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This paper aims to develop a new spatial economic model for analyzing information flow
between head and branch offices. The hierarchy between head and branch offices is modeled, and
a way of treating information flow is proposed. Broadband Internet enables both home and office
to send and receive much more information using personal computers, and the resulting changes
and possibilities deserve analysis. This paper sets out how to decide the location of the head
office and some branch offices, and the allocation of all employees and computers to head and
branch offices. Also, an inter-regional Information Input-Output Table (Information 10 Table) is
proposed to express the information flow between the head office and the branch offices and
between those offices and other enterprises.
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1. Introduction

This paper sets up a spatial economic model representing the activities of a head office and
some branch offices, including internal and external information movements which aim to
maximize the profit of the firm. The model first expresses the basic two-tier corporate
hierarchical structure involving a single head office and branches. It also takes into account
spatial factors including distances between the head and branch offices. Third, it considers
internal information flows between a single head office and branch offices, and external
information flows between the offices and their business area. This work clarifies the differences
between information flow and communication via business trips, and introduces a new concept,
the Information Input-Output Table for head and branch offices. The present work has developed
from the earlier papers, Takita and Suda (1992) and Takita (1996, 1998), adding the concept of
the information input-out table. Takita (1997) also created a comprehensive framework for
analyzing information flows.

The sociologist Daniel Bell (1973) famously coined the term *post industrial society’ and
emphasized the role of scientific and technical knowledge in information-based economies.
Economic geographers have already explored the role of information in the urban economy.
Since the 1960s there has been a concentration of business firms in London, U.K., and in
Stockholm, Sweden, leading to various problems including traffic congestion, air pollution and
housing. Wood (1969) recognized the importance of information linkages between firms, as well
as commodity linkages. Toérnqvist (1970) studied empirically both face-to-face and less direct
contacts between head and branch offices, and between the offices and productive facilities.
Goddard (1973) measured information flow between firms in the central business district (CBD)
of London by dividing the center into grids with 500-meter sides. Pye (1977) studied office
location cost, including telecommunication and transportation costs. The role of information



communication in urban growth is now recognized as significant. Machlup (1962) and Porat
(1977) measured the effect of information or knowledge on specific industries. These works
classified information industries and studied how they contribute to GNP or added value. Thel
concept of information economy has been useful for OECD (1980), and in the work of Jonscher
(1983) and Ohira and Hiromatsu (1990) and others. Around that time, the (then) Nippon
Telephone and Telegram Company (NTT) planned a high-speed optical fiber communication
system in Japan. In 1993 the Clinton Administration presented the Information Superhighway
Project. The Internet is an acknowledged major conduit of information worldwide. Many
countries accelerated their construction of an advanced information society, but experienced the
IT bubble in 2001. The field of information economics is equal in importance to the economics of
information stock and flow.

The concept of economic analyses of information flows was first introduced at the Kawatabi
summer joint-seminar of Tohoku University and the University of Tokyo in 1990 (Takita (1990)).
This initial model incorporated the effect of information activity, or a combination of face-to-face
communication and telecommunication, on firm behavior. In Takita and Suda (1992) the initial
economic model was developed to analyze the generation and flow of information in a firm with
a head office and some branch offices. Takita (1994) recognized three patterns of firm behavior in
an advanced information society. Mun (1993) presented a business office location model in an
urban area, taking into account communication activities. Ota and Fujita (1993), Sasaki (1993)
analyzed the effects of information technology on urban spatial structure. To present a
comprehensive approach on information flow, Takita (1997, 1999) proposed a new system for
information flow analysis that integrates transportation and telecommunication in a Ph.D.
dissertation at Tohoku University, and presented at the Seminar of Center for Transportation
Studies in MIT. Kobayashi and Fukuyama (1998) analyzed human contacts in knowledge society.

The present paper focuses on an economic formulation of a single head office and some
branch offices. This spatial economic model treats the effect of communication activities from
head and branch offices on sales of goods and services. It determines information flows in a firm
and the amount of labor in each office. This defines an Information Input-Output Table. Regional
economic characteristics of each region are decided by the number of head officers, who
administer all branch offices and plant facilities in the enterprise, and the number of branch
officers, which make business contacts with customers. Generally, communication, transportation
and telecommunication have been examined separately. However, it is important for researchers
in these three fields to clarify how “information flows” by face-to-face communication and
telecommunication are involved in enterprise behavior, and also how telecommunication and
transportation interact together. This facilitates integration of the studies. The interrelations are
explained, and how to derive volumes of communication, transportation and telecommunication
as the results of the corresponding profit maximization problem.

2. Assumptions

This section sets out the assumptions involved in explaining the behavior of head and branch
offices in view of information flow. An enterprise generally has a hierarchical structure, such as a
head office, branch offices and business offices, together with affiliated agents or subsidiary
companies.

Here, it is necessary to simplify real behavior to construct a head and branch office model. We



make the following assumptions:

(a) The enterprise has a single head office and some branch offices. The enterprise therefore
has two levels of hierarchy in its structure. The head office is the top hierarchical level and
the branch offices comprise the second level. There are no differences in business efficiency
between the branch offices.

(b) The locations of the head and the branch offices and their business areas reside in a
two-dimensional space. The number of employees, computers and floor space at each office
or the scale of each office can be changed.

(c) Office activities consist of routine work, internal communication activities and external
communication activities. The level of business activity is determined by these three office
activities.

(d) In routine work, the quality of each employee is equal and the capability of all computers is
the same.

(e) Internal information activities exist between the head office and all the branch offices, but not
between branch offices. Individual offices use up time when each office gives information to
other offices.

(f) External information activities include high-level business contracts arranged by top
executives and the business department in head office, and usual business contracts with
regional firms or consumers in branch offices.

(9) Employees use two kinds of communication media: face-to-face communication, which
involves business trips, and telecommunication.

(h) The output of the enterprise is proportional to the volume of business activities.

(i) The receiver of information gains access to communication media to use information in
work-related activities.

(J)) The enterprise maximizes the total profits of the head office and the branch offices.

3. Communication Network between a Single Head Office and Branch Offices

The present model clarifies the role of information flow from business offices in a firm,
and determines the size of head and branch offices and their numbers of workers and computers.
In this section the two-tier system of a head office and some branch offices is examined. The
office activities of head and branch offices are explained. Figure 1 shows this structure. Every
office has employees, and installs office computer systems. The direction of each arrow means
that each office contacts other offices inside the firm or customers of the business area to
communicate information.

3.1 Head Office

The head office collects various kinds of internal information about sales, market and
management from branch offices, and also various kinds of external information about national
projects and sales from central government and the head offices of other enterprises. In Japan, the
head offices of most major enterprises are concentrated into the central part of the Tokyo
Metropolitan Area, known as the Marunouchi area. The economies of agglomeration in a city
stem from the importance of face-to-face communication in the central business districts (CBD).
Advanced information communication technology (ICT) has increased the variety of external
information communications through the Internet. External communications run from Business to
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Figure 1: Enterprise with Head Office and Branch Offices
Note: Face-to-face communication and telecommunication are used in information activities

Business (B to B) and Business to Consumer (B to C). Information communication is of two
types: face-to-face communication and telecommunication. Also, the head office conducts routine
works in each office, such as inside information collection and processing for business planning
and market analysis. Computers and associated software are used for information processing in
this routine work and in internal and external communications via the Internet.

3.2 Branch Office

Each branch office collects various kinds of internal information about management strategy;,
previous products, corporate market strategy and business management from the head office, and
also various kinds of external information about public projects, sales of rival companies, trade
from other enterprises and local government, using both traditional face-to-face communications
and telecommunications. Also, the branch office conducts routine work such as business planning



and accounting. Computers in branch offices are used in information processing for assisting
these routine operations, sending or receiving messages and files by E-mail. If consumers send
personal and contract information to buy goods through the WWW site, business officers use
computers to confirm their orders. In this way, telecommunications acts as a partial substitute for
travel and face-to-face communication.

3.3 Information Input-Output Table

The aim is to complete the Information Input-Output Table that displays information flow so
as to maximize the profit of the firm. This firm has a single head office in the metropolitan area
and branch offices in two market areas: the metropolitan and another market area. We can
observe information flows between a single head office and some branch offices. All endogenous
variables in this spatial economic model of information flow between the head and branch offices
are expressed by categories of labor, such as routine work and internal and external
communications. These are shown as variables inside the thick frame of Table 1. The direction of
each arrow signifies that head or branch officers contact other officers inside the firm or meet
customers from the business area to communicate information including sales activities.

(1) Allocation of total labor time
The total labor time L, of head office workers in region O is allocated into routine work

R,,, and internal and external information communication activities. Routine works Ry, include

information processing and meetings in the head office in region 0. Internal information is
collected from branch offices in regionsl,---,mby communication media including face-to-face

communications, X ™ ,---,X\\",; , and telecommunications, Y. " ,---,Y ™, . External

information is collected from market area O by face-to-face communication X,‘jTiAreao and
H H time

telecommunicationY ™ ., -

According to the internal and external face-to-face communications,

Xits o Xpg and Xy, , the head  office  considers travel

time T "5, Ti5es and T ™, . Also, the head office consumes labor time

Z(xglmeHo +Y§:THO) to supply information to branch officesl,---,m. The head office has to

i —
i=1

assign some of its time to branch offices, so that these can get “internal information” from head
office by face-to-face communication and telecommunication.
The corresponding description is shown in the head office column in Table 1.

m m
time time time time time time time time _
RHO + Z(X Hy—B; +YHO*>Bi +TH0aBi )+ (X Hy—>Area, +YH0eArea0 +THOaArea0 )+ Z(X B;—>H, +YBiaH0 )_ I-HO
i=1 i=1

Here, the total travel time for round trips from head office in region O to branch office i or

T T
2k0i X |t_ilme OI'T time 2kOO X time Here

kx 0—B; Hy—Area, = kx Hy—Area, *
H—-B

H— Area
are the average time for face-to-face communication from head office to the

business area 0 is calculated as T,ji:‘iBi =

k) gandk/)

H—Area



Table 1: Information Input-Output Table between Head and Branch Offices

Metropolitan area

. Local area
Central city Suburb Total output
To Region 0 Region 1 Region 2 of information
Erom Head office Branch office Branch office
Types of Information Internal External Internal External Internal External
time
X time X time X B, —>H,
F B —H, B,—H, X time
é, S Head _ _ R Ho B,—>H,
o . time
s | §| office y time y time Yaom,
e > T S adal B,—~H, Y time
S @ < B,—>H,
O | x
© time time
§ F ) Hy—Area, _ *o ) * Ho— Areay|
5 Others Y time Y time
8. T Hy— Area, Hy— Areay
% time time
= Branch F Xhos, R Xy,
o — time - *3 . B time
3 | 5| office T Yoo, Yhoos,
=} o)) N -
n per) time time
@ F X B, —Area, X B,—>Area;
- *1 - - *4
Others Y time Y time
T B, —Area; B, —Area;
time time
Branch F X hie, x3 Rg Xipos,
- - 2
uS N . Y time Y time
I g office T Hy—B; Ho—B;
= S - -
[&] time time
S é F X B, —Area, X B, —>Are
- _ *1 _ *4 -
Others y time Y time
T B,—>Area, B, — Areg|
RHo R31 R B, (Total of
X time information
| finf Ho—B, flows)
Total input of information time time time time time time
p YHO—>Bl X Ho— Area, X B,—H, X B, —Area; X B,—H, X B, —Area,
time time time time time time
X Ho—B, YHo—’Afeao YBLHH0 YBl—>Area1 YBz—>Ho YBZ—>Area2
time
YH0—>B2
x time X time X time
. . . . H H B.
Communication time to give E‘mz ° t_H°_’Bl P
information to the other offices | Yg Ly, Yoo, Ho—B,
X time 0 0 0
B,—H,
Y time
B,—H,
time T time time T time time time
Travel time THWBl Ho—Atra TBﬁHo Boae | Tg,om, Te,oh,
time
THO—>B2
Total labor time
Ly, Le, Le,

Note: This information input-output table does not consider:

*1. External information flows from branch office business area to head office (e.g. head office visit to construction site)

*2. External information flows from business area of head office to branch office (e.g. branch office visit to head office business
area to observe purchasing procedure at supplier)

*3. Internal Information flows between branch offices (e.g. meeting of branch office heads convened by head office) In this
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business area; kiJT is traveling time from region i to region j, or the average traveling time
within region i1 (i# j).

The total labor time L of branch office workers in region iis allocated into routine work
Rg internal information by  face-to-face ~ communication ng‘jHo and
teIecommunicationYB‘f“fHo from the branch office in region i to head office in region 0, and

also external information activities such as face-to-face communication X ™ and

B; —>Area

telecommunicationY,™, __ from the branch office in region i to business firms and customers in

B;—>Area

market area 1. According to the face-to-face communications, X giijo and X 3" each branch

B;—Area; ?

office uses travel time T ™

ad

u, and X g™, .. . Also, the branch office consumes labor time

B; — Area;
X o +Y4m . in supplying information to a head office.
The corresponding description is set out in each column of branch offices, as shown in Table
1.
Re, + (X0 Y T (X ™ e + e ™ e, + Ta e )+ (X Y™ ) = L

B; — Area, B; — Areg; B; — Area; Ho—

The total travel time for round trips from the branch office in region i to head office in region 0 or
the business area in region i is calculated by
time  __ 2k|T0 X time d -I-time _ 2k|T X time H k X d k X th
B—>H, — kx B;—>Hj an B, —>Area; — kx B, —>Area; * ere B—>H an B—Area are €

B—>H B— Area

average time of face-to-face communication and of telecommunication from the branch office to
the business area; kiJT is the traveling time from region i toregion j.

(2)Expression of information flow

Information flows are described in the information activity matrix using two variables: the
amount of information and the number of communications.

(a) The Amount of Information Flow

The information activity matrix is defined to indicate “internal information” and “external
information” activities from head and branch offices.

The “internal information activity matrix” from head office and m branch offices by
face-to-face communication and telecommunication are as follows:

| time time I\ time time
B I A S0 WYeom o Yeom,
time | time |
xtime - _ Ho—B, : 0 0 ytime Ho—B, : 0 t 0
Internal — : | : Internal — : | : .,
| | . .
. | . |
time | time | .
X Hy—B, | 0 O YHOHBm | O O

The leading diagonal elements of these matrices are all zero. Intra-office negotiation and
communication are included in the routine work. Other zeros in these matrices imply no
consideration of “internal information” activities between branch offices.

The “external information activity matrix” from head office 0, branch office 1 to m by



face-to-face communication and telecommunication are:

time !
time | Y | 0 cee 0
XHO%AreaD :_ 0 0 _EO__lA_reEO_JI.__t__ ________________
""""" Iy time T T T TTTTATTT ) 0 y ime 0
time 0 1 X B,—Area, 0 ytime : B, —>Area,
xExternaI = . : . External . | .
: | . . | .
| . | .
| time | time
0 | 0 X By, —Area, O | 0 YBm —Area,,

The total inter-regional information activity between offices is calculated for internal and
external information activities, for each type of communication.

The “information activity matrix” from head office 0, branch office 1 to m by face-to-face
communication is:

time | time time
Rupomes, | Roomy =7 Kooy
X time | X time 0
xtime _ Xtime n Xtime _ Ho—B, : B, Area;
— “Mlinternal External — : | .
. | .
. | .
time | time
XHO—>Bm | 0 XBm—>Aream

The “information activity matrix” from head office 0, branch office 1 to m by
telecommunication is:

time | time time
YHoeAreao i YBl—)HO YBmﬁHO
time | Ytime 0
Ytime _ Ytime n Ytime _ Ho—B, : B, —Area;
— "lnternal External : |
| .
time ! time
|
Hy—By, | 0 YBrn —Area,

(b) The number of information flows
The total number of internal and external communications by face-to-face communication and
telecommunication are presented below.

| time time
0 i XBl—)HO me—)HO
| number number k X k X
e |
0 1 Xg h, X g oH, _Xm___,___&»_'i ________ BooH _
onumber | A A !
e H B,
Xnumber _ Ho—B; : 0 0 _ X0—> 1 : 0 e 0
Internal . : ka)B :
| : |
number . |
Xhoob, | 0 0 X |
0 m I 0 DY O
kX !
H—-B |
I\ time time
0 i Yoo, Yo, >H,
I \/ number number kY kY
0 I - Y, I RByH BoH
e s N BnHo N S TE T T
e H B,
y number _ YH0—>B1 ! 0 0 _ % ! 0 0
Internal . : kH_—>B i
| .
number . |
YHo—>Bm | 0 0 Yl-tllmiB :
07m 0 . 0
kY !
H->B |



Here, k)., and k), are the average time for face-to-face communication and
telecommunication from head office to branch office. Also, kZ,, and k., are the average

time of face-to-face communication and telecommunication per number of instances of access
from branch office to head office.

The “external information activity matrix” from head office 0 and branch offices 1 to m by
face-to-face communication and telecommunication are:

time

[
X number | 0 0 k X } 0 0
DHoomresy | = T T | |T B B T
| b
Xnumber _ 0 } Xgluilfrreal 0 _ 0 } w 0
External — . } - - i kBaArea
[ b |
0 } 0 X S:igream } X gunlbeArrea
0o ! 0 D Baohven,
! kBaArea
number :
_HooArea, v
Y fumber I 0 e 0 kLaArea : ° °
_HomAred,_ J:. | T Ty mmber T T T T T T
number
Y number __ 0 : YBi—>Area1 0 _ 0 : w 0
External — : . - : kBaArea
. | .
| . .
number !
0 : 0 YBm—>Aream : YBnuib/i:ea
0o ! 0 Bohrety
! kB—)Area
Herek/i ... and k) _ ,.. are respectively the average time of face-to-face communication and

telecommunication from head office to the business area; k, ,..and k;_,...are the average

time of face-to-face communication and telecommunication from a branch office to the business
area.
The “information activity matrix” from head office 0, branch office 1 to m by face-to-face

communication is:

number number number
X - Xlnternal + XExternaI

time ! time time
XHO—)AreaO ! XB1—>H0 me—>H0
number ! number number k X : k X k X
X mea | Xpon o Xg o _CHoArea L MBoH  PBoH_
Z_MopAred | " BHe " B m 2o _ Xtime | Xtime
X number | number 0 Ho—>B, | B,—>Area,
_ HooB | " BiAres _ X I = 0
= 0 = I
: .. I(H —B | kBaArea
. |
|
number | number ) ! )
X Ho—B, | 0 X B,,—>Area,, X time : X time
HooBn 0 B, —Area,
k X | k X
HoB ! B—>Area

The “information activity matrix” from head office 0, branch office 1 to m by
telecommunication is:

number __ \/number number
Y - YInternal + YInternal



time | time time
Ho—>Area : YBl—>H0 YBm—>H0
Y | Y Y
|
AT AP A Kionea | Ko Kew__
_HooArea, | BoH, B m Mo _ Ytime | Ytime
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(3) Business trips

We next clarify the relations between information flows and business trips. It is assumed that
the receiver of information accesses the sender of information. Business trips are assumed to be
return journeys, and can be written as:

time | time time time time
2TH0eArea0 | THoaBl TBlaHO THoaBm TB,,,%H(J
T | T T T T
T number : T number T number ______KQO_______L__KOA_T___k_lo_ ________ k_O m_ k_m_O__
_%_ 4y 0 __Oom T ime time | o fime
Tnumber : Tnumber 0 B,—>H, n Ho—B, | B, —Area, 0
-I_m'lmber = 10 | 1 = kT kT : kT
: .. 10 01 | 11
. . |
| . |
| number . . .
Ton 1 0 Tom TB“m—e>H Tn-t:mis | 2-I-Bnm—emrea
m 0 0 m | 0 m m
T T | T
kmO I(Om ! kmm
number | number number number number
_ 2Xuome, | Ko T Xgon, o Xigos, + Xe ony
number number | number
— XB1—>H0 + XH0—>51 : 2XBl—>Area1 0
. |
| .
X number + X number : 0 2X number
B,—>H Hy—>B, | B,,—Area,
m 0 0 m m m
time | time time time time
2XH0—>AreaO ! XH0—>Bl 4 B0k XH0—>Bm Bn—H,
kX | kX kX kX kX
____SHoaea ____ 4 FBon " HoB_______" BoH ___ " HoB _
X time time | ZX number
B,—>H, Ho—=B; | B, — Area, 0
= X X ' X
= k k ! k
B—>H H—-B | B— Area
s |
time time | number
Xewor, | Xhyos, | 0 2X ey onrea,
X X | X
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Here, T.™. is the total travel time needed for head office 0 to get internal information from
Hy—B
1

branch officei. Also, T,},i;“iAreao is the total traveling time involved for head office 0 to get

external information from the business area 0, and kg, is the travel time from region 0 to regioni .
Furthermore, T.™

ad

n, IS the total traveling time needed for branch office i to get information
from head office 0, and k;, is the traveling time from region i to region 0. Next,
X oumeer and Y™ are the total numbers of “information flow events” by face-to-face

B; — Area;; B; — Areg;
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communications and telecommunications respectively for branch office i to get information
TTfrom business areai. The quantities kg and kj are the average time of face-to-face

B— Area B— Area
communication and telecommunication per number of instances of access from a branch office to
the business area. The relation between traveling time by transportation and the number of

face-to-face communications is written asTo™, = 2ki X2™  where T,™, s the total

B; —Area; B; —Area; ! B; —Area;
traveling time for branch officei to get information from the business area i. Also, ki is the
traveling time from regioni to regioni, or in other words the average traveling time within
regioni.

Finally, Table 2 below summarizes travel from point of origin to destination for head and
branch offices.

Table 2: Travel Origin-Destination Table (OD Table)for Head and Branch Offices

Head Office Branch Office 1 Branch Office 2 Origin
_ (Region 0) (Region 1) (Region 2)
?Ff:g(;igmfgfe i Too T Toz 2T,
T T T, EE
| >
Destination zTio ZTil ZTiz Z ZTH

4.  Spatial Economic Model of Head and Branch Offices

This section quantifies enterprise behavior involving head and branch offices. The total
profit of the enterprise is maximized, subject to constraints on the number of employees in the
enterprise.

4.1 Total Profit Maximization of Enterprise
The enterprise consists of a head office and m branch offices. The total profit =z of this
enterprise is the sum of the head office’s profit and all branch offices’ profits:
=Ty, +Zﬂ'5i 1)
i=1
Here H, refers to the head office (H) located in region 0, and B; to a branch office (B) located
in regioni; =, and 7z, are the profits of the head office, and of the branch office located in

region i. The head and branch office models will be explained in Sections 4.2 and 4.3.
The enterprise’s N employees are allocated to the head office and branch offices, so that
N=N, +> Ng )
i=1

where N, is the number of employees at head office, and N, is the number at the branch

office in region i.
The enterprise aims to maximize the total profit (1) of head office and m branch offices,
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under the constraint (2). By solving this problem, the allocation of all employees at each

business office is determined. The function (3) below expresses how the firm aims to increase

labor at profitable business offices and reduce labor at unprofitable business offices. The profit of

head office is explained in Section 4.2, and that of each branch office is explained in Section 4.3.
The Lagrange function to be maximized for this problem is expressed as

maxW¥=7z+41 (N-N, -> N;) 3),

where w is the Lagrange function, and A (>0) is a Lagrange multiplier. The number of

employees in head and branch offices is to be determined.
The number of employees at head office is:

m 2kT T
NH0 :iL RH0 Z 1+ X tlme—>B +Yl-tllmiBi 1+ 2k00 Xm:e—>AreaO +Y“£ﬂiArea0
UH i=1 I(H—>B kH»Area

+i(X‘B‘,”liH0 +Ye 5h, )} (4)

The number at each branch office is:

1 2kIT Ime ime 2k|-:— ime ime
NBi :U_L[{(l-i_kx . JXIB—M0 Yé*Ho}-'-%(l-’-kX ]Xé—mrea +YBt—>Area}
B B—>H B— Area

+(XHe Y ) (5)

By dividing the total working hours, L, andLg , by the working hours, u, andug, per
employee of head and branch offices, the numbers of employees are found.

The Lagrange function W will be expressed by the following variables and a Lagrange
multiplier 2: In the head office, routine work R,, , including information processing and

inter-meetings; internal information activities by face-to-face communication X, g ,-+-, Xy g

and telecommunication from head office in region 0 to branch offices in regionsl,---,m; and

external information activities such as face-to-face communication X, .. and

telecommunication Y from head office in region 0 to business firms or customers in

Hy— Area,
market area 0. In the branch offices, routine work R; of branch office; internal information
activities by face-to-face communication X, ,, and telecommunicationY, ,, from branch office
in region to head office in region O; and external information activities such as face-to-face
communication X .., and telecommunication Y from branch office in region i to

business firms and customers in market area i .
By solving this constrained optimization problem ¥ , a set of the optimal solution parameters
is obtained.

B; —Area;

4.2 Head Office Model considering Information Flow
In this section, an economic model of head office is suggested by considering its information
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flow. The four subsections immediately below explain this head office model in detail: (1)
profit of head office, (2) head office activities and production function, (3) function of business
activities, (4) measure of information flow to head office, and (5) total cost of head office.

(1) Profit of Head Office
The profit of head office is sales by the sales department of head office minus the costs of
running the head office. This profit is expressed as

7y, = pfy, —Cy, (6),
where sales of the sales department at head office is the product of goods/services price pand
the volume of product of goods and services f, , related to business activities of head office.

The price p is taken as the sales price p, minus the producer price p,, and it is assumed that
f,,, Is equal to the sales volume of head office. Here C,, is the total cost of head office.

(2) Head Office Activities and Production Function

This subsection explains the effect of the business activities of head office on the production
of goods and services throughout an enterprise. The business activities of head office are related
to the production of goods and services in some production departments. In the head office, top
executives or sales department managers perform the most important business negotiations.
Contracts are then made and goods and services are sold. At the same time, goods and services
are produced according to the inventory of products.
Here, assuming that production activities are related to the level of business activities, the
production function of the head office is represented as

fH0 =Cy EH0 (7)

wherec,, is the coefficient of sales efficiency by head office, and E,, is the amount of business
activity at head office.

(3) Function of Business Activities at Head Office

The amount of business activity of head office involves three kinds of office activities:
internal information movement from head office to some branch offices; external information
movements involving top executives or the sales department; and routine work at head office to
process various internal and external information. Accordingly, a measure of business activities at
head office is written as

Ey, = Ey (Information,, ; ,---, Information, g, Information,, .. Ry ) (8),
where Information,, ,, and Information,, .., are the measured amounts of internal

information activities to branch office i and external information activities to business area 0.
R, is the measured amount of routine work at head office 0. In the next subsection, we tackle the

most difficult question, of what is the amount of information.
(4) Measure of Information Flow to Head Office

How should information be evaluated? Let us introduce the Level of information flow to
head office. The Level of information flow can be defined as the information receiver’s utility,
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or the receiver’s degree of satisfaction, as decided by quantity and quality of information. The
amount of information flow is a combination of face-to-face communication and
telecommunication.

The effect of face-to-face communication on the level of information flow has been always
important. However, as telecommunication advances, the total level of information flow has
increased. In particular, the Internet provides new-style communications such as E-mail, which
enables the movement of documents, TV conferencing, and WWW-based communication. This
recent advance has caused information flows to jump in quantity.

Measures of internal and external information flow at head office are defined as follows.

H H time time .
Information,, ,, = Information, .5 (X,%,5 Vi, 6 s @4 5)

1
time  ~PH-B time ~PH-B
= AuLe 28 Xy, +(1_aHAB yHO%B }pH%B ©)
H H time time
Information,, , ., = Information,, ,,.,(X Y YO area)

Hy—Area, ' ' Hy—Area, ?

1
_ time ~PH > Area ( time ~PH > Area PH A
= Ai s aren [aH s area K Hy > Area, + 1= prea Wity area, s (10),

Here XE{O”";Bi and Y,j‘;”jBi are the total time of internal information flow by face-to-face

communications and telecommunications respectively, from head office in region 0 to branch

offices in regioni. Also Xﬁ"“‘imao and Y,},”“i area, COrrespond to external information flows from

head office 0 to its own business area 0. The parameters «, ,, and a, , .., indicates
technological progress in internal and external business telecommunications. Telecommunication

media have progressed from telegraph, telephone and facsimile to E-mail, IP phone and visual
phone via the Internet.

(5) Total Cost of Head Office
The total cost of head office consists of communication costs, information processing costs,
labor costs, office rental cost of head office, and sundries. Assuming the sundries are much

smaller, this total cost is as follows.
C H, — C Communication + C Information Processing + Cll_.iabor + C Office Rental (11)

where C™™"*"*" is the communication cost of head office, C[™ =™ s the
information processing cost of head office, C,ﬁ:b” is the labor cost of head office and

CSZ”"E Fenal - js head office rental cost.

The staffs of head office make face-to-face communication, including transportation, to obtain
external information, and incur telecommunication costs to get internal information from branch
offices and external information from the business area. Such costs can be written as

m
Communication __ number Y \/ time T X number Y time
Cy, {Z 2a)0| Xiu,og T Za)mYHﬁBi } + {(20)00 + O prea) X HooArea, + @00 Y Hyos Area, }(12)-
i=1

The first part of this equation expresses the communication cost for internal information, and
consists of transportation cost and telecommunication cost. The transportation cost for internal

information communication is the product of 2mg;, the round trip cost between region 0 and
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regioni, and Xﬂflbg:, the total numbers of face-to-face information flow events for head office

in obtaining information from branch office i. The telecommunication cost for internal
information communication is the product ofy;, the telecommunication cost per hour from

region O to regioni, and Y,},i(’]“iBi , the total time of face-to-face information flows for head office

in getting information from branch office i. The next part of the equation expresses the
communication cost for external information, and, as for internal information, consists of
transportation costs and telecommunication costs. The transportation cost for internal information

communication is the product of (2mg, + @/, ,..), the round trip cost within region 0 plus the
entertainment cost per number of face-to-face communication events for head office to get

information from the business area, and X,T;”;b;rream , the total number of information flow events
by face-to-face communication by which head office gets information from its business area 0.
The telecommunication cost for internal information communication is the product of w,,, the
telecommunication cost per hour from region 0 to region 0, or within region 0, andY,ji;”iArea0 , the

total time of face-to-face information flow events for head office in getting information from its
business area 0. From Equations (9) and (12), the total communication costs of head office is

m m 2 T X
Communication __ 2 T time Y v time a)oo + a)H — Area time Y v/ time
CHO = {kx ZwOiXHOHBi +zw0iYH0»Bi}+{ XHO»AreaO +a)00YH0»Area0
i=1

k X
H-B i=l H—Area
(13)
The second cost component of head office, its information-processing cost, is
M
C'I_|n0formation Processing _ o™ M ‘= Cl)u LrH RHO (14)
H

where " represents depreciation and maintenance costs per number of computer systems, and
M,,, is the number of computer systems at head office. The number of computer systems in

head office is obtained by dividing the total time required for information processing in head
office by the working hours per person in head office, or the annual business hours at head office.
Here y,, is the ratio of time of information processing to that of routine work in head office, and
uy, is the working hours per employee in head office.

The third cost of head office is its labor cost,
L,
uy

N m T T
= {RHO +z{(1+ 2 jx:?:isi +Y:;“i3} +{1+ o jx:t::mao +Y::*imo}

Uy i=1 H-B H—>Area

Labor _ N _ _.N
C..” =oy Ny =y,

PR, )| (15)
i=1

where a),T'IO is the average income per employee of head office.
The fourth cost of head office is its office rental cost:
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OfficeRental __ S _ .S
Cy, =y Sy, =wgay Ny,

; u 2k, ; i 2k, i ;
-2 ?H [RHO +Z{(]‘+ KX : }X:T:B. +Y|:|:1:B.} +{(1+ - XlﬁTiAreao +Y|-t|I(TiAreao

u, i=1 HoB H — Area

m . .
P, )| (16)
i=1
where w; is the office rental cost per square meter of floor space in region 0, and Sy, Is the floor

space of head office. The scale of floor area at head office are represented by S, =a,N,, , where
a,, Iis the average floor space (square meter) per employee at head office.

4.3 Branch Office Model considering Information Flow

In this section, a branch office model is proposed by considering linkage with the head office.
Several subsections explain the branch office model in detail: (1) profit of the branch office; (2)
branch office activities and production function; (3) function of business activities at branch
office; (4) measure of information flow to branch office; and (5) total cost of branch office.

(1) Profit of Branch Office
The profit of a branch office is its sales minus its costs.  This profit is expressed as
Ty, = pri _CBi (7)
where the sales of a branch office is the product of goods/services price pand the volume of
production of goods and services fg , which is related to the business activities of branch office

i. The price p is sales price p, minus producer price p,, and it is assumed that f; is equal to
the sales volume of branch officei; Cj is the total cost of branch officei .

(2) Branch Office Activities and Production Function

This subsection explains the relation between the business activities of a branch office and the
production activities of goods/services. The production function of branch office will be
explained. Each enterprise covers its business territory by locating regional places of business, or
branch offices and sales offices, in several cities. The business section or department is at the
center of the “external information” activities of business offices and sales offices. In addition,
the executive classes, such as branch office managers, are sometimes involved in final decisions
on important contracts, etc. This external information from the business area, internal
information from head office and routine work all determine the level of business activities.

This level of business activities at each branch office is related to the sales volume of the
branch office, and furthermore to the production volume of goods and services in production
departments such as factories. In the present model, we assume that the level of business
activities at a branch office i is proportional to the production volume in production
departments according to the following production function of a branch officei .

fg =CgEq (18)

Here cgis the production efficiency coefficient of branch office i, and E; is the level of
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business activity at branch officei .

(3) Function of Business Activities at Branch Office

The level of business activities at a branch office is defined in the same way as the level of
business activities at head office. The level of business activities at a branch office involves
various office activities: internal information activities to head office; external information
activities to the business area of the branch office; and routine work at the branch office. Here,
the level of business activities at branch office i is written as

Eg = Eg(Informationg ,,, , Informationg , .., s Rg )

(19)

where Informationg ,,, and Information are two kinds of information that branch office

B; — Areg;

i gets from business area i, and R is routine work of branch office i.

(4) Measure of Information Flow to Branch Office

We discussed the level of information flow to head office in Section 4.2. In the same way, the
level of information flow to a branch office is introduced. Here, levels of internal and external
information flows involving a branch office are defined as

Informationy, ,,, = Information_,, (Xg", . Ye s, i @5n)

1
time  ~PBoH time  ~PBoH
= Ag_n [aBAH X goH, + (1_ Ag,n )YBiaH(J IPB#H (20)
H H time time .
Irﬂ:ormatlonBoaArea0 = InformatlonBaArea(X B; — Areg; ’YHi»Areai ’aBaArea)

1
_ time ~PB->Area ( ) time ~PB->Area P
= A area [O‘B—mreaxlai—mreai + 1=, area Vo, Aves, } et (21)

where X‘B‘i”‘jH0 and YB‘:THO are the total time of information flow by face-to-face communication

and telecommunication for branch office i when obtaining information from head office. Also
X gme and Yg™ are the total time of information flow by face-to-face communication

B; — Area; B; — Area;
and telecommunication respectively for branch office i to get information from its business areai .
Finally, ag ., and s ara @re parameters of technical progress of telecommunication media.

(5) Total Cost of Branch Office

The total cost of a branch office involves the communication cost, information processing cost,
labor cost, office rental cost of branch office and other costs. Assuming the other costs can be
neglected, this total cost is as follows.

CB — Cgommunicaﬁon + Céﬁformation Processing + Céabor + Cgffice Rental (22)
1 1 1 1

where Cg°™™ """ is the cost of communications at branch office i, CgmnPre= js the

information processing cost at branch office i, Cgfb"’ is the labor cost of branch officei and
C,‘;“‘“’ Remal js the office rental cost.
The total communication costs of the branch office consist of face-to-face communication
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costs (including transportation costs and, in the case of external information, entertainment costs),
telecommunication costs to get internal information from branch offices and to get external
information from the business area, as follows.

CCommunication _ { T X number
B -

Y v/ time T T number Y/ time
200X g 5+ @Ye i, } + kza)ii + Wp_, prea) X + ;Y }

B; — Areg, B; — Areg;
T T X
= {kzxﬂ Xltaiim—iHO +w%YéjTHo} +{2a)iikl_ o Xg:EAreai + a’iYiYBt:TAreai} (23)
B—>H B— Area
The first term expresses the communication cost for internal information, and consists of
transportation costs and telecommunication costs. The next term expresses the communication
cost for external information and, in the same way as for internal information, consists of

transportation costs and telecommunication costs. Here co,] and a),T are the traveling cost per trip

and the telecommunication cost per hour from region i to region j. Also @} .. is the
entertainment cost per number of face-to-face communication events for the branch office to get

information from the business area.

The second cost component of the branch office, its information-processing costs, is
M

i : T
CEI:formatlonProcessmg — wM M B = —LB RB (24)
i ! uB !

where " is depreciation and maintenance costs per number of computer systems, and M g IS

the number of computer systems at branch office i. The number of computer systems in the
branch office is obtained by dividing the total time required for information processing in the
branch office by the working hours per person working in branch office, or the annual business
hours at the branch office. Here y;is the ratio of time on information processing to that of
routine work in the branch office, ug is the working hours per employee in the branch office,
and ygis the ratio of the time on information processing to that of routine work in the branch

office.
The third cost component of the branch office, its labor cost, is

L
Labor _ __N _ N 7B
CBi —wBiNB—a)Bi—

i ulB-
N T T
o) _ . . ok . _
oo 2o, v, f oo 2 v
uB B—H B— Area
H X YA )| (25)

where a)g is the average income per employee at branch office i.
The fourth cost of the branch office, the office rental cost, is

Cé)lfficeRental — a)iSSB, — a)is aB N .
S T T
@; a 2k; ime i 2K;; i i
= L . {(l_’— X ° Jx ItBim—>H0 +YBtin:fH0 } + {(14_ X—HJX tBiIT'—e>Areai + YBtin:fAreai } (26)
uB I(B—>H kB—>Area
X0+ Y%, )
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where o is the office rental cost per square meter of floor space in region i, Sg is its floor
space and a; is the average floor space (square meter) per employee at the branch office.

4.4 Inter-regional Information 10 Table and Travel OD Table

As stated above, the ultimate goal of the head and branch office model is to calculate the
Information 10 Table for inter-regional information flow between head and branch offices. This
section calculates this table, using the outputs of various office activities, according to steps one
through two below.

We have discussed the constrained profit maximization problem for the head and branch office
model considering information flow. In this model, the total working hours of all employees in
the enterprise can be allocated into routine work, and internal and external communication by
face-to-face communication and telecommunication, both at head office and in branch offices.

(Step 1) Total Time of Various Office Activities
It is first necessary to solve the constrained profit maximization problem in the head and
branch office model of information flow, to get the optimal total time of various activities of the
head and branch offices.
Specifically, we need to obtain the first order conditions from Equation (3) with respect to the
following total time of various activities of head and branch offices, and solve the resulting
system of simultaneous equations: routine work Ry ,Rg,---,Rg at head and branch offices;

internal  information activities at head office by face-to-face communications
X, 580 s X, g, and telecommunications Y, oY internal  information

activities at branch office by face-to-face communications Xg ., .-+, X5, and
telecommunicationsYy ., ,---,Yg . ; external information activities at head and branch offices
by face-to-face communications X X
YH0—>AreaO Y Y

Second, because of the system of nonlinear simultaneous equations, these office activities
need to be obtained using the Newton method. Strictly, second-order conditions are needed in
order to verify that the stationary point is a maximum, although this is intuitively obvious from
the formulation.

Hy—B, ?

X and telecommunications

Ho—Area, ' /> B,—>Area; "1 /N B, —Area,

B, — Area, B, —Area, *

(Step 2) Inter-regional Information 10 Table and Travel OD Table

Finally, the Interregional Information Input-Output Table and Travel OD Table are presented
to express information flow between business offices, substituting all kinds of labor into the cells
of Table 1.

5.  Numerical Example
From Sections 2 to 4, we have constructed a head and branch office model to consider

information flow. In this section, this model is used to determine the Information 10 Table and
Travel OD Table, and the number of employees at the head and branch offices, for a given set of
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unit prices.
5.1 Various Unit Prices and Traveling Time

(1) Telecommunication and Transportation
Various unit prices in the society must first be given.
Unit prices (yen per trip) of transportation between regions are as follows:
Internal: w,, = o}, = 4,000, »], = @,, =10,000,
External: wg, = 200, w,, =200, w,, =200.
Similarly, unit prices (yen per minute) of telecommunication between regions are as follows:
Internal: @y, = @), =10, @}, = w,, =30,
External: @), = 3.333, @/, = 3.333, w,, = 3.333.
Traveling times (minutes) between regions are:
kI =20, k& =20, kI, =20, kI =k} =60, kI, =k} =150.
(2) Computer and Labor
Otherwise, the annual rental price (yen) of computer systems is®" =200000.The average
income (yen) of employees of head office 0, branch office 1 and branch office 2 are given as
o) = 5,500,000,a)§‘1 = 5,000,000,a)§2 =5,000,000.
(3) Office Rent
The office rental cost (yen) in every region per square meter is taken as
oy =6,000, . =4,000,w; =3,000.

5.2 Example of an Enterprise

Details of the enterprise are as follows. The head office is located in a metropolitan area, and
two branch offices are located in other business areas. The number of branch offices ism = 2.
The total number (persons) of employees in this enterprise isN =500. These employees are
allocated to a head office and two branch offices. The price of goods and services that this
enterprise produces are decided as p =1,500 in a perfectly competitive market.

(1) Head Office
Some functions and characteristics of head office are assumed. First, we assume three kinds
of functions: a production function of head office, a function of business activities of head office,
and functions of information flows to head office. We also assume some labor characteristics and
office space of head office.
(a) Production Function of Head Office--- Assuming that the production efficiency coefficient of
head office located in region 0 isc,, =1.5, then the production function of head office 0 is

writtenas f,, =1.5-E,, .

(b) Function of Business Activities--- In function (6), the level of business activities was
expressed by a combination of various information activities and routine work. The level of
business activities of head office is written as
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0.1
Ho—B;

H H 0.1 H 0.45 0.32
Ey, = Information Informationy; 5 Information,; ., Ry

(c) Functions of Information Flow--- Assuming that the services of telecommunication networks
are the same in each region, the level of information flow of head office is written

H time 08y, time 02 H time 08y, time 02
as Information,, ,, =X , Information,, ,, =X and

Hy—B; Ho—B, 0—B; Hy—B,
. i 0.8, i 0.2
_ time time
Infor.“IatlonHO—>AreaO =X H,— Area, YH0—>Area0

(d) Labor Characteristics and Office Space--- The average time of face-to-face communication
and telecommunication per number of access events from head office to branch office or to

the business area are given as ki, =180, k! . =8, k/ =120 and k =10.

H— Area H — Area
Otherwise, the meeting and entertainment cost (in yen) per number of face-to-face
communication events for branch office in getting information from the business area

isw) .. =10,000. The floor space per employee at the head office is a, =18 square
meters. The ratio of time on information processing to that of routine work in head office
isy,, =0.7. The working hours per employee in head office isu;; =120,000.

(2) Branch Office
As in head office, we assume some characteristics of branch offices. We suppose there are
three kinds of functions: a production function of branch office, the function of business
activities of a branch office, and the functions of information flow into the branch office. We
next assume some labor characteristics and office space of the branch office.
(a) Production Function of Branch Office--- Assuming that the production efficiency coefficient
of the branch office located in region i isc, =1, the production function of branch office i

iswrittenas f, =1-Eg and f; =1-E; .
(b) Function of Business Activities of Branch Office---- The level of business activities is written
asE, = Informationg®,,, Informationg*,, .. Re®

B; — Area;
(c) Functions of Information Flow--- Assuming that the services of telecommunication networks

are the same in each region, the levels of internal and external information flow of branch

08,, time 02

office i are written as Informationg ,,, = XtBiimiHo Yg 5H, and

H _ time 0.8y, time 02
Irﬂ:orma‘tlonB,aAreaI - XB,eAreaI YB,aAreai

(d) Labor Characteristics and Office Space--- The communication time per number of
face-to-face communication and telecommunication events are given, in minutes, by
ko', =180,k} .., =8, K& e =90 and k;_,.. =10. The meeting and entertainment cost

(in yen) per number of face-to-face communication events by branch offices in local cities is
0§  aea =5,000.  The floor space per person working at the branch office is a, =18

square meters. The ratio of information processing time to routine work time isy, =0.7.
The working hours per person is ug =120,000.

5.3. Result of Simulation
Results of the head and branch office model with information flow are presented below.
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First, the management scales of head office and branch offices are calculated
The number of employees in head office in region 0, and branch offices in regions 1 and 2,
isN, =375, Ng =69 andNy =56. The floor space per employee at head office in region 0,

and branch offices in regions 1 and 2, isS,, =6,752, S, =1,236 andS, =1,012. The number

of computer systems at head office in region 0, and branch offices in regions 1 and 2,
isM,, =127, M, =15 andM, =13
The information activity matrix is calculated as

8,355,523 223,794 127,493 3,984,589 80,640 64,007
X'me —11842,266 1,436,437 0 , YU —| 666,737 661,307 0 ,
1,228,571 0 1,221,232 623,460 0 562,,629
69,629 1243 708 398,459 10,080 8,001
xmmer — 110,235 15960 0 |, Yume —| 83342 66131 0
1,228571 0 13569 77,933 0 56,262

Furthermore, based on Table 1, the Inter-regional Information 10 table for head office and branch

offices” is shown in Table 3.
In addition, the transportation traffic matrix is calculated as:

139,259 11,478 7,534
TMumeer —1 11478 31,921 0
7,534 0 27,138

Considering the characteristic of transportation traffic, this matrix is transformed into the
“Business-trip OD Table for Head and Branch Office” as shown in Table 4.
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Table 3: Information Input-Output Table between Head and Branch offices

(minutes)

Metropolitan area
Region 0 Region 1 Region 2 of information
Head office Branch office Branch office
From
Types of Information Internal External Internal External Internal External
o Head | E 21,757,989 223,794 127,493 351,288
Elo —  (Information use and - - 21,757,989
S| 5| office T processing) 80,640 64,007 144,647
$38 . 8,355,523 8,355,523
3+ —1 o = = = =
§ Others | 3,984,589 3,984,589
S
S 1,842,266 2,541,238 1,842,266
% 4 Branch | F - (Information use and - - 2,541,238
2 |g| office | T| 666,737 processing) 666,737
5|8 F 1,436,437 1,436,437
2 | "] R - -
@| | Others | 661,307 661,307
1,228,571 2,161,275 1,228,571
S o Branch | F = = = (Information use and 2,161,275
& | 5| office | T 623,460 processing) 623,460
% e F 1,221,232 1,221,232
Others | 562,629 562,629
Total  input  of 21,757,989 2,541,238 2,161,275 1£|T0ta; of information
. . ows
information 4,361,035 | 12,340,112 | 304,434 | 2,097,744 | 191,500 | 1,783,861 4,7539,189
Communication
time to give 495,934 0| 2,509,003 0| 1,852,031 0
information to the
other offices
Travel time 3,275,796 2,785,174 149,196 638,417 212,489 542,770
Total labor time 45,016,041 8,240,033 6,743,927

Table 4. Business-Trip OD Table for Head and Branch Office

Head Office Branch Office 1 | Branch Office 2 | Origin
(Region 0) (Region 1) (Region 2)
Head Office 0 139,259 11,478 7,534 | 158,271
(Region 0)
Branch Office 1 11,478 31,921 0 43,399
(Region 1)
Branch Office 2 7,534 0 27,138 34,672
(Region 2)
Destination 158,271 43,399 34,672 | 236,342
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6. Conclusion

This paper has constructed a model of an enterprise containing a head office and branch
offices with information flow, and has conducted a simulation for one case.

Conclusions are summarized below:

(1) The behavior of an enterprise with two levels of hierarchy, a head office and multiple branch
offices, has been modeled.

(2) A model was constructed which explains endogenously internal and external information
flows, the size of head and branch offices, the number of employees working at the head and
branch offices and the number of computer systems.

(3) The relation between transportation and communication is clearly demonstrated by the
inter-regional information 10 table for head and branch offices, and the business trip OD
Table for head and branch offices.

(4) Finally, a simulation using a fictional company successfully determined the number of
computer systems and number of employees working at the head and branch offices, and also
the inter-regional information 10 table for head and branch offices and business trip OD table
for head and branch offices.
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