task

Deletion of a unit task is used to remove a ursk téor
non-disclosure from the Logic Bar Chart. The depeng
related to the removed unit task is also deleted, @another

This study suggests how to keep schedule informatislependency replaces the deleted unit task. Howénen an

undisclosed with a Logic Bar Chart.

I1l.  METHODS FORKEEPINGUNIT TASK INFORMATION
UNDISCLOSED

When an order-placing company intends to monitdromdy
the schedule information demonstrated in a Gan#riClout
also the work flow based on dependency informatidre,
order-receiving firm will need to find a way to mgin the
security of schedule information. This study suggéd®w to
keep particular unit task schedule information soltised on a
Logic Bar Chart involving dependency information.s A
demonstrated in Fig. 1, there are roughly threénotis that can
be used to keep unit task information confidential.

Before non-disclosure

LS

(a) Incorporation of unit tasks

A
(b) Deletion of a unit task C :—\_,:

(c) Replacement of a unit task

B 5 y

Fig. 1 Non-disclosure methods of a unit task

A. Incorporation of Unit Tasks

Incorporation of unit tasks enables the task peabéd unit
task for non-disclosure to be merged into the faskod of
another unit task connected to the unit task wipeahdency

order-placing company’s point of view, as a unisktais
removed, it may seem that there is no progredseiptoject. In
other words, the order-placing company may thinkt tthe
order-receiving company has entirely ignored thggat, and
make a complaint about it. Therefore, this methall $e used
as the second best policy following the unit tastoirporation
method.

Fig. 1-(b) illustrates an example of unit task tiele In the
example, unit task B has been deleted so as todisalosed to
the order-placing company, and a new dependentyssteas
been established between unit task A and B.

When a unit task to remain undisclosed exists éndtitical
path, the unit task cannot be removed, becausentive period
of the critical path will be reduced if a unit taiskthe critical
path is deleted. As it is not permitted to providistorted
information to an order-placing company, this meltisball be
applied only to unit tasks not included in theicdit path.

In Fig. 1, unittask A, B and C are connected hezther like
a chain through dependency among them. Unit tagkd®B, or
unit task B and, have direct dependency betweem.the
Accordingly, unit task A and C have an indirect eegency
between them. If unit task B is deleted by the task deletion
method, unit task A and C come to have direct déeecy
between them. When a new dependency status camootéted
if a unit task to remain undisclosed is deleted,uthit task must
not be deleted.

Equation (3) illustrates unit task deletion witmamerical
formula, while equation (4) shows the unit tasketieh method
applied in Fig. 1-(b) in accordance with equatigh (

De: X - 0O,

if X is not on the Critical Pa  (3)
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Del(B) =D 4

C. Replacement of a Unit Task

With unit task replacement, a unit task that must remain
undisclosed is replaced with a dummy unit task. The schedule
information of the unit task is disclosed, while the details of the
task remain confidential. This method is applicable even when
the unit task exists on the critical path. However, itislikely that
the order-placing company will make a complaint in this case,
because the period of the dummy unit task is still disclosed.
Accordingly, of the three methods for non-disclosure, this
method hasthe biggest possibility of resulting in intervention by
an order-placing company. Therefore, it is advised to use this
method as second best policy, if possible. Fig. 1-(c) illustrates
an example of unit task replacement. In the example, the period
of unit task B is displayed on the dotted line, but the period is
not linked to a particular unit task.

Equation (5) demonstrates unit task replacement with a
numerical formula, while equation (6) shows the unit task
replacement method applied to Fig. 1-(c) in accordance with
equation (5).

Rep: X - J, Jisadummy task (5)
Rep(B)=0 (6)

IV. SCHEDULE MANAGEMENT IN CONSIDERATION OF
DEPENDENCY

A. Dependencies

Generdly, there are four types of dependency statuses
depending on the start point and the finish point of the unit task.
(SeeFig. 2) Fig. 2-(a) demonstrates the most common type, the
FS (Finish to Start) relationship, in which unit task B shall start
upon the completion of unit task A. Fig. 2-(b) shows the FF
(Finishto Finish) relationship, in which unit task B is completed
only when unit task A is finished. Fig. 2-(c) illustrates the SF
(Start to Finish) relationship, which is used when there is a unit
task to be completed in advance to meet an important future
schedule. In this case, unit task B is a pre-arranged task,
secondary task, or ancillary task to unit task A. Fig. 2-(d)
describesthe SS(Start to Start) relationship, in which unit task B
can be started only when unit task A is commenced. Inthe FF
relationship or the SSrelationship, unit tasksare carried out in a
parallel manner [1-5].

N e

(a) FS(Finish to Start)

.I]IIJLAJ

(c) SF(Start to Finish)

(b) FF(Finish to Finish)

(d) SS(Start to Start)

Fig. 1 Dependencies

Equation (7) to (10) in Fig. 2 illustrate the dependency status
of (a) to (d), respectively.

AOT-B 7
AOT-B (8)
ADT-.B 9)
AO%-B (10)

B. Categorization of situations in consideration of inter-task
dependency

In the study, when keeping a particular unit task undisclosed,
the potential situations are sorted by dependency. Depending on
the dependency status at the start/finish point of the unit task to
remain undisclosed, one of 16 situations can develop (See Fig.
3). Task B isaunit task to remain undisclosed, and task A and C
are unit tasks connected to task B, with dependency at the start
point and the finish point of task B, respectively. With A-B
dependency or B-C dependency, there are four possible
situations. With A-B dependency FS, SF, SS(A—B), or
SS(A<B) can happen, while with B-D dependency FS, SF,
FF(B«C), or FF(B—C) can happen. Consequently, depending
on the dependency of the start/finish point of unit task B, one of
16 situations can occur.

B-C
e FS SF FF @0 FF @0
A Al A Al
FS |B D—L-—LD B Dl-_l_‘:, B :—L-j B I:'—L-:‘
C C C | ¢ [
A O Al A Al
SF BD‘L!LEB_D‘L!LB B:W-gjla_:"tgj
C C c E=—C [
A A A A
ss BE—L:IB_EL:' B’—_—Ej B_Ez
“-B | ¢ C cl == C
A A A A =
SS | B EEl B EET—:l B E=j B ———
“=B) | ¢ —lc c —H|cl =
Fig. 2 Categorization of situations based on dependency

C.Application of the Schedule Non-disclosure Schemeiin
Consideration of Given Stuations

An order-receiving company shall apply the schedule
non-disclosure scheme in consideration of the characteristics
and the dependency status of the unit task. This study suggests
how to keep schedule information undisclosed in the 16
situations demonstrated in Fig. 3. Fig. 4 illustrates the
information non-disclosure scheme that can be applied in the 16
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situations. All three of the non-disclosure methods only be
applied in certain situations. The unit task reptaent method
can be used in every situation, while the unit tdsketion
method is selectively applicable. With
incorporation method, both the incorporation oft tiask A into

B and that of unit task B into C are applicablestime cases,

there is another condition to be met to merge & taisk to
another.

the unit task deletion method from the availabléays. In Step
3, the non-disclosure method is selected accordinghe
priority order. The unit task replacement methodhis least

the unit ktaspreferred option, as it can lead to a direct complom the

client on a task with disclosed schedule infornratie/ith the
unit task deletion method, the order-placing corypaay make
a complaint on the seemingly inactive period duthédeleted
task. However, the schedule information of undisetb unit

When the A-B dependency is FS and the B-C dependenc tasks is not explicitly displayed, and thus thisthod is the

FS, all three of the non-disclosure methods ardicgipe. With
the unit task incorporation method, it is possibde either
combine A and B or B and C. As a result, therdauemethods
that can be used to keep unit task B undisclosasthi by
merging A to B, the combination obtains FS depengerith C.
Secondly, by combining B with C, the combinatioquaices FS
dependency with A. Thirdly, unit task B can beeatied. In this
case, the dependency status of the start/finishit pdiunit task
B is also deleted, but the new dependency statuseoting A to
B replaces B. Lastly, unit task B can be replacéd avdummy
unit task, leaving the dependency status unchanged.
When the A-B dependency is SS(B) and the B-C

dependency is FF(BC), the unit task incorporation method or

the unit task replacement methods can be usedholild be
noted that the incorporation method is applicabi® avhen
certain conditions are met. For merging task A fdah# finish
point of task A should be earlier than that of tBskinlike other
unit task incorporation cases. This condition naimg the
dependency between task B and C. If the finishtpfitask A is
later than that of B, the B-C dependency will bieeted by the
incorporation of A and B. Therefore, it is neceggarconsider
the finish point of task A and B so that task A t@nmerged to
task without affecting the B-C dependency. For ciminly task
B with C, the start point of task B shall be eartigan that of
task C. This is to prevent the incorporation oktBsand C from
affecting the A-B dependency.

When the A-B dependency is SS{B) and the B-C

dependency is FFBC), the unit task deletion method cannot

be used, because the new dependency status toeeplih task
B cannot be defined. To set the new dependencyssttie
dependency of the start/finish point of unit tas&Hall be in the
same direction. In this case, the dependency hafiating

directions, and thus the new dependency statusotamm
defined. Consequently, the unit task deletion nethe
inapplicable.

D.Sdlection of the Optimal Method for Keeping Schedule
Information Undisclosed

After examining several methods, this study suggestv to
select the optimal method that can be used by asdsiving
companies to keep information undisclosed basetth@given
situation. Table 1 demonstrates the method sefeptiocedure,
which is comprised of four steps.

In Step 1, find the applicable non-disclosure méshby
using the non-disclosure method table in Fig. Stkp 2, check
whether the unit task deletion method is applicablaot. If the
unit task to remain undisclosed exists on theaaiitpath, delete

second most preferred option. The unit task incaiion
method is the most preferred, as it keeps schanidemation
undisclosed, and thus the order-placing compayligely to
make a complaint on schedule issues. If there amengber of
cases in which the unit task incorporation mettsoapplicable,
Step 4 shall be followed. When there are sevelt&@opfor unit
task incorporation, the task with the highest dejeecy level
shall be used for incorporation.

TABLE |
PROCEDURE FOR SELECTING THE OPTIMAL WAY TO KEEP SCBELE
INFORMATION UNDISCLOSED

Step Description
1 Identify non-disclosure methods applicable to
the given situation from the non-disclosure
method tabl

2 Delete the unit task deletion method if the task to
remain undisclosed exists on the critical path

3 Select the method from among remaining
options in the following priority order:*1- unit
task incorporation, " — unit task deletion,"3-
unit task replacement

4 When there are several unit tasks that can be
incorporated, select the unit task with the higher
dependency level

V.CONCLUSION AND FUTURE WORK

The study has covered various approaches to kedping
schedule information of unit tasks of an order-ndng
company undisclosed on a Logic Bar Chart when gagryut a
collaborative project on an order-oriented valueaich
Specifically, three methods for preventing the ldisare of
schedule information have been suggested, andtdétiens
that can occur depending on inter-task dependeacg been
mentioned. Finally, the study proposed how to delee best
non-disclosure method in 16 situations. With thehods for
preventing the disclosure of work information diseed in this
study, order-receiving companies can logically death
business issues on information non-disclosure etxenuting a
collaborative project with an order-placing comparn
addition, order-placing companies can monitor uodied
information, without disturbing the legitimate righof their
order-receiving companies. For these reasons,ufgestions
made in the study are useful for the smooth opmratf
intercompany collaborative projects.
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Future studies will examine the dependency such as lag and

lead, etc that can occur upon the execution of a project, see if
there are other applicable typesin addition to the three unit task
non-disclosure methods suggested in the study, and research
approaches to applying non-disclosure schemes to cases in
which the dependency status is structured in a paralel or
complex manner, in contrast to the serial connection examined

in this study.
B-C
AB FS SF FF ®-0 FF ®-0
» Mer(AB)—=5C o (AB) « Mer(AB)«=—C *+ Mer(AB)—">cC
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A E SC o . B.start < C.start > 2 et
i.(a,- L + A—E5Rep(Bj«EC . A L Rep(B)eE_c |° A—ZcC
* A—= 5Rep(B)—EC o . AP\ por(B)_FE
e (B) c
» Mer(AB)«—=~—C « Mer(AB)«Z—C e (AB)—ZC
) i . N « Jder R —_—
+ Mar(AB)—=C + A<Z Mer(B,C) +« AL Mer(BC) A ;J (8.)
. F A | | , B_start < C_start . B.start < C start S
SE |+ AT Mer(B.C) S , B.start < C.start

By

[2
(3
(4

i . 3F
« A« Rp(B)—=C |* Atmm ©

» A«E Rep(B)«E—C

v Aegim—C

o » AT Rep(B)—EC
. Al B

Rep(B)«ZE—cC

Mer(AB)—E5C
. A finish < B finish
SS |+ A—=>Mer(B.C)

+ Mer(AB)«Z—C

— = *A—* 5 Mer(B.C)
A=B) [ 4= c e (B.C)

A—=5Rep(B)—E5C

. A finish < B finish

+ A—=5Rep(B)eE—C

Mer(AB)—Z>cC

. A finish < B finish
A—= 5 Mer(BC)

, B.start < C.start

3F
A5 ¢

Mer(AB)¢E—C

. A finish < B finish
+ A—= 5 Mer(B.C)
, B.start < C start
Rep(B)e«E—cC

o

« A

A—= 5 Rep(B)—ZE—C

* Mer(AB)«E—C

SS

Mer(AB)—2-C
e A= Mer(B,C)
(A—B) Y

. A finish < B finish
A<= Mer(B,C) _
CACE pgB)—Esc |TATEE

. A finish < B finish

* A= Rep(B)eE—C

Mer(AB)«Z—C
. A finish < B finish
+ A= _Mear(BC)
. B.start < Costart
* Acgg—C

+ A= Rep(B)eZ—C

Mer(AB)—E—C

. A finish < B finish
A<= Mer(BC)

. B.start < C.start
* A= —Rep(B)—EC

Fig. 3 Application of anon-disclosure scheme depending on the given situation
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