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A Study of Business Structure Modeling based on Structure Matrix

1. Introduction

This thesis stands on our acknowledgments of unoccupied area in Management Information System
(MIS). Though long years after the emergence of the word: MIS, essential solutions supporting the deci-
sion making based on Business Structure Models (BSM) which must reflect the complicated business ac-
tivities, were laid almost vacant. The aim of this thesis is to show the concrete direction of approaches to
BSM with supporting technologies developed with long compilation of ideas and experiences.

The essential aims of BSM would be to provide Visibility with Transparency realizing following benefits.

- Expansion of comprehensible span of cooperating people
- To provide common foundation as far as possible to understand each other and to participate
though having different background.
- Shorten the time to reach the agreement, if possible
For realizing the solution, our efforts have been paid for following two sides.
e  To provide modeling methodologies:

Commonly business activities consist of those represented non-monetary and monetary values.
Non-monetary quantities, unit costs and total amounts of these products must be handled in the
same domain as reflecting models of management phenomena. Our efforts were to extend bi-
linear modeling method originated in Germany to be able to handle these values in a same do-
main involving non-linear modeling and Input-Process-Output relations.

Also effective methodologies for expressing mutual relations like .cross-organizations, time se-
ries, inside out of hierarchy etc., and mutual relation as group versus group were studied.

o  To provide methodologies for expression:
To express the contents of models into organized table or group of tables would be the direction
to provide Visibility with Transparency of BSM in which processing logic and data are coupled.
The idea of structure matrix was extended as organized technologies of table processing as inter-
active packages. Plenty of ideas as concrete table technologies around these directions like dy-
namic chaining models, recombining of models, type symbols for generalizing application logic,
were developed.

In this thesis as part of MIS, we will discuss the needs of BSM, BSM technologies as coupled methodolo-

gies of above mentioned and applied cases as BSM.

In this chapter as introduction, following themes would be discussed.
- BSM and around BSM
The definition of BSM and positioning in MIS will be discussed.
- History of BSM technology
* The developments in Germany then in Japan would be introduced in brief.
- The rudiments of structure matrix in brief as supplementary note
The essentials of structure matrix will bring you smoother understandings of later chapters.

- The structure of this thesis.
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1-1. BSM and around BSM

Business is sounding about structure of business administration based on new idea toward new century.
The traditional type of structure in business administration was designed to start from the sctting of their
business goals, and it was designed how to realize these goals rationally and effectively.

On the contrary, business administration responding new era based on organizational intelligence, should
have structure of business administration focused on organizational competence and should be able to draw

out various business goals and strategies induced from the organizational competence.

Organizational
Recognize | Getting Recognition
> Problems | information \
Organizational Organizational
Recollection Inference
- Defining
Pfgrs,;:g\s Organizational  ——s < /v
Problems
rOrgan‘zation Wndividualﬂ
Unification
e iitm:uring 4/ / Business \
Solutions | Problems Organizational Structure Organizational
l Communication Model Learning

“ '

Execute Modeling &

Solutions | Designing Systems —
Making Provisions Organizational
Decision |

Making

Figure 1-1  Unification of BSM with Organizational Intelligence
(Modified, referencing “Problem Solving Cycle” (Closed) lectured by Prof. Dr. Takehiko Matsuda)

The organizational intelligence 1s the potential energy to produce strategy and tactics, and is composed of

two kinds of intelligence.

One of them is Business System whose mechanism has capability to produce commodities and services
provided for customers by the business.

Another one is the capability called Business Cycle to manage the business systematically and efficiently
as corporate widely (improving and revolving the business systems) when the business faces management
problems.

Thus organizational intelligence stands up on both structural side and process side. BSM is an abbrevia-
tion for Business Structure Model or Business Structure Modeling.  As a matter of course, Business Sys-

tems Model is a result developed by the work of Business Structure Modeling.

.

BSM must be in bedded in the business cycle shown in Figure 1-1 and contribute to the sophistication of
Organizational Intelligence. (We are sure you may find our proposing BSM will surely heighten the pos-
sibilities of organizational intelligence in the side of numerically treatable world in business after under-

standing this thesis.)
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Business Structure Modeling must provide methodologies to analyze and investigate better steering condi-
lions near future, by
- Expressing the elements of business components and their causal relations in line with reality
- Reflecting the present status of business involving rearrangement of the assumptions and accom-
panying their recombination.
Naturally as coverage of BSM, it must be covered that all the activities of objective business and their
measuring system reflect the needs with desired minuteness. Therefore, followings must be provided.
» Mechanism capable to handle the following three elements consistently
- Non-monetary values which are the main constituents of front activities of the business.
- Unit cost which are the used for evaluations of activities and bases of replacing of values
among organizations.
- Total cost as products of above two elements and accounting amounts as pure monetary val-
ues.
e Mechanism capable to express the integration of business activity toward consolidated statements,

which are the important evaluation from the side of the business.

For realizing these needs, new central concept: "Visibility with Transparency" supported by practical

methodology must be discussed.

Visibility with Transparency

Business & Society

Figure 1-2. Two-way Visibility with Transparency

Blsiness Structure Models (BSM) should be used to be active embedded in business activities. The Es-
sentially of BSM is to provide "Visibility with Transparency” in making models and operating them.
The "Visibility with Transparency” which the writer proposes has following meanings as shown in Figure

1-2.

1-3



- We should build and operate BSM to reflect the management phenomena into it keeping "Visibility
with Transparency".
- In addition, by looking the developed BSM, we should be possible to imagine the management phe-
nomena from the BSM. v
Under these reasons, "Visibility with Transparency” should be said "Two-way Visibility with Trans-
parency” in exact meaning. In this thesis, we simply use "Visibility with Transparency” including the
meaning two-way understandings.
By this two-directional "Visibility with Transparency”, it is possible with speed and stability to change the
models, to combine the models and to recombine the models, then to succeed the models and to collaborate

in modeling. How to realize and provide "Visibility with Transparency"” is the main purpose of this thesis.

In addition, it is indispensable to respond the needs like analyzing of the differences between plan and
actual, comparison of plans and investigation of better operating condition on the entire models. For this
purpose, it must be possible to grasp the entire business mechanism into certain details through represented

models, combining the knowledge and views of participants in their professional areas.

At present for taking the above aims, numerical data might take the lead of modeling by the reason that it

is easy for objectively handling their mutual relations for implementations.

Parallel handling for individual evaluation

It should be strengthened to avoid handling of a representative value by intensively clustering the compo-
nents into simple value (like a case of product-mix expressed xxx-mix). Principally, these components
should be handled in parallel as they are, if they should be handled substantially in parallel for differentiat-
ing the business advantages in products and services. Also, this approach is necessary for pursuing the

cost drivers.

Versatile handl tes of relati

Furthermore, elements of the models located deeply in the bottom of the organization are likely to be ne-
glectell, being prevented by the umbrella of hierarchy. In BSM, such elements must be systematically re-
lieved crossing over the boundaries of hierarchy. If describing of causal relations among arbitrary ele-
ments are required, the setting of these relations must be easily realized in the models. (Network concept on
the Two-dimensional Round Robin Table among all elements which can support Hierarchy, Cross Organi-

zation, Bottom up and Inside-Out concept)

As a vehicle to support these ideas, we need the support of new technology. Once these causal relations
are projected into tables as models, we can easily approach them into the detailed part and manipulate them
with, Visibility with Transparency.

The writer's approach is Structure Matrix that started as expression method of models using two tiered ta-

_bles, and it is possible to project the BSM structures containing logic and data visibly to a set of tables.

Positioning in DSS



Sometimes, a question comes from system users or people in planning functions.
"Where do locate BSM in DSS (Decision Support System) applications?"

We have been answering them for more than ten years about the positioning in DSS using Figure 1-3 by

defining three areas as follows..

e Presentation DSS
At the environments all the data are prepared, then "how to visibly present for smoother under-

standing toward Decision Making." is the subject of this area.

What is the Current Approaches
locating shortly with
Practical Business
and maintaining
fong System Life ?

Traditional Methodologies
Simulation Language
Spread Sheet
Package on Spread Sheet
Linear Programming
Package for Exciusive

Applications

What If ?
Structured DSS

BSM

Semi-
Structured

Presentation | How Visibly present
data on hand

How Successfully find for smoother
the Structure Decision Making ?
(Mechanism)

from the Management
Phenomenon ?

Multi- Dimensional

Supporting Methodologies
Graphic Presentation Tools,
Authoring Tools
Animation Tools etc.

Data Warehouse

T

I Data Base l

Figure 1-3. Business Structure Modeling in DSS

Supporting Methodologies
Statistical Methods
Forecasting Methods

Data Mining etc.

¢  Semi-Structured DSS
We gave this word opposite for the Structured DSS. This area of problem is how to find the

structure (mechanism of causal relations) within vague management phenomenon like such prob-
lems, "Why this product is not well received in the market?", "What is the reason of low quality?"
and "How the sales forecast next quarter would be?"

In this area, finding of structure is not necessarily successful. If structure of causal relation is
recognized or exact enough, activity of DSS would be said a lucky matter.

e Structured DSS



This area can be defined as follows.

Using data and logic for expressing causal relation, business models can be made. Accordingly,
"What-if calculation” can be executed after the search of the relevant cases. »
For this area. many kinds of tools are available now. However, if the objective sizes exceed cer-
tain practical ranges, common solutions with practical reality are not provided. The aim of BSM is

to provide powerful solutions in this area.

This classification is well accepted by business people and they easily understood that there are empty

spaces abandoned at the BSM part.

Note: BSM is used not only for DSS.  In many cases, the naming: BSM can be used for processing of
GAAP as monthly cost system linked with calculation of consolidated statements. In such

cases, models for plan are executed as extension of performance-linked monthly calculations.

1-2. The History of BSM and its Technology

The first origination of the idea as structure matrix for expressing management phenomena by Pichler
Otto may trace back to the 1930s. The history can be roughly classified to five stages.
¢ German development
e  Origin of writer's idea
e Encounter with German development and its introduction
e Developments of interactive packages
e Theoretical progress: T-H theory
Let us review the history of BSM briefly according to the circled numbers in Figure 1-4.

¢ German developments: ® @@

Before my encounter with German documents, there were profound studies about cost structures and op-
) portunity to interdisciplinary studies of implementation in business as shown schematically in 1-3.

As an Engineer in E. G. Farben (German Chemical Company), Otto Pichler was stimulated from the W.
Leontief's Input-Output-Table, by the story on to Prof Dr. R. Wartmann. Then he reached the idea of
structure matrix in 1930s, facing the problem to express production factors and cost relation as communi-
cating method between engineers and business administration people. On the other hand, HOESCH A. G.
(iron and steel maker) faced the problem to get precise models reflecting their important production factors.
This was caused by Japanese inroads to German market and the company must have more precise models

responding the shift to higher processing products in which variation of the processing cost was large.
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Graping for
New Management System
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\

4
Independent Conception
by T. Toyama

Aclmowledgement of
Requirements for New
Technologles for BSM

7

Requiring New Cost Models
responding
Mutltiple Various Factors

First Conception
by Otto Pichler,
HOCHST, Germany

Development of
New Cost Theory
in Germany

v

Coming out of
Implementation Manuals
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from IBM-Germany

@

Joint Study with Kobe Steel
Prof. T.Kobayashi, Kabe Univ.

IBM Japan(Leader. Toyama)

Avoiding Programming
Prompted by the Danger
of Second Oil Shock

v

Joint Study with 15

Nippon Kokan Kaisha (NKK),
Fukuyama Works
Strong Requirement
for Interactive Package

’ »

Developed Proofing Model >

v

All of Cost System in
Kobe Steel, Kobe works were
developed by Structure Matrix

Fuji Film developed u
Wage Calculation &
Case Study
Package: QCAL

16
Joint Study with IBM-Japan and
NKK for Interactive Package

v

by NKK, Fukuyama
For Cost Management

18
SMART System Develope

L 4

Package: MATPLAN
Marketed by IBM-Japan

|

v

Combining Both Packages,
Developed MATPLAN-2

and Marketed by 1BM-J

19

v

)

21
Developed

Developed MATPLAN-Expert
Marketed by 1BM-J

®

MATPLAN/400
for AS/400 &

v

Marketed by IBM-J

U Inconspicuous Activity

Developed MATPLAN/600C for
RS/6000 & Marketed by I1BM-J

@

D Conspicuous Activity

v

T-H Theory I

Figure 1-4 Development Flow of BSM and the packages

For solving these problems, Operations research group in HOESCH had a contact with academic society

and Pichler made effort to build models.

works, they reached a standardized model common to all type of process plant.

With thirties of modeling to various plants in integrated steel

people finally arranged their fruit in the Management Accounting Standard. These were issued from Ger-
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man Iron and Steel Federation as ARBESt and BR (PP~ 187
Also, the fruit of HOESCH as the implemented case was also published as three volumes of manuals:
COSTMAT (COST MATtrix system) from [BM-Germany.(Vol. I and Vol. II were translated to English and

Japanese, Vol. III was to Japanese. [1BM Deute.. 19771 Eqr more details, please refer technical books and pa-
p p p p
{Kobe Daigaku..., 1977]

pers.
E.Schmarenbach H. G.Plaut K. Rummel
Marginal Cost Direct Costing Study of
Calculation in USA Fixed Cost

Marginal Plan
Cost Calculation

—

K. Agthe, K. Mellerowiez
Phased| Calculation of Fixed Cost

H. Boehm, F. Wille
44— Linkage of Direct Cost Calculation and Production Planning

P Riebel
Y Essential Caculation based on grasping
f relative causal relation of direct Cost

4— Understanding of Incompleteness of Direct Cost Calculation
Perloq Profit Modeling by Scalar Approach
Calculation Model \

;-;5 Research Laboratory, Otto Pichler
% German lron and Steel . HOCHST AG.
i Federation ChemicalP rocess Model
j}} by Structure Matrix
Approached by Structure Matrix Bochum University
« Describing Material flow — G. Lassman
« Describing Processing Consumption
Including Causal Relation
with Time Factors R. Wartmann
Estailﬂtshmg of Standard Model K Watter 44—
. HOESCH A. G.
) G. Meier
¢ Matrix Language
Standardized as Management
. Acoounting Standard HOESCH
. BR: PRISMA System
Besond ere Richtlinien fur das
3 Betriblich Rechnungswesen
ARBESt & der Eisen und Stahfindustrie
Geman | F  ARBES
Iron & Steel Alige mine Richtlinien furdas Cost Matrix System
Federation Betriblich Rechnungswesen Three Volumse
der Eisen und Stahlindustie

Figure 1-5. German Developments of Management Accounting on Structure Matrix
(Modified, referencing the lectured material (Closed) by Professor Dr. Tetsuo Kobayashi)

o Independent idea and activities from German idea @e®
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There is an independent history around writer starting from the same conditions in Japan. How did the

writer have the idea, recognize the needs and encounter the German documents were written in Appendix [.
* Independent activities prior to the encounter with German Developments

Groping for New Management System as post online production system @ @

In 1964, The writer moved to IBM Japan and engaged in expansion of computer applications in metals
industry.  The writer spent busy days to propagate on-line system for production control. In the middle
of 1970s, the propagation of on-line system in steel industry seemed to be passing its peak. User interest
was in making of management system as post on-line production system. As an event of 1970s, K. Tuboi
and T. Furuya, who were staffs of Ohogishima Works Project, in Nippon Kokan Kaisha (NKXK), visited us
in IBM-Japan for getting the idea of establishing management system of new works. Their requirement
was to build a tough system that is enough capable to trace the status and change of plant operating condi-
tion for managing the new works. Their aim was in building production control system tightly linked with
cost system in which clear box approach should be applied avoiding the black box compiled by program-
ming work. For their requirements, I proposed the structure matrix method. However, I could not give
concrete answer where from they should start but abandoned after few years.

The confusion caused by the oil shock happened in 1973, stood out the necessity of built in tough simula-

tion system in the Management Information Systems (MIS) in steel works.
* Encounter with German developments and its introduction () §9 @ &)

As written in the beginning of this chapter, [ faced the information of German development and gradually
detailed documents in Germany became obtainable in Japan. Their documents were very difficult because
cost theory was explained upon highly organized theory with dignified style and with matrix oriented con-
cept for handling multiple item concepts. (XXX-mix, like products-mix, influence factors -mix, etc.)

In the mean time, an inquiry of idea to make cost system renewal reached me from Kobe Steel Co., Kobe
W;)rks. I introduced the staff member the outline of German developments, above all about HOESCH
case. By the strong interest with similar needs, Kobe Steel formed a study team including me, and making
out of German document started. Because of the difficulties of the German documents, the study became
idle for yeas or so.

Fortunately, we knew that Professor Tetsuo Kobayashi, Administration School, Kobe University, had
been studying the same area after his study abroad in Germany. We formed a tripartite Jjoint study group
and the study was remarkably progressed.

Against concrete introducing plan to Kobe works after the understanding the German concept, strong op-
position was issued from the accounting director of the works. The reason was as follows.

e The model may calculate strange cost and principle of consistency will be invoked.
¢ Matrix concepts don’t harmonize with their business life.(No objection from front staffs)
For sblving such conditions, my plan to verify the equality of total cost by comparing traditional way and

new way was accepted. Two thousands of actual data taken from 10 yeas ago, were opened by the reason
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that the processes were already obsolete and the data was of no use.(They are shown in chapter 6 as case |
and Appendix [V)[BM fapan 1978]  The cajculation came out exactly right. In addition, I recommended us-
ing of the word in stead of traditional mathematical words as follows.

Inner Product > Vertically Multiply and Horizontally Add

Transposed then Inner Product > Horizontally Multiply and Vertically Add

Note: Currently, these twos were unified Multiply & Add by unifying them into one directional
calculation using the method written in chapter 2, 4 and 5 adopting a type symbol: T for the
later calculation.

There was no objection after it was renamed.
New cost system based on structure matrix was implemented one by one, starting from rather easy faciliti-
es of blast furnace area and finally covered whole works.

Cost center models were standardized for a unified pattern that could cover all the different process and
were written on the thesis. The implementation was progressed by four steps. First, total plant process
was written in around thirty sheets. Secondly, programmer read out program steps from the sheets rather
mechanically. Third, these program steps were programmed using matrix language (IBM MATSYS,
Compiler language like FORTRAN). Finally, the program was executed after the compilation.

o Different [dea of Structure Matrix

In the meantime of Kobe-Kobe project, I received the request of consultation for new method from Fuj
Film Co. HQ. in developing Wage Calculation System. They developed a different type of simple archi-
tecture of structure matrix, in which single person's data entered and calculated one by one.  Afterwards,

this system was packaged and sold as QCAL (Q means wage in Japanese) Fui Fim- 19841

e Developments of interactive packages and wider marketing @ ~ @

For responding the inquiry for post on-line production system from Fukuyama Works (Worldly largest in-
tegrated iron and steel plant at that times), Nippon Kokan Kaisha, we had been proposing the planning
system coupled with cost system based on German way. In addition, the study had been continued among
,them.  Unexpectedly, the second oil shock seemed to be happening. With high prionity, their top man-
agement required plant people to develop planning system to be able to minimize the confusion that they
had experienced in the first oil shock and project group was organized including production and cost man-

agement group.

By the group's request, structure matrix models were explained by concrete data getting the permission of
Kobe Steel. With the same professionals, we had consent of new method by understanding the mecha-
nism as table method having special characteristics. Nevertheless they requested providing of interactive
package for quick response and for trial and errors seeking the better conditions.

It was the start of our thorny path to define functions to strengthen the specifications. While our devel-
oping with the name code: MATPLAN thinking the wider use, the oil shock seemed to be settling and NKK
people became impatient for waiting the packaging. They developed their own package directed for their

purpose referring our progress. After the completion, we jointed the good functions under the name code:
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MATPLAN-2 and marketed from IBM-Japan. _

Gradually the package was spread in many ficlds of different applications in different industries. Func-
tions were reexamined through the several chances of developments toward general use from the substanti-
al basement. The major events of essential innovation from the first idea were as follows.

- Two types of calculating directions were unified for a single calculating direction. Consequently,
the processing of Input-Process-Output that includes non-linear calculations became possible.

- Handling of blocks in upper and left parts was extended to the complete two-dimensional processing.
It was realized by extending the data block as two-dimensional tables, being associated with two Item
Blocks ['FM Japen. 19931 YWe can introduce two-dimensional matching by the type symbol: M. Then
we can easily handle inter-tables-processing.

- We established the mechamism for chaining structures with flexibility and then the collaboration in
modeling was realized.

- Procedure function was developed for more practical fixed operations

- Nested functions as type symbols like V, @, C, Q etc. were developed.
¢ Theoretical progress: T-H theory

Recently, Higashihara and I reviewed the past progress of modeling and found more generalities in ap-
plying bilinear relations covering the area where modeling technologies were neglected to be difficult to
handle with unified method. We found the rule: "Where the consumption of resources exists, we can have
chances to find bilinear relation with monetary values." Established methodologies and sample models
for ABC extension and shared services are introduced in chapter 6. The development of management idea

based on this theory is expected.

1-3. The Rudiments of Structure Matrix in brief ----The Supplementary Note----

This briefing of structure matrix was made to be understood smoothly whole of this thesis, because each

chapter of this thesis is arranged for deeper discussion.

New Expression of Inner Product
Traditional expression of inner product between matrix and vector shown in Figure 1-6 can be rewritten in
a special table composed of three areas as in Figure 1-7, in which inner product can be renamed as Verti-

cally Multiply and Horizontal Add.  This can be abbreviated Multiply & Add.

Here, U1, ,, U4, M1, , M4, L1, LI are scalar variables.
o (u MIM2 0 0 |y [u1
tz) = |0 0 M30 U2 Figure 1-6 Traditional Expression
L3 0 0 0 M4 u3
U4



Muttiply Upper Part

&
Add U1 U2 U3 U4
L1
; . t MIM2 0 O
Figure 1-7  New Expression & Center Part
& 0 0 M30
“|3 0 0 oM4

Then, replace some elements in upper and left variables to common variables as in Figure 1-8.

v

Figure 1-8 Ut 112 Replace
Relating Left Elements to Upper Elements - s L2— [2— U4
L3 M4

Accordingly, we can recognize that this expression describes the calculating flow and following expression
can be read out thus.
1=M1*U1+M2*U2
2=M3*11
L3=M4"12
, where U1, U2 are pre-determinant variables, I1, 12 intermediate variables, and L3 a post variable.
At this stage, we can think U1, ,, U4, I1, I2, L3 as flat or vertical vectors depending the located places.
And M1, , , M4 as matrices having consistent size responding the elements in upper and left part.
In the identical way, we can think U1, , , U4, I1, 12, L3 as matrices.

These are shown in Figure 1-9 and Figure 1-10.

Figure 1-9 !”_\ K
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At this stage, we can recognize these tables as tables of spreadsheet and structure matrix as a new organiz-
ing technology to handle a set of tables. Furthermore, Multiply & Add can be extended Input-Process-

Output relation absorbing non-linear relations

Schematic Illustration

For exact understanding, a sample model of structure matrix is shown in Figure 1-11 as flat expression.

. Upper
Figure 1-11 l Part ll ﬂ 1 ;
Flatly Expressed Structure Matrix — —
222 |saou|l|snd||sE 4
(SR~ £ S ozl |2z 3 £ 23
w > o WL 5 e 5 £ 3
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Left Add Domestic Cars Export Cars Usage ton Cost $1000
Part 20 40 30 20f |10 25 15 6 9930 3 9975
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Figure 1-12  Relation between Macro Table and Micro Tables
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The calculation goes on finding the unfinished blocks in upper part one after another and terminates when
all left blocks are calculated.

If numbers of kinds for the car and number of materials are far large, such flat expression is too large and
inconvenient to be handled. For the solution supported by interactive use of computer, two tiered expres-
sions composed of Macro level table and Micro level tables as sketched in Figure 1-12 can be applied.
Relation among a Macro Table and Micro Tables are traceable within computer by cursor handling. The
model is for calculating each kind of material consumption (C) and their material costs (D) and total cost
(E) by giving number of cars for domestic market (A) and for export (B). In the center blocks, material
consumption rates per a car for each kind of cars are given in P1 and P2.  Also, unit costs of materials are
given in P3 diagonally and in P4 value 1 is placed for addition. The calculation starts from the pre -
dominant blocks in the upper part, which are not in the left part.

The above mentioned is only a briefing of principle of single structure matrix. The actual architecture of
structure matrix is developed enough to fit further applying. In addition, chaining of structure matrix is
available, and type symbols are provided for close coverage of applications.

For more details, please refer later chapters.

About naming
Following two reasons about the naming of structure matrix by Otto Pichler were handed down to us
through German successors.
e  Structure matrix reflects the structure of business
e  Structure matrix has a nested structure composed of matrix.
¢ [Pichler,1953]

The originator: Otto Pichler gave this name and used this words in his pape Esteeming his m-

tention, structure matrix is adopted throughout this thesis.

1-4. The Structure of this Thesis
?
This thesis is structured as follows and Figure 1-13.
e Chapter 1. Introduction
As we have already introduced, this chapter is started from the definition of Business Structure
Model (BSM) with positioning, then the history is briefed along the development of structure model
and package developments. For transparent understanding of this thesis, the brief explanation of

structure matrix 1s attached.

e Chapter 2. Essential Problems and Solving Directions in BSM
This chapter is prepared for stating "What is the essential problems in BSM that we encounter?" and
"What are the problems by traditional approach?" For fixing problems, fundamental characteristics
of the objective areas from various viewpoints are discussed. The recognizing of the strategies ap-

proaching for new paradigm and images required for new methodologies are discussed.
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The structure of this Thesis

?
e Chapter 3. Principle of Structure Matrix Utilized

Many people are easily premature about fundamental characteristics of structure matrix by personal

opinion.  Characteristics of structure matrix and its architecture projected onto computer are ex-

plained in detail, and extended architecture aiming practical computer usage are introduced.

Sincere understanding of Item Block (Originated as KOL: Komponent List in Germany.) and its ef-

fectiveness are important from the point of management concept in application, model building and

architecture development.

e ° Chapter 4. Chaining Structure

Chaining structure is the methodology to broaden the world of structure matrix and we can serve vari-

ous concepts of model management as collaboration work and enlargement of modeling activities with

flexibility. We hope you find essential matters on realizing collaborations in BSM.
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Chapter 5. Technology of Type Symbols in General

Type symbols around twenties are the technology prepared for standardizing application oriented part
in models. This chapter describes only general introduction showing the idea and why simple type sym-
bols are established superior to functions as in simulation tool from the side of application representa-
tion as simplified model expression and quick understanding. The individual peculiarities are detailed

in Appendix I For deeper investigation of BSM, please look individual explanations in Appendix 1.

Chapter 6. Business Structure Modeling on Structure Matrix
Previous three chapters have been prepared as vehicle of this chapter.

Taking the typical examples of profit planning models, needs of BSM technology that can integrate all
the business functions are discussed first. The important discussion is in combining non-monetary
and monetary values in BSM paradigm. Then discussion of concrete BSM is developed.

According the historical progress, production and cost models combining facilities are discussed 1n
details in which transfer cost and bilinear relations are handled. Practical improvements of architec-
ture in structure matrix for combining production, unit cost and total cost domains are discussed. For
expansion of bilinear cost theory to more generalized support covering different types of activities like
service area and common resources consumption, T-H Theory that was developed getting Toyama and
Higashihara's idea in shape is introduced. ~ As concrete examples, two types of model for shared serv-
ices: Engineering Center Services, Bank's HQ Staff Services to the business of mainline organizations
and ABC are discussed. In addition, BSMs in pure monetary world like consolidated statements is

discussed. As auxiliary modeling method well used, but not classified in the above, is supplemented.

Chapter 7 Applied Cases

In this chapter, tendencies of applied cases are reviewed briefly, then three cases are described. The
first case is a cost management system introduced for steel works. The models were made on the
sheets and the steps of calculating logic were read out by handwork rather by rote. They were pro-
grammed by matrix language then compiled for execution.

This was the first case in which structure matrix was introduced as nucleus of application system in Ja-
pan. Prior to the full-scale introduction, validation study of new method was performed using actual
data. Details of these data were attached in Appendix IV.

The second case treated the aggregation model based on the production and cost system composed of
structure matrix in the integrated iron and steel works. The principle of the aggregation is shown in
the 3-2-7 Advanced Functions of this thesis. With this method, we can manage big organization with
simple procedure if structure matrix models were established.

The third case was a case implemented as Feed-Forward Management system in which performance-
linked system covering production and cost management system were integrated. And as extension of

, these systems future activities are studied by trial on the computer system.
By this system, top management became possible to ascertain the materialization of cost target facing
the setting of cost down goals. The efforts paid by top management and front people could be linked

above the same domain of structure matrix.



2. Essential Problems and Solving Directions in BSM

The aims of this chapter are three folds. First we make the current problems clear in BSM area. Second,
we analyze the essential characteristics. Finally, we propose the solving the solving directions.  Therefore,
the contents are composed with following themes.

At first, common problems currently we often came across, are discussed with rather simpler, but straight-
forward expressions from the three sides.

- Voices of top management's requirements
- Cost management oriented requirements
- Requirements from the side of modeling

Next step, changes happened in the computer world are reviewed to make these problems in the current
environments.

Then the problems and the boundaries approached by traditional methods: simulation language, spread-
sheet and ERP (Enterprise Resources Planning) will be discussed.

Before defining how to solve directions, characteristics observed in management phenomena which BSM
should defend, will be discussed and common key idea: Visibility with Transparency that must be placed in
the bottom of arranging the solution, will be discussed.

Upon these preparations, three hypotheses adopted for defending to overcome these problems will be dis-
cussed. Then, needs of four major technical categories will be discussed for challenging BSM.

As a final discussion of this chapter, design strategies for providing tools for BSM wall be enumerated.

2-1. Current Problems Common in BSM

In the management information system, BSM area 1s left unoccupied with effective method. Currently,
we know that many able business staffs are complaining the status that there is no effective remedy to es-
tablish management accounting system, covering the business size of three thousand employees. A paper
potited out the lack of idea to establish relevant budget system in 1987 but we had not heard of any effec-
tive solution except our approaches.™™ ¥ %7 Syrely, hurdles are very high to provide solutions over-
coming problems and some breakthrough 1deas must be necessary.

In BSM area, indignant voices like famous words "Shacho-sho no kuinige syndrome (eat the president's
award and run syndrome)" is full in the people engaged in systematization of BSM, as a course of applying
current methodologies. It 1s not our aim to explain this situation in details. However, the lack of relevant
nsight to this area and lack of abilities to evaluate methodologies proposed by consultants, package vendor
or system integrator cause these tragedies.

Though my style in this sub-chapter might not harmonize this thesis, we would like to enumerate current
problems with straightforward stvle, which we really come across 1n the customer sites for sincere under-
standing of problems. The problems will be introduced in the following three sides as sub-sub-chapters

- Voices of top management's requirements

8]
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- Cost management oriented requirements

- Requirements from the side of modeling

2-1-1. Problems from Top Management

The generalized solution how to organize the planning oriented Management Information Systems effi-
ciently and flexibly, has been remained yet as an unsolved vacant space on the sketched layout of Enter-
prise Resource Planning. We should have started from recognizing problems we met in discussing fairy
large-scale MIS capped by the words, planing oriented, future projecting, feed-forward management, What-
if, etc.

Followings are simpler and unsophisticated questions, we would like to show 1n this thesis, an idea to sol-

ve them -

Problem 1-1.  Aren’t you loosing the timing?
We often come across such scenes.
While working for planning,
e Competitive product appears.
o Exchange rate, interest, selling prices, etc., changes.
Intense change of external environments during the work drives sometimes their planning work essen-

tially valueless.

Problem 1-2. Aren’t you giving up the systematization?
We often watch such scenes.
Planning staffs can not respond to the intense asking of planning bases after another, issued by top
management or top planner.
Then,
%  Talented people are giving resignation to them, taking the planning as it 1s.
o Requesters are keeping frustrations.

Aren't there such phenomena in your business?

Problem 1-3.  Aren't you tired?
In planning work of Profit Planning, Consolidation of Budgeting or Production Planning,
We often come across such a compliment from the executives.
e We can't go on the re- or re-re-organization phases because of time limit.
* o Then. top management is loosing their chance to reflect their intentions to them.
Even for responding the simpler changes, prodigious labor and time must be consumed and their pro-
ductivity is kept worse. People are thinking strangely for such status in which planning methodolo-

gies are fallen behind in the age of computer.
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Problem 1-4.  Are you getting sufficient realistic images from the planning?
In some business simulation starting from status quo, 1t is required to provide the exact realistic 1m-
ages of near future and succeed the status given by an actual operation.
s My company is using computer heavily, but it doesn't exactly support me in making strategies.
e  We can't get the realistic images in projecting near future by simulation.
e  Ifresults of simulation are given, we can't break down them to realistic operations.
e  Planned items are so aggregated that we can't breakdown them into detailed realistic plans.
Though trustworthy results are given by aggregated calculation using average values or some repre-

senting values, we can't break down them well as de-aggregation toward discrimination of products..

Problem 1-5.  Are there any new methodologies?
There are many planning jobs and management jobs accompanying allocation work like selling target
or assigning common cost assignment. For example, it is very difficult to respond dynamically to the
following subjects.
e If organizational change or reorganization is proposed, considering the counter-plan is very diffi-
cult!
e  The causal relations of services that provided by staff organization to the mainline of business are
too complex. These phenomena prevent easier and relevant evaluations of staff organizations.
In some cases, the maintaining of high professionals in the business is advisable like engineering
centers. However, staff organizations are sometimes separated as outsourcing jobs driven by the
difficulties to manage them.
This is caused by the lack of relevant management system to support such organizations.

Are there any responding methods to be easily understandable and efficient?

Problem 1-6.  Is everything going crisscross?
It is hard to cooperate the planning work taken over a portion of work by many staffs.
e  Categories of calculated results don't fit together with their departments, like Marketing, Produc-
? tion, Accounting, Finance, etc.
e  The systematization with integrity is thought to be so difficult, then reduced to be a handwork.
Most of the businesses are dependent on the collaboration of professionals and integration of different

functions.  Are there any solutions to conquer these problems?

Problem 1-7.  Can you communicate each other?
If the planning and analysis of systems are developed under especially talented people such as personal
Jobs, only the specified persons can understand.
Is there any easily understandable and communicable method for a person in charge of jobs and for other
staffs as group-ware?

Are there any methods to be able to develop and maintain pacing the needs of requiring organizations?
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We are often snapped by those simple and frank problems. We must go behind the outward form to grasp

the inner meaning of the problems.

2-1-2. Cost Management Oriented Problems

n some complicated business, costs are key factors to be managed. In major cases, costs mediate finan-
cial value factors and the non-monetary factors and by them they operate many activities in the business
front. We are expected to bring some breakthrough at the age of giving importance to the cost. By this
reason, we would like to highlight the problem of BSM in some more details from the side of cost system.

Followings are the problems we come across at the reconstruction of a cost system, because of mismatch

with current needs.

Problem 2-1. Relevant methods to link the costs for multiple products to the non-monetary factors with
clarified cost structures are not well proposed.
Examples of non-monetary factors are, Parts, Material, Product group, Time consumption, Tools' con-
sumption, Man-hours, Energy consumption, water consumption, etc.
These links do not simply mean the coverage of the above activity factors. Most of these factors
should be grasped as chained structure of primary factors, secondary factors and so on.
There is a need to investigate the sensitivity of these factors, to link them cost reduction movements
using this established causal relation and to hang the cost drivers and their chained relations. With
more relevant and accurate cost by product base, it is required readjustments of the product line-ups for

more profitable products. These requirements are especially typical in fully matured market.

Problem 2-2. Flexible production and cost planning system, which can be developed as planning system
covering global activities like purchasing, exporting and taxing, are required.
These planning systems should be further extended to the global consolidated planning system covering
the following functions.

Marketing, Research and Development, Purchasing, Production, Costing, Distribution, Service, Life

cycle management, etc.
Through many consultant activities, necessary requisites in businesses are analyzed well.  Astonish-
ingly, they are not proposing materialized plan to be able to implement. Even in ERP (Enterprise Resour-
ce Planning) packages, it is out of consideration that planning systems with cost system are to be oriented

to handle the changes of business structures.

Problem 2-3.  Cost for in-process inventories staying in the process flow should be evaluated by looking
it objectively as possible as avoiding arbitrariness.
In evaluating the degree of completeness as in-process inventory, we can not be free from the setters'

arbitrariness. so long as adopting the method so-called equivalent coefficients. To avoid arbitrariness,
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methodologies to provide objective bases for calculating the processing cost are eagerly desired.

Problem 2-4.  Methodologies to assign increasing fixed common costs to the most likely relevant factors
are requested.
Some examples in production businesses are as follows.
Example 1. Relevant assignment of various types of designing cost.
Example 2. Relevant assignment of the cost by considering
the rate of automation covering the parallel facilities.
the rate of investment for facilities.
Typical requirements are:
e  To make the mechanism of assignments transparent
e To provide repeating trials and errors until reach consensus
e  To extract work-site efforts for cost reduction toward intentionally inclined direction set by
management.
In financial and distribution businesses, one of the typical requirements is "To assign cost of head-
quarters staff, by relating the control items of businesses (like trading commodities, sales amount and

employees), synchronizing the organizational changes."

Problem 2-5.  Responding dynamically to the request of cost estimations at quotations.
Quick and flexible case studies are required involving with following movements.
e  Utilizing the experiences to the utmost
e Investigating the reasonable estimating values about inexperienced items
e Averting the miss of estimated items as best as we can.

What kind of technologies should be associated with these movements?

Problem 2-6. To grasp cost variances with integrity.
Providing mechanisms to support following the cost variances as typical cases are required in accu-
? rate discriminations of factors and with integrity.
e  Cost variances between planed cost and actual cost on the cases:
Caused by product-mix differences
Caused by purchase prices' differences
Caused by yields' differences
Caused by the efficiency differences of equipment
Caused by proficiency differences
e Accurate grasping of cost variances caused by the manipulating of standard cost which was
forced by the sudden economical changes like importing cost.(like oil shocks)

e Capable mechanisms following the intermediate change considering the social upheavals.

Surely. some robust common frame to responding various cases would be necessary to respond these
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requirements

Problem 2-7. Cost system should be built-in giving smoother links with not only other liaison system but
liaison people.
Traditionally, cost systems had a tendency to be developed and operated as independent application
systems from other application systems. Nowadays cost system should be located as one of a core
system closely linked within the following systems.
e  Management Information System  --=--- Profit Planning System, Budgeting System
e  Production Management System ------==-=-=---- Synchronizing with Production Planning, and Cost
Planning System and Designing

s  Product Design System Design System with Cost Planning System

Today, cost system and its mechanism are common properties of working staffs and not the exclusive
possessions within the cost people as new age of management. So those systems should be located and

embedded in the total integrated system.

Problem 2-8.  What would be the more sophisticated cost management system?

Sophisticated Cost Management System realizing the following mechanisms should be supported
based on reliable sound foundations.

e  Mechanisms are to be able to handle both direct costing and total cost starting from the same

origin of data
e  Easier mechanism to realize the following condition should be provided.
Profit calculated by financial accounting = Profit calculated by management accounting,
What technologies should be established for realizing these mechanism?

These problems are burden for us.

2-1-3. Question from the Side of Modeling

From the viewpoint of business systems modeling, following are the current problems.

Problem 3-1.  Capability and maintainability of modeling for larger scale and complexities
We don't experience to have large scale models covering whole business (for example, profit plan-
ning of global business activities including) and covering details of activities. According current
technologies, models covering large business organization are made by two different approaches
One is built by simplifying the objects by aggregating the phenomenon partly forcibly and partly
giving up. The other is built within a small region of business by setting the boundary then those
models are linked by arranging the delivery condition of variables entering the each region. As far
as depend on such mechanism, to make large business models is excessive expectation. A kind of

breakthrough technologies is hoped for.
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2-2. Changes in the Computer World and its Environments

During our 23 years of long study to enlarge the application of structure matrix, environments in computer
system world were exceedingly changed. The changed prerequisites, of which the computer application
system should be based, are simply pointed out as follows. The discussion based on our initial research
has been already unrealistic and meaningless.

e Drastically, released from the limitation burden to the useable system capacities.

As known well, available capacities of main memory and disk memory increased on different
scales.

e  Amazing increase of CPU speed
By the same way as the above, CPU speed steeply increased and interactive processing becomes
commonly available as a consequence.

o  Drastically, shorten the span of time and space
Driven by the above twos and revolution happened in communication.

e Popularized and brought low cost using of development tools for interactive screen processing
Driven by the eminent window processing technology like MS Windows, Visual Basic, Delphu,
etc., developments of interactive program becomes easy. In addition, the hurdle to develop
heavy table driven programs became strikingly easy, and accordingly their periods of develop-
ment became surprisingly short.

e  Environmental change in providing business planning
Supported by the popularization of PC, Data Base, cheap storage and by the providing contents
by media, the available data to be used for the decision support can be held in business in any

way, whatever the quality is. There was scarce data in the busines system.

2-3. Current Problems in the Traditional Systems and their Boundaries

? In this sub-chapter, current problems in BSM approaches will be discussed in comparison with the fol-
lowing two typical methodologies:
Approach by Simulation Language
Approach by Spreadsheet

Essentially this comparison should be discussed in the later part of this thesis after the entire understand-
ings of our approaches and technologies. It is, however, necessary to explain some assumption and gener-

al understanding, before discussion of the problems in order to clarify our standpoint.

2-3-1 Premises before the Comparison

First, we should limit the application area of discussion as follows to avoid the status at cross-purposes.
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- Production planning linked with cost management having hundreds of products.
- Profit planning of listed companies having hundreds of products.

The reason is that major part of our BSM approaches is applied there.

Second, we understand the base of discussion as follows.

« Each approach has its own significance of the existence with economic and technological background.
However, even the firmly established existence has sometimes no permanent guarantee to be able to
keep original form as we saw in the world of information technologies. Discussions about the possi-
bility to substitute for the BSM methods are likely to be resulting into an analogy like the discussion
that all the logic of packages can be developed by machine language or by C language. We should
avoid such non-sense discussion.

« Our purpose of discussion here is not in the detailed comparison of current functions. Especially,
about IT functions, we had been looking violent changes. Our purpose should be in the direction of
approaches to BSM.

« In approaching BSM, if the scales of the subjects are enough small, the differences of applying
methods are rather small. In the evaluation, we should consider the used package, application area

and its scales of the covered subjects and prepared functions at the age.

Third, one of the key aims of BSM approach is to provide "Visibility with Transparency", especially
"Two-way Visibility with Transparency" that includes the capabilities to let end-user imagine the man-
agement phenomena from the expressed models. As shown in Figure 1-2. -

Management Phenomena  €-»  Business Structure Models

It is insufficient to provide models reflecting management phenomena with *Visibility with Transparency”
in only one-way. It is important to realize the status to provide the possibility for users to comprehend the
management phenomena inversely from the once expressed models. In these cases, the expressed models
can be in paper or in computer. From the side of expression of BSM, if it could not be realized, BSM ap-
proach becomes meaningless. Following points are mostly derived from this grasping capability of mod-
els?and detail discussion should be referred in the later part of this chapter.

« Versatile causal relations must be expressed as long as relations exist accordingly needs of expression
exist. In addition, this includes the tight expression between non-monetary values as the measure of
activities in the field and monetary values as economic activities.

+ Models must be cooperated with other models that are not well understood and collaboration of
modeling must be easily performed.

« Without grasping the entirety of the subjected areas, people can enter into modeling and systematize

them. The reason is that people can understand their entire coverage having the sense of values to them

after their implementation, even if they experienced before.

« On the basis of the on-site knowledge and experiences, the model must be formed as extension of per-
form-linked system. Also in near future, it must be investigated by synchronizing or preceding the

current business activities.
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As additional characteristics of confronted BSM, the models are formed, considering management cycles

like the period, months, weeks, days, etc.

In the following sub-sections, we discuss on approaches by other methodologies.

2-3-2. Approach by Simulation Language

If we approach by simulation languages, we encounter the following problems.

*

?

Let us consider a simulation program with large steps, e.g. more than 3,000 steps. This method
can not respond effectively for the dynamic changes arisen by social and economic environments and
caused by human conceptions. Thinking the profit planning of smaller listed companies in Japan,
the programming steps by the simulation language may exceed millions of steps easily. Because of
this boundary, programming approaches are impracticable.

"Imaging the management phenomena from the developed program inversely” is almost impossible.
We must not leave black box of end-user's calculating logic. Above all, that logic 1s the proprietary
of active business. (Lack of Two-way Visibility with Transparency)

Taking examples, describing mutual relations among detailed factors of production, cost, finance, etc.,
and amount of materials, hours, money, etc., expression is impossible and enormous programming
steps are required.  Also, let us imagine more than 30 equations. We can easily grasp the mutual
relations. Our implemented cases have easily millions of equations.

Dynamic chaining and recombination of each apportioned program-as product of collaborated works
are almost impracticable. Just imagine the chaining and recombination of the programmed para-
graphs with 1,000 steps each produced by 10 people. Dynamic coinciding work of used variables
and detailed understandings of the application logic by the consolidators are almost impossible.

(Those problems covering the description of complex phenomena are mostly caused by scalar oriented

approach.)

2-3-3. Approach by Spreadsheet

Before comparing spreadsheet, we would like to emphasize that the start of our idea was preceded the ap-

pearance of spreadsheet as in Chapter 1 and Appendix I in this thess.

If we approach by spreadsheet. the following problems can be counted.

*
»

Currently, spreadsheet having the size of million rows and million columns with calculating capability
in each cell is not provided. Current limitation of most popular spreadsheet: Microsoft Excel is
65.536 rows and 256 columns. (Structure matrix package like Supercel PC guaranteed the maximum
size of million rows and million columns as center part of single structure matrix. Here, million means

exactly 998.001 (999x999))
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Our fundamental question is "Idea of spreadsheet architecture can be extended practically for the ta-

bles with million x million cells?"

The actual needs we meet are the support of table having billion rows and billion columns if expressed
by spreadsheet. We are realizing the needs by the chaining architecture function of single structure
matrices in package: Supercel.

« All the calculating logic must be set considering the processing sequence with each cell position. On-
ce inputted logic healed behind value data in each cell must be read out.

« It is not practicable to insert many cells mnto the central part of the established spreadsheet associated
with the individual logic of other people.

For solving this problem, addition of new cells in the edge of the spreadsheet is common, and fi-
nally developer must maintain the maintenance of this system himself. This is often the well-
used system easily left for the developer, and consequences, this system 1s abandoned to be in-
flexible for personnel change.

+ Because spreadsheet has an architecture, we can not place plural data in a cell (Essentially cell data 1s
limited as scalar data). Therefore, clustered handling of plural data (like vector data or matrix (ac-
cordingly, table) data) can not be applied.

For example, such parallel data for multiple products and data for all accounting items should be
treated some times by the units of cluster and some times by each.

» To transfer (with gathering and distributing) 1,000,000 cells of data among spreadsheets and to syn-
chronize the progress of calculations, 1s practically impossible. In addition, frequent dynamic changes
of these transferring relation are infeasible.

Such transferring function is successfully realized by the architecture: Chaining Structure indepen-
dent from the architecture of single structure matrix. We are sure such huge and complex transfer-

ring between tables can not be realized within the architecture of single table.

2-3-4. Concrete Comparison of Three Types of Methodologies
)

The common problems of above two methods are the lack of Visibility with Transparency, if they become
large enough. By the same reason, to imagine the management phenomena from the developed system 1s
almost impossible for larger system.

Another common problem of both methodologies 1s based on the scalar oriented method. Therefore,
there is a certain limitation of coverage in the size of covering system.

Comparisons taking simple examples: programming, spreadsheet and structure matrix are shown in Figure
2-1 and Figure 2-2 [Tvem* Tetal 1991 Eigyre 2-1 illustrates the three types of profit calculation: Case 1 via
e'ach product; Case 2 via each product and each area and lastly, Case 3 real business process. The data is
comprehensive and two-dimensional and the logic is the simple calculation between tables or matrices, as

follows:
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AS‘=Pu*

Where C = total cost,

Profit calculation - |

Pnce Unit
(Pu)
1000 $

Sold Volume

M)
1000 §

Cost / Unit
(Cu)
1000 $

P = profit,

|

|14 C=CuxV P=5S-C
Cu = unit cost, S = sales,
By Product
PC 25
TV 15 PC 1,250
. _'| )
Stereo 1.8 X = TV 750
-J Stereo | 1,440
PC 500 Sold Amount
TV 500 (S)M$
Stereo | 800 —'I PC 1,000
X = TV 500
PC 2 |—1 [ 'stereo | 960
TV 1 Total Cost
Stereo | 1.2 (C)M$

Pu = unit price,

V = volume sold

PC: Personal Computer
TV: Television

Profit calculation - Il By Product and By Market

USA: EU | Asia Sold Amount
PriceUnit | PC | 25 i 25 i 25 (s) M$
(Pu) TV | 15 i 15 i 15 USA i EU | Asia
1000% |stereo| 1.8 | 18 | 1.8 — PC | 500 { 300 i 540
x=| TV | 250 i 150 i 360
USAi EU | Asia ’J Stereo| 500 i 300 i 540
Sold Volu PC | 200 i 100 i 200
V) TV | 200 i 100 i 200
1000 Sets | Stereo | 300 ¢ 200 : 300 - USA i EU : Asia
X=| PC | 400 | 200 i 400
USA: EU | Asia J TV | 200 | 100 i 240
Cost/Unit| PC | 20 i 20 i 20 Stereo| 360 i 200 : 360
(Cu) TV 1.0 10 : 10 Total Cost
10008 |stereo| 1.2 1 12 § 12 (C) M$
2
Profit calculation -lll Real Case

In realizing Profit planning, more than 1000 x 1000
items for product and market segments are used

utilizing codes instead of named items.

Figure 2-1

Product Category
1000s 40—

L

PC 250
TV 250 Profit
Stereo| 480 (P) M$

Profit
(P) 1000 $
USA: EU | Asia
PC | 100 50 100 j(250)
TV 100 50 100 {(250)
Sterec| 180 i 120 | 80 |(480

Market Segment

—p 1000s

A01 i AO02

PO1

PQ2

Comparison of Methodology - 1
(Referred from Toyama, T,, et al, 1999))
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Methodology | Traditional Programming (Language C, efc.)
1-1. Profit Calculation By Product

Int I. Pu3], V[3], Cu[3], CB) PB].

< input data or Read from File >

Puf1)=2.5; ;;; Cul3F1.2

for (il=1; ;;;i<=3) {
S[IEPU] * V[I];
Cll}=Cu[l] * V1]

PUESIN-CI;

}

<Declare>

<Data Insert>

<Calculation>

< Qutput Data or Write into File >

1-2. Profit Calculation By Product and By Market

Int I. Pu[3], V{3), Cu[3), C[3) PB); <Declare>
< Input data or Read from File >

Pu[4)[1}=25; ;;; Cu[3}[3F1.2
for (I=1; ;;,1<=3) {

In Implementation, computer
operations for compiling, link

for (= 1; 1 j<=3 and test are involved facing
Cln=Cull L) = VI, rations with high te
PII}=SI/LI-CLL: o o computer

)

}

< Output Data or Write into File >

Methodology Il Traditional Spreadsheet ( Excel, Lotus, efc.)
ll4. Profit calculation By Product

C D Following Calculations

TV iSteres] are hidden behind

A 8
1|Product | PC
2le 25 15i 18
3|Vdume—v | 500/ 500i 800
slecostcu| 20! 10i 12
5{Sale 1250} 750i 1.440
6|Cost-C | 1.000i 500i 960
7|Profit-P 250 250 480

When those products and market segments are given by ¢

each cell of this Sheet

B5=B2*B3
B6=B3 *B4
B7=B5 - B6
C5=C2*C3
CB=C3*C4
C7=C5-C6
D5=D2 *D3
D6=D3 *D4
D7=D5-C6

becomes very difficult. By data size imitations in the sheet,
Sometimes MACRO programming must be employed to overcome these limitations.

Methodology Il Structure Matrix

v_ v

v '3

1. Profit calculation By Product and By Market

A B © D E F G H ! J
Market USA EVU Asia
Product PC | TV iSterec PC ! TV iStemoi PC i TV iStemd
® 25 15 18 25 15 18 25 15 1.8
Volume-V | 200; 200 300i 1008 100 200 200 200 300
200 100 12i 200 12f 20f 10f 1.0f 12

Sale

500; 300i 540 250 150, 360; 500: 300: 540

Cost-C

400: 200 360; 200 100 240 400: 200 360

1
2
3
4
5|@Cost-Cu
3
7
8

Profit—P

100: 100: 180 50; 50 1208 100; 100: 180

Followings are hidden B6=B3 *B4 C6=C3*C4

B7-B4+B5 C7=C4sc5 Continued for
B8=B6-B7 C8=C6-C7 D,EF,G,H1J

odes, to understand the calculating logic hidden behind the cells

calculation, for example exceeding 1000 x 1000 data is also difficult.

Price-Pu| {Volume-V| f@Cost-Cy | Sale Cost-C
SR SIS R EHE-
* D
D *
E E
o 250 1 1
Ei 250 Center Part 1 1
ai 450 1 1

This shows logic structure and blocks with one dimensional
data. Two dimensional data (as table) can also be handled
in these biocks with the same logic.

In the upper part Input blocks are located and in the left part
Output blocks are located.

In the center part processing type symbols can be arranged.
Some of them bear data behind them as tables for process-
ing. Inner matrix products for the center blocks with upper
blocks are prepared as default calculations.

With combination of * (Multiply) and D (Dummy), upper
blocks, directly located in the upper part, are mutually
multiplied and the resutt goes to the left part. Type Symbol:
E represents the diagonal matrix.

Merit of Structure matrix for end users

- Easy developing of models

- Easy and quick response for changes

- High productivity in modeling, development
and maintenance during the system life

Figure 2-2 Comparison of Methodology -1I

(Referred from Toyama, T, et al, 1999))



Tables relating to S, Pu, V, Cu and P are of one dimension in Case 1, and two-dimensional in both Cases 2
and 3. The structure of the table -logic and table-data can, therefore, be systematically and easily illustrat-
ed by using structure matrix technology.

Figure 2-2 illustrates that the traditional methodologies, programming and spreadsheet approaches are
complex but can usually be modified, though they may incur a limitation of data size. Structure matrix
technology can communicate in the same logic-structure with a considerable amount of the data and multi-
dimensional structures.

As stated in the beginning of this thesis, from the aim of BSM it 1s necessary to establish the organizational
intelligence by keeping the two-way Visibility with Transparency. For ordinary human, it may be restrict-
ed within around ten or so of screens to let him grasp entire management phenomena from the once ex-
pressed models in computer and to be able to manipulate the detailed parts for case studies. Consequently,
approaches to the fairy large models by these traditional methodologies are beyond the boundaries of our

knowledge.
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Note::  Some unsuccessful tries of Structure Matrix Packages

The writer has never had a chance to meet the real alternative of BSM packages, which provide essential
functions as we are providing. Therefore, the writer will introduce some cases of experiences as substitu-
tion methods and the replaced project by other methods.

Case'1. Education tool of structure matrix

In 1988, the writer visited German scholars in Administration School of Business, Bochum University.
There, they demonstrated a package developed for the student's education to exercise principle of structure
matrix and BSM logic under the pressure of necessities as academic Mecca of structure matrix. The pack-
age building in the fundamental architecture of structure matrix was developed based on the early stage of
spreadsheet: VISICALC. However, the table was flatly structured without having hierarchical structure
with insufficient performance. By their entreaty, we modifiecd MATPLAN to English use and sent them as
education tool of the school, Bochum University.

Case 2. Switched to the approach by Programming

Some few systems were reluctantly switched to COBOL programs from MATPLAN which were devel-
oped on the interactive language APL. The proto-typing of material flow was very successful, but the real-
izing by the package was unsuccessful.

Case 3. Switched to the approach by spreadsheet

By the appearance of remarkable efficient spreadsheet like EXCEL and by delayed providing of efficient
structure matrix package written by compiler languages, some systems (mostly profit planing system) were
switched to spread sheet though admitting the merit of spreadsheet.

Case 4. Switched to the program development

In a steel company. expression of material flow exceeded the limit size of macro table (at that time, 500 x
500 blocks9 though partial model was successfully developed. Therefore. user reluctantly switched to pro-
gramming method by compiler languages. though the problems of Visibility were remained unsolved.

As writer's comments. the switching program to other method will be ceased by the appearance of newly
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developed program by compiler language like Supercel.  As a nature of application by structure matrix, the
performance is always a top problem in our history because next target for larger size application appears

when we reached.
**************************************************************************************

2-4. Characteristics Observed in Describing the Management Phenomena

Following typical characteristics are observed in modeling management phenomena like Profit Planing,
Cost management, Production balancing, etc., through the long experiences.
+ Describing method having clear passage is the important subject.
Involving input and output relations and monetary values linked with mutual causal relations, de-
scribing the factors of products, materials, parts, tools, labor hours, energy consumption, etc., requires
esséntial method having clear passage.
« A categorizing of model concepts in business phenomena
Management phenomena related to monetary values are categorized largely into two groups.
A. Transitive types
There are phenomena being understood Transitive phenomena along time series sectioned by
week, month, quarter, year. As writer's feeling, 70~80 percentages of businesses are cate-
gorized in this group. In these phenomena, input comes simultaneously in the same time
duration and transactions happened in a same time duration and the results are transferred to
the different time duration
B Project types
Understood as Project type phenomena in which all the factors are time axis oriented.
Businesses like Construction, Ship Building, Plant Engineering, merchant ship, are catego-
rized to this group
« A type of causal relations
In business modeling there are two viewpoints.
> C Flow type
Mainly in expressing material flow, the block diagram linking matenal Input, processing
function, and output describe flow. Thus, usual business activities are tending to be
grasped by flow. In addition, profit of business is mostly grasped in a flow of money.
D  Stock type
Assets and inventories are evaluated for stock. The concept of organization itself has been
based on the 1dea of stock.
Many cases of actual business activities are composed mixing these viewpoints.
These two must be treated in the same domain.
+ Reflecting multiple factors
In most of manufacturing companies, multiple products are sold to multiple customers and

multiple materials and parts are bought. For making plans to reflect strategies, neglecting vari-
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ety or using averaged values are not afforded only in small range of organization or highly con-
centrated area of business. At present, discrimination of products and services is the main the-
me to servive in business world. (Exceptions are energy companies particularly electric power
and gas suppliers.) These industries have simple product lines and simple yardsticks.) Also the

same ones are in coal mining, metals mining and fuel companies.

However, in most companies, multiple cost factors are combined in mix with other factors mak-
ing hierarchical layer one by one.

For taking examples, cost system reflecting cost drivers, or sales target setting reflecting target
drivers. The business staff in those complex substances must grasp the entire of those.

How to approach the entire structure covering the jungle of complex substances is the problem.

+ - Major job flow
In major companies having common job functions, there exist sequenced patterns that start from
R&D or Marketing, through many job functions like manufacturing, staff functions and multiple
divisions. .. and finally, reaches consolidated report of B/S, P/L, C/F.
+  Major part of calculations in management information system
Looking these areas of calculation from the side of bottom as end-user, calculation logic is com-
posed of very simple logic like four arithmetic calculations (+ - x + ) and conditions.
Logic that requires very higher education in understanding is very rarely used and if used, the
area is kept as sanctuary especially for skilled person.
The problems are that the links of causal relations are composing very long chains and these cau-
sal factors are co-related in complex. So staff can not easily understand the influence of factor
to other related factors intuitively.
The providing of deterministic modeling method with clear passage is a confronted subject.
« Mutual relations among the bottom level
The front level information in the organizational structure, are frequently depend on important
? mutual causal relation across the hierarchical boundaries.
For example, a kind of product has a strong relation with the bottom function of plant facilities
if organized by the unit of sales models and plant models. As another sample, environmental
contaminants handled in each plant, are often to be neglected because they are too small to han-
die in the consolidate business models though summarizing them is large enough from the side
of business. There exist many such matters to be handled by traditional methodologies.
So called Inside Out or Cross Organizational methodology must be associated with planning

tool as new IT.
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Figure 2-5 Typical Domains of Business Operations and Activities on Consolidated MIS

+ Needs of Collaboration
The more it approaches to entire business planning increase the more collaboration 1s necessary.
The large scale planning covering whole business with realistic accuracy must involve staff rep-

resent their organizations and their specialties and skills.
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+ Needs of studying the cases
The more it approaches to entire business planning, the more it increases needs of case study or
re-planning.
For responding the environmental changes, resource arrangements and changed conception given by
higher management over and over, needs of re-planning, re-re-planning for entire arrangements

and seeking of business chances become strong.
Visibility with Transparency

For investigating the background needs derived from the above charactenstics, we can find the common
and essential need as characteristics of BSM. This paragraph as a short discussion is prepared for charac-
terizing BSM by a concept: Visibility with Transparency. This phrase would be the key phrase throughout
this thesis.  Of course, Visibility with Transparency in this thesis means the Two-way Visibility with Trans-
parency as written in Chapter 1 and shown in Figure 1-2.

Today, requirements of Visibility with Transparency are directed not only for MIS, but also for activities
in businesses and societies as observed in many movements: like in the rationalization of current Japanese
financial industry, in the current eco-activity and in the enact basement of ISO9000 and ISO14000. By
the rapid progress of globalization in these areas, accountabilities explained only by data become to be
thought insufficient. Among many approach directions in designing Management Information Systems
(MIS), Visibility with Transparency becomes one of essential requirements now. However, we understand
that requirements discussed in this chapter are almost originated from one point that how we can grasp the
benefit brought by Visibility with Transparency. Generally, accountability should be supported by data and
by the persuasive logic having transparency.

Looking at the phrase: Visibility with Transparency from the perspective of time span, we have been
treating the two important words independently from the spot of systematization. Surely, there is a dupli-
cated area in the coverage of these words as in 2-6. Roughly speaking the direction of these words is dif-
ferent.  Visibility would be directed mainly for smoother human interface. ~Transparency might be direct-
%4 for satisfactory explanation how the objective phenomena would be complex. For example, graphic
presentation can be a method providing Visibility. However, entering the detailed graphs from a part of

displayed graph may require logic to support the transparent structure in the behind.

In this chapter. various kinds of viewpoints will be introduced. However, essential requirements are how

to provide Visibility with Transparency as management technology and information technology (IT).

Duplicated
Area

Figure 2-2 Relation between
Visibility and Transparency



2-5. Hypotheses Overcoming the Problems

For overcoming the pre-mentioned problems, some breakthrough technologies must be established apart
from traditional methods or from these extensions. We had a confidence of insight into the management
phenomena from the long experience into computer applications. Finally we reached three hypotheses as
follows. However, proving of these hypotheses is a matter to be expected not by theoretical approach, but

by popularizing.

Hypothesis 1. Characteristics of calculation in BSM

The characteristics of calculation logic in major part of BSM are composed of accumulation of very sum-
ple logic if looked element-wisely from end-users. However, mutual relations are exiremely complex and

their linkages are extremely long forming great chains.

Major part of calculating logic is composed of simpler calculation: the four basic operations of
arithmetic (Plus, Minus, Multiply and Divide), Condition calculation and calculation about interest.
High level calculations like partial differential equation, dynamic programming, etc., are rarely -
volved from our long-term experiences.

However, relations among elements are very highly compiled and most cases, major parts of com-
plicated relations are neglected by giving the dogmatic excuses that these have small influences.
In addition, the causal relations are linked together forming extremely long chains and network.

These relations can be easily found in the profit planning of businesses covering the marketing of
products to consolidated financial statements.

Honestly, thinking the expression of these complexities, two-dimensional round-robin table (In
Japanese: sou-atari-table) must be necessary to representing these phenomena exactly. In this idea,

empty positions are fortunate places where mutual relations don't exist.

Hypothesis 2. Technology to provide Visibility with Transparency

Table is one of the fundamental technology to give familiarity to end users without making them put logic
into black boxes. If all the business structures with their logic and data can be reflected in a table or group

of tables, we can provide applications by end users with Fisibility with Transparency.

In decision making, using the causal relation models, which are the businesses proprietary them-
selves that must be kept by employee staff: end user. Accountability is a subject that should be
well supported by the system's Visibility with Transparency.

Also, there are three domains (or better say paradigms).

- non-monetary values

- monetary values (unit cost)
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- multiplicand of these non-monetary values and these monetary values (as total cost = non-
monetary consumption x unit cost, and financial values transformed from these),
We foresaw that these technologies could support these paradigms keeping Visibility with Transpar-

ency n the same table world.
Hypothesis 3. Technology of structure matrix and its extensions

We understand that the structure matrix and its extensions is the only one that can respond technically abo-
ve two hypotheses, because we couldn't find better solution. And then, we could have following insight. If
program packages are developed along the structure matrix and its extensions,

- we can attain Visibility with Transparency

- business models having large scales can be represented

- - bringing out detailed technical knowledge along structure matrix in packaging

Based upon above hypothesis, we proceeded the development of series of packages: MATPLAN (Matrix

system for PLanning and ANalysis) in IBM Japan and some followers:

Rough evaluations of above three hypothesizes at this time are as follows.

Hypothesis 1. Its later half about complexity is correct, but is former half is rather reckless. We pre-
pared much of functions with inventions for covering this Hypothesis. Detail is in the following
chapters and the Appendix I.

Hypothesis 2.  This was correct and along the trend of times, and this becomes certain more and more.

Hypothesis 3.  We are convincing our inspiration that structure matrix is the best solution though im-

provements are necessary with continuing efforts.

2-6. Four Major Technologies to be established

Chnsidering the above three hypotheses, our efforts were concentrated in establishing technologies of
following four major areas.

Technologies around the frame for handling structure matrix

- Technologies around chaining of structure matrices

- Technologies around type symbols

- Consistent technologies for describing BSM
Among above four technologies, first two are purely architectural solutions realizing structure matrix. The
major part of the third (type symbols) and the last are for applications. These four seem to be quite differ-
ent responding to business modeling.
Outlines of these technologies are explained as follows.
+ Technologies around the frame for handling structure matrix

The frame realizing structure matrix is a base to provide tough architecture of elementary
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changes and calculating sequence as interactive use including activate type symbols. Also, this
includes providing the function to reach structure tables, scrolling of large tables with two or
three dimensional extents. Details of these technologies are written in chapter 3.

+ Technologies around chaining of structure matrices
On the basis of the establishment of structure matrices, to build up larger models by chaining of
these are required. For realizing flexible chaining, some profound insight to the needs and char-
acteristics had been necessary. Compared with other three technologies, there was no hints or
succeeded ideas to establish this area of technologies. There was only the necessity to respond
needs of recombination, needs of multiple data to be transferred to the multiple destination, and
needs of collaboration in building up and operating large models. Details of these technologies
are written in chapter 4.

« Technologies around type symbols
Type symbol is a technology that simply represents application logic block by block. Ths gives
users simple out look insight of models with easy understandings, with small number of type
symbols around twenty. Type symbols are used by locating in the center part of single structure
matrix (sometimes with single structure, and sometimes with successive string specifying par-
ticular names and parameters). In addition, type symbols work as standardizing application
logic in the bottom of system. Type symbols are the keys to project business phenomena in com-
puter world. Details about general functions are written in chapter 5 and details of individual
functions are written in Appendix L.

+ Consistent technologies for describing value chains
In the modeling oriented for business structure, to establish consistent causal relation as value
chain within the given range of modeling where non-monetary and monetary relations are in-
cluded, is an important key.  Take example of flows in the profit planning in most businesses.
Models start from marketing or R&D managed by non-monetary yard sticks in the actual work-
ing site, then unit cost models are linked, and multiplication of those non-monetary values and
unit cost reach financially linked area like consolidated reports. Aiming the reality of model,

4 these items must be handled, as far as possible, by paralleled elements like product-mix, activity-

mix, processing-mixed, energy-mixed, accounting item-mixed, contamination-mixed.
Details of these technologies established along structure matrix are written in chapter 6.

Many technologies about proportional cost and fixed cost will be discussed.

However, the consistent common aim of these four is how to attain Visibility with Transparency.

27, Strategic Approach toward BSM Technologies

Our efforts for business structure modeling are gradually concentrated toward establishing four core tech-

nologies. starting three tacit hypotheses. Through joint studies with the university and customers, and
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through the experiences in various customers with versatile application areas, we gradually reached the
conclusion that our approach should be summarized to more general and sophisticated items, which what-if
simulation in business structure modeling should realize. Those items are simply introduced in the follow-

ngs

+ Provide Visibility with Transparency for end-users
As already said, Visibility with Transparency is a key phrase of these technologies. Avoiding to make
black boxes, non-programming approach is crucially important for maintaining application system.
Also this will provide end-users common base of communication each other. In addition, smooth
reach of designated part of model must be guaranteed. This concept is, in some extent, duplicated
with other concepts.
+ Realize enough scalable object oriented architecture as table objects from the side of end-users
Set of tables will be organized as architecture and each table will be defined and must be
handled as a unit that users can handle as end-users oriented object. (So, this object im-
plies processing way, calculation logic and data.)
+ Make possible to represent heavy complex causal relations, even in the case of large scale modeling
In the traditional approach, less important relations are tending to be neglected avoiding the complex-
ity and explosion of programming steps. Two-dimensional round-robin table (This table means that
all the elements are placed in the upper edge and the left edge, and in the cross points causal relation
should be placed.) would be the architecture as final solution if the neglecting of less important rela-
tion should not be afforded. For coming severity of modeling like environmental problems, energy
saving and this kind of requirement can not be neglected.
+ Provide quick and efficient response to the change of logic and data as online
Responding the needs of changes by end-users, without involving modification of programs or re-
programming, it is required to project influential part before the change and to guarantee the change
of the necessary parts by end-users.
Changing of logic should be performed interactively only thinking local changes without involving
the investigation of the programs.
« Pursuit collaboration in modeling and succeeding of the models made by others
In the large business structure modeling, collaboration work having different back ground and differ-
ent mission is mandatory. To be collaborative, the outline of each model should be understandable
by consolidator and easy interfacing conditions among models should be provided by common rules
with flexability.
+  Provide two directions of extending path:
Upward integration of models
Downward integration of models
As ideal approaches to the system, we can not expect modeling staff having complete experience to
the business. After compiling some experiences as a part of modeling in business, model approach

should be extended toward upward or downward. (The words: drill down and integration, would be
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adequate in some cases.) Ideally modeling mesh should be prepared for both upward direction and
downward integration synchronizing the growth of modeling worker's confidence.
« Provide clustering of models and simultaneously inside out capabilities
For easier handling of models driven by collaboration, models should be clustered reflecting the
casier handling and extent of business boundary. On the contrary, elements located in the bottom of
model are likely to be remained without linkage to other clusters. In other words, elements linked
together with these in the grass roots that we can not be easily observed are not to be neglected. We
would like to give a phrase: inside out and link together. In the age of network, such concept
should be highly evaluated.
+ Support proportional cost models based on bilinear relations and multiple fixed cost models
There are cost theories for proportional cost based on bilinear relation of material and cost, estab-
lished in Germany and progressed in Japan, should be fully absorbed in the architecture. Also for
the modeling of common fixed cost, ABC (Activity Based Costing) and some other methodologies
we developed should be represented in the architecture.
« Support parallelism in items like product-mix, parts-mix, accounting item-miXx, etc.
Nowadays being driven by the intense development of computers, representing the phenomena by
using scalar values inserting the average values, become nonsense in many application areas. The
same is in modeling, we predicted. - Users show keen interest to grasp the influence by product-mix,
material-mix, parts-mix, facilities' efficiency mix, ...etc. We must provide mechanisms to represent
parallel handling of those indexes in modeling.
« Provide architecture giving both linear structure image as a whole and partially support rnon-linear re-
lations for easier understanding.
From the macro-scopic view, linear structure is easy to understand. Really, econometric models
and energy balancing models are sometimes formulated as linear models as macro model. How-
ever, non-linear relations are occupying most of business phenomena. Taking the example in cost
structure, relation of fotal cost is given by the product (multiplication) of materials’ quantity and
unit cost.  These familiar three items not only limit the phenomena into technical mechanisms, but
form non-linear relation. Consequently, the architecture is required to combine linear image as
macroscopic views and to represent non-linear mechanisms in the bottom of modeling.
¢  Direct the processing logic toward Input-Process-Output as inter-table processing
Concept of system analysis: Input-Process-Output in model analysis is easy to understand and its
results can be the basic elements to be handled by end-users. Combining their results as models
would be a straightforward way to approach the business structure modeling.
For utilizing the easier representing of Input-Process-Output relations, three areas (Input area, Process area
and Output area) should be provided distinctively by the function. The Output to other set of Input-process-

Output should be linked by the system tacitly in the behind.
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Hypothesis 1 Hypothesis 2 vapothesis 3

Simple calculaton Represented by Structure Matrix
but and
complex relations Set of Tables Its extensions

and long chains

N i 2

Major Technologies
Establish Establish Establish Estabish
frame for chaining type symbols usiness
single structure structure St'\;‘;%t:l':

I

Major Design Concepts in Packaging of BSM
- Provide Visibility with Transparency for end-users : Clear box, No Programming
- Realize enough scalable object oriented architecture as table objects from the side of end-

users

- Make possible to represent heavy complex causal relations,
even in the case of large scale modeling

Essential architecture as two-dimensional round-robin tabie
- Provide quick and efficient response to the change of logic and data as online
« Pursuit collaboration in modeling and succeeding of the models made by others
- Provide two directions of extending path: upward integration of models
downward integration of models
- Provide clustering of models and simultaneously inside out capabilities
- Support proportional cost models based on bilinear relations and multiple fixed cost models
- Support parallelism in items like product-mix, parts-mix, accounting item-mix, etc.
- Provide linear structure image as a whole, and
partially support non-linear relations for easier understanding
- Direct the processing logic toward Input-Process-Output as inter-table processing
- Capsulate unit of complicated application logic for easier handling
- Model the looped phenomena as straight forward models at first, then build up loops
- Provide feed-forward management, locating the near future models next
to the current processing models

- Organize functions enough to get auditing authorization

Figure 2-7 Major Design Concepts in Developing BSM Package
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Capsulate unit of complicated application logic for easier handling
For absorbing complicated application logic should be well-defined and capsulated as type symbols.
Considering the smoother modeling, those type symbols should be selected from the list. Also logic
that cannot be standardized should be covered by the local programming by some sophisticated lan-
guages. Sometimes there are so-called sanctuaries in which users' own logic are developed them-
selves and maintained by themselves like military base in the country. For example, scheduling
logic, delivery processing by their priorities, plant reaction models. This sanctuary must be well

handled and maintained by lapped in the capsulated architecture.

- Model the looped phenomena as straight forward models at first, then build up loops

Substantially, loop phenomena themselves are hard to understand. Moreover, traditional system
approach required loop processing in programming that were not related to the phenomena them-
selves. Our strategy to support such complex modeling should be to provide simpler approaches for

general users.
One of the ways is to establish the part of straightforward first, and after confirming the completeness,

loop relation should be organized step by step.

+ Provide Feed-forward management

As for business structure modeling, users require to extent of their current system by incrementing
their time series. Usually integrated system for monthly statements is highly expected as an exten-
sion of these toward near future. (For example, monthly ahead, two months ahead, etc.)

Users are eagerly expecting to have so called feed forward management system, by seamlessly lo-
cating the coming future models next to the present models and by getting realizable actions for futu-
re efficiency.  Especially, this realization is long been hoped for from the side of management ac-

counting.

« Organize functions enough to get auditing authorization and security protections

*

Business structure models are sometimes used partially involving business performance models as
GAAP (Generally Accepted Accounting Principle). In this case, technologies must be armed to
pass auditing and tax audit. From the point of security in profit planning, where collaboration
works are integrated, security is an essential concern for a certain organization. Taking example in
the department of personnel management, planned salary structure and its concrete data are highly
interested by collaborators, and must be strictly kept confidential. From the side of profit prediction,
total figures are necessary on the contrary of Visibility with Transparency. In such cases, some cau-
tious treatments for the ranking of security's levels would be considered. For example, manipula-
tion, looking only, masked calculation (Possible to look only the result and logic and input data can
be looked.), etc. Nevertheless of these restrictions, the value of Visibility with Transparency m

modeling will never be lost.

From next chapter, details of four technologies are discussed individually.
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3. Principle of Structure Matrix Utilized

Current architecture was attained through the long history of trial and errors, starting from the idea to de-
scribe the management phenomena with Visibility with Transparency. In this chapter, some principles will
be introduced as bases of ideas and the basic idea of how and why we reached the current architecture will
be introduced. How we reached the current architecture of structure matrix is shown in the chart of his-

tory: Figure 3-1.

|dea of

« Inner Product between Matrix and Vector with item Block
based on Multiply and Add

- Each elements as Table

German Im plementation driven by Cost Structure Modeling
with Bilinear Relations between Non-Monetary and Monetary elements
based on Multiply and Add and Add and Multiply

g

Starting from Model Building on Paper
and

Implemented by Programming using Matrix Language
reading out from the Model on the Paper

B MATSYS®

V

Architecture of Single Structure as interactive Package with
Macro Table and Micro Tables
Macro Table deformed to Non-Square Matrix

ltem Block
Strands independently assigned for
Multiply and Add and Add and Multiply commonly using center part

adopting Type Symbols as cap character of center block
ﬂ MATPLAN®

Extended Add Chaining Structure
ﬂ MATPLAN®-2

Unified only for Multiply and Add substituting Type Symbol: T(Transpose) for Add and Multiply
Extended to Input-Process-Output concept also with Multiple Upper Blocks
Time Series huild in Chaining Structure

B MATPLAN®-Expert

Micro Tables (Data Blocks) extended to complete two Dimensional Tables
associated with two ltem Blocks (Axis | for ltem: front and Axis |l for Case Block: depth

MATPLAN®G000 and others

Figure 3-1. History toward Current Architecture in Structure Matrix Package
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3-1 Basic Characteristics of Structure Matrix

In this chapter, basic principles necessary for further chapters are introduced.

3-1-1 Structure Matrix as Graph Matrix

As starting this expression, a graph of process flow chart (or flow diagram) of a chemical process 1s shown

in Figure 3-2..
Process
A
Matenal .

100 Yield —

ton 09 |ion
Branch
ratio
0.4

Figure 3-2. Expression of Process Flow Diagram

Process
B
Bratr)ch
ey Yield
—»

54 0.8 432
ton ton
Process
c
Yield

—p
36 0.7 252
ton ton

68.4
ton

Process
D
. Product
Yield 342
0.5 ton

It can be easily converted into a matrix notation and its calculating process can be expressed as structure

matrix involving the calculation of Multiply & Add as in Figure 3-3..

Material
A Output
B input
C input
B Output
C Output
D input

Product

Multiply
&
Add

Material

A Output
B Input

C Input
B Output

C Output

D input

Product

100 90 54 36

432 252 684 342

100
0
54
36

43.2
252
68.4
342

0.2
06
04
0.8
07

0.5

Figure 3-3. Expression of Process Flow Diagram by Structure Matrix

In this example, each figures in blocks and flows are scalar.

Figure 3-4 is an outline of material flow in wire production linking Rod Mill and Wire Mill starting from

input material: billet. Commonly, a calculating problem of material requirement is performed inversely

along the material flow  Figure 3-5 shows block diagram for production of multiple products (mix pro-

duction). giving their vield data in the form of matrices.

3-2



Material Flow —>

Rod Wire
Mill Mill

—Y (JV
Scra Defected
P Wire

€— Direction of Requirement Flow for Material and Sub-Materials —=———

Figure 3-4 Flow of Wire Production

Middle i i Wire
] Reciprocal of Yield Product Ref‘;lf mzl ﬂ;z:ld Production
Billet for Rod / Billet Rod Production ton
{nput ton Production
Siet F 594 iy Rod A 540 1.08 Wire A S00
ille ¢ . ¢ RodBSBO‘ 11 11‘ WFreB400
Billet G 1071 1.05 1.2 Rod C 315 105 Wire G 300
o - Wire D 200
Reciprocal
of (Yield = 1) Reciprocal o
Scrap for Rod / Billet Below Yield—1
ton Production Std Wire for Wire / Rod
ton Production

Scrap A 54 A Wie X551¢  f 08 05 |q | .
| Scrap B 96‘ 05 . Wire Y 60 R [:I Matrix
Figure 3-5 Block Diagram of Production Factors

Multiply L 1
&

Add Wire Rod
Output (1) Input (t)
Reciprocal
Rod of Yield for
Wire / Rod
Input (t) Production
?
. Below Regipmcal of
Flgure 3-6 Std Wire YleB:;vfor
1 Standards
Structure Matrix converted from Block )
Diagram with Scalar Variable Image Reciprocal of
Billet Yield for
. . Rod / Billet
Note: (1) : ton input (t) Pro duction
Scrap Reciprocal of
) Yieid -1
for Scrap

.

A converted image of the block diagram to structure matrix is shown in Figure 3-6, in which representative

names are placed capping the blocks. At present composition of blocks are not in sight.

The mapped image of the structure matrix is shown in Figure 3-7. with developed details of blocks: the
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plural values (vectors and matrix values) accompanying their meaning associated with each numerical

value.

Kinds of  {Kinds of
Wire Rod
«oon | LB/O
pppe |t 888
2333 | xxE
Muttiply I
& i
ire Rod
Add Output ton |input ton
888 | gge
% 5 RodA § 540 1.08
2 3 Rgd B g i 660 ’ Reciprocal of Yield
g x o 11 for Wire / Rod Production
¥ Rod C £ 315 1.05
R @ . )
& T wire X 33 55 .08 05 Reciprocal of Yield -1
‘S . T 58 for Below Standards
EZ wireY gz 60 101
5 5
o2 Billet F 2 594 1.1 Reciprocal of Yieid for
£ o Bilet G @ 2 1071 1.05 1.2 | Rod /Billet Production
- 1 .
Ca =3 54 Reciprocal of
o © Scrap A @5 05 2 :
[ S . . Yield -1for Scra
E ] Scrap B @ 96 P

Figure 3-7 Product -Mix Expression of Material Requirement by Structure Matrix

Another approach by following sequence of steps can be thought.

- A graph of business phenomenon is expressed in diagrams where contents of blocks are grasped

as scalar values.
- The diagram is converted into a macro table of structure matrix.
- Expansion of blocks to plural values and arrangement of center block are performed.
Up to this point, calculations are limited within Multiply & Add.  For common availability to business

phengmena, the study to convert the graph shown in Figure 3-8 into structure matrix should be discussed.

Figure 3-8 Network Description \ ;y\@
of Input Process Output Relations o v
EALS AN

D, Data
P:: Proc;ssn / /\
7

*

If multiple blocks are set for the input to a P, process, processing of P, must be waited until all of inputs
are ready to be used.  Zero values are kept in the input blocks, until all the inputs for P, process: (located
in the calculating chains) become ready to be used. These waiting actions are the kinds of pacing for the

arrangement of difference caused by the previous calculating path.
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D, b D DD DD D,
D, D, D,D, D,D, D, D,
D, D, | P, ##
D3
D D6 P 2
4
D || P, # # D, P, #
D, . D, P, #
D, P, # P.: Process
D, P # #  Position descriptor
Figure 3-9 Description of Input Figure 3-10  Description of Input Process
Process Output by Square Matrix Output by m n - Matrix (Non- Square Matrix)

In Figure 3-8 the graphs are formed as a structure matrix, with a rectangular shape. Here the processing
types having multiple inputs are expressed with symbol P and symbol #, located in the same row. The
dyadic calculation is represented by the combination of symbol P and #.(See D, P; uses D, and D5, and
process P; waits until D5 becomes ready.) Here, the dyadic calculation means that two input blocks
1n upper part are used.(Also, center block associated with symbol P can be used. This relation can be ex-
tended to more than two blocks in upper part like getting D5.) The symbol # specifies the block in upper
part at the time of processing of P. (In other wards, symbol # act as multiple wait of input for synchronized
use of input blocks in upper part) These details are discussed in the extension of calculation to Input-
Process-Output and Type Symbols. Redundant part of structure matrix shown in Figure 3-9 is trimmed as

shown in Figure 3-10. The trimming of structure matrix will be detailed in the next section.

Multiply & Add

The phrase: Multiply & Add, was an idea of writer: Toyama, in back of his mind 1955#PPendx I for ex
plaining matrix calculation more familiar after his first learning of the concept of matrix. At the first in-
troducpng stage of structure matrix to Kobe Steel Works, Kobe Steel Inc., the phrase: matrix calculation
had been great obstacles to progress the project with support from top management.

Therefore, the phrase: Multiply & Add (In Japanese: Tate -Seki-Yokowa: meaning is Vertically Multiply
then Add across sideways) was adopted in explanation. There were some hesitations in accepting this
phrase from the people having mathematical background. Much to promoters' surprise, the phrase got
good reputations from the people having business back ground. Their comments were " Why mathemati-
cians don't adopt such phrase?" By this phrase, primary stage of matrix operation is applied to explain
Inter Tables Processing. Thus, the idea of structure matrix became a base to handle a special type of table
handimg.

Thereafter, Multiply & Add was introduced in the explanation from the first and was populated as technical

phrase to explain structure matrix smoothly.



3-1-2. From Rectangular Expression to Non-Rectangular Expression

We paid much of efforts to extract practical merits from of non- rectangular expression along the extension
of rectangular matrix. Some people still think that the structure matrix in rectangular expression and non-
rectangular expression are quite different. This section is prepared for introducing basic characteristics
adopting non-rectangular expression with compensating this problem.
By the following three reasons, we adopted the non-rectangular expression.

- Saving the expressing area on the display screens

- Easy finding of calculation sequence

- Saving calculation

An example of a linked production process with non-rectangular expression is shown in Figure 3-11.

Production Flow -
m
—— ! % :Inner Product

: Fadlity Fadility ouput  E : Unit Matri
nput = ] p : Unit Matrix
Materials n Y : m x Product X : Matrix(m,1)
Y : Matrix(n,m)

< Material Requirement Flow

Figure 3-11 Expressing the Chain of Production Flow

Production flow through Facility X and Facility Y is given and material requirement process is normally
performed with inverse direction. For more concrete image, let us imagine facility X as wire mill and Fa-
cility Y as rod mill shown in Figure 3-4. Relations of this size used for Input-Output relations are shown

in Figure 3-12. This is a minimum calculation by inner product required for material flow.

Pre-determinant
Variable

] <
Output
Product

Variable
Intermedjate
< n m Variable
Input
Materials




This calculating relation can be placed in the ex-
pression of rectangular structure matrix in Fig-
ure 3-13. In this expression, calculation starts
from upper part (A) with data in painted place.
Other non-painted white places have zero value
data. By executing Multiply & Add, left part (B)
1s obtained then whole left part (B) goes to upper
part (B) turming their direction from vertical to
horizontal. Again by Multiply & Add, (C) is
got and goes to upper part. Then this calculation
repeats until all the left become zero. You may

understand that this method contains inefficient

calculation.

Principle of another trial on rectangular structure
matrix 1s shown m Figure 3-14. In this case,
diagonal matrix 1s placed in the cell under the
starting vector on the diagonal position of cells.

Calculations: Multiply & Add with transferring
left part to upper part are repeated until all the
result of left part equals to that of upper part.
By the easiness of programming, such calcula-
tions were tried for getting the production or en-
ergy balance of large plants as batch system of
early ages. However, those expressions were
not’efficient from the side of developing models
compactly and from the point of developing in-

teractive package.

The important characteristic in this expression is
that this forms a round robin table possible to
relate all elements in upper part to the elements
in" the left elements (In Japanese: Sou Atari
Hyou).

However, useless calculations exist, comparing
the mimimum calculation shown in the Figure 3-
15

For solving this problem, upper and left
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[
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Pre-determinant
Inter " Varable
/ Var&bie "J \
Mtsy ] " n
- | susmempptunas—
l H
2|
k Facility
" X
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Figure 3-15 Calculation of Sectionalized
Rectangular Structured Matrix



parts should be sectionalized and handled by the

unit of sectionalized blocks of vectors and ma-

trices as shown in the right: Figure 3-15. 000

By placing the intermediate result in the left Figure 3-16  Graph Matrx 100
part and transferring it to upper part, calculation Representing the Center Part 010
goes on repeatedly until all the blocks of left part Pro-coterminant

are calculated with proper existence of matrix

blocks in the center part. For discussing the

Intermedate Vanable
Variable

condition, we should think a rectangular graph Mulipy 1 A m B

. ) . . Add e (_' —\
matrix in which these matrix blocks are repre-
sented as value 1 (one) as in Figure 3-16. As B Fadiity
condition of matrix shape, the matrix should be m X
an association matrix representing directed

. o Cc
graph that doesn't contain loop or bi-directional ) g
Post-det_ermmant Fadility

relations. This rule i1s a main rule to guarantee Variable < " H vy
the possibility of essential calculation in our g

study.

However, this expression still contains useless

area shown by hatched areas in Figure 3-15.

The expression saving the hatched area is a non-rectangular structure matrix shown in Figure 3-17.

Figure 3-17  Expression of a

Non-Rectangular Structure Matrix

This is the starting point of our architecture realizing the practical and generalized architecture of structure

matrix.

By looking this expression, we can characterize the following three kinds of variables within both areas:

upper and left parts.

- Pre-determinant Variable Block

(A)

*

They are blocks located only in the upper part and not located in the left part. Calculation starts
from position of those variable's positions.

Intermediate Variable Block (B)

The results of intermediate variables in B are first given in the left part and transferred to the up-
per part. After transferred, the row containing the results is masked. Accordingly, the resultant
blocks in the upper part can be treated evenly as pre-determinant variables for finding next cal-
culations.

Post determinant Variable Block (©)

Those blocks are blocks located only in the left part, not in the upper part. The calculation ends

here.

Thus by this discrimination of blocks by location, calculation sequences are established. In this descrip-

tion, please think vectors (or matrices) in both parts as variables and the existence of multiple number of

these variables. As already discussed, placing of these variables as blocks are important for the linkage of

analyzed phenomena and models expressed in structure matrices. not only saving of expressions and find-
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ng of calculation sequences.

It is an important point as non-rectangular expression, that it keeps still the possibility of large Rourd Robin

Tables (In Japanese: Sou Atari Hyou) between upper elements and left elements, except regressive relations

for themselves. This characteristic provides possibility of expression for complex phenomena. The problem

is how to provide efficient and practical architecture to users with Visibility with Transparency.

As a reference of further discussion, some
studies about rectangular structures are de-

the The

scribed  1n following. non-
rectangular form is a deformed form of rec-
tangular structure. Therefore, sometimes we
must discuss the characteristics converting it

to the rectangular forms.

. tics of Series S :

Let us take an example of combination of
two facilities: X and Y with required output
vector: P as in Figure 3-18 (Please refer Fig-
ure 3-14).

The large matrix: M is composed of sec-
tioned matrices. In addition, vector P is a
vector within which sectioned vectors are in-

corporated.

Generally, a relation between regular matrix
and its sertes sum is given by the equation in

the right if the convergence of series exists.

This is given by inserting M and E (for Ei-
gen Matrix) as shown in Figure 3-19. Be-
cause of finite path length of two, power of

M becomes zero after M *.

Im_rl—‘
1{ooo
m 0|0
n{o 0

P

roduct

Figure 3-18 Center Part and Vector

for Product Requirement

SeriesSUM=E+M+ M2+ M3+ M4+ -- - -

M3

= (E-M)"
1 m n
,_A_-\
1 El0|O
= mny| X| E|O
n4| XY E
. 1 m  n
1 m n o
ololo ‘| E]O O
xlolo Eio» ©
oly |o 1 E
m,-L 1 m 1 n
0io0 |0 l{000 11 ©
o|lo |0 = 00| *»n 0
vx[o |0 A ofv]ol o
l"‘r_ll_' 1m’—1‘ 1
olo o | 0|0 x{o
00 (0| " 0| *xnd| x
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Figure 3-19 Power of Matrx: M




The calculated results and relations between

product requirements and material require-

ments are shown in Figure

3-20. Please

watch XY is given as a part of Sum Matrix.

This figure illustrates aggregation of process

flow.(Re-normalized) This method is used in

expressing the large integrated steel works

for grasping whole activities viewing as a

single image.

3-2.
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™
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il Series Sum Remiemmort

Figure 3-20 Calculation with the result of Series Sum

The realized architecture extending the idea of structure matrix

Our experience started with a sequence of methods called batch processing as follows.

Making models in the form of structure matrix on paper, analyzing management phenomena.

.
+ Reading out the calculating sequence somewhat mechanically by rote
Considered Points Batch System Interactive System Comments / where written
Intentionally organize the
1 |Consideration of Hierarchy |Not necessary existence as Macro Table and See: General Architecture
Micro Tables.
2 |Freedom from Rules Almost no constraint Certain restrictive rules required |See: Rules of Macro Table
- . One strand only See: Technology of
3 Xj’s"’t':"ydi “::;f‘:op ant (Pd'“”l" ds.t“:.d o be I"'“Tej ) ((Wuriply & Add and its Modeling and Type
pper and Left Pa ual direction for calculation extensions) Symbol:T
. . . Dual directions for Muttiply & Muttiply & Add plus its extensions .
4 |Calculating Directions Add and Add & Multiply to Input Process Output See: Type Symbol
5 ]Versatile Calculations Building in user written logic Preparing versatile Type Symbols |See: Type Symbol
Intermediate Calculated Keep for user's check of
6 Rn r::e late Lalculate Not specially paying attentions |calculation logic and for the See: General Architecture
esults jchaining
7 Pointing and Displaying of No needs |Pointing by cursor and displays on See General Architecture
Blocks |screen
L oosely coupled on paper. |Concept of ltem Block was
8 |Association of ltem Blocks Consnf!eratlon necessary only for !manda.tory..Tlght.Iy coupled in See: Axis Information
data input and report imodeling, displaying blocks and
generation {calculation
Size Define and Changes in Rewriting of Mode!s on pap.etr and Interactive changes in MacroTable
9 re—programming with compiling . . See: Rules of Macro Table
Macro Level . and operation of calculation
and execution. :
Influenced blocks by the change in
Size Definition and Change in|Human consideration for ltem must be detected and See: General architecture,
10 |,,. . ) . h N .
Micro Level influential blocks required unanimous change must be Axis Information
executed.
4 . . No needs of consideratic for From the first time, architecture |See: General architecture,
11 |Series Handiing . . . .
special architectures must be provided. Series Concept
. L Inde.pe.mdent Architecture: See: Chaining Structure,
12 |Chaining Structure No special idea Chaining Structure was . T .
. Realized Chaining Structure
Established
Table 3-1 Major Considered Point for Establishing Interactive System
.
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+ Batch processing by computer then confirming the results
This approach was established by German experiences utilizing matrix language: IBM MATSYS.
After these experiences, we had to take a step toward interactive package responding the strong user re-
quirements with quicker response moreover toward providing a mean for keeping user's continuity of
thinking through out the modeling activities.
In establishing the architecture of the interactive system, following points in Table 3-1 were mainly consid-
ered.
For understanding details of realized architecture responding the requirement of PART I, considered points
are related with many parts of this thesis and entering from rough sketch would be required. Next sub-
chapter was prepared for more complete over all understandings of basic interactive architecture toward

packageing, even considering some duplication.

' o M“gp'y Pre-Determinant
3-2-1 Basic principle of realized structure matrix Add Blocks
Explanation of structure matrix by simple il- ’nteBr:neldate
lustration =7 A B CD Upper part
Let's start a rough explanation from Figure 3-21, Origin—"1 C | M1 M2 CJnter Part
which explains three parts of structure matrix as Up- D M3
per Part, Left Part and Center part. Post DEtermBirl‘:cnltE M4
First we should start from symbols: A, B, C, D, E, Leftlpart

MI, M2, M3, M4 i iven fi ) . .
, M2, M3, as representative names given for Figure 3-21 Naming of structure Matrix

scalar values.

+ Start from upper symbols, not in the left part: A and B. (These are said predetermined Symbols.)

+ Calculating relations are,

Vertically Multiply; Upper data: A and B are multiplied vertically with center data: M1 and M2
by each and these results are hold in the original position of center data:

) M1 and M2.
Horizontally Add; These hold results in the same row are horizontally added and stored in the

symbol: C within the left part.
Circulation; The data in left part symbol: C is transferred to upper part symbol: C.
This calculating circle is called Multiply & Add.

+ Repeat these calculations with circulation until termination of reaching E.

C=M1xA+ M2xB ..........(1)
This set of calculation relation 1s the same as equations in D=M3xC D)
the right. By generating equations toward (6) one by one, = M3xM1xA

_ _ +M3xM2xB e (3)

we can watch that predominant symbols: A and B and n- E = M4xD )

termediate symbols: M1, M2, M3 and M4 are built in the = M4xM3xC i (B)
final stage of result- E. = M4xM3xM1xA

+MAxM3IxM2xB..............(6)

This means that if we can change data behind these sym-
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bols interactively, we can grasp the every stage of influ-

ence of each factor.

Extension from scalar to vector or matrix
These elements used in the above illustration have

Then

these elements 1n the upper and left parts are extend-

been treated as representing scalar values.

ed vectors or matrix, and accordingly, elements in
the center part are extended to matrix synchronizing
the extension of related elements in the above posi-
tion of upper part and left position of left part. This
means coincidence of sizes in structure matrix.

These extended elements are turned around the ori-
gin of structure matrix in transferring these elements,
placing upper edge in the left to the left edge of the
upper part as shown in Figure 3-22 and Figure 3-33.
Irrespective of these extensions, calculation rule:
Multiply & Add are kept in the whole of structure if
the dimensional sizes of these elements are main-

tained with integrity.

3-2-2 Extension toward Table-Driven-

For realizing the interactive handling of
the set of organized tables with calcu-

latingycapability following the structure

Muitiply
&

Add

:

Q DB

Vertical
Figure 3-33  Extension to Matrices

Tables-Processing Architecture

E | Jrens] %
.- 2 42
Domesli: Ca Export Car Matedals Materials
Producton Pro diuction C ensum ption Cost
[ BN Tr R o) 0w o W
w o ow w2 S ~ o8
- 8 o~

matrix concept, a multilevel architecture

with concept of Zable-Driven-Tables-

aiad

C ensun ption

Processing must be established. An ex-

19
xns
85

ample expressed in the flat domain as

id

given in Figure 3-24 can be organized as

76
3350
1275

Cost

a set of two storied tables with a Macro
Table and Micro Tables linked with it by

Total
pes

the rame as in Figure 3-25.

SConsumption
.06.04 .03.02 .06.04 .03 Rate for Export
.80.70 .60 .50 .80 .70 .60
.20.20 .15 .10 .20 .20 15
SConsumption
Rate for Domestic 40

SPurcgfgs 100

Figure 3-24 A Sample of Structure Matrix

in Fiat Domain
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{ Vertical Flat |
{ Vector "% Vector’i

Figure 3-25 Relation Between
Macro Table and Micro Tables

In the adopted examples in this figure, micro tables seem to be smaller compared with the macro table.

However, there is no such restrictions in sizes that reflect real phenomena. The realized sizes will be
shown in the realized architecture in the realized architecture's sketch in the later.
The distinctive feature of this architecture is as follows.

+ Linkage between macro table and each micro table is only based on their names given to each micro
table by registering them as elements of the macro table. We gave-the name: Block to micro tables
mplying accessible set of data as users' objects. Therefore, adding, inserting, deleting, renaming,
and exchanging by blocks can be possible.

+ Developing of each block can be possible by pointing the cursor on the block name in the macro ta-
ble.

+ Calculation sequence and the relation between blocks can be grasped by looking at the macro table.

+ In grasping the models, users can enter into micro tables from the macro table as if providing Bird

» Eye Views. This capability is making the feasibility of maintenance and succeeding of models by
end users.

+ From the side of computer architecture, composed of expensive main memory and cheaper peripheral
memories, this architecture structure with Macro Table and Micro Tables could generally fits well.
Because in accessing micro table, macro table and only the targeted block (micro table) should be
stayed in main memory. In calculating, macro table for finding calculating relations and only the ne-
cessary blocks should be fetched into the main memory as transit passing phenomena. This charac-

teristic s also succeeded to the chaining architecture.

3-2-3 Characteristics of Macro Table

The rules and technologies required for handling the macro table are as follows.
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+  The two-dimensional sizes of Macro Table are decided by placing the blocks in lines in upper part and

*

*

*

left part without blank position. Numbers of names in upper part and left part determine the two-
dimensional size of macro table.

The names of blocks must be unique within upper part, and the same within left part.

Some common names can exist in both upper and left parts.
These are intermediate blocks in the calculation. The real data of these common blocks are uniquely
exist as internal architecture. Therefore, display developing of block's contents from both upper and

left parts can be possible by cursor pointing.

Mutipy Pre Determrinant
& Biodks Unique Here
Add P
Intermed iate
Blocks e er part
B &
. . . M1 M2 Same Names
Figure 3-26 Location and Naming are Used
Rules n Macro Table Unique Here & M3
CenterPart
E M4 ,
Post Determinant:
Block eft
part

As consequence of above, the blocks, not in the left part become Pre-Determinant Blocks.

Similarly, the blocks, not in the upper part, become Post-Determinant Blocks.
These characteristics depend only on the placing of block names in both parts.

The name of the block in center part depends on the rule of Type Symbols prepared by the package.
Some blocks bear actual value data with capped type symbol and following proper name. Some of them
are pseudo block name having no actual data placing advanced type symbols.

As nature of matrix calculation, the calculation results are equal even if elements in macro table are ex-

changed all together by all the row elements or by all the column elements.

[l
?
v?l 1“
A B CD B C D
C | M1M2
D M3 -
E M4 M4

Exchanged Column Forced up Row

Figure 3-27 Same Results by the Exchange of Columns or Rows with All Together

*

This characteristic 1s well used for remodeling aiming easier understanding and for quicker reaching to
the targeted blocks after calculations. This characteristic 1s extended to the model containing non-linear
tvpe symbols or Input Process Output models by associating the type symbol: D or # (Dummy and Wait).

Change of calculating logic
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*

For the change of calculating logic, this action must be made interactively and intuitively by end users
without serious change of existing logic.

Taking the middle example in Figure 3-28, operational sequences on screen are as follows.

- First Step: Select adequate position on upper part to insert the upper block. Automatically

vertical space opens

- Second step: Place upper block name to insert
- Third step: Register center block names considering the positional and logical relations
Register
 Insert first New Logic
y
A B CD A B X CD

Cc | M1 M2 C | MIM2 C

D M3 D M3 Y

E M4 E M4 D

e E

EE?J“L‘*J@C ggzge Opens

Figure 3-28 Sequence of Adding New Logic

Under the calculation frame of Multiply & Add, center block having matrix data capped by linear Tjpe
Symbols (like S, B, G, R, =, T (Transpose) and E with diagonal data) can be placed to the optional posi-
tions selected by modeling conveniences. This operation is extended to the pseudo or extended matrix
operation of Type Symbols: A, E, M, V and @.
In addition, non-linear Type Symbols (like Q, C, P, %, T (Turn), *, / and X,) can freely be placed under
the extended calculation frame: Input-Process-Output. Among many of them, multiple upper blocks
are specified associating Type Symbol: D or # (Dummy and Wait).
The methodology of calculating sequence, responding the free placement of center blocks, can be estab-
lished only by following the local needs of changes. This means it is not necessary to consider the cal-
culation sequence, by automatically interpreting the layout of whole macro table to calculation sequence.
Many of application programs armed with users' unique logic are commonly maintained by traditional
methodologies like so called Waterfall Tipe. (i.e. Programmed logic is surveyed in details, and those
programs are inserted or sometimes developed again for modification, then recompiled and tested.)
Scrolling function in displaying the macro table organizing related three parts (Edit and Scroll)
Limited by screen sizes and human intellectual horizon, even the large macro table must be shown by

screen scrolling with automatic editing of related three parts in to one table as in Figure 3-29.



b

~ Macro Table Clipped and Organized
Virtually Existin Memory Screen

Clipped Screen
around the Origin

oz X

Figure 3-29 Clippmg and Organized Screen for Displaying Macro Table

3-2-4  Characteristics of Micro Table and Axis Information

The fundamental charactenistics required for the micro tables (blocks)
The functions of micro table must be supported by the followings.

(1) Macro table and micro tables must be linked through the name of each element of macro table.

(2) Displaying and change of numerical values in a micro table must be kept independent from other
micro tables.

(3) According to the given calculation sequence prepared by reading. out micro table, calculations
must be performed with integrity.

(4) Handling of numerical values' arrays in micro table must be associated with their meanings given
for each location within the table. (For vector numerical data: vertical position's meaning; for ma-
trix data (table): both vertical and horizontal meanings) Each numerical value has no meaning it-
self while staying in micro tables, so it should have concrete meaning in interactive handling.

(5) The influential micro tables by the location change of numerical values' arrays (Insert, Adding and

» Delete), must conformably be changed their location at all once. This operation should be per-
formed interactively without involvement of source program handling.

(6) If possible, the above mentioned influential micro tables should be notified beforehand the location
changes.

(7) Numerical values of micro tables in upper and left parts should be reserved after finishing the cal-

culation.

The reasons are as follows.

- As for pre-dominant blocks, values should be reserved for displaying the calculated results and
for starting the next calculation again.

- As for blocks in the left. values should be reserved for displaying the calculated results and for
the building 1n chaining structures.

For realizing the above requirements (4). (5) and (6), a special 1dea: Jtem 1s mandatory for effective realiz-

ing of structure matrix architecture. ldea of Jtem is one of highlights in structure matrix technology.
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Naming of [/tem

German originally established this idea from the needs of standardization in cost management. They
named the list of component as KOL (Abbreviation of German words: Komponent List) and located in the
margin part of structure matrix in the paper, without involving in the computerized architecture. In their
application, KOL was associated only in preparing the array data of predominant blocks in the upper part
and center blocks, and generating the reports of resultant data.

We had been privately thinking the necessity of the same function as an essential technology associating

the structure matrix. When we found this strange coincidence in Germany and Japan, our astonishment

was large and function of KOL was implemented with authorized name associating the structure matrix.

We were merely stayed in the idea of structure matrix and were conscious of the necessity of KOL func-

tion. However, we were in the status of not defining the name.

Through the long study of German technology, we introduced the word: KOL and its method at the batch

style implementation. Then succeeding the same name: KOL, this function word was expanded in the first

stage of interactive program.

However, the name: KOL was rejected by the reason that German abbreviation didn't convey the real

meaning for Japanese. So KOL was changed into 'Item Block,' and the name: 'component' was changed

as Ttem' or 'Item name’ with easy and worthy naming.

According the dimensional extension of blocks from vector to matrix (so table)in the margin part (Upper

and left parts), those two-dimensional blocks having numerical values are turned to be associated with two

item blocks. Center blocks with numerical values are associated with two item blocks: horizontal and
vertical as before.

Note: When the writer visited Heosch Isen und Stahl AG, in Dortmunt, Germany, in Dec. 1979, Staff
members of Hoesch, Dr R. Wartman, et al, tried to persuade him the importance of KOL. For the
writer's smoother digesting, they became skeptical to my understanding, saying "All the Japanese
visitor spent more than Two hours to let them understand the functional necessities, and they return-
ed tilting their head. It seems mysterious that you can understand KOL with no objection.” This is

because the writer had been thinking the same needs as associated function of structure matrix.

E mental Functions of Item Block

In the example of vector data block in the margin part as shown in Figure 3-30, item blocks are located
outside of the margin part (outside of upper part and left part). In this figure, macro table and micro tables
are shown in the flat manner. In the hatched areas, Item Blocks are located. Upper item blocks are staring
at the numerical data in upper margin part and left item blocks are staring at the numerical data. Also these

item blocks are staring at the valued data in center blocks horizontally and vertically.

Ifl packaging these ideas, item block names must be explicitly positioned in the macro table. By cursor
pointing, the components: Items (or Item names) must be displayed, being developed in the list format.
It depends on the designers' idea as structure matrix archrtecture that /tem Block Names in macro table
should be explicitly located, or tacitly located in the behind.  For the later case, the needs of displaying of

ltem Block Names are realized by another functions.
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Figure 3-30 Item Blocks Associating the Data Blocks in Margin Part and Center Blocks

Looking Figure 3-30, numerical values in margin part are given specific meaning by corresponding Item

(Item Name) of Item Block. Please look the bold characters in the figure. The value in the left margin part:

33.5 exists in the data block: Material Consumption. Look the Item Block in its left side. This value corre-

sponds to the Item: Steel. Data Block (value array): Material Consumption is corresponded to the Item

Block; Material Names (string array) by Block, and values are element-wisely corresponded to Items (Item

name) one by one.

The same is about the value: 10 in the upper data block: Domestic Car Production. This value correspond

to the Car Name: STAT in the Item Block: Domestic Car Names.

Also the value: .70 in the center block: SConsumption rate for Domestic. This value 1s specified by two-

dimensional meanings: STAT of Item Block: Domestic Car Names and Steel of Item Block: Material

Names as cross point of these.

From this example, we can understand followings.

e Anltem (Item name) is giving meaning to a value in data block.

« ltem Block is also performing a function to give sequence of meaning array by associating Block
having value data.

« Couple of an Item in the upper Item Block and an Item in the left Item Block is giving the meaning of

a value in Center Block also fixing two-dimensional sequence and position.
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+ Their associated Item Blocks define the element's size of data blocks and center blocks.

For interactively handling the block data, definitions of array size of numeric data (in case of vector
and matrix) are necessary. Sometimes data are sometimes sparse or almost null and data in left part are
resulted after finishing the calculation. As prerequisites for inter tables processing, establishing of
block's size before the calculation is required. (At present, we are thinking that this strong restriction is
not necessarily sufficient for covering all the management phenomena, and loosens of this restriction is

reserved as future extensions.)

Common Use of Item Block

Looking the Figure 3-31, the same Item Blocks: Material Names are located as common use of this struc-
ture matrix.
In modeling, common use of Item Block has following advantages.
+ Saving the duplicate work lord of defining items
+ Establishing tool of standardized items as business model
As examples of standardizing, sets of names or codes about following matters would be illustrated.
Product and Product Group, Facility for processing, Parts, Material, Activity, Customer, Account,
Overhead Items, Organization, Occupational category, etc.
These functions were already established before we know the German development, staring the needs of

standardization of MIS. In addition to their efforts, we find important advantage of common Item Block

for realizing interactive handling of structure matrix as table processing.

Another important advantage is in interactive mode of responding to the changes of Items (Item Names) at
the time of Insertion, Addition, Deletion and Rename. Figure 3-31 shows the example of typical case: f in-
sertion of items.

At the insertion of Item: ZZZZ in Item Block: Domestic Car Names (Adding a type of domestic car), influ-
ential data block and center block can be detected from the macro table. Then preceding the operation: In-
sert.anfluential slots are detected and their spaces for inserting: [1) the corresponding values are opened.
Also in case of adding a type of material: Plastics, by selecting an Item Block: Material Names, Items are
shown in list. By operation: Insert, influential data blocks: @ and center blocks: @, are detected. Then se-
lecting proper position, open slots will be prepared.

By this mechanism, filling of numeric data can be performed by users by selecting the influenced blocks
and place values for the opened spaces. About center block: A, opening of a space is unnecessary because
substituting action to arrange the block size at the moment of calculation is prepared as a nature of Type
Symbol: A.

By those interactive operations, users can detect the related position and insert their value data swiftly

without involvement of investigating and reprogramming the developed programs (No programming).
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Figure 3-31 Influential Position by Inserting Items:ZZZZ andPlastics

Operations: Addition (add item in the last), Deletion and Rename can be performed according as the same
way upon well-developed package.

Besides the original advantages, the big advantage of built-in Jtem Blocks as essential architecture of
structare matrix is in the capability of detecting influential block and executing those operations interac-
tively without involving programming.  Utilizing the merit of Item Block decides the easiness of model-

ing and maintenance for end users.

For easier explanation, the shape of data blocks in the example of margin part has been vector. Together
with our progress, these blocks are extended to the shape of two-dimensional tables associating two Item
Blocks. Taking the example of data block in selling amount, one dimension would be kinds of product and
another dimension can be sales branch office. Such Insertion Addition, deletion and Rename can be identi-
cal with that of center blocks. These architectural relations will be shown schematically in the later sec-
tions.

Thinking the relation between numeric data block and item block and considering the multi-dimensional
table processing. item blocks are newly defined as more common word: Axis Information associated with
table.
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ension of | their Nami

Major paths to reach the contents of block level from the selection of structure matrix are shown in Figure

3-32 according as the type of data and associated item blocks.

List of
Structure Matrix

v

Macro
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v v J
One Dimensional Two Dimensional @E tem Block
Data Block Data Block
Associated | + ’l\tsw";;ei + Associated +
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Axis | 5 Axis Vertical
Associated + - +
Item Block P Associated H
Axis I1 ltem Block
Axis Horizontal
~Horizont
orizon val—-> X

&— Axis |

Data Block Data Block Center Block . Item Block

Figure 3-32 Trading Path toward Dsplaying Blocks

For displaying block data, next points are to be considered.
- Screen management of display is provided, being oriented for line by line (list of record) as de-
facto standard.
- Numerical data 1s naked, so these should be displayed attaching their associated meaning of item
? information.
- Data displayed on screen are limited in size, so scrolling for vertical and horizontal directions must
be provided with their associated items.
- Acknowledgment of displayed data, with their direction and with position in macro table, becomes
difficult when multiple axes (matrix table) with associating item blocks are provided in data block.
To solve these problems is important for extending the structure matrix toward series of structure and for
introducing multi-dimensional data in data block. For more expansion of inter-table processing, we must
establish idea: defining directions of the block consistently with their macro table.
A case in which all data blocks are vector in direction: Axis I is shown in Figure 3-33 with major screen

lmages.
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Figure 3-34  Mapped Structure Matrix and Axes of Blocks Having Depth Direction
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In Figure 3-34, data blocks are expanded to two-dimensional table accompanying two item blocks, corre-
sponding the individual dimension. Taking only first column of the data block, accordingly vector data,
figure 3-34 becomes the same as Figure 3-33. Therefore, Axis II can be thought Depth direction to the
Axis I within Front direction.

There 1s some confusion in the naming of Axis, like Axis I as Item direction and Axis II as Case or Depth
side. The naming 'Case’ was started as a prepared data for vector in parallel for case studies. By the ad-
vancement to adopt associated Item Block for individual data block, we must have clear definition Axis 17,

Still there exist name 'case’ and mixed use of word: 'Ttem Block' for Axis I and word: 'Case Block' for Axis
I
These naming should be put in order under the idea of Axis Information. Item Block should be defined
as common information block and assigned to the necessary axis of blocks as Axis information associating
with them for giving meanings from the side of the axis view.

Extension to establish definite Axis II information brought remarkable easiness in modeling assisted by
auxiliary type symbols: T (Turn). By this type symbol, we don't need to fix direction of table at the be-
ginning,

We learned these definitions are very important for smoother modeling that may start from the analysis
and succeeded to the proto-typing. In addition, establishment of this idea is important to the size ar-

rangement in the next paragraph.
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Figure 3-35 Rules of Dat Size Arrangemrent by Different Sizes
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At the Inter table processing, table sizes are different between the tables. Sometimes scalar value is given
in stead of a single value table given as a parameter value of Type Symbols. Even those cases, data sizes
must be arranged enough to calculate with adopting some rules. Those rules must be necessary for the
two cases:

(A) Advancing the calculation execution

(B) Restoring the calculated result after the calculation
Figure 3-35 shows relation of (A) taking the example of dyadic operations and shows implemented combi-
natorial cases between different block sizes. Multiple block operations and scalar arrangement given by

parameters is the same as in Figure 3-36.

Upper Blocks
1

1 E

Left Blod_(s ] Cen1ter Blocks

Calcul;ted Resuft T—
before Restoring S

Calculated Result before Restoring

1

<
M=m M<m
N=n N<n

Calculated Results are .

' C N>n
aligned to the 1,1 position .

. Underflow positions ) Overflow positions

and arranged according to are filled with Value 0 Same sizes are neglected

the given Left block Sizes
Restored Result to Left Block

Figure 3-36  Various Cases of Data Size Arrangemrent Afier Calculating Operations

)
Blocks having numeric matrix data (data block and center block) are likely to form sparsely populated
matrix in which null data occupy major portions. The word: sparse matrix is used for fully populated
matrix in contrast to full matrix, from the point of calculating performances and storage efficiencies of
system. The percentages of the population are practical design problems. This problem becomes seri-
ous when the sizes become large compared with the available computer capability of the age. As experi-
enced cases. sparse data saving in disks and transforming full matrix for calculation were implemented
consi'dering the compaction of data and programming efficiency. In addition, for large size of matrix cal-
culation, sparse and full matrix handlings are executed with mixed mode depending on block's population.
The specialists of numeric calculation often proposed us deformation of matrix finding efficient calculat-
ing shapes. However, it was in vein. As a nature of data in management phenomena, we learned that
we could not find any commonly applicable tricky method.. These sizable problems are practical engi-
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neering problems given to modeling of phenomena and the computer environments of the current ages.

3-2-5 Series Architecture

Idea of series for structure matrix was originated from the idea of modeling: Time Series phenomena. On
modeling, we sometimes meet 7ime Series phenomena in which the shapes of structure matrix are identical

to the first series and contents of micro table: numeric data are different as in Figure 3-37..
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D, M3 D, M3 Dy M3
E, ma | |E M4 Es M4
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A B C D,
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C,| M1 m2 3 3
Figure 3-37 Understandng Simibr D, M3 v M4
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E, M4 Series 3
Series 2
Series 1

For responding these needs, architecture to provide a common macro table linking individual micro tables

] 1
erles 3 Sler ies 3 Sler jes 3
Series 2 Series 2 Series 2

Series 1 Series 1 Series 1

for different series, is considered as in Figure 3-38.
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Figure 3-38 Series Architecture Series 2 ‘%;es 2

, Usmg A CommonMacro Table [ Series 1 Series 1

We started from Time Series idea in which phenomena in the same time domain should be calculated
within the same time domain, and we found that we had no needs to be restricted by the frame of period by
time. Therefore, removing the word: Time, a simple word: Series was adopted thinking common usage.

We adopted the idea, the transferring of causal relations among different series, should be designed to be
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performed on the chaining structure, thinking the more generalized chaining structure: complex chaining

between multiple structure matrix and series structure. This chaining structure will be introduced in the

later chapter of Chaining Structure.

However, series structure has the following restrictions as framed architecture.

Their calculations are executed series by series.
This means specific series can be calculated independently.

Looking toward the Series direction, each Data Block in the margin part and each Center Block

have the same associating Item Blocks.

By these restrictive framing, Series Structure has the following advantages.

The model approach is easily possible by proto-typing that starts from developing the first series,
extends the frame of micro table by coping the last series or a series of those, then modify the
copied data of micro table for model completion.

Insert, Add, Delete and Rename of the Item can be performed uniformly covering entire series by
changing of the associated Item Block.

This characteristic is brought by the restriction to use the same Item Block associating the series of
micro table uniformly. When this modeling restriction can not be applied, each series of model
should be made from a single structure matrix by copying, then the copied macro table and micro
tables should be modified.

Function for viewing or setting data in micro table tbward series, can be provided by switching of

the browsing toward series.

3-2-6 Sketch of Whole Architecture

Figure 3-39 Image of Implemented Structure Micro Tables
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This section is to show the concrete image of the architecture as we have implemented, summarizing the

previous section.  Figure 3-40 shows the relation between macro table and macro tables of series, and rela-

tion between associating Item blocks. Figure 3-39 shows conceptually the essential architecture of struc-

ture matrix focusing on the associated Item Blocks.
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3-2-7 Advanced Functions
nput Process

At the start of the software packaging, we recognized that Multiply & Add can only absorb three calcula-
tions: Add, Minus and Multiply, and within the range of these three, major part of business phenomena can
be described without programming. However, we have been acknowledged that only three calculations
were insufficient for covering wider application. Therefore, our efforts compensating the uncovered area of
logic were paid for many years by adding new type symbols through the boiling up of user requirements.

Details of type symbols are written in the Appendix -II: Particular Type Symbols.

Our logic preparation by type symbols was performed as the following way.
e Dyadic type operations using upper block and center block
This style can keep same style of Multiply in Multiply & Add.
Complicated calculation and non-linear can be introduced.
Example: Q (Quota), V (Volute), @ (Linear Loop),
¢ Single operation using upper block only
In this style, center block works as a kind of operator having no data
Example: T (Turn), T (Transpose), M (Matching), H (Horizontal Add)
e Dyadic type operations using two upper blocks
In this style, a center block working as function must specify two upper blocks.
Placing a type symbol as center block can naturally specify one of the two. However, another
one block to be specified is left.
There are two ways of specifying artificially as follows.
- Specify upper block name in the center block together with type symbol.
- Placing type symbol having the meaning of Dummy (Null operation) and Wait like D or #
(These symbols may be said a kind of associating Type Symbols.), just under another speci-
) fying upper block. By this location, the calculation of main type symbol will be kept waiting
until another specified upper block is ready to be used.
- As combination of above two ways.
As these examples are,
* (Multiply upper blocks mutually), / (Divide by another upper block), %o(Prorate)
C (Condition), P (Production)
Extending the covered logic for more complex area by these ways, Multiply & Add could not be the basic
rule of structure matrix any more. More general phrase reflecting those advancement was required.
New‘word: Input Process Output was adopted for mode shift from Multiply & Add.
In this phrase
Input 1s specified by upper part.
Process is specified by center part. A certain Type Symbol in center part utilizes Center Block
and Dummy Type Symbol specifies the use of block in upper part.
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Out put is given in the left part.
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Figure 3-41 An Example of Calculation Style:  Input Process Output

A simple case of Input Process Output: multiple input blocks 1n upper part and a single output block in left

part is shown in Figure 3-41.

This calculating mode has the following advantages.

¢ Convenient for converting to model from IPO (Znput Process Output analysis)

o  Clear understanding of models i

s Multiply & Add can be covered as a partial mode of this

¢ Coincidence with the architecture of chaining structure
With this mode, unification of calculation mode was realized covering whole architecture:
structure matrix and chaining structure.

)

Looped Calculation of Structure Matrix

Generally for many people, to understand mechanisms that contain looped phenomena is very difficult.
In modeling approached by programming, another types of loop processing provided by programming are
tend to be involved. Then these types of loops pile upon the native loop processing that were provided by
phenomena themselves. This brings problems around models like understanding the phenomena them-
selves. modeling, understanding the developed models and their maintenance responding the change of
phenomena.

Our 1dea is to provide easier tools to solve these loop problems along the extension of structure matrix by
each level. For end users, it 1s rather easy to make net work models having no loop (These models form

up type of destination matrix. ). Consequently, the resultant models are difficult to be understood by oth-

Crs.
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We can also think that structure matrix, currently discussing, can form a sort of destination matrix looking
the macro table.
Therefore, to provide looped model in the following manner would be 1deal.

e Make the loop aside and construct the model of straight foreword part.

e Confirm the calculation of straight foreword model '

o Then, establish loop relations

¢ Perform calculation until convergence

Principle of implemented way of loop proc- ,
Save Intial

essing on structure matrix is shown in Figure

3-42 as a sketch.

)
SRS

S
R

In this figure, as a matter of course, opera- Set Values of Pre-
determinant Blocks

tions to transfer intermediate block from left Restore

. Initial
part to upper part are not described. Vales
In the loop calculation, after the finishing
the structure matrix calculation and conver- E

— xecute
gence check, some blocks in the left part are || Structure Strgcaﬁlé:ﬁa';?:rt\"x
transferred to the upper part and predomi- || Matix
nant blocks are replace by them according to Reset Values of
exchanged Pre-
the registration of Transfer table. Spedified Blocks determinant Bbcks
are trarsferred © for next calculating
Convergence check may depend upon the Predetermired Bicck Y
. . in upper part, Convergence
resultant condition of a selected block in the then replaced - ef?e End
left part. N Blocks in
The condition can be evaluated by certain | | Left part
values reached or by difference between this
. . Transfer
time and previous values. ‘ AJ <_J Table
For the case of out-of convergence, maxi- .
mum number of loop processing should be ~ Transfer Blocks
Predetermined
Block

preget.

This loop processing function is realized as
an option of calculation function. Users
can establish their model as non-loop, then Figure 3-42 Calculation Process of Loop

form loop relation and execute it.

In iterating this loop calculation, some pre-determinant blocks are replaced by the newly calculated values
in the left blocks. Those values must be reset to the initial values before the loop calculation. Above all,
the case study detaching from the chaining structure is important. The bold lines illustrate these move-

ments as in the Figure 3-42.

This function can be provided as a kind of byproduct of structure matrix, for responding the request of
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model's aggregation. In a fortunate case, the aggregation results one matrix. The benefit of aggregation in

structure matrix lies in the following points.

* Reduction of complexity of models for grasping the influence of one upper block.

» Providing the compact model from complex models
The combination rule of inner products in matrix calculations can be applied for the aggregation of models
upon structure matrix. When we are assuming a flow example of combined three processes with each fa-

cilities' yield, material requirements’ calculation ascending the process flow is shown in Figure 3-43.

Facility3  Facility2  Facility 1
Input
Materiat=—b Yield LW Yield Ly} Yield > Producﬂ
P4 Y3 Y2 Y1 P1
1 k

4—————  Material Requirement Flow

Figure 3-43 A Example of Aggegating Flow

For calculating Input Materials: P, can be written by the following equation and finally aggregated to a
P,= Yy;xY,xY, xP,

= (Ysx Yy XYq)x P,

= Y XPy
The principle of this calculation will be shown as follows returning the basic characteristics of structure

single matrix: Y3,

matrix. The process flow is described as Figure 3-44 and the center part can be looked Y as rectangular

matrix in Figure 3-435.

=i k
P, P, P, 1
— Y
PalY, Y =
m Y
Ps Y, 2 Y
«— P, Y, n 3

Figure 3-44 Structure Matrx Figure 3-45 Cener Part of the Structure
) of the Process Flow Matrx as Rectangular Matrix

According to the basic characteristics of structure matrix, calculation can be considered as a matrix series
sum of square matrix within the restriction having linear elements.
Sum=E+Y+Y*+Y?

The series sum is given by the above equation and Y® after Y*becomes zero : 0.

K 1 m s K | mw n k1l = s
k
X k Y
Y2 | _ Y 'y
1 = Y1 X 1
m Y,V, m Y2 Y2
. v Y.y, n Ys " Ys
k 1 m n | S| m p | 'S | m n
: Y 0t Y| ¢ Y?2
. . . I I
Figure 3-46 Intermediate Calculations =" y x'
m m > mi Y)Yy,
al YYY N Y, . Y.y




Then, the sum becomes as Figure 3-47 through the intermediate calculations in Figure 3-48.

Mul;iply l l l

Add Py P, P

P2 |y, E

S
A
; 5
R R

Ps | vy, v, E
Py | Yavari YaYa Y5

Figure 3-48 Aggregatd Matnx
In Structure Matrx Form

Figure 3-47 can be rewritten in the commonly used structure matrix as Figure 3-48. This means that the

Figure 3-47 Sum as Aggegated Matrx

influences of upper blocks including intermediate blocks to the each left block can be directly calculated.
The restriction for this type of aggregation is that all the center blocks contained in the calculation path
must have the charactenistic of linear.

Fortunately, these characteristics can be judged by the types of type symbols used in the path of model.
These type symbols are limited in A, B, E, G, M (Axis I only: One dimensional), R (Reciprocal), S, T
(Transpose only) V and. @.

e e e e

h 4 v

Modeling Modeling ( Modeling )
y

Model C Model B Model A

Aggregation
First Step

Aggregation
First Step

Aggregated == Aggregated Aggregated
Model Model Model
Single Block Sing e Block Single Block
Consolidating
Aggregated
poses c o Total
o e 2L Model
Figure 3-49 _ R
i . Consolidated —» 2
Re-aggregaton of stuctured matnx Model 53
C f(” g Single Block

In addition. we can expand applicable range of this aggregation by giving the condition that the calculation

of the model was previously finished. By this precedent calculation before the aggregation phase, two
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type symbols: * and /, can be conventionally usable. We can think this condition as insertion of upper
block data to the center part by borrowing the calculated result using * and /.

German people originally developed the idea of aggregations in structure matrix. The extension covering
these Type Symbols upon structure matrix was performed in the interactive mode.

Re-aggregation, making a model by consolidating the aggregated models, can be possible as shown in Fig-
ure 3-49. These types of modeling are applied as DSS (Decision Support System) covering huge steel

works and consolidating the production planning and cost managing.
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4. Chaining Structure

The fundamental needs of chaining of structure matrices will be discussed first. Then the case of our pro-

gress to establish current architecture based on the fundamental characteristics, and "Transformation of the

structure matrix, will be introduced".

4-1. The Fundamental Needs of Realizing of Chaining Structure

Common needs for the chaining of structure matrices will be itemized the following points from the

smoother building and operation catching up the changing needs of requirements.

Smoother growth for the chaining of multiple single structure models

For the first time of the modeling by a certain tool, the developing person as a first experience defends

sometimes his subject, limiting it to small area without having successive plans.

At the time of success, the developer
naturally wants to go on further develop-
ments of other models. As a nature of
learning, we can hardly expect people to
have all over view from the beginning.
Taking an example of making profit
planning covering whole the company,
we cannot request the model developing
people to have all over view covering the
whole the company image without having
experience of the president or his assis-

tant.

Hot Mill
Facility

First Step
Modeling

=

Second Step
Modeling

Cold Mill

I‘ Facility
- Chaining
Hot Mill Required
Facility

Figure 4-1 Successive Modeling Growth

The mechanism and environments of the chaining must be prepared, so that the modeling people can

start their modeling from the limited part of modeling without presupposing further plans. Pacing

their growth, we must prepare enough mechanism to go on for the modeling spontaneously to other

areas and chaining of them.

Combine models partitioned by different
managing area

There are needs of collaborating the
modeling works. Most of the greater
miodeling in businesses, models should be
independently developed first according
to the professional partition or managing

partitions.

Marketing

Domestic
Production

Oversea
Producton

Finance

Individual Models

Domestic Oversea
Production Production

Collaborated Chaining Model

Figure 42 Chaning Indwvidual Modek



Then these models should be easily combined to a model ~without entering and adjusting the details

of individual models.

» Independent change of single structure models
The needs of local changes in single structure model happen independently from the chaining though
the single structure model was enrolled as a member of the chaining model. In some cases, changes
would give no affection to the Transfer conditions. However, sometimes, changes would be happen
in names, position and deletion/addition (worst case) of blocks. Those things also happen in Item

blocks, Item names and its sequences. In spite of such changes, whole model should be maintained

safely with minimum local changes.

e Re-combinations of chained model
Combined models to a chained model should be rearranged easily according to the needs of case
studies. Among advanced users, sometimes number of chained models is larger than that of indi-
viduals. Please imagine the case that profit-planing covering a company having three divisions, and
cach of divisions has their own three plans as shown in Figure 4-3. For consolidating models to-
ward total profit planing, it is required to survey more than nine cases for one case study will be re-
quired accompanying corporate arrangement. The easy mechanism capable for such us tremendous
number of combinations and re-combinations will be required above all from the side of top require-

ments. These essential needs are not somewhat easy method explained by the phrase: link of mod-

els.

Division
C1

Corporate
Assumptions Division

r c2

? ¢ Division
C3

Division Division Division
' A B C
* Division
Division Three B1
Al candidate Comorate
cases Consolidation D“’észi"”

Division
A2

Division
B3

Division
A3

Figure 43 Gereration of Mutiple Case d Chainmg Maodek

e Structure giving guaraniee to be able to relate all the calculating values mutually.
The chaining structure must provide a chance of capability to relate output of single structure model

to the mput of other single structure models, if required.  In making consolidating models like corpo-
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4-2. A Transformation of Structure Matrix

rate models, many activities in the bottom of operations are related to almost all the headquarters
functions or controlling factors of the corporate. Therefore, we cannot neglect those relations in be-
tween the single structure models. For example in the traditional modeling of corporate models, en-
ergy and environmental activities are sometimes neglected at summarizing, by the reason why the
model becomes too large to handle in relating other important managing factors. Sometimes those
activities are discussed in the independent models separately from key management factors. So to
speak, to provide the functional capability of Turn In Outside and Round Robin (In Japanese: Sou-

Atar1) become important beyond the traditional way of modeling.

VY 1 v

A BCD
Architecture of Accompanied Transferring Table C|P1PRP2
— | D P3
The chaining structure is deduced from one of the essen- E P4

tial structure accompanied with structure matrix. We

should notice the margin part of the structure matrix pre-

Figure 44 A simplified Structure Matrix

viously shown as in Figure 4-4. +d 3
Please imagine those elements as scalar value first. The £d a

left elements: C and D are transferred to the upper ele- ¢d id | O

ments: C and D. For the first understandings, we ex- aosgyv

plained the characteristics of structure matrix assuming

I

the relation: elements have both the same representative CDE
names and the same values.  Consequently, by the A
coincidence of the element's names, the accompanied 2 1
values are moved from the left part to the upper parts as D 1

implicitly.

Figure 4-5 The Accompanied Matrix

Hereawe should notice that there exists an accompanied matrix to the structure matrix, and that it performs

assignment of transferring from the left part to the upper part as shown in the Figure 4-5.(This thesis writer

found this accompanied matrix.) Value: 1 in center part means that the values of upper elements are trans-

ferred (copied) to the left part according their positions.

This idea of placing values: 1s or 0s, as binary matrix in the Center Part of the accompanied matrix, will

also be easily extended following the conceptual expansion of the elements in the upper and left part ele-

ments to vector or matrix.

In this stage, the chaining matrix can be thought as an accompanied relational table to the model de-

scribifig structure matrix and describing relation in between all the league members of upper and left ele-

ments.

As a characteristic of the chaining matrix, it exists as characteristics that less than an element having

value: 1 is located, when we notice its rows if transferring relation.
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than double values of 1 (one) in the row, we are confused in grasping the relation: where the left values
come from. This is the result of pointing up for Visibility with Transparency.
We should also observe that the linear relation: Multiply and Add are preserved in the entire center part of

accompanied table as transferring logic.

The partitioning of the center part should be synchronized, corresponding the extension of the elements in
the upper and the left parts to the blocks like vectors or matrices (finally tables). A chaining sample of
four single structure matrices: Marketing, Plant -Domestic, Plant-Oversea and Finance, 1s shown

schematically in Figure 4-6 by the block diagrams.

' Marketing A
B
(N
Pl
Domestic
Oversea

L]
. Plant
[ |
F Center Part
mINiN et

ant
o sti Oversea
. Finance
Finance | D D

Center Part

Marketing
Center Part

Piant B
Domestic
! Center Part]

Piant C

Figure 4-6 Chaining Structure Matrices Figure 4-7 Expression in Large Structure Matrix

As a nature of structure matrix, this block diagram is shown in Figure 4-7 constructing a large structure

matrix.
Finance D (]
Center Part -
Ovl:r::a C O 'g
Center Part ©
DPIm!B B a
? Cs:“l:sP:ﬂ o §
A | Marketng Left Part of
Center Part < A B c D
WY1 1 s .,
T - 8 c o
b c B A P
Upper Part of > 8 8 c

<« Marketing
‘S .
- Chaining Structure
© m Plant
o Domestic
]
8:0 Plant @
. 3 Oversea
Finance (_l (__J @

Figure 4-8 Large Structure Matrix and its Chaining Structure

4-4



4-3. Substantial rules for chaining of structure matrices

The essential aim of chaining for the designing should be as * $
follows.
— | Marketing
o Provide methodology along Visibility with Transparency,
possible to reach the designated details of chaining, V‘ %*
starting from all over view and arriving, also with mini-
Domestic Oversea
mized handhng operaﬁons_ Production Production
¢ Provide minimized knowledge about objected chaining
models and its member structures for collaborations and
long system life. Finance
¢ Keep independence among chaining structure and its
members as far as possible from changing of those mod- Figure 4-9
els including re-combinations of single models. Comyplicate Block Transfemring

Figure 4-8 shows detailed inter blocks' hand over among single structure models that are simply de-

scribed in the previous Figure 4-7 using single arrows.  As in the Figure 4-9, multiple blocks are trans-

ferred from the left part to the upper part of multiple single structures generally accompanying mismatched

or different sequences. Again, such relation exists also within the detailed structure of transferring data

between the blocks.

By these reasons, we reached to chaining architecture with the following simple philosophy..

The rules are:

Each single structure can belong to multiple chaining structures as a member of those common chil-
dren.
Chaining structure should be established independently from single structure models perceiving the
characteristics of associated structure matrix.
Transferring relation in the chaining structure should be composed of nested tables of their relations,
level by level from over view toward details as follows.
+ Transferring 1n the level of the single structures
The left part of the sending single structure
=> The upper part of the receiving single structure
+  Transferring 1n the level of blocks
The block of a sending candidate
=> The block of a receiving candidate
+ Transferring in the level of value data
Value data of a sending candidate
=> Valued data of a receiving candidate
In this last level, matching technology of which details will be introduced in the Type Symbol:

M 1n the later part of this Part I1, i1s applied as a mainline method of transferring block contents.
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As concrete methodology, in advance for the transferring, associating Axis I Item Block of the
sending block and associating Axis I Item Block of the receiving block are paired for the opera-
tion of Matching. Then full matching is operated among both Item Names. Then data, asso-

ciated the matched position of items, are transferred.

4-4. The principle of the architecture realized.

For keeping Visibility with Transparency, the chaining structure must be constructed to be able to approach
from macroscopic view and to be developed to microscopic view, forming hierarchical sequence, level by
level with nested tables’ sequence.

For realizing this requirement, our chaining structure was designed composed of followed three levels as
nested tables. The example of this architecture is shown in Figure 4-10 schematically focusing chaining
structure. Here a large structure matrix is dissolved into four small structure matrices attached to the

chaining structure.

Left Part of
Mutpyy  Structure A

IU W i ||i||

s
er

Upper Part of
Structure C

-3

a ltem Block of
Structure Matrix A

Mulﬁp},'

3

a ltem Block of
Structure Matrix C

Figure 4-10  Architecture of Chaining Structure

Level I Inter structure matrices
* In the chaining structure table. defined by a particular name, transferring causal relations is displayed.
And this transferring exists between the left part of single structures (Sending) and upper part of single
structures (Receiving) 1s displayed.

Level 1I: Inter their blocks
4-6
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By selecting the position having the fold arrow, it displays transferring relations that exist between

blocks of the left part of a single structure (Sending) and blocks of the upper part of a single structure

(Receiving).

Level III: Inter Items

The mechanism of this level is a little different from the above two levels.

For easier understanding, let's think transferring of vector data between blocks. They exist between

the block in the left part of output single structure and the block in the upper part of input single

structure. (Think only the first axes of table)

Pointing the inter-block relation, the third level relations are arranged for setting.

We prepared the following three choices for users.

*

*

Sequential transferring:

The sending data are transferred to the receiving position by sequentially coupling the position
from the start. If the number of Item names associated the sending block exceeds that of receiv-
ing, overflowed valued data are cut down. If shorted, zeros are filled for the shorted position. This
method is effective for most cases, if the contents ({tem Names) of Item block in both sides of
blocks are the same.

Assigning the matching position:

This assignment is specified as receiving oriented, by showing the receiving Item Names, then
selecting one sending Jtem Name from the list of the sending ftem Names. This is a one to one
assignment where transfer relations are effective, and the idea is identical with the insertion of
Type Symbol: B composed of zero and one.

This method is necessary for transferring the valued data between the alias happened in the dif-
ferent single structures. These phenomena happen commonly in the collaborated models: for
example, some product names are different in marketing departments, production plants and re-
search laboratories. Such arrangement work must be involved in some collaborated modeling

work.

? + Automatic Item matching

Using the same idea of full matching function of which details are introduced in the Type Sym-
bol: M (Matching), data in the matched position are transferred to the receiving position. Setting
work of the transferring position is automatically and dynamically performed. This is most
common case of the chaining, because of stability for dynamic change of models.

Taking a case as example, the product order received in the marketing model must be distributed
for the multiple plant models according to their specialty of product lines. These types of trans-
ferring are specified in each chaining of Level III and without detailed setting work, the transfer-
ring is easily performed. Applying such method, transferring of data near million is performed

among single structures.

The extensions of the last two methodologies for the transferring of two-dimensional tables, existing in
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the data blocks (Using the Item of the second axis), are tried. From the Visibility with Transparency,
transferring the data in one stretch does not seem to be well accepted, though arranged. Most end users
apply the transferring to the first axis, and turn the result using type symbol: T (Turn), then apply the trans-

ferring of the first axis again (accordingly the second axis at the beginning).

As a whole, this set of table for the chaining is realizing a kind of Round Robin table, placing single struc-
ture models independent from the chaining structure as satellite. The center part of Level II is implemented
as list type table in which the candidate relation among the upper and left block can be set one to one, from

the side of simpler understanding, evading the confusion of multiple transferring.

4-5 Various Type of Chaining Structure

Thinking the series of models (Mainly the series are used for time series where the major structures are
maintained almost same in the time varied domains, but there is no necessity to be limited only in time
varied phenomena.), chaining models can be classified the following three types. In this discussion, the
types of intermixed chaining including loop are omitted, reserving for future discussion.

« Simple chaining

+ Series chaining (Used mostly for time series)

+ Compound chaining
Simple chaining of their transferring block data among single structures to other structures as shown in

Figure 4-11, is already explained, in introducing the chaining structure.

++ Left Part of Member Structure
[ Marketing %;’d;eiﬁnlmﬂggnlkwuntjng
Marketing Mo ]
£
@ ®
3|5
[}
£[E.
2l
. o |2
? Production Production L8
Domestic Oversea g ‘E
sz
@5
&l 2
Accounting o] g
2
(a) Diagram of Simple Chaining (b) Macro Table of Simple Chaining : Level

Figure 4-11 Simple Chaining Structure
Diagram of series chaining, that has relation of transferring block data toward upward sequence, is shown

in (a) of Figure 4-12. and its macro level table is shown in (b). In applying series to time series, causal

relation is brought in, forwarding the time position.
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Left Part of Member Structure
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(a) Diagram of Series Chaining (b) Macro Table of Series Chaining: Level I

Figure 4-12 Series Chaining Structure
Series 1s one of the architecture toward depth direction, attached to the single structure model. However,
each series structure is handled as an independent single structure in the chaining structure, only with the
forward transferring direction.
An example of compound chaining, mixing of single and series structures shown in (a) diagrams of com-

pound chaining, Figure 4-13, are expressed in (b). Here each senies structure is also placed as an indepen-

dent structure.
Left Part of Member Structure
+ Marketingl Marketingl Marketing| Accoumingl Accounting| Accounting
_ 01 02 03 01 02 03
Marketing E’
¥ 01 iz
iy %
Accounting o 2
i — g8 o
N i B2
02 Q‘? wn Ea
Fg olEn
. Accounting r ) o lxe
02 9 €S <«
Q o I
) r* Marketing &\5 =5
03 s §6 <J
: / [AE:
Accounting oo
03 5Ea
g(5° < <
O]
£
Em
g° <+ <
<
(a) Diagram of Compound Chaining (b) Macro Table of Compound Chaining: Level I

Figure 4-13 Compound Chaining Structure

4-6. A Case of Study for Designing the Chaining Architecture
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In early stage of thinking the chaining architecture, there happened to have an idea that single structure
matrices were a part of a large structure matrix to be placed in its upper level. The idea also includes the
transferring tables linking those single structure matrices.

The idea was derived from the following idea that all member of single structured matrices and the trans-
fer tables could be described in a large single structured matrix by the principle as shown in Figure 4-14.
The common expression of structure matrix (a) in this thesis can be rewritten as rectangular expression.
Then transferring relation from the left part to upper part can be rewritten as in (c). The upper and left
parts can be unified attractively in the three dimensional spaces as in (d). Using this idea, the example of
proposition for the chaining structure of four single structures as in Figure 4-8 can be expressed as in Fig-
ure 4-15.

This architecture can express the whole structure including the member structure matrix and chaining ta-
bles within a simple image and their single structure matrices can construct recursive structure as nested
architecture.

Surely this architecture seems very beautiful like Mandala chart (Buddhist art: a well organized ideal

world) and easy to understand if this architecture is maintained static.

VVy YV 4 (b) Rectangular Expression
A BCD A BCDE
clrm — A
D P3 B
£ k4 c | P1P2 |
. D P3 =
(a) Common Expression = o4 ;
Ju
&
&

R A R R,

%

OH(t[ 0O

(d) 3D Expression with
the Margin’s Unification parts in

( ¢ ) Transferring Expression in the structure

Figure 4-14 Structure Matrix Unifying Transfernng Table
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Figure 4-15  An Expression of a Large Single Structure Matrix unifying Transfer Tables

Though the striking beauty of its completeness and easy file forming under tree architecture from top uni-

fied table, we didn't adopt this structure by the following reasons

*

We could hardly grasp the chaining structures in which their chaining tables were scattered to the
whole.

The single structure matrices were required to be active belonging to many chaining structures for
case studies.

We were required to provide a kind of Object for end users by giving the grasping unit like Chaining
styucture, Single structure, Block then Item and data that forms exact hierarchical levels.

The chaining works on collaborating job became very difficult, because all collaborators had to know
the details of the models in placing and maintaining their responsible parts.

Adding the involvement of time series structures, this architecture became complex and large to be
handled upon computer screens. This was also more unrealistic, thinking of future extension toward
pile up of higher chaining structures and loop processing upon current chaining structure.

Responding the needs of changes happened in each level, was too difficult to be handled.

Type symbols in different nested levels made the whole architecture uneasy to understand their man-

agement phenomena at the collaboration.

After our early stage of selection, some attempts to place this unifying idea was failed by the above cru-

cial reasons.
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5. Technology of Type Symbols in General

In this chapter, we discuss technology about Inter Block Operations. .Because these operations start after
the calculation sequences read out from the structure matrix. Inter Block Operations are realized by Type
Symbols or by the associative operation of them. In offering software package for business model build-

‘ers, sufficient type symbols must be provided enough for propagating users' ideas according to the progress

of model building. The subjects will be descended from general to particular.

5-1. History of Type Symbols

“How to organize type symbols in what way to responding the various needs" had been our long term

efforts.- In the figure 5-1, the history and the development of our idea were schematically shown.
ing fr I 100 an Model

First idea started with a simple hypothesis: "Business models are composed of rather simple Logic if re-
solved into basic elements". Then through the study of German development, we had a hint that very
simple notation could sufficiently and compactly express the terribly complicated causal relations among
production factors and cost factors on structure matrix M Dewehland, 1997] (Please look at Figure 7-2-3
Structure Matrix of Steel Plant)

nsolidati lati

As an earlier experience, we introduced to make the package reflecting c;onscientiously German models
having two styles of basic calculations: "Multiply and Add" and "Add and Multiply”.  The latter gave
beginners confusion to Jump to the image of possibility to calculate inverse causal relations, though it gave
cost models reflecting production factors. In addition, they were disturbed by the possible size of display-
able characters in those days. Above all, under the 80 characters' displays, the existence of two modes of
calculation in one display screen caused invisibility, and it gave them complex image of computer system
though the system had simple and compact relations. By the idea to make transpose symbol and to put the
chara(’:ter T at the top of center block names, we could improve those models that were effective under sin-
gle mode: Multiply and Add. (Details of those are introduced in chapter 6-2-1 Bilinear Relation of Con-
sumption Factors and Unit Cost)
Alignment of Single Data to Plural Data

In earlier stage, we introduced the concept of data expansion: single date to plural data aligning the paired
another block. This gave easier handling of data for users and lead to apply for the handling of multi-
block and data given as parameters of specific type symbols. We learned the importance to establish those
rules 'from the handling of arrays in APL (Interactive language: A Programming Language, used for the
development of those packages for long terms.) Sample rules are shown in chapter 3-2-4 of this thesis: Ar-

rangement of data size at inter table processing,
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Make Business models are composed rather simple Logic
Hypotheses if resolved into basic elements

Study
|, German Cost Model

Learn
Corvenience & Importance
of tem Block

Implement Joint Study with Kobe Steel, Kobe University and IBM Japan.
Cost Model as Batch System. Batch System Programmed by Matrix Language: MATSYS®
Clue to the idea of Pseudo Linear Operations
+ Substituting Linear Operations (like Matching)
Start Joint Study with Nippon Kokan & IBM Japan
Development of MATPLAN®

Interactive Package

Compressed Expression Learned the convenience of Over-Look Table of Models
of Models Using only Top Characters of Center Block Name: Type symbols
. Learned Business models can be well expressed
on Structure Matrix by Only Several Type Symbols

Basic Linear B.EGR
Type Symbols Establish
Size Arrangement Rule
Single Element to Plural Elements
Expand M
Linear Type Symbols
L_—.’ Substitute _
oAy oot
Add —-> By Adding Transposing Symbol T | "~ rsolidated Models
F’rocess> Type Symbols 1B, TG, TR, TS, TV, T@
of Matrix Series | v (Assembly Requirement)
Cover : @ (Linear Loop)
Non-Linear A 4
Operations
Expand Linear Type Symbols
_’ to Q, * * (Power)
Non-Linear Type Symbols
Add
—p Type Symbols of _ *,1, % (Prorate)
Inter Upper Block Operations | D(Dummy & Wait #)

—p Add C,1, P (IF Then Else)
> Complicated Mscelianeous | X (User Exit for special Users
Function of Type Symbols and Antenna for Generalizing

— g
~

Expand Upper & Left Block to Multi-Dimensional Tables
Center Block to Table Processing

Expanding M(Two Dimensional Matching), ...
and g
Processing. Toward
Logic Inter Table Processing

Figure 5-1 History of Type Symbols
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By the strong request to overlook the entire model at a glance, idea to show compressed expression in the
cross table, taking the top two (or three) characters of each center block name, was implemented on dis-
played screen and printed out. These top characters were abbreviation, but located. Knowing the
meaning of upper and left blocks, users could easily understand the function in the crossed position, ex-
pressed as Tipe Symbol. (Refer Figure 5-13)

Using of small number of 7ype Symbols and rough overlooking brought good visibility to the models with
conveniences. End-users accepted Type Symbols as more advanced representation rather than so called
program function. |

-Linear lati

As natural process of modeling, it was required to respond the needs of non-linear calculations. The ex-
amples of these calculations were nonlinear processing between upper and center blocks, calculation
among multiple upper blocks that were given as results of previous processing, condition processing and
User-Exit functions. Exustence of User-Exit was very powerful as an antenna for searching and learning
what was common requirement and how to standardize.

Also idea of Type Symbol: D (bears duplex meanings: Dummy: and Delay) was very effective in controll-
ing the calculation sequence. (Structure matrix as a linear modeling tool had a characteristic that the calcu-
lation result should not have been affected by the replacing a vertical train of blocks with other vertical
train of blocks.  Also the same characteristic existed between horizontal trains.)

In extending linear relation to the non-linear calculation using multiple upper blocks, we had to prepare
certain environments. This meant that the environments did not require turn-up of calculating logic with
its sequence, being affected by the local insertion or deletion of a train of lined blocks with these type sym-
bols. For handling multiple upper blocks in a calculation, it was required that the mechanism for null ac-
tion and waiting until all specified multiple blocks got the values succeeding the previous stage of calcula-
tions. (Multiple wait function) By the idea, we could realize non-linear calculation locally by embedding
it within linear structure as a whole.

T nput Process Quitput

By those improvements, we could reach the idea to redefine the three areas of structure matrix: "Upper
part as input area, Center part as Processing area and Left part as out put area." "Multiply and
Add" became an embedded process of "/nput Process Output" They brought us beautiful and sophisti-
cated system for chaining of structure matrices. Some details are introduced in Chapter 3-2-7 Advanced

Functions.

Many miner 1deas are shown in each part of Type Symbols.

5-2. Idea of Type Symbols

Thinking the needs of type symbols, discussion must be done from the following two directions.
¢ How to provide the expressions to prompt easy modeling and to give easy understanding of the de-

veloped models: Legacy.
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e How to provide the expressions for getting to fit the compressed table of structure matrix.
Essential calculation embedded in the structure matrix is Add, Minus and Multiply. These calculation
and these combinations can cover major linear vector and matrix operations without programming in pack-
ages. Some variations or extended calculating operation must be prepared as common function hinted by

the German development as in Figure 7-2-3 Structure Matrix of Steel Plant.

Figure 3-2 (a) : Asparts

A sample Macro : : Hpiacing

Table in Structure !
Matrix

(+P Coxtd) @ .

Figure 5-2 (b)
Compressed sample of
the Mhcro Table

Figure 5-2 Concrete Example of Macro Table Screen
As stated before. one of our assumptions at the starting was "Most business models are composed with

very simple units of logic, if we could dissolve modeled logic into elements limiting within the range of
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end user's touch.”  If so, these functions should be simplified into a single alphabetic character as operator.
These single characters should have names that represent the function clearly as symbols.

The names should give familiar feeling to end users as commonly used in their daily business. We must
decide so easy character that people, once understand the meaning, can remember their operations without
any spectal efforts.

Evaluations for the idea of Type Symbols are as follows.

e  Expression of models by structure matrix is a somewhat epoch-making for end users by the rea-

son that they can easily understand their model without touching programs.
®  The fact that complicated business model itself can be expressed only by such small number of
simple symbols 1s a fresh astonishment for end users.
* End users showed rejection to the functions that smell something difficult being hedged with
trouble some rules

On the other hand by the high evaluation of the simplicity, users promoted to make big models covering
huge ranges of business, and accordingly they requested a bird-eye-view facility for entire model. (The
strong request first came from Fukuyama Works, Nippon Kokan CO, to show total plant material flow and
the cost structures.)
We additionally developed the function to show intensive tables like Figure 5-2 (b) that was intensively
compressed macro table of original model Figure 5-2 (a)..
The following ideas were employed in composing the table.

o Taking the block names from the upper part of macro table and put them vertically in the upper

part.
o Taking the block names from the left part of macro table and put them in the left part.
» Taking top two characters (or three characters) from each center block and locate them in the cor-
responding cross points of center part.

s If pointed a center block by cursor, its full length of the name is displayed in other area of screen.

Contributed by the idea of Type Symbols, compressed style of table was accepted as remarkable efficient
method displaying the models. This so-called compressed table provides expanded span for viewing the
models like a mapping methodology. This method was also applied in the printing of models, which
could show wider area than displaying.

Er:d users evaluated that the new model approach was visible. Because they could understand what
kinds of data were treated as input and output from the names of upper and left blocks, then from the Type
Symbols they could understand what calculation were performed. This is the way they can approach to
the total understanding. If details are necessary, they can drill into the blocks.

With this realization, Type Symbols were planted in structure matrix as more convenient and advanced
technology compared with current describing style of functions for the frequent calculations in modeling.
By patterning the model, new approach was promoted to establish standardized model patterns for macro

table.

.
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For giving rough image of Type Symbols, some typical symbols will be introduced briefly with illustra-
tions. Abundant functions deepened are introduced in details of Appendix II attached in this thesis. we

sincerely hope you will refer it for understanding the extent of applicability in modeling.

Type symbol: S and closely related symbols.

AxiI
The id £ th . . Material Names
e idea of the type symbol: S is shown 1n < =00
Figure 5-3. S has a meaning of standard Multiply -é § § "‘%
and is provided for numerical values in the & = ===
. . . Add « :
center block having no special restrictions. Quantity of Materials
This is also a fundamental base of Multiply Add. 12034
Against S, there are the following variations re- m >
cting th cal val o i th g | ProductX |} £1 28 2 020
stricting the numerical values containing in the § procuct ¥ || T | 214 21 3 0
. : . 2
center block. With the duplicate meaning: E ProductZ || £| 17 0 1 0 13333
Bundle, Binary or Bool, type symbol: B restricts S
only in the numerical values: 1, 0 and -1 and Figure 5-3 Type Symbol: § ~——~—
Proper Name

rejects other values.

Type symbol: G (assign to Group) provides numerical values that have characteristics: column wise
(vertical) summations of the center block keep value: 1 with positive values, or otherwise all column val-
ues are 0. In addition, type symbol: R calculates the reciprocal value of the elements at first, then using
these transformed values Multiply & Add is performed.

Type symbol A and E
~ Some type symbols have no numeric values like virtual block.  As shown in Figure 5-4 and Figure 5-5,
type symbols: A and E have no associated blocks and work as if they have values at the timing of calcu-
lation executions. We can save the workload of setting values. Also they can respond for the change of

data size in the upper block and left block. (Item Independent)

)
Multiel <Add Mult ooww
& & ~ON®
Ad 12 3 Ad
Axidl e
70 1
10 1T 1 1 1 A 50 1 E
Axis] . 25 1
Works as T Virtual 35 1
vector having value 1

Works as f Virtual
Unit Matrix (Eigen)

. Figure 5-4 Type Symbol: A Figure 5-5 Type Symbol: E
Type symbol: M
There is a commonly used type symbol: M (Matching) which works virtually like type symbol: B without

having any values. The case of one-dimensional matching is shown in Figure 5-6. Two-dimensional
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matching is conveniently used well as inter-table matching and its details are described in Appendix II.

Product ltems

Multipy Y | b
& Ending Position: 07
Add .
Consecutive Length: 07
Starting Position: 01
Starting Ending Sales Amount by Products
Position | Position
01 07 S~ o RB8ILS
Axisl

Specifying Size

— Starting Position: 08

Consecutive Length: 01

Virtual Bit pattem
generated

€ 200
%
25 5% 128
e 2 x| 207
w
€ 128
] g [
> £Ea | 177
o o>
£51 230
[/5]

Axis 1

15

Specifying Size; Start Position: 01, Consecutive Length: 01

Figure 5-6 Type Symbol: M

Type symbol: T

Attaching the type symbol: T be-
fore type symbols: B, G, R and S,
the data of center blocks can be
used by transposing these center
blocks located in other places of
cenfer part having cap characters: B,
G, R and S. By this idea, the ar-
chitecture of structure matrix can be
extended to be able to handle Hori-
zontally Multiply and Vertically Add
operations covered by a single ro-
tating direction: Multiply & Add.

In addition, this idea is extended to the type symbol: V and @) (will be discussed later).

Kind of
Materials

Kind of Cars

M0f%81,

010107 ,4)
T
1 T
§ o« &
2t 28
ity £
g1835 &
5 & § §
l

)

Virtual Bit pattemn

generated

Kind of Cars  Kind of Materials
@ —
2 3
(7] 2
. 8E52F |5 ¢ 2
Muttiply 2Wg W £ 8§ =
< W 7] n B @
. 1] he Q.
O O w
Add
wa2aw g 8 8
Cast Iron 1.1 .06 .04 .03 .02

Ordinary Steel | | 195| | |80 -¥Q 60 .50 Transpose

Special Steel 5.0 20 .20 43 .10 v

SUsage
AUGS 112.4 .06 .80 .20
FEBR 101.6 .04 .70 .20
ocTB 53.7 .03 .60 .15
SEPTI 65.8 .02 .50 .10
TSUsage

Figure 5-7 Type symbol T capping on SUsage

bols having linear characteristics are able to have cap character: T.

Type symbol: V and (@

Taking examples in parts development as in Figure 5-8, tree structure of parts for product: MMM and
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product: NNN are shown. XX and YY mean intermediate parts and A ~ G having one character mean the

Iowest level of parts.

MMM NNN
=
=
§§ gé . ToOQWWO
x4 || x5 X2 MMM
NNN
xx Yy XX 45 VM
YY 2
A 1
B 23 Proper Name
C 1 Type Symbol
D 32 I
x 1 x2||x3 [xt x2|{x3 |x1 |x2 x3 E 1 Parents - Child
F 2 i
A B C D E F G & 3 Relatnoln
Figure 5-8 Tree Map of Parts Developments Figure 5-9 Type Symbol: V

The character: X and the adjoining numeric value specify number of the parts used for the direct upper
level of part. The sample transformed to square matrix representation is shown in Figure 5-9 as type sym-
bol: V in which upper block means parents, left block means children and the center block means coeffi-
cient of weight to children to parents (number of children or number of used parts for the above level).
By giving number of product in upper block, required numbers of parts in each level are given in the left
block.

As further extensions, there is a type symbol: @ which develops requirements in the network having loop:
containing the parents and children's relations are reversed. The internal mechanism of type symbol: V
and @), is following steps.

+ Summation of the matrix series is calculated, thinking the center block is a matrix.
e Multiply & Add operation is performed between the result and the upper block.
Adding further, the results of type symbol: V and @), can be used as transposed values by capping charac-

ter: T and sometimes these values give significant applications.

Type symbol: Q

As a’variation of type symbol: V, type symbol: Q (Quota) utilizes the calculation function of tree structure.
[Toyama, T,, et a,1995], [Toyama, T. 1995)
This type symbol is used for the case, that the common cost must be burdened by all the organization or
sales target for the company, and must be assigned according to the relevant yard sticks in each level of
branches as shown in Figure 5-9 with underlined values. Figure 5-10 shows the assigning of top vales
using type symbol: Q. In this case, No 1 Branch office assigns their target value according to the number
of each section's employees, and No 2 Branch Office assigns their target value according to the number of
sold sets. In type symbol: Q, tree organization is registered in the square matrix by giving value 1 into the
relational part. thinking the upper part is parents and left part is children. In the upper block, top value to
be assigned and yardsticks for assigning are given in each branch. The resultant values are given in the
left block. The fundamental logic are developed as following sequence.

- Yardsticks are converted to assigning ratio in each parallel level
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- These ratio values are written into the matrix temporally
- Idea of type symbol: V is applied like parts development idea

This method 1s convenient for following of the dynamic changing of organizations.

Employees
P y@ Total Target and
Prorating Factors
This Year's Fggzc‘::; Assigned: 240 M$ 5 ; ; ; ; ; 8
— Employess 038330336
— Nogf?i;nch vll‘ No.2Sedion | — Input E E E é E E E E %5‘
S 000 000 o2
Assigned: 192 M$ 2ZZ222222a
Assigned: 600 M$ 9 *
Employees Output <= Process S82es8 28
Marketin ] 28 P “‘-§vnN§§“‘“‘
g No.3 Section -
Department ) )
This Year's Forecast Assigned: 168 M$ ]
Coming Year's 300 M$ Supplied Sets & Marketing Dpt | 1,200 S .
Target No2. Branch R 30 @ |No.1BO 600 1 . .QuotaAssign
1200M$ " Offie No. 1 Sedtion @ | No.1 BIONo.1| 240 R
- - °
Assigned: 360 M$ Assigned: 216 M$ % m:.: ://gmg }2; . :
This Year's Forecast Supplied gggs L:’ No.2 B/O 360 oo
200 Ms — S [No2BONo1| 216 1
_, - No2B/O-No2 | 144 S
- Assigned: 144 M$ Project Office | 240 S .
Assigned: 240 M$

Figure 5-9 Outlook and Assigned Targets Figure 5-10 Type Symbol’ Q

In the next section, a sample of application model ,where these type symbols are used embedded in the

model, will be shown.

5-4. A Simple Model using few Type Symbols

For introducing the expressing of business structure model with embedded work of type symbols, take a
simple example of wire making processes starting from billet supply, through Rod (Rolling) Process then
Wire (Drawing) Process and reaching Wire Products as in Figure 5-11.

)
The detailed characteristics of the model are as follows.
Billet treatments

+ As mput of rod rolling process, Billet XX and Y'Y are supplied from supplied from Process P and Q.

+ Sales Department treats raw material: billet beside wire products.

Lh
1
O



Bilet Supply Rod |Rodaa—y Wire - Wire A
From @~ Billet XX —»| Process Process Wire 8
Process P | Rod BB —M — —
L Wire C.—
Yield |- Rod CC ~¥ Yield | Wire D
‘r Iy L
< L Scrap Off Wire
= L Rod Work Wire Work
Bilet VW — ]
Billet Supply
From L g Bilet W >
Process Q

Sales

Qutlook

560
—

350
—

210
D

280
—

.‘___42_

140
e ——

Sales Department

Figure 5-11 A Diagram of Wire Making Flow
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Figure 5-12 Wire and Rod Production Model
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Rod process

+ Billets are rolled to Rod AA, BB and CC forming Scrap generating yield values.

+ This process consumes some Rod (Processing) Work like Rolling Hours, Inspection and Packing.
Wire process

+ Rods are drawn to Wire A, B, C and D forming Off Standard Wire generating yield values.

+ This process consumes some Wire (Processing) Work like Drawing Hours, Inspection and Packing.
The material requirements and consumption requirements are calculated upstream to the material flow.

A model on the structure matrix using type symbols is shown in Figure 5-12 and uses of type symbols are

explained according to the round numbers as follows.

© B Wire Production binds together between Selling Products and Wire production.

® R Wire Yield binds Kinds of Wire and Kinds of Rod, and calculates the requirements of Rods as input
toward upstream by converting the yield values to reciprocal values and by operating Multiply &
Add.

© With A(-1) and A, amount of produced off standard wires are calculated by getting the difference be-
tween Input and Output materials.

© R Wire Efficiency holds efficiency values per hour. By the symbol: R, these values are turned recip-
rocal figure, then multiplied with upper product values: Wire productions, and finally summed. This
process means total drawing hours, total inspection hours and total packing hours.

© Through R Rod Yield, Billet requirements are calculated, using converting reciprocal values, by Mulfi-
ply & Add

Figure 5-13 Condensed Macro
Table of the Model




® With A(-1) and A, produced scrap is calculated by getting the differences of input and output.

@ In the block of G Rod Supply, ratio values in column wise are given. Through this center block, bil-
let supply sources are calculated.

O Through R Rolling Efficiency that has rolling efficiency values per hour, rolling hours occupied by
this combination of rod production is calculated as RodWork.

© and @ binds values for supplying sources from upstream process P and Q by arranging the binding re-
lation providing in center block of type symbol: B.

The macro table of this model is shown in Figure 5-13 as screen image. By this expression, users can
grasp the outlook of the model as application by understanding the meaning of upper and left blocks and

processing logic roughly by the characteristics of type symbols in their cross points.

5-5. List of Type Symbols and Various Categorizing

For the conveniences for further discussion, the realized typical Type Symbols are listed in the Table 5-1.
In the assignment of the characters of type symbols in the list, some duplicate names are shown for more

generalized discussion.

There are many directions of categorizing for Type Symbols.
Categorization from the point of linearity, non-linearity and control of processing flows are as follows.
¢ Symbols based on Multiply and Add '
e Standard use of matrix data
S: Normal Values are treated. Even when Multiply and Add are truly applied, this symbol must be
capped.
o Extension of Multiply and Add by holding data type
B: Only Boolean values are exclusively treated, and currently extended to -1, 0, 1.
G: When values are positive or zero and vertical summation is 1 or zero, they are exclusively
treated.
Substituting positional data

A: All the data are as if value 1, and the scalar parameter gives multiples. This type symbol sub-
stitutes type symbol: S having same value in all position.
E: All diagonal data are as if value 1, and the scalar parameter gives multiples. This type symbol
substitute S type having same values diagonally.
M: One dimensional matching, substituting B having values: 1 and 0
s  Borrow another center block data to different positions
=: Borrow center block data from the continued name after '=".
Currently the designing file to permit synonyms can save this Type.
" T: Borrow center block data with transposing from the continued name after

Built-in calculation for center block data in advance for the Multiply and Add

R: Reciprocal calculation is built-in before execution of Multiply and Add
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BlEls|s.
3 glal2|i5n
. 2lel&a] s3> .
-g Meaning | £ | § sl<les Explanation / Comments
ajle L lEE
> TEEHE
w =|3|glgix<
clalw
A |Add [ ) ® Add along Axis I, Instead of giving value: 1
Bundle
8 , L L - d 1 ]
Binary, Bt [ J ® Originally giving values are limited only 1& O, and recently -1 is permitted
C |Condition [ 2K J @ |Calculate proper Condition equation and gives bit values or bit map
D Dummy and PY ° Nult calculation. Used for recognition and wait for synchronizing with the calculation of referred type
;’ Wait symbol *, /, %, C,P.X
E |Eigenor Each | @ [ ) Working as Adding of corresponding upper position without giving diagonal values: 1
e Proper diagonal data(different data) are hold
Distribute to NPT L . . . .
G Group ® Distributing upper values by giving proper vertical ratio among left group. Summation of Ratio = 0
H {Horizontal Add Adding of upper block along Axis II (toward the depth side direction)
I |interrupt ° In the middle of calculation, interrupts the calculation and arbitrary values can be set, looking the
upper block’s results
For one dimensional table's matching, bit pattern like Type symbol B is generated virtually
. comparing item's names attached to the Upper and Left Blocks, instead of making bit pattern
M {Matching o ® explicitly. Data extraction/ data Insertion from/to table become very simple. This function is
independent from the change of item. Particular part of the strings in items can be specified by the
parameter.
Py ® Above function is extended to two dimensional processing among the two tables and
composing/decomposing between the tables can be performed.
P |Programming [ AN J @ |if then else style coding by FORTRAN style can be registered and performed in the center block
a lQuota ole Allocating top values along the hierarchical organization registered in center block using
distributing factors given in the upper block. Used for assigning top fixed values .
R |Reciprocal ® Reciprocal inverse calculation of values in center block in advance to multiply and add. Used for
resource requirements giving yield or working hours giving efficient figures....
S [Standard ® ® Standard or normal use of values without giving specific restriction.
Use other center block specified proper name after transposing it. Center block having Type
T |Transpose Py ° Symbol: B, G, R, S, V, @ are the candidate. Typical use of these symbols are building of nhon-
po monetary models and by using transposing function cost models can be realized as extension of
the previous medels riding on the linear relations.
Tum @ Turning of upper block exchanging Axis ] and Axis IT
Resource development like Bill of Material Processing, using parents and children's relation matrix
V [Voiute [ AR J registered in the proper center block.  inverse relation: child become his parents is rejected. For
this relation, refer type Symbol: @)
X |Exit @ | @ @ | ® |Usercan built in user's proper logic that can not be covered by those Type Symbols.
*  IMuttiply [ ] @ |Multiply between the upper block and the referred other upper block
/ |Divide [ ] @ |Divide the upper block by the referred other upper block
0,
% Prorate ° ® Prorate the upper block by the referred other upper block having assigning ratio values. Prepared
‘; for cost assignment used for ABC, resource consumption, etc...
4 Loop phenomena calculation based on network matrix relating parents and child given by the
@ |Linear Loo ole proper center block assuming the convergence. This is a kind of simultaneous linear equations and
P also a matrix series calculation. Prepared for the solution of looped plant processes, nested loop
cost, costing starting from target cost,,,
> {Jump [ J ® |Jump to the specified upper block as a result of condition processing on the proper center block
= |Equal [ AN ] @ [Borrow the center block specified proper name.
Table 5-1 A Typical Set of Type Symbols implemented (Mainly from MATPLAN/6000®)
’
e  Matrix series type

Matrix series calculation s applied using the center block, then the Multiply and Add are applied for

the result.



These are linear calculation and can be thought small structure matrix calculation within the center
block.

V: After calculating sum of matrix series using matrix of Bill of Material rejecting the loop relation
is calculated, each level of required material is calculated by Multiply and Add. This applica-
tion is not necessarily limited in material processing. Network calculation without loop can be
applied in general

@: After calculating sum of matrix series in which the matrix contains loop relations, each level of
required material is calculated by Multiply and Add. This application is not necessarily limited
in material processing. Looped network calculation can generally be applied if converged.

¢ Symbols of non-linear calculations
From the starting, acknowledgment that only a function: Multiply and Add can not cover all the needs like
divide for allocation of fixed cost.
e Dyadic operation with upper block and center block for non linear processing
Q :  Allocation of top values to each level of hierarchical organization given by center block data
and prorating data in upper block data
. Dyadic operations with upper block and center block for two-dimensional tables (matrix table)
H: Add upper block data to horizontal side, same as Symbol: A in one dimensional-data.
M: Two-dimensional matching, same as Symbol: M in one-dimensional data.
T: Turning the upper two-dimensional table (Exchange the axis I and axis II). Single independent
character: T 1s used.
Axis I: front side axis or Item axis. Axis II: depth side axis or Case axis.
e Inter upper block calculation, associating with multiple upper blocks
* . Multiply the direct upper block and specified upper block by the continued strings
/: Divide the direct upper block and specified upper block by the continued strings
%: Prorate the direct upper block and specified upper block by the continued strings
C:  Condition processing of equation specified by the followed string and giving result as bit map
P: If Then Else processing according to the execution of registered condition and followed Then
or Else processing.
* Cglculation flow control
D : Dummy (Null operation) and wait. Used associating with other type symbols in the same row or
used as tentative positional memorizing.
1: Interrupt in the middle of calculation operation and set left block data or quit calculations.
>:  Jump from current calculating position to the specified point if attached condition is satisfied
¢  User Exit
X : User's exclusive logic. Some of them were leveled up to Type Symbols through evaluating
commonness and usefulness. Therefore this is a kind of antenna for new applications. User exit is
possible assuming use of multiple upper blocks.
Another important categorization is that Type Symbol has a characteristics of independence from the
change (Insert, Delete and Addition) of Items associated to the block.
¢ Independent from Items' Change
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A,D.E.HI.MT,>=
¢ Dependent to Items' Change
B,C.G,P,QR,S,V.X * / % (orP), @

5-6. A Study for Mathematical Formalization of Type Symbols

In this section, the results in our study are described for establishing the mathematical formation of type
symbols [Tovama 1191 A5 g starting point of our study, type symbols treated were concentrated on eleven
type symbols among proposed type symbols around twenty, not covering the following functions of type
symbols.

- Controlling the calculation flow like condition branch
- Inter blocks calculations in upper part like multiply (*) and divide (/) between upper blocks
- ’Calculation handling two dimensional data in upper and left blocks
(Limited only in one-dimensional data: vector data)
These eleven type symbols are classified into the following two categories.
- Basic class: Six types defining the class of linear transformation
- Meta-operator: Five types as definable functions defined between two functional spaces

The set of all the function from 7 dimensional linear space to 77 dimensional linear space is written as Op
('m, n) and its element is called an operator. When m and n are coincident, Op('n, 1) is simply written
as Op(n).

When O COp(m, n) and O' COp(m’, n’) are meaningful for certain m,m’nn’, a function from O to
O'is called a meta operator.

The set of linear operators within Op(m, n) is written L(m, ), and L(n, n) is simply written as L(n).

For X €L(n), matrix expression of X is by (,,). When X meets the following conditions, it can be
called a tree operator.
1. Existence of root
) (V) (x,=0)
If 7 satisfies the formula (V}) (x,, = 0 ), i is called a root, and the set composed of all roots of X
is described by ROOT(X)
2. Uniqueness of parents
(Vi)(i¢ ROOT(X) =
(3N G#E A x=1 A (VE)(k #7= x5 =0))

These are the condition to express adjacent matrix when X is forming tree having { 1,-*, 1 } as node and
is logked as simple directed graph. Directed branch is taken along the direction from the child to the par-
ent. The disconnected graph having the plural of root can be included. The set composed of all the tree
operators within L(n) is written as 7(n). The set composed of all the matrices, expressing adjacent ma-

trices of acyclic directed graph having { 1, "=, 77 } as node within the elements of L(#), is written as
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Afn).

(7]
For the elements: X of L(n), the set composed of all the elements in which series of > Y. ¢ n

(=E+X+X2+ X+ --*) converges, is C (1) . Just then, the following propositions are effective.

Basic Class Definitions

S Standard S=L(mm

A Add A={XeLmn) |(Vip(¥;=D}

B Binary B={X €EL(mn) [(Vij)(*;=1V X;=0)}

M Matching M=B Note 2)

G Distributionto Group GC={XELmn|(Vi)*Z 0)A
(YOS, =1V 25550y

E® Eigen E¥={Xe L [(ViD(i=j=x=BA

(i #j=x,=0)}

Table 5-2 The definitions of Basic Class

Note 1):  Here, m, n are fixed. And (X,) is the matrix expression of X.

Note 2): The operator as elements of B gives the correspondence between m elements of input
variables and n elements of output variables. Type Symbol M (Matching) gives cor-
respondence among variables by the corresponding rule among variable names.
Therefore, M, the class of operator defined by type symbol M, is regarded the same
light as B.

Proposition 1.  For arbitrary 1, following relation is concluded.
Tth) € Am) < Cm) C L(n) < Op(n)
Hereinafter, please look Appendix about the proof.
Basic Class
On the preparation above, six type symbols S, A, B, M, G and E within the type symbols of structure

?

matrix are defined as substances establishing subset of linear operator. Namely, six subclasses for L(m,
n) or L(n), are defined (Actually five subsets). The subsets defined by these type symbols are expressed
as S, A, B, M, G, E corresponding to each of type symbols and are to be called basic class. These defini-

tions are described in the Table 5-2.

Then, the following relations are effective among basic classes.

Proposition 2 Followings are established for arbitrary m, #.

1. A< B(=M) < S=L(mn



2. G C S=L(mn)
3. EY c B C S=Lw
Each of them is obvious.

The effectiveness of this proposition is obvious, because of definition of basic class. Accordingly, fol-

lowing corollary is effective.

Corollary  Transforming functions provided by type symbols: S, A, B, M, G, E are identical with
the function provided only by S.
That is, only S is sufficient noticing only the side of function to transform vector. Therefore, functions of

five type symbols: A, B, M, G, E except S are to provide Visibility and Transparency to users.

Meta operator Definition
Q Quota Q:Tm) — Op)
ForT €T(m), Q@) (xy,....X) = W5, V),
X, if i € ROOT(T)
Yi= X;
Y, ow.
2%
Here, ROOT (T) is a set of node.
R Reciprocal R:Lm nj— Lm n),
For (xij) =] L(m, n) s B (X,J ) = (yll ),
Vx; if x, # 0
yij B 0 o.w.
T Transpose T:Lmmn— L(nm,
ForX € Lim, n),
T =Xx! X 'means transposed matrix of X
»¥ Volute V:Am)— L(n),
ForX € Amj,
V)= nw= oX"
@, Linear Loop @:Cmn)— Lnj
ForX € Crn),
@) =2 ntoXn ,if 2, - ,X " converges
. Table 5-3 Defmition of Meta operator



Meta operator
Here, the definition as meta operators will be given for the five type symbols: O, R, T, V (@ among the

type symbols of structure matrix. Meta operators defined by these type symbols are expressed as Q, R,
T, V, @ corresponding the type symbols, and definitions for these are shown in Table 5-3.

About the meta operators defined in the above, followings are concluded.

Propeosition 3
1. In general, Q(T) is not a linear operator. That is, there is 7 € T(n), which is tumed Q(7)

¢ Ln).

For arbitrarym, n, R:L (m, n) — L (m, n) is bijective.

For arbittarym, n, T :L (m, n) — L (n, m) is bijective.

There exists X € A (n) ,tobe ¥ (X) ¢ 4 (n).

5. Thereexists X € C(n),tobe@ X) ¢ C (n)

In Figure 5-14, the relation of the result given by Proposition 1 and Proposition 3 is described.

N

Regard the meta operators as generators which
generate new operators from given ones. And
identify the operators the same as counter type
symbols. The facts shown by the above proposi-
tions are that functions as quantifier of generating
type symbols: Q, V, @, are different from the
functions of R, T.

Q as an operator generates a non-linear operator
for given tree. So Q has a specialized function

which other type symbols don't have.

Also, d 't lly k haracteristics ) . .
Y. doesn't generally keep characteris Figure 5-14 Map showing the relation

which given operator might have. So to speak, it between Preposition 1 And Preposition 3

doesnt have characteristics to express a-cyclic di-

rected graph.

(@ generates new operators having the characteristics that sum of the matrix series converges. (In applica-
tion, only the phenomenon that converges are treated.)

As shown above, three type symbols: Q, V, @, generate new operators that are not existed in their own
defined domain. Different from these characteristics, T and R have not such functions of generating op-
erator as mentioned characteristics, and give different matrix expression for aimed operator. Similarly
with 'the case of basic class, functions of type symbol T and R can be said to provide Visidility and Trans-

parency to users..



6. Business Structures Modeling on Structure Matrix

—— for building various value chains ——

Considering the Business Structure Model (Abbreviation: BSM will be used from now on in this chapter)),
a substantial line of technologies, which covers whole business activities associated with computer usage,
must be established. Thinking examples in profit planning where whole function of firms is covered, the-
re are some dominant directions of job flows intensively linked with consolidated statements. We can
watch that profit and losses of business activities are evaluated along these directions related with the cau-
sal logic expressed by numerical values. A typical case may have a flow starting from marketing or R&D
through production to consolidated financial statements.

Note:

BSM is not necessarily a virtual existence. Accounting systems based on GAAP (Generally Ac-
cepted Accounting Principle) and cost accounting systems as institutional accounting systems are ac-
cepted as really existing mechanism in concrete business systems. So in some companies, use of
the word "Simulation" is strictly forbidden to use for those systems.

People engaged in these systems insist that the cost systems and accounting systems followed by
these are substantial systems really existed. However, they are afraid if those systems are thought to
be virtual existence. In Japan some of these people suggest that the future part of these models ad-
Joining current concrete models should have another word: Feed-Forward Management which shows
reality for near future management, strictly discriminating common concept of simulation being ap-
proached by computing world.

Our purpose in this chapter is to introduce our organizing way to provide consistent methods for BSM.
One of the main purposes is to show how our BSM methodologies developed on structure matrix and how
powerful its extensions are for BSM.  Another highlight is 7-H Theory (Toyama and Higashihara Theory)
is established on the way of our research by overlooking wide ranges of BSM relating non-monetary and
monetary causal factors expressed on structure matrix.

This chapter introduces typical BSM by sketching concrete profit planning system first. Then principle
of bilidear relation and its development on structure matrix with our architectural development for BSM
will be discussed. Following the discussion, consistent BSM methods developed for the process plant,
where materials are transferred through the processes, are discussed.  In the last model, integration of pro-
duction models and various types of variable cost models around cost centers will be discussed. After
some experiences in Japan, succeeding the early progress in Germany, we changed the architecture of
structure matrix about calculating direction from plural directions to single direction reserving bilinear re-
lation. The aims are to provide transparency of model mechanism to users for easier handling and to re-
spond with wider requirement to absorb non-linear relations.

With the new architecture and experiences, we applied this modeling method to wider management phe-
nomena. As a matter of course, we found the bilinear relation can be applied in many phenomena where
we are not conscious of linearity like the theme adopted in the later sub-chapters.

Through reexamining the models of above mentioned unconscious phenomena, Toyama and Higashihara
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found that the modeling method extended from bilinear relations can be applied generally for management
phenomena in which non-monetary and monetary elements are mixed-up. A sub-chapter "T-H Theory 1s
arranged as important theory dominating in the BSM" and the following sub-chapters show developed
cases for assembly business model, common cost assigning models and shared service models.

The last part of this chapter introduces some models that are not necessarily linked with T-H Theory.
These are about financial or accounting models in which causal relations are developed within monetary
dimension.

In addition, established BSM method for assigning a burdening value from top to each level along with
their hierarchical organization using various relevant yardsticks i1s introduced in a sub-chapter. This
method can not be categorized in the coverage of T-H theory because of processing of non-linear relations.

Thinking above background with historical developments, themes in this chapter are arranged by the fol-
lowing sequence.

o The existence of relations among non-monetary and monetary factors in business structures model-

ng.

¢ Introduction of bilinear relation.

e Extension of structure matrix for convenient modeling of bilinear relations.

e Production planning and cost models in process plant where materials are transferred through fa-
cilities, with the outlook of cost types for the preparation of BSM.

e T-H Theory as consistent concept in the business structures modeling.

e Production planning and cost models about assembly business.

e Common cost assigning models of traditional way and ABC way with activity based cost estimation
model.

e Modeling for Shared Services versus main line activities, with examples of design engineers center
and head office staff in bank.

e Financial Models in which monetary dimensions are mainly used. With some preparation, an ex-
ample of model: "consolidated statement” will be introduced

e Relevant assigning of a cost to hierarchical organization.

6-1. Requirements for Relating Non-monetary and Monetary World

Look the typical implemented cases of profit planning model in companies: S and K that cover whole the
business activities. Consistent directional flow beginning at their marketing planning and terminating at
the financial statements like B/S and P/L is shown in Figure 6-1 and 6-2 [¥kamura. S.1984], [Kanie, 5, et al,1991] [Fusimi, 1.,
1992 l[Asada, Tahaws, 19911 Mgt of the cases except some financial business, substantial activities at the forefront
are driven by non-monetary factors and the business performances 1s mainly evaluated by financial values

expressed in their statements. Even in the local organization, both non-monetary and monetary factors are

organized 1n their local models.
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Figure 6-1 A Typical Consolidated Model of Short Term Profit Planning
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6-2. Modeling with Non-monetary and Monetary Factors

One of the long-cherished ideas is how tightly and how compactly we can link non-monetary activities in
production world and monetary evaluated values, which are linked financial world without losing the real-
ity in the complex world. Traditionally these two worlds are treated independently by two groups with
different specialties. There had been delays in timing between production planning and cost planing, then
sometimes cost planning system loses chances to reflect its results to the production planning by forming
feed back loops. Since it was difficult to process diversified kinds of products one by one, it was com-
monly used traditional arbitrary interpretations to treat them by adapting averaged values or by giving sim-
ple equivalent coefficients by the people in charge of costing. Especially, this contradiction appeared as
problems of processing cost, prompted by the technological advance in steel plants in Germany. The vari-
ance of processing costs by individual kinds of products became fairy larger than that of material costs.
Enlarging requirements for making more realistic cost models with various production factors, promoted
wider study among businesses and academic society. By the great efforts, new cost theory was established
based on the structure matrix.

As my understanding, the nucleus of the idea was developed by combining the following three points.

+ Bilinear relation:  the gross consumption in production activities given by the mathematical multipli-

cation (Inner product) between elemental level of consumption and each unit cost.

+ Idea of Input Output Matrix proposed by W. Leontief.

+  Description upon structure matrix that was proposed by Otto Pichler, who was a chemical engineer of

E. G. Farben, Germany in the later part of age of thirties (1930).
Note: The oldest document currently traceable is his paper in the reference. [Pichier O 1953, [Pichler, 0., 1953]

Bilinear relation and extension for modeling, for which we could find only title of the word and are unable
to find logical foundation in German documents, is reviewed as a start of discussions in this sub-chapter.

Then, we can follow the relation between block diagram of production factors and models on structure
matrix. Modeling of material flow and material cost, then modeling of processing consumption and proc-
essing cost, are to be described.  Finally, organized models from the point of processing facilities are to be
shown.

Through these discussions, our efforts to organize the models, Express production factors, unit costs and
total cost into one domain, will be shown. The shifting from these independent paradigms into one do-
main seemed usual, but it took us three years to skip the walls.

The major purpose of this chapter is to provide the information how practically non-monetary paradigm
and monetary paradigms could be integrated into one paradigm by using an example of process plant,

preceding the generalized T-H Theory in the next sub-chapter.

.

6-2-1. Bilinear Relation of Consumption Factors and Unit Cost

Bilinear relation



Generally, the bilinear form given by linear space: "K' composed of n elements of vectors”, can be ex-

pressed as following equation for sets of n Vax%h_leez ¢ £Y) and Y=(g )
1o G 1o My

n
JXY) = j{a;jé?f/j (Reffered from Rikagaku-Jiten, V5. Iwanami, pp767)
Here, consider X as material unit cost, ¥ as material consumption, f as total cost and think, aij =1, for
simplification
In a simple example of automobile's material cost with concrete data, bilinear relation among Total cost,
each material unit cost and each matenial consumption can be expressed as follows.

Total Cost Material Unit Cost Material Consumption

f X Y
10kyen 10 kyen ton
Cast tron
[ 2744 ] = [ 40,100,150 ] X 1.1 “
c Steel K]
5 = 19. 5 e
el 29 Special &
8 2 8B 5.0 Steel =

Materials

At this phase, lets try to trace this calculation back to each material consumption and production by each
kind of automobiles. Then, upper calculation will be replaced as the equation in Figure 6-3, in which ma-

trix data 1s given by material consumption by automobile, and is caught between vectors.

Unit Consumption Production
Total Cost Material Unit Cost of Material Quanrtity
X M Pt
10kyen 10 kyen ton / set se
AUGS
[ 2744 ] = [ 40,100,150 ] x | .06 04 .03 .02 2 e $
5 - .80 07 .60 50 :O ore E
5 388 .20 20 .15 10 £
8 c% o 3 ! v 5 ;| SEPT «
Materials
—_

Commonly Used

Calculating part of material Consumption *

Calculating part of Q=MxP

4 material unit cost by automobile »

C=XxM A
, - /% - ~
Automobiles A bile
utomobiles
8 g2k Muliply ¢
2 BB Y ) sge:
S ~Add 2 &8 Y
o - n
Izemmx |51o105P
Castlron 40 |06 04 03 .02 Castiron 1.7 los 04 03 02
” 06 04 03 .
: Steel 100 | .80 70 60 50 B Stel 19508 70 &0 50
Special 5y 120 20 15 10 § Special 20 20 15 10
Steel c M = Steel ’ ’ ’ M.
s Sub-Figure A Sub-Figure B

Figure 6-3 An extension of the bilinear relation
This bilinear expression can be dissolved into two equations in which the matrix is used jointly and these

relations can be rewritten into two expressions of structure matrix as in the lower sub-figures in Figure 6-3.
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Case A: Horizontally Multiply and Vertically Add
The lower left (Sub-Figure A) is expressing the unit cost of materials by kinds of automobile with:
"Multiply(~) & Add(")" relations for given unit cost of supplied row materials.
Case B:  Vertically Multiply and Horizontally Add
The lower right (Sub-Figure B) is expressing the row material consumption by kind of materials with:

“Multiply (1 ) & («~)Add" relations for given production number of by each automobile.

Extension of th mon matrix as resul inati 1

We can understand the common matrix: M as the result of combined series of matrices’ product and we
can project causal relations on actual management phenomena, like production of plant facilities, to each of
those matrices. These calculations can be extended and widely applied to the matrix calculation describing
relation between multiple input and multiple output, where associativity, distributivity and commutability
for addition, and associativity and commutability for multiplication stand up. (These samples will be fully
introduced in the later part of these sub-chapters.) In the theoretical approach for cost model, those rela-
tions are extended to the expression of material cost, processing cost, common fixed cost with non-

monetary factors.

6-2-2.  Principle Model of Traditional Expression

The Figure 6-4 shows the pattern progressed in

Germany, in which the common matrix: M in the

above sub-figures is used as duplicate uses.

We. in Japan, adopted German style expression

first in which same number of different areas

were prepared in upper and left parts and these 2 Castron § 4o 1 4[] 06 04 03 02
s Steel

. . O 100 fi[ 19. 5 .80 .70 60 .50

areas located in the different parts were coupled T Specil
p P 2 e ol soff |20 20 45 10 | M
to form pairs. Each pair (We gave the explicit Y o
name: Strand.) was used occasionally for two dif- D Nol Strand: Non Monetary Values
ferent calculations of Case A and Case B. Calculation: Vertically Multiply & Horizontally Add
Total cost by each raw material can be calculated D] No2. Strand: Monetary Values
Calculation:  Horizontally Multiply & Vertically Add

by multiplying each responding elements of vec- Figure 6-4 Duplicate use of Different Calculations
tor X and vector Q.

Also. total cost of each automobile can be calculated by multiplying each responding elements of vector P
and vector C. These values are essential for planning and business management. Therefore, third strand
for thesé calculations were to be required with different type of calculation. In addition, those strands

must be prepared for the different type of cost behaviors like material cost and processing cost.

In our approaches in 1978~1980 in Japan. the model's processing was done by the following sequence.
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*

The macro table of structure models was made on the paper by handwriting.

The calculating steps were read out from the written models rather by rote.

Those steps were described by Matrix Language:: MATSYS (IBM package of S/360) then punched
and compiled.[rh”d""’ Betal, 1975]

After execution by batch system, result was printed and used for the evaluations. [Temek-T- 1983]

The provision of visibility projected on the pictures, which can arrange the complex relation among pro-

duction and cost factors, had been epoch-making as initial success. However, as a nature of Decision

Support System that requires swifter response, software packaging with interactive processing was re-

quired. To respond those requirements, the architecture of first package had a macro table with several

strands.[Se"= 2. 1%9] And its micro table could be pointed and developed on the screen by clicking on the

macro table.

We learned needs of effective architecture to built in the definite relation among following factors.

*

*

Non-monetary values in work-site operations

For example: those values expfessed by non-monetary yardsticks like, products, materials and parts,

supplemental materials, energy, water supplies, time consuming, man-hours etc.

Unit cost expressed by monetary values
For example: those values expressed by the unit of yardsticks like, unit cost by product tonnage, unit
cost by material, unit cost of energy by KWH, wages by man-hour etc.

Total cost

Once above two are multiplied each other, these results are changed into values of financial domain

like material costs or processing in a certain facility by products.

We gradually recognized problems obstructing our future development in this style of modeling as fol-

lows.

*

*

Repulsion of beginner

It was difficult to use multiple strands in differentiating the calculating directions between "Multiply
(vertically) & Add (horizontally)" and "Multiply (horizontally) and Add (vertically)". This way of
using went against the trend of times to learn the job from screen operations. Besides, the succeeding
of jobs from the model developer or skilled end user was also difficult.

Cause of misunderstanding

There were people who judges prematurely "Multiply (horizontally) and Add (vertically)" as retroac-
tive calculation of causal relations and it took much of explanation to explain principles. (Note: "Mul-
tiply (horizontally) and Add (vertically)" is for unit cost calculations and is not directly related with
retroactive causal relations.
Intertwined calculation among strands

Examples of calculation are

€D Quantities of non-monetary values ® Variable processing cost

@ Unit cost of materials ® Fixed cost,

(® Variable Unit cost of variable processing (@ Variable cost as "@ +3"

@ Total material cost Total costas "@ + & + ®".



In addition, there are calculation of difference between the plan and actual or difference between plans.
There happened complex intertwines of these combinations, and these handling were troublesome.
+ Obstruction toward chaining of structure matrix
In chaining of multiple single structure matrices with multiple strands, intertwined combinations of
strands were required and straightforward modeling couldn't be expected.
+ Restricted modeling expression
In modeling as management phenomena, not only linear model, but non-linear model or condition
processing must be covered and common use of center block became obstacles for our challenge to
more complex phenomena.
¢ Small screen area
To locate areas for several strands were not allowed from the point of displaying performance those days.
Eighty characters' display was in all its glory those days, but was fatal for our application. This was the lar-
gest reason.  Still now even current Window system is essentially far from solution of this problem. The
wnitial tries (MATPLAN® and MATPLAN-2°) of displaying single strand by switching them were in vain,
because of user's complain to involve opaque handling in display operation and problems of maintaining

qualities derived from the complexity of the programs.

Mutiply Automobiles gMatenaIs
. . urtipl 2 | —
The solution by deformed expression 2 3 & £ & L w08
~Add » E R c 2235
. p O Ba
of structure matrix X

| 510 10 5”40 100 150 |

There are some misunderstandings that Ger- 0
man way of structure matrix is not inherited or é) ;astllron 11 06° 04 03 02
German way is quite different from ours. £ s::cial 19.5 .80 .70 60 50 Tm”s‘ie
. . . . . = .0
This section is prepared to avoid these misun- Steel > 20 .20 15 10
. . M
derstandings and to get relevant evaluation as & AUGS 1124 06 80 20
8 FEBR {1016
L : [ : .04 70 20
\
more sophisticated expression toward future g ocTB | 53 7 03 60 15
development. I SEPT | e5.8 02 50 10
Our first target 1s focussed on the modeling c Transpose of M
productjon factors and cost structures. Figure 6-5 Consolidated Expression

(Vertically) Muitiply & (horizontally) Add

In addition, the essential idea about the architecture of structure matrix was changed as shown in the fol-
lowings and Figure 6-3.
+  Only one strand is to be existed.  Accordingly, the word, "Strand", is no more necessary.
* By adding a new type symbol: T, the function to transpose matrix in the center part as a block can
be provided as a reusable block in other part of the center part.
By this method, change in original matrix is reflected to other matrix transposed. The reason is
‘that transposed matrix borrows the original matrix with transposing before actual calculation.
By an architectural improvement, the model structures in different domains became possible to be built in
a unified domain only using the calculation: "Multiply (Vertically) & Add (Horizontally)".

The followings were the merits given by these simplifications.
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+ Easy expression to understand the relation between calculation and data.
+ Simplification of chaining structure and easy operations.
¢ Accommodation of non-linear calculations partially.
The unification of calculation direction brought the chance to provide
+ Non-linear calculation between the block in upper part and the blocks in center part.
+ Inter blocks' operation between the blocks in upper part.
(Multiple blocks necessary for calculation are to be specified in the block in center part.)
+ More common expression of models which have non-linear relation.
By this improvement, integrated modeling of value chains covering non-monetary values, unit cost and
total cost can be expressed in one domain.
Also realizing of a model, both to keep linear image entirely and to cover complex models partially mean
the expansion of modeling span with easier approach for end users.
As a dement of this architecture, model size in macro table becomes large as the times of common use of
center part increases. But this inconvenience was almost overcome by adopting condensed macro table.

(Refer Figure 5-13 in the Chapter 5:Type symbol).

6-2-3.  Outlook of Cost Type

By the previous arrangement, foundations to build application models which links non-monetary val-
ues and monetary values are prepared. Before entering concrete modeling method, we
should out look the cost structures by using a simple process example of steel plant in which
two typical facilities: rod mill and wire mill are linked. Outlook of these structures is shown
in Figure 6-6.

As shown in the top, production flow starts from billets (lump of row materials), which goes through Rod
Mill facility, and becomes in process product: Rods, then goes through wire mill facility and becomes as
wire products. This sample model process assumes production of product-mix, in-process product-mix
and sppply of material-mix, production planning and variable cost planning simultaneously. As in the fig-
ure, the cost in material process plant like steel industries, is typically categorized as material cost, proc-
essing cost and fixed cost.  These categories reflect the behaviors of each cost structure.

+ Material unit cost
Most material cost is calculated along the production flow using the reciprocal value of yield. The cal-
culating flow 1s the inverse direction to the material flow.
Note: 1) Production of scrap or defect materials is neglected (These unit prices are zero.) for simple
thinking. These models will be shown later.
. 2) Note 1) being considered, summations of total material cost in such material process plant are
kept the same value 1n all steps of direct process flow.

3) Model of assembly type production will be discussed later.
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Figure 6-6  Major Types of Cost Transferring Facilities

Precessing unit cost

Processing unit cost has a nature to be accumulative along the proceeding of processing facilities, be-

cause the casting of processing consumption in each production facilities like cast energy, used tools,

auxiliary materials. working load. used machine hours, etc.. are independent and accumulated along
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the line.

For calculating the amount of those consumption, there is also calculating procedure along the inverse
direction from the final product. However, because of complication, this process was abbreviated.
You will find these relation afterward in detail.

+ Fixed cost

Recently, driven by the prominent increase of fixed cost, there are efforts to look the pointless fixed
cost and to assign it according the most relevant activities. The famous method is Activity Based
Costing (ABC). In actual modeling, various types of relevant assigning, not limited in ABC, are re-

quired. These modeling methods will be discussed in the independent sub-chapter.

Within above major three cost types, previous two (proportional cost) varies proportional to the pro-

duction factors and are discussed in this sub-chapter: 6-2.

6-2-4. Combing Material Requirements and Material Cost Models

The discussion here proceeds, assuming the following simple sample about materials behavior.

+ Two facilities: Billets to Rods through Rod Mill facility, then Rods to Wires through Wire Mill fa-
cility, are linked forming a line as in (a) Flow of Material with scrap and below standard products of
Figure 6-7.

¢ Multiple kinds of products and defects of product like scraps and below standard are handled.

+ The model should be combined with production planning and cost planning about proportional cost.

+ The yield values as matrix, are given as reciprocal of Input./Output ratio: (IOR) , so these are larger
than 1. The ratio values of produced scrap and below standard defects to the output product of facili-
ties, as matrix, are given by the reciprocal of Input./Output ratio: (IOR) - 1.
Each part of the block diagram in Figure 6-7, is developed as follows, reflecting the material flow (a).

+ (b) Material Requirements

» The diagram of material requirements is developed inversely according the finished products to the
starting materials.
Standard products) by each facility are modeled by using Multiply & Add calculations.

¢ (c) Unit Material Cost Calculating along Material Flow
Unit material costs are calculated along the material flow. This diagram is the projection of material

requirement diagram, except the facts that directions of causal relation are inverse to the diagram of

material requirements: (b) and matrices are transposed.
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Figure 6-7  Material requirement and Material Cost Model
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. (d) Total Cost relations
Total cost as multiplication of materials and unit costs are shown in dotted lines. (d) shows all the
relation of total costs. In actual case, not all of them are required or some of them are adhocery

required.
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(b) Material Requirement along Inverse Flow
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Figure 6-8 Material Requirement and Cost Model on Extended Structure Matrix

The gombined model transformed from these diagrams in Figure 6-7, is shown on one domain as in Figure

6-8, that 1s our established style of structure matrix. Three areas of models are established as follows.

+ Matenal requirement model (b)

Corresponding to the flow diagram that starts from the requirements of output by each product, up
stream the chain of facilities and reaches material mput, the model on the structure matrix was made
starting from upper blocks and using Multiply & Add calculations, one by one. In the block diagram,
material flow with produced waste is considered. Quantities of produced wastes (Scraps and Below
Standard Products) by each facility are modeled by using Multiply & Add calculations
+ Unit material cost model (C)

Relation between production factors and material cost forms svmmetric relation concerning the mirror

axis extended from the bilinear relation (By the principle of transposing of matrix) as in the figure.
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(From the characteristics of matrix in macro table, replacing of column/row with other column/row
gives the same calculating result.  So, models should finally be made easy to understand and handle.)
This means that if we can design the non-monetary area about material production, we can develop
monetary area: unit cost area without beating our brain in the proportional cost area, almost automati-
cally.
+ Total cost relations (d)
There are many way of calculating factors items as shown in narrow lines of (d) in the Figure 6-8 and
only one case of total costs of final products is shown in Figure 6-8. We can built in those factors ac-
cording user needs. The reason to built in the model is that the total product cost, in general, would be
indispensable in those modeling.
Remarkable fact by this modeling is that no programming is required for these calculations. Only efforts
of understanding the mechanism of material flow and material cost structure is required. In addition, as
vou may understand from these exampies, analysis of the factors and cost mechanism and expression of

them by making block diagram can be fortunately skipped.

6-2-5. Combing Processing Consumption and Processing Cost Models

In the previous sub-sub-chapter, structural relations corresponding between material flow and unit materi-
al cost are discussed, which were induced from bilinear relation between quantities and unit material cost.
The same correspondence exists between processing consumption and unit processing cost. The process-
ing consumption, here, mean consuming quantities in process activities such as energy, water, working
hours, machine hours, auxiliary materials and tools, debt servicing, etc., excluding raw or input materials.
In addition, these processing consumption are thought to be proportional to production factors and some-
times treated with capping word: variable like variable processing cost as contrasted with the fixed cost.

Though the existence of the similarity between consumption and unit cost, there are clear difference in
processing consumption and unit processing cost. The differences are as follows.

+  The processing cost increases cumulatively by the member of facilities included according to the pro-
duction flow.

+ In transferring the facility to next facility, the processing costs must be multiplied by the reciprocal of
the yield.

Those relations are modeled in Figure 6-9, being composed of following four areas.

Areal  Processing consumption area
Areall Processing cost area

Area Il Processing cost area for integrating
Area’]V  Total cost area

The first two areas use the process standard values (or transposed). They are the relation of transposing
as forming symmetric respect to the mirror axis. In the third area, reciprocals of the yield of rod/wire are

multiplied for the processing costs of the rod facility, then the processing costs for wire processing are ac-
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cumulated. The fourth area is prepared for the total costs and variations can be provided according the
management needs.

By this consolidating technology, the processing cost can be calculated independently by each facility
and accumulated along the material flow without involving the unrelated factors of downward process.
By the traditional method, once all the consumption values are piled up, then converted to unit cost and
distributed to each facility. Because of difficulties in expressing the cost structure, especially the proc-

essing cost, following on-the-spot solutions are tend to be adopted.
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Figure 6-9  Combined Model of Processing Consumption and Processing Cost
The processing costs that should be treated as proportional cost for production factors, are easily pushed to
add up to the fixed costs.
+ +So called equivalent coefficients are set arbitrary and the process consumption 1s distributed depend-
ing on the groundless or biased basis.
On the ages to attach greater importance to the processing cost rather than material cost driven by the pro-

gress of process engineering and diversification of needs, calculation of uncontrollable cost become mean-
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g less. The method to provide more accurate processing cost linking complex production factors based
on transparent structure are highly evaluated by users. [ T2mak- 19831 Suguura, 1989 ]

As essential describing method of model that combines causal relations among non-monetary and mone-
tary values, consumption of process elements should be counted by non-monetary units as energy, supple-
mental materials and consumption of tools. However, some elements are too complicated to grasp by
non-moneyed yardsticks with resolving efforts. Quantities of maintenance and repair activities and some
kinds of tool's consumption meet these elements. To keep entire conformity in this integrated modeling, it
1s applied as one of the practical solution to these elements, that monetary values with unit cost of value 1
are mixed within the non-monetary values. In Figure 6-9, the part of italic characters shows such model-

ing method.

6-2-6 Integrated Model Arranged for Cost Centers

We had been discussing material production independent from the values of material transition and from
the values added by processing, namely material cost and processing cost. Surely these are tightly com-
bined. However, only simple summation of these models in a single domain is not so valuable. Some ar-
ranged integration in these modeling along the practical control span in production management, is neces-
sary.

The model shown in Figure 6-10 is an integrated model of Figure 6-8 and Figure 6-9, arranged around rod
making (Area I) and wire making (Area II) with accumulation of processing cost (Area III). In this figure,
Total cost was abbreviated because of size limitation.

As pre-mentioned, even by exchange between rows or exchange between columns, linear model keeps the
same calculating results. Therefore, we have the freedom how to divide and arrange the sub-model areas
by our bundling idea according to the exchange rules. There would be various discussions among the
bundling of control spans. The traditional idea may select facilities from the point of control spans in
which cost responsibility would be burdened. A unit of continued processing plant as established object is
often selegted according to the understandings of production people. The important matter is that by our
proposed architecture of structure matrix we can bundle the model areas as patterned images according to
the modelers' requirements.

In the business structure modeling, establishment of models with standardized pattern is a key to success.
Some such cases would be introduced in the next chapter.

The established modeling technology that covers non-monetary and monetary values brought following
merits.

+ It is not necessary for involving the arbitrary setting by equivalent factors that the commonly grasped
costs are allocated to the indirectly influenced facilities and activities. v
+ It 1s possible to get variable processing unit cost for required elements by each stage of cast values.
This brought scientific methodology of calculating transferring unit cost in each stage of process

flow, because these costs are important not only for the estimation of cost as in-process product, but
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also for the flow with diverging process.

These two brought views to make Cost Plan and Cost Variances with high consistency.
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Figure 6-10 A Consolidated Cost Center Model by Facility

+ By dynamically changing the model, model about various kinds of total cost can be built.
+  The build-up models are expanded as chaining structure for further large models.
¢ Using the condense function given for fully utilizing the linear structure, the influence between two
factors including production factors and cost factors can be grasped by manual operation.
Note: Please refers 3-2-7 Advanced function, Aggregating Function on Structure Matrix [BM Deutch...1977]
¢ By this method with this new architecture, the production planning and cost planning can be unified.
Before this method, synchronization of production planning and cost planning are thought to be unrealiz-
able, because large number of factors suggested enormous programming steps and endless maintenance

efforts.  With this unification, near future planning on the extension of monthly situation (calculation of

6-18



monthly statements) is possible as a plant operating plan now. In some accounts, "Feed-forward Man-
agement" was named for the realization. These models are linked with marketing models, consolidate
statements or energy models that may cover whole business plans and operated as collaborated planning.
With the results of these models, we could demonstrate the fact: When computer models can reflect the
management mechanisms with Visibility with Transparency, they become common property of business.
Note:  We took three years to decide the switching of the architecture of structure matrix from original method de-
VC]OpCd in Gennany.[Lmsmann, G, l968]>[Wanmarm,R.,l976],[Franke, R., 1975),{Franke, R.,1975), [Frarke, R.,1976][Betriblichwirt., 1977)] The ef-
fect was large enough thinking of many tradeoffs. We would like to express that the expressions of models in this
sub-chapter are essentially based on the fruit of German development, experiences with Japanese customers and re-

search with Administration School, Kobe University.



6-3. T-H Theory and T-H Modeling

In this chapter, we will introduce our efforts for providing theoretical background and standardized ap-
proaches in BSM. By reviewing the experiences rearrangement was executed, jointed with Takayuki To-
yama and Isao Higashihara, and fruited as T-H Theory and T-H Modeling. The latter is the methodolo-
gy for BSM on concrete model vehicles provided as structure matrix package. As a matter of course, the
non-monetary and monetary relations in BSM are covered in the previous sub-chapter as general method.
Also in next sub-chapters assembly business are covered. New findings prompted by T-H Theory are
shown in the continued sub-chapters where extended ABC model for estimation of planned cost and two
models about shared services will be introduced. In this chapter, explanation is prepared briefly because

some details have already been introduced in the previous sun-chapter.

Coverage of T-H Theory

New ly Extended Area
by T-H Theory Development

Traditionally
Established Area

Total Cost Unit Cost Non-Monetary
Domain Domain Domain :

(Financial & Figure 6-11 Coverage of T-H Theory
Accounting)

T-H Theory Step1 A Point of Departure

A fundamental relation of elements in three domains is linked by the simple equation: (A) as in Figure 6-
12.

Operation and Activity

Aicountmg and Finance
Oriented Domain

Oriented Domain

Unit Cost Oriented Domain
Invento Evaluanon
I Fund Suprl I Tax Assessment

I Activity Based Cost Assign meT'
ly ValueEngmeermg
I Business Planning & Budgeting ]\ Life Cycle Cosnng

Enancual & Consolidated Statement ]

Relation between Single Element A U, Q: Scalar
X: Multiply
' A = u X Q  ....(A)
Amount of Money Unit Cost Quantity

Figure 6-12  The Relation linking Three Domains
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Variation of this equation can be found in every field of businesses. One of such simple examples is as

follows.

Profit = SoldPrice « Sold Quantity - UnitCost » Produced Quantity

Our 1dea is
"If the equation (A) is effective in the non-monetary monetary phenomena, BSM can be developed.”

We should develop our idea toward more complex expressions.

T-H Theory Step2 Expansion to Multiple Elements

Former equation: (A) can be expanded to the vector equation: (B) by applying bilinear relation with inner

product.
‘Scalar Flat Vector Vertical vector
- [ q, ]
UprQ+ Uy Qe+, ,+ UQ, = [ Uy, Uy, o U, * ! (B)
Q2 " « v e e
Amount of Money Unit Costs : 2
s
3
&)
% inner product L Q, J

For the requirement to get details before the summation for the left-hand side, the following corollary is

prepared. By transforming one of vectors to diagonal matrix, this requirement can be solved.

Corollary 1  Calculation of Detailed Elements

uiQ, U, r Q,
UzQ, P U Q.z
. : *
Un
., I ] [ o
( Q ( U,
— Q, % Uz
& U |
Accordingly )
u,Q, Q, U,
u,Q, Q, U
. - *
u,Q, Q, th
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Instead of vectors: Q and U, we can use matrices as two dimensional tables.

Note: The transforming of vector to diagonal matrix can be done by software function.

T-H Theory Step 3 Suppose Existence of Intermediate Matrix

By introducing intermediate causal matrix and vector corresponding to the phenomena, the right-hand side

of equation (A) is thought to be an aggregated result of equation (A) and can be expanded to the following

equation (C)..
Vertical vector

Scalar Fiat Vector
UpQ+ UyQpt,, ,+ UQ, = [ Uy U, = U, J * FM‘H Miz - "My | * P4 é -----
P =
An Amount of Money . Mz My = "My, 2 §
Unit Costs : S : &
E
Mns Mz - "M P 9
=5 - =N m .
Intermediate Causal Matrix
A U M P
This relation corresponding to the concrete phenomena is discussed in Figure 6-3
Change the notation of (C) simpler.
A=UeMe P (D)

T-H)Theory Step 4 Matrix as result of Combination Law

In the equation (D), M can be the result of Inner Products of Matrices as follows which responds to the
phenomena.

A=Ue MyjeM,e....o M, oP .. ... i .. ©®)

. -
-~

M  resulted by combination law

This equation can be aggregated as favorable combinations according to combination law.

A=Ue MjueM; . eP (E)
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M, =M, M,,
M;, = Mje. ... e M,
A simple example of such M as concrete image in the complicated part of above for-
mula is shown as follows from the example in Figure 6-4 later.
M =[G BilletSupply ] » [R Rod Yield] » [R Wire Yield ]

Corollary 2

As variations, M can be the result of matrices calculations such as addition / deletion and inner product

among matrices and final vectors., so long as the number of their elements fit together.

A=Ux ( M} eMpe----. *M, P
+ M21.M22. ..... .M2,8.P2
F My oMy e MyoB) L (F)

The number of multiplied matrices can be changed by the depth of causal relations.
T-H Theory - Step 5 Resolve Bilinear Relation into Two Parts

Equation (D) can be resolved into two parts: unit cost oriented part and quantity oriented part by jointly
using M in both parts as follows..

A=U eM+ P
—
Q = M.P Quantity oriented part ... (G)
? —
Uc = UeM Unit cost oriented part . .. (H)

Corollary 3  Transpose unit cost oriented part

Equation (H) can be changed by transforming as follows.

Uc = MU' Unitcostoriented part . .. (I)
Here, Q, P, Uc"' and U" are vertical vectors.
Actordingly, (G) and (H) can be treated in the same style.

To calculate Amount: "A" after getting Uc', arithmetic multiplication and summation for element
wise calculations can be introduced between Uc' and P.

The discussion about how to express these relations on the extended structure matrix starts from here.
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T-H Theory - Step 6 Modeling on Structure Matrix

Equation (G) can be placed on the structure matrix as follows.

Q= M.P

Equation (G) can be placed on the structure matrix as follows.

Uec = UeM

Vertically
Multiply
&

Horizontally
Add

P a5 Flat Vector

as Vertical Vector

Horizontally
Multipty
&

Vertically
Add

v

U

as Vertical Vector

Here, M 1s the center part of structure matrix reflecting equation (E) and (F).

T-H Theory Step 6 Modeling on Extended Structure Matrix

The architecture of Structure Matrix was improved to the Extended Structure Matrix suitable for process-

ing the paired models of (E) and (F) with multiplying calculations: (P x Uc), (U x Q) and summation of

these resultants in one simple structure matrix as shown in Figure 6-13.
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Flat Vector

Multiply Costs
B
& Q Uc Prodvucfs
Add [ ] [ ] | ]

Vertical Vector

Unit Cost
Items J

Total O A

Cost
Scalar

Figure 6-13 Decomposed Expression on Extended Structure Matrix
Details of painted parts are shown in 6-14

-H Theory Step 7 The Existence of Paired Model

In Figure 6-13, there exist original sub-model: "Set of P, M, Q" and associated sub-model: "Set of U,
M*, Uc". About concrete image of these internal structures, please look Figure 6-14 where the original

and associated sub-models are intensively shown. The conditions that original model must fulfill for the
existence of corresponding associated sub-model are as follows.

¢ Linear model
» Original sub-model can be linear when expressed by calculations among Matrices and Vectors com-

bined by addition and multiply.

* Judging method of linearity
By the currently available package: "Supercel”, the linear models are limited in the combination of

Type symbols: A, B, E, G, M (One-dimensional matching only), R, S, T (Transpose only), V and
@.

» Causal model
The center part of sub-model: M must express the causal relation for the predetermined variables

* given by the block of vectors.

The important principle we found is
"If original sub-mode! (M) exists, we can think that associated sub-model (M") exists.  Just the contrary
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1S true.”

The models of process plant in the previous sub-chapter, shows existence of those associated models.

Also several models after this sub-chapter were established based on this principle.

About illustrated model in Figure 6-13, some explanation for the existence of matrix data in upper and left
part would be necessary.

In manufacturing process, material cost and processing cost are tend to be separately treated according to
the behavioral nature of the cost.

Sub-model: "Set of P, M, Q" is composed of causal relation of production factors and sub-model; "Set
of U, M, Uc" is composed of causal relation of unit cost factors. However, in the sub-model: "Set of U,
M, Uc", upper and left part has matrix data separately prepared for material cost and processing
cost. This separation is prepared for the later explanation.

By adding each of those as united cost as material and processing cost, existence of paired model

can be imagined.

As a practical method of transposed model,
- Copy the original model to the transparent foil sheet
- Turn over the transparent foil sheet simultaneously changing the vertical side to horizontal.

We can thus easily register the transposed model to screen.
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Figure 6-14 Transposed Model From Set of P,.M,Q toSetof C,M', Uc

The set of P, M, Q is for material requirement model and the set of C, M, Uc is for unit cost model.
Both'models are linear. C and Uc are composed of two kinds of data related with material cost

and processing cost.
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T-H Theory Step 8 Rearrangement of the model

Once a pair of bilinear model is established, the model is to be arranged for user's easier understanding
and handling and also for the practice of the paradigms in which the models are embedded. The associat-

ed sub-model in Figure 6-14 is rearranged as two sub-models: Material Unit Cost and Processing unit Cost

as in Figure 6-15.

Material Unit Cost

Processing Unit Cost
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Figure 6-15 Model segmented for Material and Processing Unit Cost

The principles to rearrange are as follows.

- Separate the sub-model by the nature of major cost behavior.
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- Search idle blocks in the separated sub-model and delete them by columns and rows

Generally from the application, the idle block has no value to be placed or value zeros are al-
ways placed in the block. In the sub-model in Figure 6-14, these characteristics are shown.
- Rearrange the shape to be easily understand and handled, by replacing column by column-wisely

or rows by row-wisely. This method is supported by the nature of matrix.

T-H Theory Step 9 The Calculation of Cost as Monetary Amount

Again, in the Figure 6-16 as a sample, calculation among hatched vectors is shown.

Flat Vector

Multiply Costs

& Q UC Pro%cts
Add — ]

c
e

Vertical Vector

Costs D

By

Product’ * K
Items

1 [

Costs

By * D

Unit Cost
Items L]

Total D A

Cost
Scalar

Figure 6-16 Decomposed Expression on Extended Structure Matrix

This provides possible management values. However, to include all of them makes the model lager and
some of them would be not so important. Some reshuffling by selection of the blocks would be necessary

to make the model compact for easier handling. In addition, to insert the necessary calculation ad hoc ac-

cording to the needs would be a practical solution.

As conclusion of this sub-chapter, practical theories to provide models unifying the three paradigms: "non

-monetary paradigm, unit cost paradigm and amount paradigm"”, are established.

From now on, if models are made on structure matrix, we should search the linear part and think of the

transposed model. Then we can have the chance to make more in models.

6-4. Production Planning and Cost Model in Assembly Business

As an application of the T-H Theory, take a simple model of assembly enterprise that can be observed
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having single assembly process. In the previous sub-chapter: "6-2", a style of modeling in material proc-
ess industry, where flow of the material is diversified through the transferring of process facilities, was dis-
cussed with required fineness.  As another typical subject, more simplified style within the extent of linear
casual relations of assembly process, where fundamental materials in production have intensive flow (bun-

dling of parts) toward product, 1s discussed here.
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Figure 6-17 Management Model with Production and Direct Cost

As a simple example of parts' supplier, which produces Gear Box AAA, BBB and CCC, the model in Fig-
ure 6-17 shows relation of production factors and variable cost (material cost and processing cost). Their
products " AAA, BBB and CCC" are assembled from some of five candidate parts "Box 1, Box 2, Gearl,
Gear2 and Gear 3"

The first target is Production Model Area which covers parts requirements, and ratio of buy and make, and

required workers' load.  The contents of calculation are explained according to the circled numbers.

© Develop numbers of parts' requirements for the product. For more complicated developments with
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hierarchical levels, refer Type Symbol: V in Appendix 1.

@®® These two center blocks are used as a pair for distributing the developed part's requirement for
make or buy. The vertical sum crossing the two blocks are kept one (1). Value 1 means no purchasing
here.

© Workers' loads (working hours) for each unit of products are given and sum of workers' load are cal-
culated.

The second target: "Unit Cost Model Area" is to calculate variable unit cost relating the production factors
by transposing the given structures in Production Model Area. Watch that all the blocks in this area are
the transpose of these blocks. The allocation of these blocks can be replaced by columns or by rows ac-
cording to  users' conveniences for easier understanding or handling. About use of transposing structure,
please refer the previous sub-chapter: “6-1-1. Bilinear relation of consumption factors and unit cost."
© These two blocks are the transpose of SBuy and Smake and give ratio factors to be multiplied for the

supplying unit costs. ~ So these results mean weighted costs for the mixed supplies.

® The transpose center block: TSParts means that the products in the left are made of what
parts with what number of parts. So, by operating Multiply & Add, material unit costs
by product are calculated for given parts cost.

@  Using TSProcessing, processing costs () for each product are calculated for given workers' unit costs
(cost for an hour: $)

The third target is to calculate total cost (not hatched in the figure).
©  Total variable unit cost by product are calculated by adding two group of unit cost: "material costs and

processing costs".

© Using the sale forecast target in the upper block and the variable unit cost in the upper block and with
multiplication (Type symbol: * and direct specifying of succeeding upper block name with associat-
ing type symbol: D), each total product cost can be calculated.

@ Using type symbol: A, total product costs by product are summed as total of variable cost (direct cost).

As a simple conceptual model, variable cost is composed of simple structure of material cost and process-

ing cost excluding the idea of facilities' transferring.

For aflding one more technology, if vector data of pre-determinant block in upper part forms diagonal ma-
trix data as a square matrix (that is, two dimensional data having the same items), the calculation results

values for each item.

The development of this model gave us a clue to establish T-H Theory. There is some medium and small
sized manufacturing business introduced structure matrix package, which has been stimulated by this sam-
ple model almost excluding program developments for their cost management system and enterprise plan-

ning systems.

.
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6-5. Models for Common Cost Assigning along ABC

Traditionally fixed cost was abandoned being considered as uncontrollable type of cost. However, by
the increase of common fixed cost in business and by the progress of automation in plants and offices with
information processing, we cannot leave handling of the fixed cost as it was. A typical example of mak-
ing the ink cartridge of ink jet printer shows that only one percent of the manufacturing cost is the material
cost and that the rest is common fixed cost because it is made fully by automation (Newspaper reported as a
case of Cannon Corporation). Even in the financial businesses, by the progress of computerization with
network processing, ratio of cost that has traditionally been grasped as common cost in total cost is in-
creasing. Also in estimation for quotations relevant costing must be a key to be competitive. There are
many matters to be discussed. About further details of these needs, we would like to suffice introducing
famous book: Relevance Lost! ’ohuon. 1571

The fact is that there are movements to control the amounts of common fixed cost, relating them to the
generated reasons: starting original points of causal relations. Typical movement is ABC: Activity Based
Costing, as my understanding, by which common fixed cost should be assigned to the activities with rele-
vancy at work for getting the relevant product cost. The major expectation of these movements are to
save idled cost and to get more relevant cost for the competitions.

From the side of preparing a series of value chain models, there are various types of models for assigning

the common fixed cost to the activities with relevancy. Following five types of sample model are intro-

duced in this chapter.

Sub-sub-chapter
L. Traditional Model to Assign Manufacturing Overhead Cost 6-5-1.
II. ABC Model to Assign Manufacturing Overhead Cost 6-5-2
III. Extending ABC Model to Forecast Common Cost 6-5-3
IV. Model to Relate Activities of Competence Center. 6-6-1
V. Staff Activities to Relate Activities of Mainline Parallel Organizations 6-6-2

First gwo models were used for the discussion of traditional way and ABC way, visiting one of originator
of ABC: "Dr. Robin Cooper, Professor of Drucker Graduate Management Center at Claremont Graduate
University, 1995"Cooper R 1988][Sakurai. M- 193] By, comparing these two models, you can deepen understand-
ings of the essentials of those methods. The models, IIl IV and V, may supplement the insufficient idea
provided by ABC for indirect cost. When overlooking needs of these modeling, efforts paid in this sub-
chapter may be the work to look cost that was treated as fixed cost to be proportional as possible relating

the activities of their birthplaces in a broad sense.

¢

6-5-1. Traditional Model to Assign Manufacturing Overhead Cost

The essential part of traditional way, is modeled on the structure matrix as shown in Figure 6-18, where
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manufacturing overhead costs are assigned to the products based on the ratio of consumed direct labor
hours as typical index representing the manufacturing activities. For simpler explanation, following typi-

cal overhead cost items are taken as Axis II: depth side. (The top characters are used to handle these items.)

Abbreviation Items Overhead cost measured
D: Direct Labor Related Cost $1,200
S Setup Cost $ 1,200
A Acquisition Related Cost $ 1,000
T Transportation - In-plant Related Cost $ 1,000
R: Repair & Maintenance Related Cost $2,000

The manufacturing quantities and direct labor hours for product A and B, are given as follows.

Product A Product B
Manufacturing quantities 400 100
Direct labor hours 1,000 200
Overhead Cost
Direct Manufacturing
Labor Hours Quantity
D.
S. Prorated
l m?t A. Total ¢ Overhead Cost ¢
T. ﬁOverheacl = = =
Output ¥~ Process R. El s4ool EI 1,000 zoo] El 53331057] El 400 100 I
Total Total Prod A Prod B ProdA Prod B ProdA Prod B
Total Overhead o
-6 H
:E_; 6400 Horizontal
Total Add e
i
ProratedE0verhead Cost %( Direct D
b Labor Hours)
Prod A Prod B Prorate | Dummy ?
Assigned Overhead Cost I( Manufacturing D
K Quantity )
-_13.33 10.67
E Divide | Dummy

Prod A Prod B

»  Figure 6-18 Traditional Way to Assign Manufacturing Overhead Cost
The calculating steps are as follows
© Add up overhead cost along horizontal axis (Axis II: depth side), using type symbol: H.
Total cost: § 6400.
® Prorate total overhead cost: $6400 for product A and B by direct labor hours 1,000 and 200 hours, using
type symbols: % and D.
Prorated costs: are resulted for Product A and B.
These sum 15 $ 6400.
® Divide prorated overhead costs: $ 5333 and $ 1067 by each numbers of product: 400 and 100 sets, using
type symbols: / and D.

7 for A and B. Almost same values

Assigned overhead costs are §
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6-5-2. ABC Model to Assign Manufacturing Overhead Cost

The essential part of ABC way, where manufacturing overhead costs are assigned to the products based on
each ratio of consumed activities with more relevancy, is modeled on the structure matrix in Figure 6-19.
The data given for this model is kept the same except the values for the relevant activities for the compari-
son with the traditional way. So, look the model shown in Figure 6-18 in previous sub-sub-chapter for
comparison.

For simpler explanation, following typical overhead cost items with activities by products are given as

two dimensional table having Axis II: depth side. (The top characters are used for handling these items.)

bbreviation & I Overhead i C
Product A Product B
D:  Direct Labor Cost Related $ 1,200 j hours
S: Setup Cost $1,200  times
A Acquisition Cost Related $ 1,000 : man days
T: Transportation Cost - In-plant Related $ 1,000 on kilometers | ton kilometers
R: Repair & Maintenance Cost Related $ 2,000 man days
Overhead Relevant .
Cost Activities Product'lon
Prorated Quantity Overhead
l l Overhead Unit Cost
D. {41200 | D.[1.000 200 D. | 1,000 200 D. 125 20
S. | 1,200 S. 15 35 S. | 360 840 S. | 5 84
Inppt A. 141000 | A 5 15 A. | 250 750 . A 825 75
] J' T. | 1,000 T. 10 40 T.1 200 800 = T.| .5 80
-« R.12000 | R-| 100300 R-| s001s00 | % R. [1.25 150
Output Process Total Prod A Prod B ProdA Prod B ProdA Prod B Prod A Prod B
Prorated ,
Overhead
D.| 1,000 200 0
S.| 360 840 /0 (Relevant D
T B0 e Activities)
R.| 5001500 Prorate Dummy
Prod A Prod B e
Overhead (1] |
) Unit Cost I . D
D. {25 20 (Manufacturing
S.{ 8 B4 Quantity )
A
| & Divide Dummy
R. | 1.25 150 I
Prod A Prod B 9
Assigned H
Overhead Cost i .
3l 5775 w0 Horizonta
Z Add
Prod A Prod B

+ Figure 6-19  ABC Way to Assign Manufacturing Overhead Cost

The calculating steps are as follows

© Prorate each overhead cost by each relevant activity measured for each product: A and B, using type
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symbol: % with associating type symbol: D.
@ Divide each of prorated overhead costs by the number of producing sets: for product A and B, using
type symbols: / and associating type symbol: D. The vector data 400 and 100 are extended toward axis
II.  The results are given as a unit cost table by activities by products.
© Add up overhead unit cost along horizontal axis, using type symbol: H. Then, assigned overhead costs
by each product are calculated as follows.
Assigned overhead unit cost Product A Product B
ABC way $ 5775 $409
Traditional way $13.33 $10.67
As a result of both ways of calculations, the differences are remarkable. These models are often used for
understanding the difference of principle of ABC and traditional method. In the practical system these

models are used partly in every business model. [6vouda M. 1992)

6-5-3.  Extending ABC Model to Forecast Common Cost

Overhead Relevant
Cost Activities  Production Overhead .
l Quantity  Activity Uit Cost it Cost
sum by Product DY Activity
D. § D. D.| 1,200 D. |25 20 D. 1
S. S. s. 50 S. 9 8.4 S. [ 24
Inpt A. A. Al 20| A [ g5 75| Al 50
J‘ T. T. , T| so| T-| 5 go| T| 2
«— R. R. 1 360 R.| 400 R. 1425 150 R. 5
Output Proces g
P ocess PradA Prod B preg A prod B Total PredA Prod B Total
Qverhead Cost items
D. | 1.200
2gs| 50 D DrectLabor CostRelated
&3 A 20 S Setup Cost
o » T. 50 A A : Acquisition Cost Related
< R. 400 T: Transportation Cost
’ In-plant Related
Total R : Repair & Maintenance Cost
Related
‘5‘? D 1 ProdAf Product A
82 s | 2 I_(I_\ctivity um) D ProdB: ProductB
=9 A.| 50 Divide DunTy
E- A )
22 R 5
’ Total
~ D[25 20
TS 8 s 9 84 I ( Product_ion D
288 al o5 75 Quantity )
SEa Tl s 80 Divide Durm,
85 pR{125 150 my
Pred A Prod B
s39E°
s) S
%% Eg ¢ / { Unit Cost D
15§>,R by Activity )
o Divide Dummy
I

-~

Figure 6-20 Model to Calculate Overhead Consumption Rates by Product
There are discussions among users that ABC is a kind of past calculation. The next equation shows a

case of calculating unit figures in the pasted block of left part for getting the base of estimation.
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The principle to use this block of figures can be placed in the following formula as (B) under the follow-
ing conditions.
- (A) as planned unit cost by activity for this estimated conditions.
- (B) as planned production quantity for this estimated conditions
- the structure of activities are kept unchanged.
This formula is one of the cases of general approach that T-H Theory is applied by thinking that this block

can be intermediate matrix.

(A) ®) (€)
Standard Common
Grand Total Planned Consumption Rate Planned
Common Unit Cost by Product Production
Y
Activity Cost by Activity by activity Quantity
L]
. ,D_ pl25 20 Prod A
E = ¥ R8R°| X s| 0375 35| X so0
Prod B
Total . A.| 0125 .18 200
ovdrx T.| .025 4
R.| .25 3.0 Tetal
PradA Prod B
e e
—~—
Planned
Unit Cost C:’:{“;;d
by Activi ud
Y Y Consumption
= g « p.| 1,650.00
» RBRw X s. 8375
A. 3625 e
G T 9250 By Activity Base
R. 725.00
Tatal
A) B)
S— g
Planned
Overhead Production
Cost Quantity
by Product
w Prod A
- E [ 525 406 X 500 By Product Base
[ ProdB | 500
Prod A Prod B
Tetal

So this formula can be changed to the following two formulas and by thinking that these vectors can be
diagopal matrices, various management values can be calculated. These relations are modeled in Figure
6-21 on the extended structure matrix without placing the block (B) as a center block. These calculating
relations can be gotten without such T-H Theory, but possibilities to draw the model with more general ap-

proaches can be provided by the theory.
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Figure 6-21  Model to Estimate Activities
?
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6-6. Models for Shared Service Activities

To establish subtle relation between staff activities and main line activities had been one of big problems
in arranging organizations. Recently, Shared Service 1s discussed from the point of difficulties in keeping
the relation with main line of business, above all in systematizing, according the progress of Qutsourcing.
To provide familiarity with this word, we would like to explain my positive understanding as follows.

Shared service is a newly highlighted word for the organizational mechanism to concentrate the internal
resource so that to provide high professional services with efficient cost. This service is essentially
different from what is provided from traditional centralization, by which merely scale merits are pursued
and the costs are assigned for the mainline of business according to the traditional distributing logic of
overhead.

These highly professional services are provided to the internal organization regarding them as customers,
assuming that reasonable reward shall be given. To keep high competence, education and traming for
specialist members must be executed along organized plan. Most of these organizations are targeted for a
self-supporting accounting system

Therefore, minute modeling methodologies would to be able to combine the professional skills to the
required elements of mainline business. Besides, the model should be applied for their planning having

the liaison with activities of mainline business.

For those modeling, T-H theory was effectively applied. In this sub-chapter, typical two examples are
introduced as follows.
- Model to Relate Activities of Competence Center
- Models to Relate Staff Activities to Activities of Mainline Parallel Orgamizations
By introducing the idea of later example, bankers appraised that they can finally establish a real cost

accounting system after experiences of many implementations.

6-6-1> Model to Relate Activities of Competence Center

A simplified sketch of relation of general engineering company, in which two types of following function

are formalized, is shown in Figure 6-22.

+ Main line organization with divisions targeting the specialized market areas

+ Contributing (Supporting) functions as an Engineering Design Center to centralize common use of
specialties and their higher dedication and to level work.

Their activities among the two organizations are deeply related in the bottom and the relation varies
quickly responding to the project progress. There is a need to provide describing methods to given insight
to keep up such changing relations and grasp their work load with contributed cost, which links origin of
causal factors.

The problems are how to relate these staff activities and how to assign their cost to the main business
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activities in modeling, in which these relations are used not only to analyze past phenomena but also to
estimate near future with relevancy.

Main Line Functions Contribution or Support Functions

\

Strudural Ergineer Group ]

Engineering Design Center

Oil Rig Station Division

Steel Plant Division

Mechanical Engineer Group ]

Electrical Engineer Group |

Power Plant Divison

Divisions

Control Engineer Group ]

Assembly Line Division — - -
Civil Engineer & Geologst Group I

/

Figure 6-22 Relation between Main Line and Contributing Functions

Muliple and Common Support

High Rise Divison

For these modeling, extended idea of the bilinear relation discussed in the chapter 6-1-1 can be applied.
(Refer the idea of bilinear relation in 6-3-1.)
The 1dea is
Input / Output relations =  Contribution or supporting relations.
This means to replace the idea, upward resource requirements through the facility (yield), with the idea,
contribution requirements through the ratio of staff service activities. The principle and development of

the mode] on the structure matrix are simply shown in Figure 6-23.

The principle is explained after the circled numbers. In this illustration, divisions' activities are expressed

conventionally by their sales amounts

© The bilinear relation gives total cost as an inner product of following two vectors.
+ The horizontal vector: unit cost by the trade of engineers
+ The vertical vector: work load required by the divisions
As a supplement of these relations to get individual result of the total cost as vector, diagonalizing of

one of the two vectors to matrix is necessary as in the following operation

@ If the required workloads: Vy, are resolved as the combination of precedent causal factors expressed by
the inner product of the matrix: M¢ and vector: Vj, in the following equation. Each element of the
fatrix represents contributing (or supporting) trade's person-months corresponding to the one million
of selling amounts for each division.

V“v = M(* X VD
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26,880 338 80 336

39,500 395 100 395
15510 | = [ 80,100.110,130,90] x 141 = 110 x | 141
31,590 243 130 243
12,600 140 90 140
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1K 3 1k $/ month VU Man Month W
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.18 .05 .05 .03 .05 1,200 4 0il Rig Station
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o
.03 .05 .06 .02 01 1,000 | Power Station :g
Contribution required .04 15 .05 08 .03 500 | Assembly Line O
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Ratio of Man month
per Divisions’ Revenue
Man Manth/ 1M § . _— . .
\ Calculating Contribution Required for given Divisions' Acﬂvmes/

\ Calculating Unit Cost for unit of Division’s Activities _/

) Vy x Mc ©
[ Using Transposing Relation J
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= 5 _ & £ 2223
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c p Vo ©

Figure 6-23 Principle of Describing the Contributing Relations
Relations

@ This equation can be resolved further to a chained series of inner products as follows by linear

relation corresponding to the phenomena to be modeled.
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Viw = M; X M, XesexM, x V,
Or more complicated relation like follows depending on the phenomena
= M x (Myxeee XM, XV, + MyuXx eee M, x V,
© Relation about contributing quantities can be developed as a structure matrix expression.
© As a result of structure matrix model, work-load required for the divisions' activities are calculated.
O Calculaton of unit costs: V¢ for one unit (one M $) of corresponding divisions' activities, can be
resolved to the multiplication of Vi; and M. So is the same as ©".
® The relation: Vi; X Mc can be changed to Mc” X V7 by transposed relation  Also the same relation
1s carried to the transposed relation.

@ As a result of structure matrix model, unit cost required for the divisions' activities are calculated.

In Figure 6-24, the model with the latest logic embedded shows a simpler relation between service

providing function and main line function of divisions which recerve services.

Divisions -0 Engineets - -® -®@
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K S/ month s i i
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n Design Engineers ﬂ Support Cost for Division _Support Cost
Work Man Months Costs, k$ Revenue; 1 M$ _ for Divisions k $
- w
s s :f sE-88|s 52§ §_5t%
S 3 23 5. 2¢| Eg8 590135233 s 3. &8l553 3
o 5 &5 20 E.BEwQS £ 8 =2 w @ 5 & o E 2 g0 d R @
o oy B8 S §e 3w > o © = o287 £y 2 85 B = pacf g
2S5 z 3 E£% 2 2 o 5§ 3 g w8 2 ] ] = |23 ¢ 4
Z 238 B¢k 8% 53 b =wob T35 8¢ s 8¢ % 3 T a3g e
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Dg ! 1
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Q
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Figure 6-24 A Model of Supporting Function to Main Line Functions

6-6-2. Staff Activities to Relate Activities of Mainline Parallel Organizations
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There are inter-organizational problems to relate staff activities to a set of resembled parallel organizations
(B). These problems are typical in the following enterprises. Between activities of staff's organization
(A) and activities of differently operated organizations that are overlapped as parallel similar organization
(B), there are problems of describing them with visibility.  The sharing of organizational functions is

typical in the following organizations.

Lvities of (A ities of
Bank Headquarter Bank's branch offices
Supermarket Headquarter Branches in supermarket
Franchise Headquarter Franchise Shops

The organization of (B) sometimes form more than 100 of same types of formation and their activities are
analyzed as pile up of almost same type of activities as in the example of Figure 6-25.. For more easier
understandings, think the amounts of activities as summed cost for them in the figure. The problem is

how to assign these costs with relevancy to the activities of each branch. In actual cases, these activities
S.[Kobayasi,s., 1990]

are treated as real yardsticks not only limiting monetary value

Branch NN
Activities

Branch 03 HQ
Activities
Branch 02 Staff Activities

Depost by

Fi Corporate Activities
Pr P ublic Branch 01 ( Depostinsurance
Lo pipay DRPOS DY Activities GperatinHa
g i ration Liaison
P Private Dept.
Pr Corporate Dept.
For Public Institute Public IstDept.
G Financia Or. E:ar:ggerctept.
] Private .
Loan for Audit Dept.
Cormporate Transportation
Public Institute #TIIZI U
Private How t 5 ele Lines
\ Forign Acctng ow to relate \  Compuer Center /
\Y Guaranteed bond
9
e S Transportation
h’(.‘q/ ATM
“es Teminal Trans'tn

Figure 6-25 Relating Activities of two organizations: Head quarter and Branches
A simplified model is shown and its data and logic are illustrated in Figure 6-26 and in Figure 6-27.
As a general banking organization, units of branch office are arranged in parallel and head quarter function
is tend to be established as a concentrated organization. In this model, starting data are shown in
following three tables:
+ A table of detailed activities by branch office
+ A table of consumption amounts by head quarter functions (Vector data)
+ ‘A table which shows relation between branch office activities and head quarter functions. This table

uses type symbol: B and the associated two-dimensional table that shows relation by locating value 1.
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Figure 6-26  Assigning staff contribution to main activities

Calculating steps are as follows.

O Branch office activities by each branch are accumulated according to the branch offices' direction (Axis
II) and sum of branch activities are given in ‘

@ With Multiply & Add of and Beorrespondence HQ by BO Activities, sum of each amount of BO
activities is accumulated to the related amounts by HQ functions: .

© Head quarter's common cost grasped by each function are divided by each of the amounts of related
activities by HQ functions:. These provide the unit costs for each of HQ contributing function:.

O Using transposed relation as described in the previous sub-sub-chapter, the unit costs:
are transformed to the each of unit costs in BO activities: .

© By multiplying the unit costs of BO activities, contributed amounts of HQ functions for each items of
BO activities by Branch are calculated depending the magnitude of BO activities.

© By the same way of multiplying the unit costs of BO activities, contributed amounts of HQ functions for

each items of BO activities summed up to totals of BO activities are calculated.
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Formerly, keeping the linkage of two types of activities in different two types of organization, in which
functions are operated by different managerial intentions with different timings, had been practically
difficult in maintaining as managing systems. Much effort have been paid for making cost management
system in banking in vain. With this methodology which has Visibility with Transparency, we received
the reputation that the cost systems become practical, because of providing relevancy between contributing
activities.  In practical bank models, number of activities' items reaches near 1000 and many item blocks
are used for different kinds of activities.

Strangely, we found that the characteristics deducted from the principle of bilinear relation appear even in
the complex relation between contributing functions and main functions. This methodology: T-H Theory

can be used in many sites of businesses beyond industries as common model approaches.
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6-7. A Model to Assign a Cost to Hierarchical Organization

In most of the business modeling, there isn't enough accurate and economic way to measure the consumed
amount of services in each level, but a top value is given. In such a case, the method to resolve the value
to the consumption values in each point of organization is required. The methodology that we introduce
here was established independently from T-H Theory. However, this technology is used commonly in
BSM as a typical function and resulted as a type symbol. Therefore, we are introducing this function in

one sub-chapter here.

Hierarchical Organization and Assigning Y ardsticks ] ’ (3]
Employees 80

No1. Branch
Office —»| No.2Section 9

Sales Amounts Employees 64

/ - e S50MS$
i Marketing ———%| No.3 Section 9
) Department

N
. Employees 56

Y

AY
'« Marketing Staff Cost

'\, 1200K$ No2. Branch N i
Use of Type Symbol: Q N o ot r{ No.1Section | @

N
k Supplied Sets 3000

\
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e ice . No1. Branch No.2 Section
. ' ] Office
i® Network of . ! 192 k$
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i ! Marketing | | .
""""""""""""""""""""""""" P"‘ Department 16813
\ - !
; Markegn;gosbt(;ﬁ Cost . No2. Branch No.1 Section
i Office 216 k$
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;
: Project Office
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! 240 k$

N

Figure 6-28 A Method of Hierarchical Assignment of A Value with Relevant Yardsticks

’

Such cases are common in assigning the utility's consumption, above all in assigning industrial water
supply and waste water treatment, because measuring method itself requires energy loss or big investment

that may not be welcome. In these cases, allocating logic should be tough enough for the organizational
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changes and change of relevant factors given in each branch of organizational level. We experienced the
severe requirement of the measuring system in energy saving project at the integrated steel works: Hirohata,
Nippon Steel Co.  Formerly, the calculation was performed by the program written by COBOL. However,
thetr programming couldn't catch up for the changes of organization, network of energy and utilities, and
revised assigning logic given by the active forefront. Then we could establish new logic in more
generalized way, represented as type symbol: Q (Quota) applving the method of matrix series sum.
Details and its principle are in Type Symbol: Q, Appendix II.

Fortunately experiencing the wider usability of this method to assign a common value to hierarchical
organizations, this method as a part of large model was applied in many cases to assign head quarter cost or
marketing staff cost, those of which are commonly thought to be fixed cost.

The idea of our method is simply explained with the number and data in Figure 6-28.

Lets assume the problem is given as hierarchical diagram as hierarchical organization and assigning
~ yardsticks as follows.

@ Top value to be distributed is given. (Top value can be given as plural values.)

@ The relevant yardsticks for the assignment are given by their sales amounts.

© The relevant yardsticks are based on the number of employees.

O The relevant vardsticks are the numbers of the accumulated sold sets because of supply parts.

These yardsticks are given in the block of upper part as in @ and the hierarchical organization is given @,
thinking the upper as parent and the left as children and giving value 1 in the related positions.

The calculated results in @ are expressed in the hierarchical diagram in assigned resuits.
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6-8 Financial Models

Currently, many kinds of approaches specialized only for financial or accounting area of modeling are
provided. Therefore, peculiar way of modeling will be introduced, from the following views.

« Giving Visibility with Transparency for the calculation logic (Avoid making black boxes)

+ Providing a part of consolidated business structure model.

As characteristics of logic used here, Add and Minus are the main role, and are natively absorbed in the
fundamental function of structure matrix without special efforts. The different points from current
technology like simulation languages, spreadsheet and professional packages, are in the style and image of
expression.

«+ Provide easy understanding of causal relations in details of logic and data as table or as combination of
tables.

+ Provide the possibility to grasp the complicated structure of business model as pile up of flat models,
even in expression of hierarchical chain like consolidated group.  So to speak, easiness of expressing |
logic of consolidated statement

« Provide the interface of background models like models of unit cost, models of production and
activities, etc.

Following three model approaches are introduced.

« Principle of calculating model of balance sheet

« Principle of inside out model in consolidated hierarchy.

+ An example of consolidated statement model

6-8-1. Principle of Calculating Model of the Balance Sheet

To introduce how to calculate the balanced values of some accounts in balance sheet, take a too simple

example as in Figure 6-29.

The debit side The credit side
4 Fixed Assets 40 Liabilities 60
Capitals 30
Cumrent Assets 60 Profit 10
Debit total 100 Credit total 100

Figure 6-29 A Simplified Balance Sheet

Assuming the case that values with bold characters are given, then values in italic characters are required.
rix model ks wi lar

A method of Structure matrix model by blocks with a scalar value 1s shown in Figure 6-30, by describing

the calculating logic one by one. In the figure, value 1 and -1 are given in stead of showing by type
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symbol: A or A (-1). (Type symbol: E or E (-1) can be also usable for operation of a single valued block.)

<«
<«
<
<«
<
<
<

QQ
g5 o - =
. v < @ & 3
Multiply < T 2 8 4, 2 =
g L E 2 £ =2 3
& £ 385 3%
Add L © 3 0 a 0o o
o o o o o o o
. Debit total 100 101
LF’roﬁt 10 -1 1
L Credit Total 100 11
Debit total - Credittotal 0 -

Figure 6-30 Calculate Balance Sheet Block by Block

é E]:d:l ”Slng Ij!p: S:ZQDbQ] !Z (EIQ]”IE)

The previous method is a little complicated for modeling. Thinking that the calculation of balance sheet
1s composed of Add and Minus, the type symbol: V can be applied. Type symbol: V is prepared for the
linear calculation with Multiply, Add and Minus in one center block. As internal logic, Type symbol: V
calculates sum of matrix series, treating the data of center block as rectangular matrix. (As for details of

principle, restriction and other applications, please refer Type Symbol: V, in Appendix I1.)

Account tems
a8
23
243, 3
) <t s 2se 2
Multiply E % ;;- ’%% ?
& L OO0 304 o
Add
’ Given Accounts Data
¢8 88
Fixed Assets s 40 VBalance
g Current Assets o 60
%]
2 | Debittotal E| 100 11
£ | Libiities 8l o0
3 ; <
g Capitals c 30
Profit 5 10 + o
Credit total 100 11 1

Figure 6-31 Balance Sheet Calculation by a Type Symbol: V

Therefore. prepare the same 1tem block in upper and left and give initial accounts' values as in Figure 6-31.
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To get the left item value, put 1 or -1 corresponding to the addition or deletion at the cross point of related
positions to the upper items in the center block. In the actual cases of balance sheet calculations, type
symbol: M for collecting input values in the accounts' position and separating the debit side and credit side,

is applied as combined use with type symbol: V.

6-8-2. Principle of INSIDE OUT Model in Consolidated Hierarchy

For consolidating business structure models, Balance Sheet of their responsible business unit appears in
many parts of different levels in the businesses' hierarchy as schematically shown in Figure 6-32. In this

figure, the Balance Sheet treats only Assets, Liabilities and Capitals, representing the accounts’ values.

L1
B/S Consolidated
Enterprise

L
[ Level 1

A. Assets
L. Liability
C: Capital

Consolidated
Enterprise
Level 2

Unit
Enterprise
Leve! 3

Figure 6-33 Hierarchical description of consolidated accounting structure

On the other hand, there are some management needs that some common account items must be summed

up according to the specified accounting items and the public attentions such as Environmental Accounting,

1 |

i e A

L3.1 L3.2 L3.3 L2.1 L22
[arc]facc]| [arc] [arc]|aLc]

1 E 1 E 1 E
1 1 1
1 1 1

) . . .
Accounting for Energy Savings, some ISO projects, etc.

Figure 6-33 Modeling the layer
of Balance Sheet in Flat Structure

L2

L1
_s_‘l'l‘l
_._Am

Beside reserving hierarchical organization as consolidated business models, a somewhat basic modeling

function: Inside Out capable of taking out such accounting data on an ad hoc basis, must be provided
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without any special considerations beforehand.
For the typical example of consolidated accounting in Figure 6-33, each of the Balance Sheets must be
arranged as a flat model, which contains hierarchical structures. An image of the model on structure

matrix using type symbol: E is illustrated in Figure 5-5.

6-8-3. Example of Consolidated Statement Model

By the extended structure matrix technologies, models to calculate consolidated statements for the
grouped company from each of financial statements and data of mutual relations can be easily
described with visibility. In this sub-sub-chapter, the process model of the calculation for a simple
company' group with data, will be followed.

The relation of companies within the group is as follows.

The representative company of the group: Head Company
Subsidiaries: Company A, Company B, Company C
Investment Relations Head Company — Company A
—  Company B
Company A — Company B
Company B —  Company C

The purpose of this model 1s to grasp the financial status and periodic income as a group at the end of
fiscal year 2000/3/3 1and as before the appropriation of the surplus.
As bases of the data of each financial status, following data is given in Figure 6-34 and simple adding
up by type symbol: H is shown.
Each B/S before Consolidation
Each P/L before Consolidation
For the setoff and deduction, following data by the two dimensional tables are given in figure 6-35.
In the figure, simple adding up by type symbol: H and A for getting gross totals and inter table
calculations for getting Unrealized Gross Profit of Inventories are associated.
Relation of Capital Investment
Relation of Debts & Credits
Relation of Sales & Purchase Amount
Inventory among Mutual Transactions
Ratio set for Unrealized Gross Profit
The model is shown in Figure 6-36 and the hatched blocks in upper and left part are two dimensional
tables. The details of center blocks in the model: Bl, B2, B3, B4, B3, B6 as type symbol: B having
values enly 1. 0, -1 for arrangement of the consolidated Statements are shown in Figure 6-37.
As results of this model, Consolidated Statements of following three tables are shown in Figure 6-38.
Consolidated Balance Sheet

Consolidated Income Statement
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Consolidated Earned Surplus Statement.

Each Balance Sheets before Consolidation
'2000/3/31
Consolidating Group

Holdin Compan | Compan | Compan Simpl
Compan A B C Sum
Cash 69,280 33,450 6,555 2,940 112,225
Notes Receivable 519,615 | 105,640 58,750 3,950 687,955
Inventories 588,895 | 174,305 | 246,925 38,970 1,049,095
Other Current Assets 111,535 86,270 28,945 10,350 237,100
< TotalCurrent Assets > 1,289,325 | 399,665| 341,175 56,210 2,086,375
Buildings 508,270 | 105,640 72,000 21,650 707,560
Machinery & Equipments 223865 | 123,245 25,500 12,890 385,600
Land 25,980 0 0 0 25,980
Vehicle & Delivery 103,920 10,560 6,600 4,760 125,840
Other Fixed Assets 103,920 4,400 4,250 1,700 114,270
< Total Fixed Assets > 965,955 | 243,845{ 108,350 41,100 1,359,250
Investments 130,000 60,000 3,400 100 H 193,500
< Total Assets >> |2385280( 703510 452,925 97,410 = | 3,639,125
Purchase Debt 502,280 | 154,935 187,320 17,320 861,865
Short~term Loans Payable 394,805 | 114,440| 153,260 15,585 678,190
Other Current Assets 51,960 29,050 19,580 7,150 107,740
Long-term Loans Payable 277,125 | 110,000 74,075 17,300 478,500
Miscellaneous Allowances 277,125 86,270 27,670 17,250 408,315
Fixed Liabilities 155,880 40,220 5,530 11,300 212,930
< Total Fixed Assets > 710,130 | 236,490 107,275 45,850 1,099,745
Capital 500,000 85,000 10,000 3,500 598,500
Earned Surplus Reserve 41,565 10,500 1,000 430 53,495
General Reserve 7,530 25,000 2,500 4,300 39,330
Surplus Brought Forward 15,585 2,000 -4,900 1,905 14,590
Current Term Net Income 161,315 46,095 -23,110 1,370 185,670
< Capital Account > 725,995 | 168,595 -14,510 11,505 891,585
<< Total Liabilities & Capital>] 2.385,280 703,510 452,925 97,410 '3,639,125

Each Profit and Loss Statement before Consolidation
1999/4/01 ~ 2000/3/31
Consolidating Group

Holding |Company| Company [ Company Simple
Gompany A B C Sum
Sales 6,835,010| 2,609,045 834,090 246,370 10,524,515
Cot 5 1,971,960 689,630 180,995 8,116,735
Gross Profit on Sales 1,560,920 637,085 144,400 65375 2,407,780
Selling Expense 303,105 105,640 38,315 16,450 463,510
3 Administrative Expenses 917,985 396.150 102,175 45,850 1,462,160
Operating Profit on Sales 339,830 135,295 3.910 3.030 482,065
Non-operating Income 77.940 10,560 5,785 2150f H 96,435
Income Deductions 95,260 29,930 32,355 2075} = 159,620
Recurring Profit 322,510 115,925 -22,660 3,105 418,880
Extroardinary Income 29,440 5105 680 45 35,270
Extroardinary Expense 18,185 6.150 1,060 200 25,595
Income before Tax 333,765 114,880 -23,040 2,950 428,555
Tax Reserve 172,450 68,785 70 1,580 242885
Current Term Net Profit 161,315 46,095 -23,110 1,370 185,670

Ftgure 6-34 Given Data of Statements before Consolidation with Simple Addition



Relation of Capital Investment

Inventries among Mutual Transactions

Invest Purchasers
Head Co. Co. A Co. B Co. C Head Co. Co. A Co. B Co.C
5[ Head Co. 85000 5,000 H 90000 | £[Head Co. 10,350 430
8| Co.A 5,000 => 5,000 ‘§ Co. A | 155,880 1,025
£| Co.B 3.500 3500 >| Go.B | 320425 4,300 865
Co. G Co. C 90 7,750
A ¢ X
. .
. . - Ratio set for Unrelaized fit
Relation of Debts & Credits rela Gross Pro
Purchasers
Purchasers foad G Co A Co B o G
Head Go. Co.A__ Ca B __ Co.C v LU 9. 2
p [ Fload Co. 242.485 37235 10390 | H [ 290110] .g[Head Co. 024 024 024
&l Coa | 45765 24245 3900 (=>| 74810| §| CoA | 020 0.20 020
5| Co.B 2,035 850 32.905 ss790| ~| CoB | 018 0.14 020
> co.c 2.940 2,940 Co.C | 020 0.16 0.14
A ) H
403,750 | Unrelalized Gross Profit of inventories
Relation of Sales & Purchase Amounts Purchasers
Purchasers Head Co. Co. A Co. B Co. C
w
Head Co. Co. A Co. B Co. C o | Head Co. 2,484 103 H 2,587
" Head Co. 1,082,530 753,440 3050 H 1,839,020 -g Co. A 31,176 205 => 31,381
3 Co A 25,440 12,990 =>> 42.430 > Co. B 51677 602 173 58,452
5 Co. B 4,300 5,885 32,905 43,690 Co. C 18 1,085 1,103
> Co. C 3.290 1,280 5,850 10,420 A &
A Y 93,523
Figure 6-35 Data among the Group
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Figure 6-36 A Model of Consolidated Statements
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Cash [ ] [ ] Sales -
Notes Receivable - Cost of Sales -
Inventorie s - Gross Profit on Sales
Other Current Assets Selliing Expense
< TotalCurrent Assets > - - Administrative Expensefs -
Buildings Operating Profit on Salp
Machinery & Equipments Non-operating income -
Land Income Deductions
Vehicle & Delivery Recurring Profit
Other Fixed Assets Extroardinary Income -
< Total Fixed Assets > Extroardinary Expense
Inve stments - Income before Tax -
<< Total Assets Opf - -1| - Tax Reserve
Purchase Debt - Current Term Net Profg| || |
Short—term Loans Pay bl
Other Current Assets
< Total Current Assets > -
Long—term Loans Payable
Miscellanecus Allowanc es| i
Fixed Lisbilities Figure 6-37 Data of Center Blocks

< Total Fixed Assets >
Capital
Earned Surplus Reserve
General Reserve
Surplus Brought Forward
Current Term Net Incom
< Capital Account >

<LTotal Lisbilities & Capita

Consolidated Balance Sheet

2001/12/31

Cash 112,225 |
Notes Receivabie 284,205
Inventories 955,572
Other Current Assets 237,100
< TotalCurrent Assets > 1,589,102
Buildings 707,560
Machinery & Equipments 385,600
Land 25,980
Vehicle & Delivery 125,840
Other Fixed Assets 114,270
< Total Fixed Assets > 1,359,250
Investments 95,000
<{ Total Assets D> 3,043,352
Purchase Debt 458,115
Short-term Loans Payable 678,190
QOther Current Assets 107,740
< Total Current Assets > 1,244,045
Long-term Loans Payable 478,500
Miscellaneous Allowances 408,315
Fixed Liabilities 212,930
< Total Fixed Assets > 1,099,745
Capital 500,000
Earned Surplus Reserve 53,495
General Reserve 39,330
Surplus Brought Forward 14,590
GCurrent Term Net income 92.147
< Capital Account > 699,562
<{{Total Liabilities & Capital 3,043,352

Consolidated Income

Statement
2000/1/1-12/31
Sal 8,588,955
Cost of Sales 6,181,175
Gross Profit on Sales 2,407,780
Selling Expense 463,510
Administrative Expenses 1,462,160
Operating Profit on Sales 482,065
Non—operating Income 2912
Income Deductions 159,620
Recurring Profit 325,357
Extroardinary income 35,270
Extroardinary Expense 25,595
Income before Tax 335,032
Tax 242,885
Current Term Net Profit 92,147

Consolidated Earned
Surplus Statement

2000/1/1-12/31

Surplus Brought Forward 14,590
Current Term Net profit 92,147
<< Total >> 106,737

Figure 6-38 Consolidated Statements

For easier expression of the model, and for shorter understanding, calculating logic is simplified.
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7. Applied Cases

The intention of this chapter is to introduce how the Business Structure Models based on structure matrix
technology was applied in business site. However, the project sizes of each are so big that even a single
applied case would be commensurate with a volume of single paper having business histories. In addition,
most applied cases are kept confidential because of competitive situation and needs of concealment at the
definite stage of planning to protect from negotiating and organizational conflicts.

The facts that these new technologies are almost kept closed, above all the applied logic is easily leaked
out by the openness of the models. Only ten to fifteen cases are openly reported.(Titles of papers and
newspaper announcements are listed in the reference list though almost of them are Japanese names.)

In this chapter, after general view of applied cases, a case with actual figures used for the verification of

this technology in infant age will be introduced rather deeply. A few cases will be briefly introduced from

the point of typical ones moreover from the unexpected applying.

7-1.  Overview of the Applications

According to my hazy recollection, the counted numbers of introduced cases, which categorized by in-
dustry and major coverage of application along the long devotion in this area, are shown in Table 7-1.

(Note: the numbers in parentheses are in Korea.)

Some characteristics can be read out from the table as follows.
¢ Inclined propagation along industries

Numbers in industries show propagation path from process, manufacturing and financial industries.
The start was steel industry and propagated to other process industries like chemical, paper, etc. Fol-
lowing the introduction into manufacturing industries, it was introduced to the aggressive customers in
fipancial industries. The step was industry after industry, crossing over high partitioning wall be-
tween industries.  This phenomeﬁon might be caused by the following reason.

- Sectioning of the computer supplier's organizations

-  Earlier establishment of online production systems and strong requirements of establishing new

effective and dynamic management system through the experience of oil shock I and II.

Complexity caused by non-homogeneity of products and process business with professionalism

In managing activities.

Users' indifferent attitude against other industries’ applications, stating their own specialties

4 Toyama's personal background in industry. Maybe this is the biggest reason

e Cost structures involved

Most of these models mvolved unit costs as elements, except the systems limited only in financial

statements. Even bank systems and personnel systems involved unit cost elements.
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o
Utilities etc 2 1
Marketing Planning System 1 1
Cost Estimate for Marketing 3+(3)
System Integrator's System 5
Personnel Planning & Wage System 2
Education & Research in Univ 6+(10)

Table 7-1. Categorizing of Applied Cases by Systems

e The start of the introducing opportunity
There were no definite analysis data for starting. However, followings with their combination could
,be pointed out as major points.

Pursuit of new methodology responding the quick decision making was driven by top require-

ments
The dissatisfaction of top management was very strong for applying the overload of sheer for-
ce of numbers.
- Deadlock of the expansion and maintenance of the system developed by spreadsheet.
Half of the introduced cases would be derived from this reason.
Requirements of integration and recombination of planning chaining large volume of data.
,- Maintainability by end users as a nature of extensive change of logic and data.
Many maintenance efforts were paid by information processing department to respond end

users' application logic changes.

- Needs of quick development in short period
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The details of the implemented cases are introduced in the paper in the Reference List of this thesis.

The common messages we could hear from these implemented cases were as follows.

+ By having BSM, their targeting and follow up of business goals were shifted toward more logical

thinking oriented.
In the past, the target of cost reduction was likely to be given by top down without firm logical
foundations rather arbitrary as spiritual slogan. In some businesses, top management had set the
cost down target as 10 % without clear organizational assessment based on secure foundations.
By this direction, the related activities like financing had shifted to the level assuming realized
status of the target. At the term-end, top management found the unfulfilled status. Sometimes
this brought the reason of cost ups. Some times these unhealthy cycles were repeated.
By grasping total business mechanism base on BSM and through the case studies on the BSM,
promising targeting with some prompting was realized as organization. Some people say this is
| management accounting. The writer is thinking the more.
+ The total optimization can be realizable are more than the consolidation of partial optimization.
As natural, businesses are based on the collaboration of peoples and organizations that have dif-
ferent background and missions.
The 1mplemented accounts insisted that the wider coverage of BSM with various combinations of
the case study clearly gave the merit of BSM.
¢ The birth of new paradigm to communicate each others

The introduction of BSM produced the chance to understand the mechanism of the business and

communicate each other brought by its Visibility with Transparency .

Three cases introduced in this chapter are the typical cases which might pursue the BSM technologies to

their ultimate levels.



7-2. Case 1. Cost Management System in Company A

This is a report of implemented case in Company A briefed by the writer.
Company A case had been the full-scale project to establish structure matrix first in Japanese business,
composed of the following main subjects.
- Jointing the academic studies of German technologies enough for full-scale adoption in business.
- Verification of consistency in calculation by new approach VS traditional method
- Implementation covering whole integrated works.
From the side of main theme of this thesis, this sub-chapter is concentrated on the practicality of structure
matrix as BSM. Therefore, data of new cost models used for verifying the consistency with traditional

cost system will be introduced in Appendix I'V.

7-2-1. Environments and Brief History of Cost Management System

Company A had two major integrated iron and steel works and this thesis is a case for the works having
major process of ore bedding and processing, blast furnace, steel making, casting, rolling and finishing,

power plant, . etc., and making wire rod and bar steel as one of the world leaders.

The cost calculation systems were computerized and were covering the whole works from the end of 1960
to the end of 1970. However, the system was gradually loosing their flexibility among ten years. The
company experienced the first oil shock in 1973. During the period, the company organization faced
severe conditions to grasp the business performance, because confusion was caused by the change of stan-
dard costs in the traditional cost system. The company was driven to change their standard cost in the
middle of fiscal year. This means was taken for remedy of big gaps between the planned standard cost
and the jumped actual cost caused by chained reaction of the steep rise in crude oil. As natures of the
produgts' diversity and complex processes, standard cost system was established as a base of the cost man-
agement system. However, maintaining of traditional cost system that had been the substitution of hand
calculation by program became difficult.

In addition, as a nature of the business, versatile cost information was required from the following points

s  Cost Down
Energy savings
Rearrangement of production facilities
Conversion to high performance facilities
. Labor savings, etc.
e Profitability of Products
Responding the users' requirements for product diversification and grade-up of qualities.

Under such situation. the company began to consider the methodologies to solve their problems. Fortu-
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nately in 1976, they reached the writer who had already started his surveying of the German documents:
COSTMAT Serigs. M Deutch..., 1977 ]
(Note: COSTMAT was 1ssued as fruits of joint research reports of German Steel Co.: HOESCH, German
Iron and Steel Federation and Bochum University about cost management system applying structure
matrix.)
Soon joint study was organized for understanding them. However, it was difficult for exact understanding
to let the big business make up their mind to new system. Fortunately, one year and a half after, the writer
encountered the study of Professor: T. Kobayashi, Administration School of Kobe University who had
learned in Germany and kept the continued study of this area. Soon we jointed together and our study
went on exactly.

After finishing the study, we met an opposition from one of the higher accounting controllers for our re-

placement plan instead of traditional systems. The reasons were as follows.
. Matfix was difficult to fit in with accounting people.
» New method might calculate strange cost and would violate the accounting rule of continuity.

For restoring these problems, proof tests of the coincidence against the results of both methods were per-
formed using real 2000 data taken from steel making and ingot processing of the early nineteen sixties.
The ingot processing was outdated and to be replaced soon by continuous casting process.

(Note: The studied model and data will be shown later in this sub-chapter and Appendix IV)

Luckily, the calculated total costs coincided and there was no objection. The top management admitted
the supenionity of easiness in the describing complicated factors. Then overall introduction to the works
was hastened from cost center to cost center, starting from the front processes that were thought to be easy

to implement because of smaller data volume.

7-2-2. The Back Ground of Development of New Cost Management Systems

The be,nckground to request the new cost management system had been as follows.
* Providing the cost information depending on the upheavals was caused by external factors.
Grasping of cost information, depending on the change of purchasing prices and drastic change of
operating capacity in processes was necessary.
e Cost information to meet the pursuit of the product having high added values
Under the exacting change of market, the products were driven to be high-quality articles and char-
acteristics of production were driven toward multiple kind with small lot. As a matter of course,
introduction of new technologies and improvement of processes became common and influential
. cost factors were becoming versatile. Grasping of cost information must have been synchronized
this status.
e Cost information to meet the diversification of values and their sudden changes

Under the rapid changes of economic environments, unifying the sense of values to one direction
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was not favorable and grasping of cost information from the various viewpoints was required.
Thinking of these requests, methodologies to enrichment directed the following items.
- Make distinct the responsibility of the cost
- Make the management aim clear
- Stimulate managing efforts and motivations
Problems of cost management system at that age
The works had been placed great importance on the development of production control system and the
cost management systems were fragmentally maintained after the development of standard cost calculation
system. Therefore, chaining of the system was left unsatisfactory and lacked flexibility, then the follow-
ing problems were carried.
o Limits in breaking down of decomposing and analyzing the cost variances
- Increase in number of materials, number of operating capacity treated, and number of product-mixed
The systems were developed at the age of full capacity, and in the precondition of system devel-
opment, big swing of operation capacity was out of consideration.
- Generous bundling of kinds for cost calculation
By the complication of increased products' kinds and transiting process, calculating unit of cost was
onincrease. Then from the pomnt of managing and operating cost systems, rough bundling must be
adopted.
¢ Lack of flexability in cost systems
Various changes in their environment were antictpated and the requirements for various improvements
would increase. However, the following reasons cornered counter measures.
- Immoderate dependence to program logic
Major parts of the system were processed by program logic without fully utilizing table technique
limited by the computer capacity at the age of development stage.
- Inadequate documentation of system development's specification
System specifications and program specifications were not well maintained following the systems'
cjlanges
- Deterioration of abilities to master their cost systems caused by reshuffling of the person in charge
The ideas at the time of system developments and improvements and the preconditions were not well
inherited for the end-users' and information system's organizations.
e Lack of abilities to respond special cost studies
For responding the requirements to grasp various costs, the frequency of special cost studies became
intense, and computer system of the ages could not deal them. There were himitations in the remedy
because of the sheer force of numbers. Those sample cases of special cost studies were as follows.
- (rasping the composition of cost at the final products by first stage of input elements like material cost,
labors cost, expenses, etc.
- Cost comparison for finding profitable products and their most suitable combinations

- The estimation of the relevant cost and tracing of those actual responding the quotation and cost down
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movements

- Compensation unbalanced burdening cost caused by the unbalanced facilities

- Calculate target cost (mid-range plan) to be budget cost by the term

7-2-3.  Outline of Implemented New Cost Management System

The relative position of the new cost management system is placed in the hook-shape as in the Figure 7-1.
The column in the right means authorized process based on Japanese GAAP (Generally Accepted Ac-
counting Principle) and special cost studies. Horizontal part means effective use of cost system for cost
oriented managing covering almost all the works activity linking non-monetary factors.

2] Analysis for
Management
& Control

Figure 7-1  Cost System as Management System in the Integrated Steel Works

The system was developed aiming following points considering the previous situations.
» Grasping cost from various angles by the coexistence of various kind of cost calculation like Standard
Cost System and special cost study system
e, Calculate various kinds of unit cost like by kind of various and mixed factors (by product-mix, by
semi-finished product-mix, by process cost-mix, etc.)
o Evaluation tracing the time series changes with displaying of them in time series

» Keeping consistency of calculation system between the actual and the plan
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e Provide trial calculation systems based on the same mechanism for keeping the consistency with the
actual
e Realizing cost management system as all the staffs' participation
e Clarification of responsibility for cost management cost (Imputed values to imputed organization)
They developed thirty systems covered almost of works by the unit of cost centers. Taking an example in
stee] making, the diagram of material flow and processing consumption (Auxiliary material consumption
like oxygen, steam and fuel, tools consumption like ingot cases and other auxiliaries, processing hours,

etc.) would be given as in Figure 7-2.

Processing . Main & Auxiliary Return
Resource gfg';%we' Material for Steel Scrap
! Hot Iron A
! Scrap !
P FeMn :
s v i
! BOF | . J
! Basic Oxygen Fumace.
| '_ . ¥
E Steel Post :
E Processing Degassing
>l
vV y ¥V v Vv
Ingot
, No.2 CC No.3 CC Processing
No.3 CC Billet No.3 CC Billet Ingot
. Rolling Plant

Figure 7-2  Flow of Material and Processing Consumption
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V: Unit cost by each cost center

Figure 7-3.  Structure Matrix of Steel Plant




From this diagram, staff of the works developed the model as shown in Figure 7-2-3 for the cost center for
steel making. Only thirty or so of model sheets with associated diagram sheets for each were developed
covering the cost structure of the entire cost center in the works.
In the Figure 7-3., there are four strands occupying upper and left parts.
Followings are those having associated calculating directions with the center part's elements.

- Planned Quantity Vertically Multiply and Horizontally Add

- Material Unit Cost Horizontally Multiply and Vertically Add

- Variable Processing Unit Cost Horizontally Multiply and Vertically Add

- Fixed Processing Unit Cost Horizontally Multiply and Vertically Add
Quantities and each type of unit cost on each strand were read out according to the associated calculation
direction and programmed by matrix language (MATSYS) rather by rote. Then the programs were com-
piled and executed for calculation. Details of calculation would be described in Appendix IV with simph-

fied model and data, which was used for the verifications.

7-2-4. Effects by Introducing New Cost Management System

Following effects were enumerated by users..
» Breaking away from the black box of system

- Tangibleness of the calculation process (Transparency of system)
Because the elements and calculating sequences on the Models were systematically placed, the
meaning and processes are easily comprehensible.

- Enrichment and advancement of the documentation of system
Models themselves on the structure matrix were the documentation themselves (As system speci-
fication and program specification), moreover, standardization could be pursued by the sys-
tematic development of models having common shape for cost centers and each process facility.

. U’niﬁcation of systems

- Unification of calculating logic covering all the process of integrated works
Cost calculation of processes starting from iron making and steel making to shipping, could be
unified by each process.

- Sharing use of common models
Common models could be used sharing between plans and the actual, and between standard cost
calculation and special cost studies, by replacing the output quantities to be given or by replacing
the ratio of mixtures. Therefore, cost calculations for multiple purpose could be performed.

Upon these merits, the following merits were brought.

¢ Management using unit cost

Along the calculating process, unit costs by elements were calculated in each process as a nature

of model on structure matrix. Consequently, unit costs by each product as final output of pro-
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duct lines could be calculated.

s Distinction of cost variances and imputed values

By using the same model, plan and actual were calculated and the cost variances by cost factors
were precisely analyzed. Studies about the possible distinction of those cost variances were
written in the next sub-sub-chapter.

e Responding the multi-purpose requests
Trial calculation, special cost studies and cost estimation could be performed, by replacing the
mput quantities and ratio of the mixture by process facilities.

e Increase in the productivity of data processing organization
They were released from voluminous workload for documentation at the time of development

and improvement, because the models on structure matrix could be used also as documentation.

7-2-5. Cost Variances

As some of the big efforts in the study of new cost management system, various types of Cost Variances

could be calculated consistently. The following are formulas, responding the covered area of steel making

cost center.

Variance of Manufacturing Cost = Variance of material cost .
+ Variance of variable processing cost
+ Variance of fixed processing cost

(Note: Variance of Operating Profit = Variance of Sales Volume

+ Variance of Term-end Inventory
- Variance of Beginning Inventory
- Variance of Manufacturing Cost
- Variance of Selling Expense
- Variance of Administrative Expense )

Following variances for three types of cost between plan and actual, became consistently possible to report.
*  Variances of material cost by main and auxiliary materials' brand (i), by grade hot steels (4), and grade
mgots (k), could be calculated as follows.
- Variance caused by material costs (1)
- Variance caused by mixed quantity of materials (j)
Variance caused by mixing ratio of materials based on the actual (i, )
Variance caused by mixing ratio of materials based on the plans (i, j)

Varnance caused by yield of grade Ingots (j, k)

Variance caused by distribution ratio of grade ingots produced (k)
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Variance caused by production quantities of grade steel (k)

Variance of variable processing cost by expense items and grade ingots (1), could be calculated as fol-

lows.

Variance caused by processing unit cost (1)
Variance caused by unit consumption (i, j)
Variance caused by processing hour (k)
Variance caused by distribution ratio of intermediate goods (k)
........ Grade Ingot or Grade hot steel

Variance caused by production quantities of intermediate goods (k)

Variance of fixed processing cost could be calculated as follows.

Variance by unit of operation ............... Hours of ingot processing or BOF hours
Operation variance:

Operation variance by intermediate goods (1)

Variance caused by distribution ratio of intermediate goods (1)

Variance caused by production quantities of intermediate goods (I)
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7-3. Case Il Aggregated Model of Integrated Steel Works in Company B

This subchapter is prepared to introduce the aggregated model in the world class integrated iron and steel
works. This model was operated as an associated system with the main line of the production and cost
management system in which structure matrix technology was introduced. The works has introduced
structure matrix entirely and the introduction had a significant impact on the plant operation. However,
already similar case was discussed in Case I, previous subchapter of this thesis. Therefore, this subchapter
will start from the aggregating of models and their integration as total model around material flow and ma-
terial, based on the status that their production and cost management system were already established as

ShOWIl il’l Figure 7_4[Sugi1u'a, H., et al, 1989][Sugiura.H. et al, 1983)

As in Figure 7-5, given material flow was analyzed as block diagram with matrix: , ,
and ’. Usually material requirement model was built tracing inversely along material flow.
In this figure, following details must have been discussed from the side of characteristics of facilities, be-
cause the parallel flows or some minute branches of flows were structured around paralleled facilities.
For example, blast furnace block contained plural blast furnaces, and most of the cases, their physical
specifications and performances were different each other. These situations were also found in or bedding,
sintering, BOF, Hot strip mill, etc. and were used for such parallel relations.
- Symbol:
This was a representation of reciprocal matrix and used for convert use of yield matrices. In these
contents, such parallel characteristics were described.

- Symbol:

This type symbol was used as coefficients in calculating material requirement for given output.
- Symbol
This matrix gave the ratio that decides the providing upstream material's quantities to next process
from multiple facilities.
- S};mbo]
This matrix decided the destination of materials to next process from the output of previous facili-
ties, used against the material flow in the style to bundle the input materials of next process gath-
ered for output material to next.
- Transferred values from each structure matrix
Most case, such matrix values representing facilities' operating values were brought from original struc-
ture matrix model, or once aggregated and brought from original model with the same logical operation.
For an example, blast furnace had plural air-re-heating furnaces as attached facilities and this performance
was influential to the performance of main furnace. As another typical example, plate mill had a main
rolling mill with its attached finishing facilities. Those were modeled once as structure matrix models
then these were aggregated to a single matrix and brought to another structure matrix model like Figure 7-

6.
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The meshed blocks: S1 ~ S7 at the bottom of the figure, were aggregated matrices, which were convention-
ally borrowing the Material flow model. About principle of aggregation, please refer 3-2-7 Advanced

Functions in this thesis.

By the principle written in the advanced function, aggregated matrix could be calculated by specifying
from (upper part) and to (left part) in the single structure matrix. ~ As concrete operation in current package,
by pointing the horizontal position in upper part and vertical position in the left part on the screen, the ag-

gregated matrix was calculated, if theoretically existed.

Then, the aggregated matrix with associated blocks was newly reserved by the new structure matrix name.
The model was thus made as shown in Figure 7-7 by integrating the total input material's requirements,

each material unit cost by end products, total material cost by end products and grand total of material cost.

Some technical reviews of this method

- S1~S7: Reciprocal matrix of integrated yields
To calculate accumulated yield (Ikkann budomari) was almost practically impossible by tradi-
tional methodologies in such complicated plants. Because, the traditional development depend-
ed on individual approaches with program development, and in addition, took considerable peri-
ods. During the development, precondition fluctuates and fixing of condition for developments
became meaningless. If each model for cost centers was made, development and maintenance
of integrated aggregation model were only a work of manual operation.

- Linear model and extensions
If only the linear relations were linked along the calculating path, this type of aggregation was
possible. Recently, by the software approach, the path including type symbols '*' and '/ was to
be realized possible now, because the conditions that the calculation of the structure matrix was
once executed and calculated results were reserved.

- ,Aggregation at discretion
Required aggregation between some starting points and destinations could be possible if mathe-
matical relation 1s established as option.

- Aggregated model for processing factors' consumption and these unit cost

These models could be developed by the same approach..
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Figure 7-7 Material Requirement and material Cost Models of Integrated Steel Works
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Evaluations of users

Without this methodology integrated yield could not develop.

Top management can understand with some education

Administration staff and technical staff could understand as common communication tools.
Consistency was kept among detailed model

Plant models were unexpectedly maintained as linear models above all in the backward process like
rolling process area.  Also non-linearity could be covered with changing the coefficients.

Practical use compared with Linear Programming (LP) model.

If LP method was used, model might easily exceed 100,000 equations and findings of troubled
points by missed-data were impossible. By this method, missed part could be easily found and they
could avoid suffering from the trouble of infeasible solution. In such a large steel plant, condition
eqﬁation reflecting neck process might have been within 300 and plant people could practically op-
erate these for these models by watching the building-in slacks' factor without high specialization for
LP.

Afterward, this technology was applied to the energy and material balance system covering entire works.
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7-4 Case Il BSM as Feed Forward Management System in Company C

This 1s the case that BSM was introduced in a material division for construction covering three plants and a
net work of supply stations in a conglomerate. Nowadays businesses are facing dynamic changing and
uncertain environment, and are forced to make exact and speedy decisions. Each of decisions made in
business should be supported by exact actual data and on site information. Through the development of
new profit and cost system as BSM, the systems became powerful to grasp the actual cost based on user's
logic. Chaining method of single models on BSM was evaluated as powerful tool to the effective man-

agement planning also in the re-engineering and cost engineering,
7-4-1. The New Profit and Cost Management System
Before entering the main theme, the division and problems will be introduced briefly.

The main products of the division were cement, construction material and light metal with annual sales of

$1.5 billion, and the productions were made in the following three plants located nearby.

Plant A Versatile product with small lot production
Plant B Mass production oriented
Plant C Modern highly automated plant

The finished products were once concentrated in plant A then distributed by ship to near 50 profit or cost

centers. The service net work must have covered all over Japan with low distribution cost and stable sup-

ply.

The objective of this new profit and cost system was to reduce total plant cost and distribution cost.
Many trials with traditional model approach using spreadsheet and conventional simulation language were
all failed, though the computer cost and its technologies were exceedingly improved. The major reason
was they lack flexibility of the changes.
Gene,rally, management activities must be changed, according the changes by the end users' requirements.
BSM must be supported by effective model changes that may involve re-combining of partial models.
However, the division was facing harder condition to execute cost down and profit increased under the
unstable environments.
Management requests were to respond the following questions as concrete samples.
- Which product was more profitable among many?
- Was there any concrete way to reduce the cost of this product?
-, How would it be the profit of each product when cut off rate of Yen/dollar less than 100 happens?
To respond these questions precisely 1ssued in ad hoc from management under the dramatically and irregu-
larty changing conditions was proved impossible by current approaches.

To overcome this status, new profit planning and cost management system must be implemented based on
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new methodology as BSM.
At the development of the new system, the following subjects were focused.
* Precise grasp of cost raising or cost driving factors
Lets think unstable and changing status like purchasing cost of raw materials, energy prices, labor
cost, yield and operating mix.
"How would be the influence to the cost and to which product would be final the influenced in
minute mesh?" were the problems. These estimations must have been provided quickly.
*» To seek the case of minimized cost by repeating the simulation for the assumed cases and by the
change of these combinations
e Drastic improvement of business process efficiencies of cost management
The following improvement for the cost managing activities was required.
- Drastic speedups with saving of workload are required to one or two days by the new system for
| the past status of about two weeks.
* Documenting for decision making by end users
As results of pursuing the speed of decision succeeding the simulations, documentation for cal-
culation logic by each case must have been reserved sufficiently as precise and visible docu-

ments.

Quick development of the system and to reduce the cost of system development and its maintenance

cost.

Improvement of business process and organization toward cost reduction
By making the model of organizational function and plant process logic, there was an expectation to
clarify the point to be improved.

For solving these status, real time data and computer resources were concentrated under the new concept

FFM (Feed -Forward Management) supported by the BSM built on structure matrix technology.

7-4)-2. Effectiveness of BSM in FFM

As shown Figure 7-8, higher management gave directions and objective figures of cost down in the plan-
ning phase. Thinking the case that cost cutting of ten percentages was given, planning staffs did not have
enough means and data to certain the possibilities of realizing. .

The reasons are

- Current activities and activities were not grasped at the end-users' level
- The planning staffs were the status not understanding the relation between the plant behavior and the

. cost enough to estimate it.

Further explanation might be required for these.

e Various activities as dailv operations by end-users.
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As daily operation, various activities were performed by end users and there existed gaps about
actual information between planning staffs and end-users. The actual information had the follow-
ing three backgrounds.

- Voluminous data reaches order of billions when the accuracy were required for the costing table and
its contents about condition information to support exact line operations and experienced know -

how in operation.

Toward Systematization

(GOAL)
Cost Reduction {} FFM
PLAN (Feed Forward Manageme nt)
y
Estimation of {} Cost Driver
Activity and Value Value Chain
Linked to Cost Reduction SEE

| Vv
L BSM

New Profit and Cost Management System _ .
Business Structure Model

0 ]

Actual Information

from End-Users Structure Description

DO Logic Chain
Business Process by

Recomposing
Collecting
::;gc?s: Calculation Wr:’at'" Modifying
Logic e 0 v
Data Simulation

Figure 7-8. Necessity of FFM and BSM

- In logic for calculation, the follows such as costing, pricing, taxing, scheduling and allocations of re-
sources were not unified.

The above mentioned costing, pricing, etc. were embodied by their own methods individually
and by different traditional methods like spread sheet and conventional languages. In addition,
individual logic was processed deeply and differently in own world case by case. By traditional
methods, calculation logic was reserved as black box and end users' arbitrariness and uninten-
tional mistakes were easily involved without correction. The summarized reports to tops with
these gaps easily lead to ill decisions.

For making precise decision to perform the organizational responsibilities clear, visualizing the
flow of business process and thetr logic, in which value chains were associated, was mandatory.

- What-if simulation was trial and error oriented operation as one of the key to reduce cost and gener-
ate values. Examples of these searches were as follows.

Seek possibilities of increase of selling and revenue for the customer
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Seek acceptable price to a customer

Find proper relation between lot size and operating speed of plant.

Rearrangement recycling times for reducing the electric power cost
e Activities of the cost reduction process covering whole business processes

By describing the process flow, we could recognize sensibility by checking the model partly and
wholly.

From the point of cost reduction and profitability, the optimizations of each organization did not
always mean the whole optimization. For example, increase of yield ratio in a line sometimes
caused decrease of total yield. Considering these phenomena, coverage of optimization should
be performed on the status that the current process flow must have been grasped and their logic
should be recognized as structure associating the business process. And, they must be described
as vistble logic chain and chain of values, however long the chain might be.

BSM héving such long chains were visibly embodied with exactness and estimations are realized with ac-

curacy. Also recomposing and modifying of models toward re-engineering were implemented.

7-4-3. Model Flow in the New Profit and Cost System

-Actual business flow was shown in the figure 7-9 and the models are described in Figure 7-10 as model

flow.
Cost Estimation
Sales Planning Production Planning of Decide
by :> of :> Three Plants :> Adjusted Budget
each Division Three Plant with Cost and Profit
variance Analysis

Figure 7-9  Actual Business Flow
) .

In the model flow map the upper part shows budgeting system having 15 single models with time series
and lower part shows cost system with 11 single models with time series. The minuteness was more than
ABC/ABM method. (ABC/ABM means Activity Based Costing and Activity Based Management.)
Some brief explanations of models were as follows.
Model (1): Following various types of depreciation were prepared covering the characteristics of the
equipment and property.

Straight-line method

Fixed percentage on declining-balance method

Productive-output method

Service-distance method

Model (2): Plant repairing cost was modeled minutely because of largest expense amount.
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Model Flow Diagram of Budgeting System Area
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Model (8)~(14): These production models were used for pre-planning based on inputted data from end-
users in three plants. After adjustment in the next costing models and variance analyzing
models, precise budget, profit and cost were made.

Model (16): Perpetual inventory were calculated in this model. Matenals, work in process, finished
goods, etc. were calculated by various continuous inventory methods. Moving-average
method by month was mainly used for shorten the gap between cost flow assumption and
physical flow of goods.

Model (19): Plenty of products were made by common producing equipment. Their variable cost and
fixed cost were allocated to thousands of products according to the production criteria with
volume.

Model (25)~(26): The allocation of overhead cost was performed in these models. The allocating criteria
were calculated by multi-factors considering theoretical and experienced bases, like production
volume, service-time, running time and physical figures. Also, the influence of material mix,

variances of blending and yield was analyzed.

These integrated plant-costing models were executed in very short time 1n spite of big data. If exchange
rate and operating rate change, thousands of material cost (almost 36 Million items in half year's plan)
could be estimated in a day interactively. Thus, paradigm of FFM (Feed Forward Management) was re-

alized providing speedy decisions.



8. Conclusion

All the simple needs in our mind in 1960s were fortunately solved along the line of the writer's cherished

idea: structure matrix. Our happiness is that we had been thinking the same idea before we met with the
German progress. Already, we had a key idea similar to the idea of KOL (Komponent List, currently
equals to our naming of Item Block). which is indispensable to realize the changing of items without pro-
gramming. Therefore, we can easily import idea of KOL. Surely, German advancement was a great
amazement for us and we spent a lot of time in digesting it. Moreover, it is quiet pressing that structure
matrix with its extension contains all things required at the beginning. We could happily enter the struc-
tures of customers' application in deep, being supported by the essential superiority of structure matrix. It
gave us chances to compile our application knowledge.
Our happiness 1s that the writer had been thinking Two-way Visibility with Transparency as essential
standpoint of systems in BSM (This name was given afterwards.) area as management systems to be the
successor of on-line production control system. This guided us to improve the structure matrix methodol-
ogy toward current BSM.  Through the long history, we could have sufficient chances to think similarities
among different applications. Consequently, we could draw out common ideas and functions for the
packaging.

The writer would like to review the path to reach current capabilities.

After learning the German advancements, to stretch the advantage of structure matrix was a continued
hard work for us.  Some people said, "Why did it take such a long time?" - The following reasons can be
pointed.

*  The writer met with strong oppositions to matrix itself for that day and age.

o There were difficulties in explaining structure matrix. The reason was that it was separated from
the traditional management technologies, moreover from computer technologies.

»  We had to progress demonstratively the establishment of wider applicability of BSM by industry. In
many cases, the more BSM was successful, the more customers kept their implemented information

» confidential in the competitive situation and superiority in negotiation.

*  Data in businesses were not yet prepared well in computers as are today.

*  Our efforts were greatly consumed both in underdeveloped stage of computer and in calculating
power. Restriction by displaying technology and driving software made us greatly consume our
energy consumed to compensate its infancy at that time.

However, the needs of times are becoming in sharp and computer environments are ready now with a fair

wind.

Here,*we often encounter some simple questions.
"What 1s the structure matrix?" "How does it work?"
o The table has essential characteristics of a two-dimensional Round-Robin Table (So-atari-hyo)

which can thoroughly express causal relations from all the angles.
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e By folded it into a set of linked tables as structured architecture, the part that has causal relation can
be effectively displayed and manipulated having Visibility with Transparency.

e  On the calculation sequence of causal relation based on matrix inner product, nonlinear calculations
can be placed, and these calculations can be extended to Input-Process-Output (IPO) in more gener-
alized way.

By these reasons, the‘ essential body of structure matrix can be the vehicle of business structure modeling
(BSM).

Nowadays, BSM has become easy handling as terminal manipulation of the packaged software.. At the
age when structure matrices become commonly available, most people will feel no strong impression for
our attained architecture. ‘

The correctness of our three hypotheses (Refer chapter 3), is demonstrated, and this is the fruit of the fol-
lowing efforts. They are our inventions in pursuit of interactive approaches after the inheritance of the
German developments.

Our major creative efforts can be summarized into the following points.
o Establishment of nucleus modeling method as BSM
From the side of BSM, to be able to cover company wide modeling, non-monetary values and mone-
tary values must be linked. In many places, there are three values of consuming quantity (materials,
energies, services, etc.). They are non-monetary values, unit costs and total amounts that are given
by inner products of the former twos. Their chains are the mainstays of BSM in reflecting manage-
ment activities. It is mandatory to be able to handle them in a common domain. According to the
German way, switching of models is required. Therefore, we must shift from the German traditional
way to a new architecture. After three years' agony, unification to one directional calculation using
type symbol: T was adopted. Without this invention, we are sure current BSM would never be real-
ized.
o  Multiply & Add toward Input-Process-Output
Unification to one directional calculation was enough fruitful for turning the concept from Multiply &
Add mode to Input-Process-Output mode (IPO) including non-linear processing.
e Automatic sequencing of calculation
Many efforts are paid for finding the sequence automatically, we can respond the change of calculation
logic interactively without overturn the program.
e  Reexamination of Bilinear Relations in BSM
By facing the study to write this thesis, we could have a chance to reexamine this matter and found
that this relation was already used unconsciously in the modeling of service providing amang inde-
pendent organizations. We could formalize this method as T-H theory on this thesis.
¢ *Concept of Item Block
Item block is the most difficult concept for beginners. This idea was started from the standardizing
concept in application. But associating this 1dea to table handling, we can effectively respond to the

change of items interactively, without overturn of the developed programs, being supported by the
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common use of item block and item mdependent type symbols.
o  Concept of Chaining
As the writer's simple understanding, one of essential managerial activities is in pursuing of re-
sources' combinations toward increase of the performance. In planning, combination and re-
combination are mandatory.
Top managers sometimes have both fertile imaginations and 1rritations for making structural changes
to the culmination of plans. However, current system approaches are focussed on minute piling up of
local plans to a single pyramid. Methodology for reconstruction or recombining of models is blurred,
and packages for ERP (Enterprise Resource Planning system) seem to be developed paying less atten-
tion to dynamic structural changes.
We often find that users are preparing the number of chaining models more than the number of single
models. We originated this chaining architecture and most highly evaluated part of BSM technologi-
es from the end users.
This architecture is a result of deep discerning of structure matrix and needs of modeling as BSM,
namely to provide the modeling capability of Top Down, Bottom Up and Side Link.
o Type Symbols
We prepared numbers of Type Symbols less than that of Alphabet. The mainly used symbols are
within tens that we need not to memorize. This fact itself 1s a surprise of the scholars in management
science area. QOur surprises are heavy use of type symbol: M (Matching) among many type symbols.
This becomes increasingly important according to the expansion of upper and left blocks to two-
dimensional tables.
Usage of this symbol exceeds more than 50 percentages and sometimes reaches 80 percentages.
Our discovery is that model of management system can be said as lump of matching. This may be
caused by the fact that Inside-Out functions are heavily built in the BSM.
¢ Two-dimensional Tables in Upper and Left Parts
As a course of package extension, upper and left blocks were extended to two-dimensional table hav-
mg two assoctated ifem blocks responding to each axis. At the same time, type symbol: T was ex-
»tended to have the turning function of upper block (Exchange of the axis) and two-dimensional
matching was added to type symbol: M.
By this extension, we can model ad hoc without considering what axis is the main. This brought us a

great easiness of the modeling

As fruits of above inventions, the writer recognized the following conclusions.

e  We recognized the existence of uncultivated area in MIS and our defined BSM can be a powerful solu-
tion to meet this area.

o * Visibility with Transparency should be placed as a stem of BSM and this can be possible around our
technology and its extension in this thesis.

e A set of technology of tables handling can be established based on structured matrix concept.

e As extension of performance-linked system, we could succeed to let the implemented customer say
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"FFM (Feed-Forward-Management) is realized”. This fact should not be retained only in the area of
management accounting.
e As important issues of the day, we are able to provide the dynamic means to sound the structural re-

formation of businesses.

O. Pichler might have originated structure matrix as common tools of communication between engineers
and administration people. However, our BSM is realizing more common means as organizational intel-

ligence than the communication tools for the people having different backgrounds.

The 21st century is a century of globalization. Our BSM approaches are providing means of standardiza-
tion responding to the given chance in which we find commonness of model depending on each level. For
example, these chances are given as the Item level, the Tipe Symbol level, Single Structure level and
Chaining Structure level for each level of the complicated phenomena. With these approaches, we can
bring standardization to the substances, which apparently seem different. The writer believes to popular-
ize BSM is a mission in life toward realizing Visibility with Transparency associating with the standardiza-

tion.

However, the writer thinks we may be standing merely on the entrance of BSM.
The followings will be the important subjects, which the writer is placing as future directions.
e Architectural advancement as vehicle of BSM
The idea of item block has been powerful as a key technology in BSM, so to speak, railway transpor-
tation. We have been restricted in exchange of efficiency. But we need more flexible architecture,
so to speak, automobile. We must find the subject equivalent to the automobile.
e Cooperation with multi-dimensional data base
Recently, multi-dimensional database becomes practical. If we look it as a type of its metamorpho-
sis, we must place it in the body of structure matrix. If we can place it well, BSM will show pro-
gress more.
e  Harmonizing with other modeling methods.
Currently, harmonizing other powerful modeling methodology like System Dynamics (SD), Monte
Carlo Simulation is required.  Already the writer had a cooperative academic study which was per-
formed about SD.[Kemevema S, etal 1997) 1y thege systems, loop processing in modeling is peculiar.
In addition, about Monte Carlo Simulation, we experienced a simulation on wage and promotion
system using real employee data.
¢ Expansion of application area toward social and economy systems
Our applied areas of BSM are clustered on business area as the naming shows.(These facts had been
owed to writer's professional birthplace.) Essentially, BSM does not play favorites.
Already the following areas are expected as hopeful to be applied.
- Modeling in individual government sectors

- National Model (especially as satellite model linked with SNA)
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- Global energy balance and environmental models having multiple factors

- Finance models, which can handle nisk of chain reaction bankruptcies.

The writer is dreaming the time that the contents of the item blocks will be the human names, business
names, government sectors' names, earth resource names, etc., so to speak, every thing.

By those methodologies, it should be left to computers that we can find clear causal relations as set of
logic and data. Valuable human efforts should be concentrated to find the structures in the non-structure

world and in finding the adequate values of data to be cast in BSM

At finishing this thesis, the writer has been wondering himself about the following problems.
The developed models are sometimes really beautiful.

¢+ Why are we enchanted with the beauty of models?

+ What does drive us so long this world?

+ Can we get the solution while we are alive?
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Appendix I Activities before the Encounter with German Documents

This Appendix I was prepared as a style of epilogue for responding the question about the back ground
why and how did the writer enter this world. ~ So, the origin of idea and approach facing the needs before
the contact to German progress was introduced compliment the block diagrams @ @ @ @
in Figure 1-3 in Chapter 1.

In this thesis the phrase: "Multiply & Add" is used for making easier the Matrix Inner Product. Trough
this paper, you may understand that this phrase was not suddenly produced.

Note: Multiply & Add is again abbreviated from "Vertically Multiply and Horizontally Add" (In Japa-
nese, late-Seki-Yoko-wa)"
Originally, there existed a calculation corresponding "Horizontally Multiply and Vertically
Add" (In Japanese, Yoko-Seki-Tate-wa)" forming a pair on the bilinear cost theory. However,
as stated in chapter 3, 5, 6 and 7, those two paths were unified by adopting Type Symbol: T
(transpose). "Vertically Multiply and Horizontally Add" could be abbreviated to "Multiply &
Add".

Discussion with Professor Hiraku. Tohyama

Before the writer met the German document, he had independently reached the almost similar idea of
structure matrix though he did not have the name. The writer would like to recall some old events.

In autumn of 1954, the writer as a freshman of Tokyo Institute of Technology visited the late Professor of
Mathematics: Hiraku Tohyama, to make sure of misprints in his book: Gyoretsu-ron (Theory of Matrix).
The simple misprints of suffixs made him difficult in digesting the demonstrations of the preposition at the
beginning part of books. Instead of using suffixes like 7, j and k, the writer proposed him an idea to ex-
press mechanism of inner product between matrix and vector as shown in the right of Figure Al-1 instead
of traditional expression in the left. Also adopt the words: Vertically Multiply and Horizontally Add in
stead of using the word: Inner Product. The idea using the words: Vertically Multiply and Horizontally
were modified as Multiply & Add, then they became a key word providing current structure matrix.

g J Ly, v, 4, u,]
; X

L, My My, Mg My, U,
L | | My My My M, U, Ly M M, M3 My,
Ly M3y M3, M3 M, Uy ’ Ly | = | My Myy My M,
Y, Ly M3, M3, My; My,
Traditional Expression Proposed Expression

Figure Al-1 Proposed Expression of Inner Product
According his proposed way, we did not have a need to think of troublesome sizes of matrix elements,
because numbers of elements coincide both in horizontal and in vertical. By extending this idea as Figure
Al-2, chain of inner products could be expressed as if a cascade and the transposed relation of inner pro-
duct could be schematically approached. Accordingly, matrix could be more familiar for ordinary people

and would be broadened further.
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Combination of inner Product as Cascade Expression Transposed Inner Product

Figure A1-2 Schematic Expression of Formula

After admitting the writer's proposal, the professor said, "Kowa Seki, the great leader of mathematics de-
veloped in Japan during Edo period. had been thinking almost the same methods. European culture had
been built upon phonetic symbol placing them in horizontal lines of description and consequently formula
became raw wise oriented. Surely if picturesque approach like Seki did were developed more, approach
to the entrance part of primary matrix operation would be different. Accordingly, matrix would be more
familiar for us. But the occidental way was already established firmly." Soon afterward he became the
famous educator in mathematics, thinking out so called Water Method (Suido Housiki). The writer did
not know he had an idea to incorporate writer's proposal to his methods, but the writer had long been

keeping this event in his mind.

Encounter with needs of new descriptive methods

After the graduation in 1958, the writer joined Fuji Iron & Steel Corporation (currently Nippon Steel Cor-
poration) and assigned to Hirohata Works, integrated steel works.  For him, the company seemed to have
many things. They were integrated covering various engineering fields and the collaborated workings
were crucial.

Some problems that the writer experienced were caused by the lack of relevant describing. They might
not be solved well even by using of current calculators and computers except the methodology in this thesis.

Some’ of them were as follows.

Budget estimation for many cases

He engaged in the construction plans of new blast furnace. Our culminated plans and budgets were
tossed about by the change of the furnace location. For more than ten times of changes, the writer could
not exactly explain the detailed difference between the past plans for various view points of management
idea and investigation. The writer was accused why he could not explain the difference consistently.
The writer finally reached the conclusion that this was not caused by the lack of his smartness but caused
by the lack of relevant method to describe the structure of logic and data used for the complicated estima-
tion.
Balance model of material and utilities covering whole works.

Models consolidating flow and stock of various facilities, materials, products and utilities, were the vague

discussing points among the co-working staffs. The modeling method had to support incompatible re-
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quirements to provide detailed modeling overall views covering the whole works. We were gradually ex-

pecting something along the matrix methodologies.

Relevant cost model

At the beginning of 1960, concept of US style direct costing was gradually being accepted in stead of tra-
ditional concept of total cost. New idea was essentially based on scalar oriented thinking. In handling of
multiple products (Product mix), equivalence coefficients were arbitrarily set based on a selected base
product. The common methodology was not yet appeared to explain the processing costs consistently
linking the causal processing factors. Under these circumstances, it had been difficult for long vears to
explain the exact increase of processing cost. The cost was driven higher by the shifting to the minute
product-mix at the depressed period compared with boom days. Inconsistent simplification reluctantly
concluded that the increasing of processing cost was responsible for the lack of plant side efforts, not for

the lack of marketing side efforts.

For this status, the writer reached the idea that matrix technology was mandatory for handling mix factors
in parallel, and chains of matrices were necessary for expressing flow of materials and chain of causal rela-
tions. By boiling down these requirements and associating the discussion with Professor Tohyama, the
writer reached the idea of structure matrix thought the writer did not know the name. From the point of
standardizing (i.e. from the point of increasing the chances of reuse), the writer reached the idea to associ-
ate the function of current item block (German people gave a name: KOL (Abbreviation of Komponent
List)). Thus the writer became incomprehensible for the status that such practical methodologies were not
proposed as common modeling theory, though computers were gradually penetrating and matrix 1deas were

being adopted as practical methodologies.

The writer has long been engaged in the titled area of this paper. As origination of writer's first idea, can
be traceable back to September 1953, freshman of Tokyo Institute of Technology.(Details of first idea are
reported in the history part of this chapter.) Starting of concrete activity was in 1976, when the writer was
struck by the fact that in a draft paper of a Corporate Planning Conference held in Belgium the writer found
the same idea: structure matrix, which had long been cherished in his mind, was described. The paper was
almost i’abandoned by the reason that nobody could understand the contents so it was thought valueless.
What a coincidence between FEast and West!

At a ghmpse, the writer sensed the values and was struck by their concrete advancement because their
development was done on the same professional area: steel industry. The writer immediately realized es-
sential needs of this technology 1n computer ages as common technology in wider industries and indispen-
sable practical methodology in establishing Management Information System (MIS) and Global

Econometric Modeling.

Knowing German development, the writer determined to enter this area however hard it was. Surely it
was long and tough for him after the decision and efforts for this are accumulated for 24 years. Fortu-

nately, the writers favorite collaborators and customers supported him for these years.
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Appendix-II  Particular Type Symbols- Expressing Technology of Complex Phenomena

Type symbols explaining here are typical set made from our experience and we must prepare more

symbols according to the application expansion. Those set will be the start of discussion.

1. Naming rule of Center Block

In entering discussion of individual type symbols, common sample of naming rules are shown in Figure II-
1.

Center Block Name

Capping Characters Trailing Characters
Proper

Parameter
= Type Symbol + Name + Part
Part Par

*Provide Values uniformly to center block data
+Specify associative upper block names
or block positions
Defined by putting “(xxxxx, zzzzz)"
after the Type Symbol or the Name

Specifying Center Block used by the Type Symbol or Discriminate
the Center Block used by the same Type Symbols

One Byte or Two Bytes of Capital Alphabetic Characters or Special Characters
Some Type Symbol are used independently.

Figure II-1 A Sample of Defining Center Block Name
2. Type Symbol: A

Symbol A 1s named to duplicate two meanings: Add and All
This symbol functions as "Add the values of upper block to left (Axis I: Item side) instead of preparing
value: ones in S type center block”. Principles are in Figure II-2, simply showing the cases of vector data
and matrix data. By giving values in parameter, results become value times.
)

] Add Add
Mugply Muttiply -5$ 9 10 11 12
Axis [ Add 12 3 4

Axis 1

A 57\ L

Aworks as Virtual Vector Axis 1

(b) Case of Axis I and Axis I:
Upper and Left Blocks have depth

Figure II-2  Principle of Type Symbol A: Ad

(a) Case of Axis I Only, No depth extent



% <
8 & 3
§] Multiply ?j-
o &
Multiply x
2 i Add 1
Add
357
Axis I

Product A| | 357
Product B | | 357
Product C | | 357
Product D| | 357

Axis 1

JE NP N

(b) Caseof Axis I and Axis I ,
Upper and Left Blocks have depth

Figure II-3 Case of Type Symbol: A Used for Amplifying Upper Values

(a) Case of Axis I only No depth extent

As another usage, sometimes a scalar value must be amplified as vector values. Such time type symbol: S
must be used to fill the vertical area with multiple value of 1. Instead of this preparation, A substitutes

this function. The principle is shown in Figure II-3.
3. Type Symbol: B

Symbol B is named to duplicate triple meanings: Bundle, Boolean and Bit from originated by German. This
symbol provides various significant points of views as management system. This function gave us hints
of type symbol: M (Matching).
Function of type symbol: B can be categorized into as follows.
s Bundle (Sum up) values in the upper values
Categorize upper items in the same group by giving the value: 1 in the corresponding positions of
center block
e Select or pick out values from the upper block
» Change or rearrange the sequence
’ According to the Sequence given in the left items by giving value 1 in the matched positions of
center part

o Insert or delete the items in upper block

Holding values in the associated center block is limited in the followmng Qalues.
s Onginal idea: 0and 1 Binary Values
e  Currently extended from original idea: 1, 0, -1 Three values
, (requested from financial applications)
These allocations of values substitute for using type symbol: S.
In Figure I1-4, a sample of Bundling is shown where are the bundling products are categorized
by brand and size. Users must set type symbol B then prepare their bit matrix thinking the meaning of
both sides of items.
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For more advancement,

Figure II-5 will give more realistic image of B associating another upper blocks.

Refer type symbol: M (matching)
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Figure II-5  Principle of Function B by Example
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4. Type Symbol: C

Purpose of type symbol: C is getting a bit map as executed results of previously registered conditional
equation in the center block at making the macro table. In the equation, all the upper blocks can be the
candidates to be used for comparison. Therefore, timing to be ready to be used is important in specifying
the blocks in the execution of the equation. How to synchronize their execution time as modeling is a
subject. To synchronize blocks in upper part, type symbol: D or #X, #XX are used as shown in Figure

[1-6. Operating characters are usable in the equation as follows:

Comparison operator: =, <, <=, 3,35, <>,
Set operator: : AND, OR
Grouping operator: (.)

Let's take an example electric appliances' shop. The case to select better sales record than the target from
the table arranged by product category by person are shown also in Figure II-6. This case uses condition

bit map associated with other type symbols: %

Sold Quantities Target Quantities Bit Map for Target Attained
I I

1 < e
"éf/’y’f, 252N
<)

Axis II

Axis I

Target Attane Quantities

Figure II-6 An Example of Type Symbol: C and Use of Bit Map for Further Processing
5. Type Symbol: D

The idea of Dummy Symbols: D was invented for enabling the process of multiple upper blocks to other
type symbols (so called mother type symbols) like C, P, X, %, /, %, located in the same row of macro ta-

ble with null operation.
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Note: As another method to specify upper blocks not in the directly above, type symbols # can be placed
instead of type symbol: D.  This symbol cooperates with the mother type symbols and succeeding
character after # can communicate with mother type symbol in the same row of macro table.

Here, mother type symbols mean one of paired type symbols that decide main operation. Taking

the paired example of "x" and "D" , "+" decides "multiplication". Therefore "«" is the mother type

symbol.
Another function of D 1s to wait until the specified upper block (in right upper D) becomes ready to use.
So to speak, this means multiple wait function for operating mother type symbol working as dyadic, triadic
or more function. For more details, refer 3-2-7 1n this thesis.

6. Type Symbol: E

The idea of type symbol: E was given in German documents: COSTMAT giving the meaning: Eigen as

Unit Matrix. E works as if diagonal values of center matrix equal 1 without setting real value ones at the

execution of calculation as Figure 11-7
Selling Prices in 1,000 ¥

Sets of Sold
Q
E o g &3
o ® X . 2 20 9
. ° s 8 Multiply g _ 5=
x 898 Lo
Multiply T.5858 & PS5 S
& rc>hax Add
NN ANM -
| Radio 40 X
" c 8
o | Radio 70 1 w| TV 280 8 E(8)
£l 50 1 E 8| ver 240 8
@ VCR 25 1 & | Stereo 240 8 E(1 000/1 25)
5 | Stereo 35 1 2! DigiCame
g DigiCame | 40 1 3 Ka?'aoke PO ®
9 | Karaoke 12 1 @ &40 i

Figure II-7 Type Symbol: E Figure II-8 Type Symbol: E with Parameter

Principle to generate the same values in the left block Example of accompanying using coefficient factor

The mgrit of this type symbol is to attach a parameter specification. For example like Figure I1-9, the ex-

change by currency rate can be handled easily with equality.
By this characteristics simple inter table calculations between upper blocks can be performed as in Figure
II-9.  As shown in the above example, E works responding each items. Therefore as meaning of E, Each is
given for easier understanding.

Another important merit of this symbolizing 1s that this type symbol is independent from the addition and
deletion of items. This characteristic brings stiffness for the changes without digging up the structure of
models. Namely, re-programming or re-arrangements are required if program or spreadsheet developed the-

se models.
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Inventory

Sales Forecast for Inventory
This Week Assortment Last Week
g @ g E @
Q
o 8 ¥ o @5 o ®§ X
£ gL 3L S
' Muiply 2. 5558|5.5552(5.5535
Figure 11-9 & CPSHOL|EFPSRAL|ER>3HOY
. Add
Example of calculating RRRBIV|IR3RL |BBLYAL
upper blocks
Radio 20 1 1 -1
s v 30 1 1 -1
§52| VCR 20 1 1 -1
5“'.2 Stereo 37 1 1 -1
=| DigiCame | 15 1 1 -1
Karaoke 12 E 1 E 1 E(-1 ) -1

A case of consolidated accounting that contains hierarchical and flat relations shown in Figure II-10, can be

modeled as shown in Figure II-11.

Consolidated
Enterprise

A: Assets Level 1

L: Liability

C: Capital
Consolidated
Enterprise
Level 2

L33 e
L Enterprise
A ‘ L Level 3
Cc

Figure II-10 Hierarchical description of consolidated accounting structure

L3.1 L3.3 L2.1 L2.2
aLc|l&c] [aLc aALcllaLc
- le 1 , E 1 E 1 E
- . 1 1
N« 1 1 1

L1
ALC

Figure II-11 Consolidated accounting structure on structure matrix using type symbol: E



Extension of Type Symbol: E

A special case, which real data are diagonally located in the center block, is treated as an extension of type
symbol: E and is used as capping character upon proper specifying characters like EZZZZ7Z.
There are the following reasons for diagonal real data handling discriminating from standardized handling
by type symbol: E.

- Large population of data located in diagonal for example: most cases, yield data are likely to be

located in diagonal.
- Giving hint how data are located only looking compressed macro table.
- Effective display of data by list type in screen.

- Efficiency in calculation and reserving data.

Sets of Sold
£ o
o m X
' L 20 8
Multiply b1 g =) g
& r~->mvaox
Add
OO WWOoON
MO ANMS —
Figure II-
gure II-12 _ = |Radio 700 | | {10 e
Type Symbol: E for Real Diagonal Data 3TV 2500 so  EUnitPrice
E|VCR 1000 40
w | Stereo 1050 30
& | DigiCame | 2400 60
Karaoke {1200 100

7. Type Symbol: G

German models of COSTMAT originated the idea of this symbol. The naming of this function was given
thinking the assignment of sources to what groups by each required product in the upper block.

Muttiply
A&dd 1 2 3 4 Case ofoi§ I Only,
Axis 1 No depth side extent
9 |= 30 2 00Gz7zz27277
14 |3 2 1 4 0 Figure II-13 Type Symbol: G
1.7 5 0 4 0

Therefore, the summation of each horizontal element should be 1 and larger or equal to 0, or all 0s. In the
interactive package function, assign this figure as summation: just 1, is troublesome. So " ? " function, as
show'n in Figure II-13, 1s considered by the method: If put " 7 " in some position, then the result given by
the calculating the sum of the t horizontal elements left and decrease of it from 1, is shown in the same po-
sition.

Thus is often used for assigning the completion rate of process in complicated process cost allocation.
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3 0 1 0 3 0 1 0 30 10 30 10
1 2 71 1 2 6 1 1 2 .41 ' 1 2 4 1
23 30 . 23 30 . 23 30 23 30
4 5 0 O 4 5 00 4 5 2720 4 5 2 0

Figure [I-14 Transition of ? Function to keep ratio

8. Type Symbol: H

This function was prepared for two-dimensional table processing, facing extension of the second axis: Axis
I

The meaning: H, horizontal was given thinking the depth side (Axis II), d clearly discriminating the sym-
bol: A, Add. This function can be performed with the two symbols' combination: R (Rotate) and A
(Add).

I Add
. Mumplv &> 9 10 11 12
Multiply +§ 9 10 11 12 w56 7 8
& w56 78 66 Add 12 34
Add 12 3 4 e Axis I
Axis I
[wza] 5
‘-l Axis I
Axis I xis .

(b) Case of Add

(a) Case of Horizontal Add Upper and Left Block have depth
Upper Block have depth

Figure II-15 Type Symbol : H and A
9. Type Symbol: M

This function was developed as an extending idea of type symbol: B, because assigning and placing pre-
paration of binary data in B matrix tables thinking the meaning of each item, was very tiresome if its table
size became large. Also maintaining B matrix table, it was required to respond the change of items
without special maintaining efforts.

For the cases that the number of items became large in business modeling, we fortunately found that most
contents used as item was occupied by coded items that were organized by business, like product code, ac-
counting code, material code, customer class code, utility code, etc. For the case that the model was
linked with actual system, major part of the valued data was imported associating the coded data. There-
fore function: Matching for Axis I with code position specifying was developed first. This function was
very 'heavily used substituting B matrix table. Also characteristics of independence from the item
changes: Insert/ Delete/ Renaming of items was highly evaluated by customers.

At the time of functional expansion to two-dimensional table processing, the matching function was ex-

panded following it. By this expansion, matching can perform Inter Table Processing functions. Some
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of them are

- Extract coincident data from table and place them to another table, automatically aligning the data posi-

tion

- Automatically unifying the sequences of data from different tables

By these functions, function: Matching becomes the most heavily used type symbol. As implemented
models Matching: M occupies more than 50 % of frequencies and sometimes frequency more than 80 per-
centages can be found. This means that matching function should be placed as important fundamental char-
acteristics of business modeling. The reasons why users utilize this Matching so heavily can be found as
follows.

- It is the problem that sparsely scattered elements to the whole model are likely to be neglected at the
modeling, by the reason that it is not the main theme of the organizational target or not the key prob-
lems of in their responsible spots at present. The points are, for example, in energy saving, envi-
ronmental processing, etc. in establishing production models.

However, those problems are sometimes important if those neglected elements are summarized cor-
porate widely. In integrating the models to a corporate model, effective methodologies to bundle
those small subjects without neglect were not targeted and were unfortunately not provided.

The Matching can support these methodologies of which important items from the different point of
views, are turned inside out from edge of the organizational tree.

- The business modeling for responding the current needs in business, is required with more reality.
Therefore elaboration in modeling must be pursued, applying mix concept, like product mix, supply
mix, utility mix, activity mix. So needs of describing combinatorial relation inflate exceedingly.

- Ease-of-use of Matching, above all automatic adaptation to the Item change, fit the above needs.

Syntax of Matching
J Specify Item name of Axis I attached to the Upper and Left Block

- Character-wise Matching for Full Length for the Two Dimensional Table with no

mC, )

) | specifying
. - Character-wise Matching for the specified position of the string
) Specify Item name of Axis II attached to the Upper and Left Block

- Character-wise Matching for Full Length for the Two Dimensional Table with no

- specifying
- Character-wise Matching for the specified position of the string
- Null Matching for One Dimensional Tables
Principle of Matching
Principles are shown in the following sequence from simple to complicated.
- One-dimensional Full Matching
- Pne-dimensional Matching

- Two-dimensional Matching by specified character position

Principle of One-dimensional Full Matching
Principle of matching applied for only Axis I (Item) are shown by example in the Figure II-16.
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Think of followings.

- Imagine Bit pattern table like type symbol: B, which could be thought virtually generated

- Locate Value 1 for the positions where both full character length of item names i1s matched

- Then Multiply and Add operation is performed between upper values and this bit table

Full Length

Virtual Bit Pattern l

M

Product ltems
H b u
v o o o ¢ ¢
S hH S L wLw 3
i © ¢ A O H ® A ©® O
Multlply - X .;4‘ —t S! X .;4‘ ]
& m m nu mu B u g m
Add
Sales AU Dy Protuets |
® - I O © © < +
M~ © ~ ® v »
1
.59 /
g2 Blouse RS - 1 1 1
38 g2| 200 [w] i
B & | Sweater|| < ¢ = 1 1 1
EF | .. 58] 128 | :
Shirts gﬁ‘ 1 1 1 :
237 ................................................... r'd
FullLength ¢
No Specify

No Specify

,I)
No Axis IT Exists
Null Action

Figure II-16 Principle of One-dimensional Full Matching

Principle of One-dimensional Matching by specified character position
In stead of above mentioned One-dimensional Full Matching, parts of the character strings are applied for

matching. Therefore specifying rule of starting character position of upper and left item blocks and length

of characters in byte, are shown in the followings.
Specify Item of Axis I for Matching

M{LLUUSS. )
\—Y—J

Length (Byte) of Continued String to be Matched

Reserved for the case of two dimensional table for Axis II Matching

Starting Position (Byte) of Upper Block’s Axis I in Matching

Starting Position (Byte) of Left Block’s Axis I in Matching

Figure/lI-17 illustrates its principle to specify the character position of the Item names by example.

Specifying of character position has very significant meaning if the character position of item names were

assigned special meanings: so to speak code having positional meanings.

For example according to the Figure 1I-17,

) Posit Continued I | Meani
Upper Items 1~7 byte 7 byte Product Name
1 l Size of Product
Left Items
Product bundled 1~7 7 Product name
Product size 1 l Product size



Axis [

Product Items
01
Azm!ﬁﬂﬂﬁm‘*OB]———
0 © v ] v 0 N
=R R - I R -
Multiply 2PEiEsdsa
& A v un g v v B YoMm
Add Sales Amount by Products
@® o~ O o O V - o
01 M~ O 's} 0 D

HS : oL

=

........... C
3 Blouse s‘g 200 1 1 M(010107, )
‘g’ 5 Sweater Sg 128 1 1
~ |® | snirts | [$3] 2o T : i
5, Large gu 128 M(010801, )
£ | middle || £4] 177 tt
T sman 37 20 P 1
i . cannend
of
1
. o

Figure II-17  Principle of One-dimensional Matching by specified character position

o= SIEELEREEREEEREEEE R P EPTE TR
s '
Q323020 %uuuoneeliiit Gl roaa suesdh
AlHggg9g o N e g daaddd Gl EEs RN EALATY
01_".1.‘ ARAAA388838833664 N 2288883383464
o1 ABRISTBRVNITITATRES SO 3qBEIsR
B/O No.l Sales Mnounts B/O Ro.l Salas 2mounts
Axis [
123456
o
4 2| Pants 246 1111 . 11
g s Socks 198 111 11
E»“ Coat 216 111 111
o R 8| Suit 197 i1 L .
H Cape 224 11 L
2 3| car
3 e | B M(010105,)  '*:::
j: —_ ]
v| =
E
123456 M(010105. ) M(010105, )—
e (010105, )
*ég Cape 224 11 11
ﬁ Coat 216 111 111
Eﬁ Hat o
wgd | Pants 246 1111 11
2 Shirts 350 111 11
CE| Socks 198 111 11
Suit 197 11 1
?
T23456 M(010701,) M(010701, )
w® 8| Large 486 1 1 1 1
:g'.:‘. Middle | 440 11 1 11 111 1oL
.:55 Small 505 111 11 1101 1 11 1
12345678 M(O‘I 0801, )
ws 3 [Deluxe 398 1 11 1
353 Moderate | 344 111 111 111 1
.‘,‘,gs‘ Popular | €93 B 1 101 11 11 111 T L

Figure II-18 Realistic Image of One-dimensional Matching
Figure II-18 is prepared for giving more realistic image in using Matching. In this case type symbol: M
occupies major part of center block as parallel use and upper data are reorganized for different type of
views.
These positional matching induce variable ideas to edit character position. For example, some parts of

code positions are cut down into another synthesized code and Matching functions are performed.
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Such matching technology can be applied also for the Axis II (Case axis) of upper two-dimensional table

and left two-dimensional table defining the following character-wise definition.

M(LLUUSS, LLUUSS)
T“*"H—‘ — = Axis 1

Starting Position (Byte) of Left Block’s in Matching

Starting Position (Byte) of Upper Block’s in Matching

Length (Byte) of Continued String to be Matched
Axis 11

Starting Position (Byte) of Left Block’s in Matching

Starting Position (Byte) of Upper Block’s in Matching

Length (Byte) of Continued String to be Matched

Axis II jtem
New York 1 2 3 4
London 5 6 7 8
Tokyo 9 10 11 12
Sidney 13 14 15 16
Input Cairo 17 18 19 20
! .
§ 28 ¢ ,
Output <~ Process £ E S 5| AisTtem.
= 05 5
5.
New York 4 2 . 3 No Specify = Full Matching of Axis I Item
Paris ..
Tokyo 12 10 . 11

o | IM(Y,)
Sidney 16 14 . 15 J
AxisJ Item ‘.J/

Q
X |88 g I
@ . _— . )
P 8 !_>_ S No Specify = Full Matching of Axis 1L [tem
Axis I Item

Figure 1I-19 Principle of Two-dimensional Matching

Thesé two-dimensional matching can be used for describing inter table relations
Figure 11-20 is shown as a typical inter-table processing application of project work load and costing. Be-
fore this methodology, such applications were developed individually by local requirement on spreadsheet,
with enormous efforts. Because of the difficulties of maintaining, developed applications were aban-
doned.
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10.. Type Symbol: P
Production rule like If then Else can be performed. Details are abbreviated.
11. Type Symbol: Q

The purpose of this symbol: Q is in assigning top value (Top value can be plural values.) to hierarchical
organizations according to the prorating index values given in each level of tree organization. This tech-
nology on structure matrix, is one of the four technologies assigning top values according to activities.

This fundamental idea is to prorate a parent value to their sons using relevant index given each level.
These prorate is performed by each level from top to down ward according the hierarchical chains. In this
case, each brother has its own index value to be used for the prorating among the same level and sometimes
the dimension of those index differ in organizational branches.

This work may seem very simple but if the organization level deepens, computerizing will be very trouble
worthy by the lack of dynamic adaptation following up by traditional programming.

Moreover thinking the case study of organizational change, this work is terribly complex. We can often
find the case that common index is uniformly applied for the entire organization and the lack of local ap-
propriateness is neglected. For compensating these situations, many business staffs under the line manag-
ers are ought to be engaged by handwork. By the strong needs as an essential technology of management
systems, the function is first supplied as user exit. Recognizing the wider usage, this function was up-
graded as type symbol: Q.

Typical applied cases are,

Assigning of sales quotas according to the organization plans,

Assigning common fixed cost for organizations like sales cost
Assigning energy and utilities that measurements of its consumption are technically impractical and
some alternative as yardsticks are applied as calculated values from other source of data. (Some

details will be discussed later.) ,
For discussion, let us take a simple case: assignment of sales target to an organization by breaking down

total tArget for coming year. Think two levels' organization at first as Figure II-21 in which prorating fac-

tor is to be assigned by each forecast of this year.

. Second Level
Eirst Level
No1. Branch This Years Forecast 00 M§ —
This Years [ Offi .
Tatal Forecast ice Assigned Target: 600 MS
1,000 M$
Marketing No2. Branch This Years Forecast 300 MS  —1
Department | =T Off | ProRate
1ce Assigned Target:360 M$ Factors
F‘gure II'2 1 Coming Year's Target
. 1,200 M$
Assignment of sales target ) This Years Forecast 200M$
_— Project Office

Assigned Target:240 M§ —

In this two levels' organization, total amount 1,200M$ for coming year is prorated this year's forecast: 500
MS$, 300 M$ and 200 M$ and results: 600 m$, 360 M$ and 240 M$ are given using type symbol: % (Pro-
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rate).

Then let us think assignment of target to the third level's organization as Figure II-22. The third level's
target is to be assigned by each Prorate Factors. The most moderate factors for the third level of No.1
Branch should be thought number of employees in their sections. The most moderate yardsticks for No.2

Branch should be based on the number of sold sets, because these sections are selling supply parts.

Second Level Third Level ProRate Factors
i Empbyees 40
No.1 Section
Assigned Tamget: 240 M$
Total of
. Empb 32
NOBf?mnCh No.2 Section | Peveesds ProRate Factors:
1ce _ Employees 100
Assigned amget: 192 M$
Target: 600 M$ - Empbyees 28
I No.3 Section
Marketing
Depar[ment Assigned Tamget: 168 M$
" Sold Sets 300
No.1 Section
No2. Branch e————— Total of
Oc. Assigned Tamget: 216 M$ ProRate Factors:
Office Sold Stets 500
- Sold Sets 200
Target:360 M$ No.2 Section
Assigned Target: 144 MS
Project Office

Target:240 M$

Figure II-22  Third Level Assignment of Sales Target Coming Year
Type symbol: Q is prepared as integrating those different levels of assignment in a function using given top
values to hierarchical organization, according to the given prorating values given to each branch, as shown
next Figure I1-23.
In the upper block, top values to be distributed and corresponding yardsticks to each branch of the organi-
zation should be placed.
In the center part, value 1 should be placed at the cross points of upper organization item and left organiza-
tion item, reflecting the graph of organization chart. This means that an upper element above the cross
point in the upper margin means the parent and a left element of the cross point in left margin means the
child. We can apply the 1dea to the relevant assigning for hierarchical organization by the condition that
the organization never includes looped relation, that is, reversed relation that the child can be his parent.
It 1s the applicable case that that elements of children never become parents elements as organizational
characteristics.  In addition, difference of composed levels in the branch of hierarchy as the case of Project
Office in Figure I1-23 is accepted.
The results by each branch including the tops are given in the left block.



Total Target and
Prorating Factors

“ - N ™ - N
a $ss 838§
200000QQO0
D 0o
/wnpw gaszszasy
Sd0c0d80660 08
$ SzzzzzZ2zZz4&
Output <~ Process §_§ ¥SRE § 3 §
Marketing Dpt | 1,200 l
arketing , . - .
< | No.1 BIO 600 i . . . QTargetAssign
§No.1B/O-No.1 240 1.
. No.1 B/O-No.2 192 1
Figure I1-23 3| No.1 BIO-No.3 | 168 R
. «Q
Expression by Type Symbol: Q S { No.2B/O 360 L
‘ 2| No2B/O-No1 | 216 B
O | No.2 B/O-No.2 144 TR T
Project Office 240 L
No1. Branch
s | [z ] o
600 M$
Marketing
Department
Coming Year's No2. Branch 1 No.1 Section | 216 M$
Target Office
1200 M$ No.2 Section | 144 M$
360 M$
Project Office
240 M$

Figure II-24 Calculated Result of Target Assignment to Organization using Type Symbol: Q

About the case of organizational changes shown in Figure II-24, settings of the upper block and the center

block are changed as Figure I1-25 (See gothic characters) and assigned results are calculated as given in the

left black.

No.1 Section | EmPloyees
50
No1. Branch
Office No.2 Section Employ:;s
This Yea' s Forecast
Diminish
Marketing 450M3
Department
Coming Y eats No2. Branch No.1 Section | Supplied 23885
Target Offce
12000 This Yea s Forecast No.2 Section |  Supplied Sets
350Ms$ .
Project Offce No.3 Section | Supplied Sets
Add 100
This Year s Forecast
200 M3 Gothic Characters: Changed

Figure II-25 Organizational and Yardsticks' Changes happened on the Previous Case
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Marketing Department 1200
No1. B/O 540
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No1. B/O No2.Section 240

. Diminish
Figure II-26 No2.B/O . 420
, . No2. B/O No1.Section 168
Change of Setting in the Model No2. B/O No2.Section 168
. No2. B/O No3.Section 84
and Result of Assignment Project Office 240

Principle of Type Symbol: Q

Schematic principle of calculating logic in type symbol: Q is shown in Figure I1-27 taking previous ex-
ample.
This calculation starts from the upper block and the associated center matrix. Prepared intermediate result
by four arithmetic matrix operations and inner product, are sent to the logic of weighted network calcula-
tion that is the same as the type symbol: V.  Using this series summation, the assigned amounts are result-
ed in the left block. As prerequisite knowledge, refer the idea in the section of type symbol: V in which
the part's developments along the Bill of Material network with weighted coefficients are described.

As knowledge got from the management system of energy and utility saving, some extended models, ap-
plied upon this type symbol are explained in the following.

The saving activities in energy and utilities in plant, evaluation of the saving efforts should be synchro-
nizéd with their measurement cycles like daily, weekly and monthly. In a large plan like integrated steel
works, various kinds of resources like followings and services are used as complex.

Electric power supply with various Voltages,

Various gas supply like : Fuel gas, Oxygen, Nitrogen.. ...

Compressed air supply with different pressure,

Steam supply with different entropy,

Water supply, Waste water Handling, Telephone ...
Their consumption should be taken into the system directly from the plant sites as start of management fig-
ures, and those non-monetary figures are to be converted to monetary figures with tight correspondence
for evaluating the saving efforts. In these saving management system, their efforts should be fed back by
both figures of non-monetary and monetary values giving familiarity to support their improvement actions.
There exist many distinguishing problems of top consumed values using type symbol: Qs. Measurements

by each local site are ideal, but measuring costs themselves are sometimes huge and complex.

A2-17



Upper Block Values

) . 1,200
500 1. 500
40 1 40
1 1 a2
Yardstick assigned 28 = 1 28
Matrix 300 1 o 300
.300 1 300
. .200 . 1 200
200 1 200
s Center Block
U Organization Network
Vector of
Accumulated Yardsticks | § 8 © © ° 8
to one level upward -
X
.
4
1 Center Block
S Organization Network
1 .
1
. 1
1 Matrix of
) ] Accumulated Yardsticks
Ratio Matrix \Y to one level upward
to one Level Upward
0s 500 1000
40/90 40 90
32/90 32 %
28190 28 = s0
0.3 300 1200
=S . 300 .500
, LS _ 200 ; 500
02 200 1000
1200 1,200 1 0 .
g 53(; 0 1 1 ,1
0 32 Y 1| Z 1
0 &= 28 o| ~l1|€<= | . 1
0 300 0 1 1
) 0 300 1
0 200 0 .
o) 200 0 1 1
Get Top Target Value
8 o O O O O © O Q9
("_\_l
= | 1200 .
7 600 0.5
B | 20 40/90
(1 . .
o | 32/90 Using Function of Type Symbol: V
o 168 28/90 . H H
£ | s 03 thinking a kind of parts development
‘B 216 .35
1] 144 . .US
<€ | 240 0.2

Figure II-27 The Schematic Principle of Calculating Logic in Type Symbol: Q



So the quick and exact responding for the change of plant facilities, production mix and supplying resour-
ce cost, such technology to keep the mechanism of assigning logic to be visible and accordingly changeable
by users are required. Sometimes measuring itself is harmful for the purpose of energy saving. Taking
example in measurement of water supply, Venturi tubes are required to insert in pipelines. This insertion
itself makes energy losses on the contrary of the saving purpose. So applying type symbol: Q finding and
combining proper yardsticks, like production amount, production hours, working hours, etc,, is often im-
plemented avoiding the measurement.

Sometimes complex flows reflecting real resource supply in plant like Figure 11-28 and Figure 11-29 are
involved in these models. Tyvpe symbol: Q can naturally solve these problems because center matrix can

represent such networks.

358
AN

H

D :Messurng

Figure II-28 Figure I1-29
Assignment supplied from Dual Sources Assignment  including  Parallel

Flow
Correction of calculating errors and rounding

Users' requirements for error adjustment in applying this type symbol: Q, are intense for such cases that the
summation of assigned figures for the children should be broken down keeping it as their direct parent's
value by each level. Accordingly, top value must keep consistency with the assigned values in all the tree
structure. This function was implemented by tough programming.

In addigion, it is required to keep the consistency of the rounding in each level in the down ward assign-
ments of top figure. Some parameters must be specified as an attribute of type symbol: Q. These re-
quirements are common, when this symbol: Q is used in the breakdown and the piling up of organizational

target as planming models, for instance, marketing, production amount, costs saving, etc.
12. Type Symbol: R

The purpose of this type symbol is prepared for easy interface with common feelings of end users. We
meet many cases in which user wants to handle values as commonly used images (thinking realistic yield
values for end users). Therefore, it should be changed into executable values (reciprocal value of yield) in
computer, then the basic calculation of Multiply and Add will be executed. Type symbol: R is prepared
for changing the values of center block to reciprocal values before the execution of Multiply and Add as m

Figure 1I-30. In addition, if original values are zero, also reciprocal values are treated as zero.
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Kinds of Wire

< @ O O
2 L2 £ 82
Multiply < 2 2 =
&
o o o o Wire
Add 8 ?- ﬁ I Required
hel ¥ 1
& | Rodxx | 608.70 92 . . . RWireYield 1089 . . SWireYield
5 | RodYY | 461.53 O T
U K—/
S% RocZZ | 453.53 .. .91.96 Reciprocal | : 1.0989 1.0417
R Raﬁed
> & RwireEfficiency SwireEfficiency
‘5§ Drawing | 27.09 50 45 60 75 ————— | 1150 1/ 45 1/60 1/75
8 | Inspection | 28.00 80 30 60 60 1/80 1/30 1/60 1/60
=§] i s
< 2| Packing 38.50 40 40 30 30 . 1/40 1/40 1/30 1/30
8 Reciprocal
Drawing
Activity
Hours

Figure II-30  An Example of Type Symbol: R in production Planning
This function was required first by Fukuyama Works, Nippon Kokan Kaisha for smooth handling of plan-

ning values. They highly evaluated the function that end users can interface with the original values

without facing their reciprocals.

13. Type Symbol: S

Type symbol: S is a capped letter given to the center block and this symbol specifies nothing for special

characteristics as other type symbol gives. The naming was derived from top character of standard use.

This symbol must not be abbreviated.
Multiply
& 120 3 4
Add
Axis I
’ 1
- 26| | |2 02 0 Szz7Z
Figure I1-40
Sagm le of Type Symbol: S 211 é 2 130 Proper Name
P ype Syrbet 17 0 1 013333 |

The saved values as block are real numbers and the value can cover other type symbols of B, G, R

A special case whose data are diagonally located in the center block is treated as extension of type symbol:

E using it as capping character upon proper specifying characters like EZZZZZ. Refer the section of type

symbol: E.

14. Type Symbol: T
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Type symbol: T has following two functions.
- Single character is used

- Character T is used as capping other center block.
Type symbol: T with no associate table

This symbol was introduced at the extension of table handling to tow-dimensional table. The function is to
overturn the upper block along diagonal line to exchange the Axis I and Axis II (Item and the Case) as in
Figure II-41. This is a kind of transpose of upper table mathematically. Accordingly, the name of the
resultant left block must be changed.  As for naming, the word: Rotate is sometimes used for the meaning

of rotation. By this function, adaptability of two-dimensional table handling is enlarged.

Figure I1-41
Type Symbol: T

Input

[

outpu Process

Weth [ g 15 91317
Camera| 5| 5 g 10 14 18
videa |5 37111519
Stereo 48121620

item Axis 1

New Y ork
London

Sidney
Cairo

Tokyo

Type symbol: T as Capped Character of Other Center Block

This function was first prepared for unifying the dual calculation method: Multiply Vertically and Add
Horizontally and Multiply Horizontally and Add Vertically, on structure matrix. The German Cost Theory

basec; on structure matnix has dual structure in calculating relation between non-monetary factors' structure
and monetary (cost) structure as bilinear relations. Details of How and Why they are unifted, are written
in another part of this thesis. Therefore, only functional relation together with type symbol: T as Trans-
posing of Center Block is described briefly. Transpose 1s an arithmetic common operation, therefore type
symbol: T is frequently used as general use. By its origination, T is heavily used in material cost and
processing cost models. Sometimes it appears in cost related models like wider cost models of complicat-
ed activities. This will be discussed in details in the later part of this thesis as various types of activity
costing for complex assignment of common cost.

Function of Symbol: T is to transpose the specified Center Block as associated proper name and let it to
calculate by Multiply and Add rule as in Figure 1I-42.  The center blocks as candidate to be transposed are
limited only for the block to have the characteristics of linear type symbol (capped): B, G, R, S, V, @, and
to be existed within the same structure matrix. As shown in the examples of naming as follows, type

symbol characters occupy two top characters.
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In addition, as another rule, plural number of Transposed Center Block can be existed for an original cen-

ter block. Because the transposed center blocks do not exist really, original center blocks are referred then

are transposed prior to the actual execution of Multiply and Add.  This mechanism also provides conven-

iences for maintenance of transposed center blocks. Because modified center block is virtually reflected to

all transposed center block.

Yriginal C Block ]

Bzzzzz
Gkkkkk

Figure 11-42
A sample of Transpose using
a center block: SUsage

Kind of
Materials

Kind of Cars

Associated transformed function: Transform Vector to Diagonal Matrix

TBzzzzz
TGkkkkk
TR
TSy
TVyyyyy
T@uuuun
Kind of Kind of
Cars Materials
; = >0_®
Multlply 8 g E E EE‘%E%
. S w Q uwi| 87598
< w O o o] 6 a
Add V Q 2]
5 10 10 5 40 100 150
Cast lron 11 068,04 03 02| ==~o
Ordinary Steel | | 19.5 .80 XQ 60 50 Transpose
Special Steel 50 20 .20 o 10 ‘
7
9
AUGS 112.4 Susageb( 06 .80 .20
FEBR 101.6 . .04 .70 .20
OCTB 537 .03 .60 .15
SEPTI 65.8 02 50 .10

TSUsage

The function is to transform a vector given at the upper block to a diagonal matrix and place it into the Left

Block as in Figure 11-43 and 1I-44. This function cannot be attained by essential Matrix Algebra Opera-

tion but’by the needs, this is built-in associating the type symbol: T with parameter E.

Input
Process o VW oo
Output ~ 8 NGO T -
Axis I
Axis I
70
—_ 50
K] 25
3 P T(E)
40
12

Figure 11-43

Transforming of Vector to Diagonal Matrix

The needs are
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Input
Process

Output [I] 111] 1
1 m
1 A
1
1
1 TE)
1
123 123
456 456
789 789
Figure II-44

Transform Block from Center Block



- To calculate each effect by the elements given in the upper vector as predetermined block.
Thus 1s effective in the following calculations.
each cost by elements
grasping their effects in the linear calculations following this calculation
- To get associated linear center block in left block by setting the upper block, vector having
value |.

This function is used for calculating condensed matrix in other chapters (Applied Cases).

15. Type Symbol: V

This type symbol is prepared for the processing of parents and children's relation, supported by the tough
logic processing using a single center block. This relation is sometimes known as Bill of Material (BOM)
or Material Requirement Planning (MRP). In this discussion, there is an assumption that the parents and the
children's relation does not contain reversed relation that children become parents inversely. Such re-
versed relation will be discussed in the section of type symbol: @. The naming V was given thinking

Volute or Vortex in a center block.

Calculating Principle

Thinking the parts development in tree structures shown in the left side of Figure 11-45, it can be expressed
in the rectangular matrix: VM shown in the right side of Figure II-45.

MMM NNN ==
==
=2Z § ; <mOOowWww o
MMM
x4 il x5 x2 NNN
XX 45 VM
XX YY YY 2
A 1
Proper Name
) B 23
c 1 Type Symbol
D 32 |
E 1 Parents - Child
x 1 x2|[x3 Ix1 x2[Ix3 [x1 [x2 x3 F 2 Relation
G 3 |
A B c D E F G

Figure II-45 Parts Development Structure and its Expression by Rectangular Matrix

In the figure ' X ' means number of required parts, and in the expression of rectangular matrix: VM, the as-
sociating item names are taken from the branch names. Parts Developing Matrix: VM constructs a
weightéd network matrix corresponding the parents and children's relations in the left.
Let us think the summation: SVM: Total Parts Development Matrix made of matrix serics of VM as the
following equation:

SVM=E+VM+ VM*+VM*+ VM*+ VM’ +. ... ..
VM"becomes 0 after n =3, because maximum path length is two in the network. So effective part is shown
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in Figure 11-46.

= = = =
§§§;<muommo §g§§3<moomuo §g§¢<moowmo §g§;<moouu.o
MMM 1

MMM 1 MMM MMM

NN 1 SVWM ;‘XNN ! E NAN NNN VMR

XX 45 1 1 XX 45 XX

Y 2 1 Y 1 2 Yy

A 1 1 A 1 A 1 + A

B 23 1 = B 1 +| B 23 B

(o} 45 1 1 (o} 1 C 1 c 4 5

5] 813 2 1 D 1 o] 32 D 8 10

E 1 1 E 1 E 1 E

F 4 2 1 F F 2 4

G 6 3 1 G 11 G 3 VM G 6

Figure [1-46 Total Parts Development Matrix: Summation of Matrix Series for VM

Above equation can be rewritten: SUM = (E - VM )'. Matrix: SUM is thought to be the re-normalized
(Kurtkomi in Japanese) matrix of the matrix series.

Averting the processing of calculated fractions, the series sum equation is practicable because its calcula-
tion ends infinite terms.

After getting Total Parts Development Matrix, required Total Parts can be calculated for the given parents
parts as shown in Figure II-47. In this sample, not only the top requirements (Top developments), but in-
termediate parts are developed. By giving the requirements in upper block, needs in all levels can be de-
veloped including tops, intermediates and bottoms. Type symbol: V includes calculation principle of To-
tal Parts Development Matrix and Multiply and Add operation.

Number of Assembied Products
including intermediate Products
=
=
= g )xs ; <oOowuwo
~ = O m

W MMM T

2 I NN |1 1

£ | xx 88 || 451

58 vy 25 2 1

EelA 7|1 1

£ =8 a7 |23 1

i - 8lc 88 | { 451 1
Figure 11-47 Be| D 209 | | 8132 1
; 57| E 11 1 1
Total Parts Development using E = 0 4 2 1
. G 75 6 3 1

Total Parts Development Matrix

As an extension of this idea, each level of net total parts development can be calculated by using and giving

current inventories as minus values as shown in the example shown in Figure I1-47.

The parts development discussion is proceeded by assuming integer value of products, and these values can
be extended to real values. As another idea, method of utilizing Axis II is useful for the parts develop-
ment of multi-top development by assigning each top to different depth slot (items of Axis II: Case). By

this expression, result of each top development can be separately grasped.
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Figure II-48 A Model for Next Term Net Parts' Requirements

Why type Symbols: V was introduced.---- For Reference------

From the point of the modeling technology of structure matrix, there is a discussion why structure matrix

itself 1s not directly used without specialized type symbol: V.  Yes. Surely, structure matrix can calculate it

as shown in Figure I1-48, by placing two "SM"s (Weighted network matrix) and three "E"s.
(Don't make a hasty conclusion. The illustrated model

"SM" represents two levels of development depth.

The reason i1s

1s not calculating developments of parts level by level) Exactly speaking, this model is calculating one

path's development first.

inner prdduct of the weighted network matrix, selecting the two paths.
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Then using this result, two paths' developments are calculated by operating the
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Figure II-49  Parts Development using Original Calculation of Structure matrix

There are following three reasons.

- ? Needs of parts development grasping the developing levels.
By the method shown in Figure II-49, users can develop parts by grasping the development levels.
If the sizes of this matrix become large, users may feel difficulties in grasping development levels
contained in the matrix. If development levels are larger than the expected and placements of
“SM" and "E" are insufficient, the calculated results are invalid. (Surplus placement is valid, becau-
se results for surplus power of "SM" become all zero.) Type symbol: V can calculate the matrix
series until the power of "SM" becomes all zero.

- Necessity to built-in protecting function for input mistakes

» The function is necessary to reject reversed relation (children become parents.) in the weighted net-

work matrix as a nature of parts development. As sizes of the matrix become large, this confusion
sometimes happens by input mistakes,

- Requirement to make the model compact

By adopting type symbol: V, macro table of the parts development becomes compact and easy to
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understand. Adding this, setting and input workload will decrease.

Calculation of Assemble Cost

Using function of type symbol: T (Transpose), assemble cost can be easily calculated if weighted network
matrix is established by using type symbol: V.

Problem is how to get cost of assembled top products, giving unit cost of end parts as in Figure II-30.
This assembling structure is succeeding the previous example in Figure II-51.

NNN

MMM

§ Z
= % § i <coOQuww @O
OQOOOMNMMNMNIND—MN
x4 {l x5 X2 A -
XX YY
MMM | 111 T\ /
NNN | 174 45 M
XX 17 2 T
YY 12 1 I Proper Name
x 1 x2|lx3 et x2]|x3  [x1 |x2 x3 A 17 23 Type Symbol: V
A B c D E F G B 13 1 Type Symbol: T
c 7 32 |
$17 313 87 85 $11 $3 $2 E 1? 1 Parents - Child
—— F 3 3 Relatloln
Unit Cost of Bottom Parts A< 2
Figure II-50 Figure II-51
Sample of Assemble Cost Structure Transposed Relation of the Structure

The idea of the internal processing just before the execution of Multiply and Add, is shown in Figure II-52.
The matrix shows transposed result after getting series sum of VM.

2z
E%§;<moowmo
MMM 111111 4 124 8
NNN | 174 152 3513146
x| 17 1 12
YY 12 1 23
A 17 1
8 13 1
, Figure[i-52 Internal Logic of TVM S ! '
€ 11 1
F 3 1
G 2 1

Adding those assemble costs, assembling work costs are required in the assembling node as shown in Fig-
ure [1-53, those cost structures can be described using the Axis II (Case) Items and calculated like Figure [i-
34,
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Structure with Assembling Work Cost -
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Figure II-53

Model for Parts Requirements and Assembly Cost

]

Assembling Work Cast by Unit

Figure 11-54

Calculation of Assembly Cost

Figure Ii-55
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A Total Model Parts Requirements and Assembly Cost
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Technologies already explained are organized in Figure II-55 using type symbols: V, T and #
(D) schematically.

16. Type Symbol: X User-Exit

The purpose of this function is to provide the slots to absorb local needs of users that might be the dedi-
cated routines to be built-in. Another purpose is to prepare the mechanism to know the population of
needs for the developed new logic, which might be tumed to the common type symbol with level-ups.
Type symbol: Q and Extended function of E as vector transformation to diagonal matrix were thus supplied
through the historical experience of user-exit.

Sometimes user-exit routines are developed to keep users' own confidentiality like military base in bed-
ding open and vistble models.

As a note to be prepared function for the smooth development of user-exit routines, macro functions should
be supplied for their direct upper block data with its item blocks and specified upper block with its item
block as user-exit arguments.(Include indirect specifying by # and associated characters)
As another note, package vendor should prepare the following mechanism for smoother version ups.

- User should be possible to keep their legacy of developed users' routines.

- Package vender should be possible to maintain or replace the vender supplied user-exit functions.

This requirement has an analogy to the design of word transformation function in word processor package.

17. Type symbol: @

This type symbol 1s prepared for the processing of parents and children's relation within a single center
block like type symbol: V. The characteristic of this function is processing of linear loop whose relation
between the parents and children is proportional. The difference is that the inverse relation between chil-
dren and their parents (Looped Relation) can be permitted on condition of convergence. For larger loop
covering the whole single structure matrix, functional phase of calculation 1s prepared as bigger loop proc-
essing whose non-linear elements can be permitted within the range of convergence. About the naming,

'‘@'1s sglected by its loop image.

The linear loop can be found in most of management and social modeling as essential phenomena. We
can find the following common illustrations as easily understandable phenomena.

Energy saving process of heat contained in exhausted gas in reheat furnace

Reuse of scrap or defect material by recycling in chemical and metals process

Econometric models by Input Output Analysis

Generally, there is a likeliness to make looped structures among the chains of material and energy in pro-
duction and environmental problem, and the chains of revenue and expenditures. The problem is that they

can be easily expressed as linear loop or not.

Calculating Principle



Let us take an easier example of the reheat furnace model as in Figure II-56.  Here 60 percentage of heat
content in exhaust gas is recovered as heating energy loop of the inlet air forming. The problem is to cal-

culate the energy: Heat by Fuel required for the 100 tons of Material to be heated.

Material = %
Heated ° S .
100ton 2 E8Ss
22903
Heat by Exhaust Gas ~ £ 8 & _
100%("— c&EL 3
Furnace wal 04 §3585%
20% of 06 I I T T I T
Heat by Fuel
Heat taken by Hot Metal 0000O0O0
Heat loss from Fumnace Wall 00000.20
Hea‘;"zf;‘:mefdGas Heat of Bumed Gas 000O0O0 .12
o)
HeatbyFueI HeatbyExhaustGas 00 4 00
o Heated Al 006000 SRF
Heat by Fuel Heat by Fuel 110100 |
?
Figure I1-56 Figure II-57
A Sample of Energy Flow of Reheat Furnace Weighted Network Matrix for the sam-
ple

The energy flow of the reheat furnace is represented as a weighted network matrix shown in Figure 1-57
giving name: SRF. Let us think SUM as Summation of finite matrix series of WN: weighted network
matrix shown in the following equation:
SUM =E + SRF + SRF? + SRF?+ SRF* + SRF° +esesescee
E: Unit Matrix (Eigen Matrix: Value 1 are located Diagonally)
In calculating above equation can be rewritten.
=1/(E - SRF) if converged
SUM as sum of matrix series of SRF is calculated as in Figure II-58.

)
(Matrix: SUM is a re-normalized matrix of matrix series.)

Giving SRF as center block: @SRF is calculated as in the Figure II-39 by giving value 100 for corre-
sponding position of 'Heat taken by Hot Metal' in the upper block as vector. The required value: 'Heat by

Fuel' and other values in the flow are calculated together as Heat Consumption.
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SUM as summed result of Matrix Heat taken by Hot Metal . o o . o o
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Heat of Bumed Gas 3196 0.1595 0.1595 1.0838 0.4595 0  0.1595 S U M
Heat by Exhaust Gas 1279 0.0638 0.0538 0.@255 1.0638 0  0.0538
Heated Air 1918 0®mS? 0.BS7 08382 0BS?T 1 0.®ST @ S R F
) Heat by Fuel 266 47 1,297 1297 0518 13297 0 1.R97 |
Heat
Consumption

Figure 1I-59 Flow of Heat Consumption in Reheat Furnace

Using the extended model of reheat furnace, unit cost and total cost for the given fuel cost can be calculated

by the same way as shown in parts cost in Figure [I-60. The calculated results are shown schematically in

Figure 11-61.
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200.4x 105Kcal Col $200/ton
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Unit Cost 2®%
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0
26594
53294
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Figure II-60  Calculation of Energy Flow and Cost Flows
: Consumption 12.79 105 Keal
Consumption 200.4 108 Keal Material Unit Cost  2.6594 10° $ / Keal
Unit Cost  2.6594 10 $ / Keal Heated TotalCost 3400 $
Total Cost 53294 % 100ton
Heat by ExhaustGas
100 %
Loss from Ratio
Furnace wall 0.4
20% of 0.6
Heat by Fuel )
Heated Air

Consumption 19.18 105 Keal
Unit Cost 0 1058 /Keal
Total Cost o $

Consumption 53.23 10° Keal
Unit Cost 2.6594 105 $ / Kcal
Total Cost 14170 § Heat of Bumed Gas
— 12 % of

Heat by Fuel

Consumption 266.47 105 Kcal
Unit Cost 2.6594 105 $ / Keal |

Total Cost 70865 $
Heat by Fuel

Figure II-61 Calculated Energy Flow and Cost Flows

Consumption 31.96 105 Keal
Unit Cost  1.06364 105 § / Kcal
TotalCost 3400 §
N—




18. Type Symbol: * and /

Type symbol: % and / are prepared for the requirements for multiplying and dividing between upper
blocks. One of the two blocks is a direct upper block to be multiplied and divided. Another block, having
multiplier and denominator, is located apart from the direct upper position as in Figure 11-62 and Figure II-

63. Therefore, method must be prepared for specifying the block, not located apart from the direct upper

position.
One of the methods specifies its upper block name as a parameter of type symbol and specifies the loca-

tion by placing type symbol: D at the cross point of the horizontal line containing the type symbol and the
vertical line of prorating block.  As another variation of software design, abbreviation of parameter setting

and placing of type symbol: D or # (Dummy and Wait) can be considered. By programming efforts, the

leave out placing the character: D can be possible. But for out-looking the model using the macro table,

this character should be placed without omission. As a rule, Dividing by denominator having zero value

should be treated as zero value.

Selling Unit
Quantties Price
Input g o 8 2
/ 2 by 4 14
n \ a2 &S GEES
[oNeNeNe)
Qutput Process 2888 2888
Amount Sold .
Stereo | 30,000
™v 20,000 o
Radio 6,000 % (Unit Price) —_ D
VCR 8,000
Figure I1-62
gu x (#1) — #1
Sample of Type Symbol:
Amount Unit
) Sold Price
o o
Input e 2y 2 S
1‘/ \ aees &8
Output  Process §_§ §_§_ § § §
QO W™ -~
MmN
Selling Quantities
Stereo 30
TV 50 ., ,
Radio /(Ur’lt Price) —_— D
VCR 20
Figure I1-63
/ #1) —> #1

Sample of Type Symbol: /
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By adopting these notations, we can specify the upper blocks that are located apart from the direct upper

position as associate block of calculation. By the method, we can place Input-Process-Output as main
processing of structure matrix, as supper set of Multiply and Add. (Multiply and Add is included.) This

technology opened us wider approach as general way toward the modehing.

19. Type Symbol: % Prorate

Type symbol: % is prepared for simpler and easier handling of prorating process between upper blocks.
One of the two blocks is a direct upper block to be prorated. Another block, having prorating ratio values,
is located apart from direct above position as in Figure II-64. Therefore specifying method must be pre-
pared for the block not located in the direct upper direction. One of the methods is to specify its upper
block name as a parameter of type symbol and specify the location by placing type symbol: D at the cross
point of the horizontal line containing the type symbol and the vertical line of prorating block. As varia-

tion of software design, abbreviation of parameter setting and placing of type symbol: D or # (Dummy

and Wait) can be considered.

Number of

Fixed Employee

Cost by section

[ [+

. 255§

=¥ §33gs
o x ] 2 s
Input s O ¢ ®
Process =2a 0=
300 30 40 10 20

Axis I Axis 1

- E Marketing 90
é S % Production | 120 2 %(Employee) . D
n§. E § Service Cntr | 30 s .
T |Maintenance 60 Yo ——> Dor #

Anocther specifying syntax
of parameter

, Figure II-64 Prorating HQ fixed cost by the employee’s population in Sections

First, this function is performed as combination of type symbol: A,/ and ¥. By this symbol, macro table
of model becomes intelligent and efficient in setting and execution. In addition, this function can be
thought as organizational quota function: type symbol: Q used only for one level.

culating performance, this function is further efficient than Q.

From the side of cal-



Appendix IIl  Proof of Propositions

This Appendix 1s prepared for the proving propositions written in the Chapter 4-6: A Study for

Mathematical Formalization of Type Symbols

Proof of P ..
Cn) < L(n) c Op(n)is obvious.
1 A@) < C@m)
Assuming X € A(n). As well known, X" represents adjacent matrix of path length: 22 on the
graph®,
Because acyclic graph doesn't have infinitive path length, certain #2, exists and X* = 0, for arbitrary n
with n> n, Accordingly X € C(n).

@ T c Aw)

This 1s obvious because tree is acyclic.

Q.E.D.
Proof of F o

1. Assuming
I'=1o0 o
1 0

Q(T)(00,1)+Q(T)(100,0) = (100,100)+ (100,0) = (200, 100) is effective.

On the other hand, Q (7°) ((100, 1)+ (100,0) =Q (7T)(200,1) = (200, 200) is
effective.
Then, Q is not linear operator.
2. Obvious by the definition R.
3. )Obw‘ous by the definition T.
4 0 00
Assuming X=12 00|, ten X A@B) and
300
2
1 00 0 00 0 00 1 00
V(X)=010+200+200+ =12 10
B 0 01 3 00 300 301

isresultedand V (X) ¢ A4 (3).
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5.

Assuming X = I:Z/?’ OJ , then Xe C® and
0 O

2
S “ g 1 0 +2/3o+2/30 +___=[3
n=0% o1 0 0 0 0 0

is resulted but > a=0X" ¢ C ().
QED.
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Appendix IV. Models and Data used for Proving

This appendix is prepared for supplementing the Applied Case I of Chapter 7.
The objective process is steel making composed of BOF and Ingot processing (Currently this process is
almost replaced by Continuos Casting Process by technical innovation.) as shown in Figure A-IV-1 and the

proving models as cost center i1s made covering these two process.

[\
{ ]

BO F Molten Steel \ ] }
Basic Oxygen Furnace

Ingot Processing

Ingot Case

]
Stripping /

Casting
\-/

Ingot Plate Ingot

Figure A-IV-1 Sketch of Steel Cost Center Processes

Model for this cost center 1s shown in Figure A-IV-2, expressed by traditional way with multiple strands in
the margin part.
Taking example in surrounded area by bold lines, calculating equations can be read out as follows.

(Note: T :Transpose, x :Matrix inner product)

»  Equations of Material and Processing Qantities

Cast Steel Quaty = SMelitSteelRt0'54'54 * GD-Ingot Quaty
GD-Steel Bundl Quaty = BingotBundle'11'54 +  GD-Ingot Quaty
l
* IngotHour Quaty =  SingotHourRto'11'11 *  GD-Stekl Bundl Quaty

e  Equations of Material Unit Cost
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CastSteelUC

GD-IngotUC = T(SMeltSteelRt0'54'54)  «
e  Equation of Processing Unit Cost
GD-Steel Bundl UC = T(SIngotHourRto'11'11)  * IngotHour Proc UC
I
GD-Ingot UC = T(BIngotBundle'11'54) « GD-SteeI%undl uc
+ T(SMeltSteelRt0'54'54) * CastSteel UC

Casting Process “ BOF (Steel Making) Process” Cost Center I
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Figure A-IV-2 Traditional Expression of Production Factors and Unit Cost Factors

Figure A-4-3. is the model expressed by current style upon extended structure matrix using only one
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directional calculation.

Followings are the list of data used for the verification.

Blocks 1n the center part

Attached paid numbers are matrix size.

SmeltSteelRto 54:54
BSteellngotBundle 23:25
BlngotBundle 11:54
SMatSteel 40:25
BlngotCase 42:54
BSteelBundle 24:25

e  Blocks in upper and left part

GD Ingot Quaty L1_354
CastSteel Quaty L1 54
GD-Ingot Bund! Quaty L2 11
Ingot Hours 1.3_11

Steel Quantty L4 11

Steel Materi Quantity L5_40
Steel Bundle Quantity L6_24
Steel Hour Quantity L7 _24
Cost Ctr Influ Quantity L8 42
CostCtrConsum Quaty L9 44
SteelMateri Unit Cost L5 40

Ad -

SingotHourRto 11:11
BsteelCause 42:25
BingotCause 42:11
BsteclHrCause 42:24
ScstCtrConsum 44:42

Attached extension character means Item block name and number of item names.

SteelMateri Unit Cost L5_40
Cast Steel Material UC L1 _54
CostCtr Proc UC L9_44
CostCtr Infl Proc UC L8_42
SteelHour Proc UC L7_24
SteelBundl Proc UC L6_24
Steel Proc UC L4_25

Ingot Hour Proc UC L3_11
GD-Steel Bundl Proc UC L2_11
VastSteel Proc UC L1_54
GD-Ingot Proc UC L4 54
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AET GD-Ingot

A10T GD- Ingot
TopPour GD-ingot
BtmPour GD-Ingot
BtmPour 5T GD-ingot
BtmPour 6T GD-ingot
BtmPaur 10T GD-Ingot
B6T GD-Ingot

B10T D10T GD-Ingot
C10T  GD-ingot
A5.6T  GD-Ingot
C10T 0107 GD-ingot
B10T  GD-ingot
ingobng Hours

Steel Process Hours
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-
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-

-
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-
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-
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13 GD-Steel

2 {Total GD-tnrot

3 {39 GD-Steet

4 |00 GD-Steel
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)

9 120 GD-Steet

10f21 GD-5Steel

11130 GD-Steet

12| GO-Steel

13|22 GO-Steel

t4]133 GO-Steet

A4 -12

15[39C3D-Steel

16 ][40 GO Steel

171281 GD-Steet

V842 GD-Steel
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Values of Blocks in Upper and Left Part

GD Ingot Quaty

L1.54

CastSteel Quaty

L1 54

Ralic figures: Predeterminad values

GD-lIngot Bundl Quaty

Steel Grade 01 ADOGO
Stesl Grade 02 CO100
Steel Grade 03 BBOEO
Steal Grade 04 ADOSO
Steel Grade 05 ADOEO
Steel Grade 06 AD100
Steel Grade 07 ADOEO
Stesl Grade 08 ALOS0
Steel Grade 09 CO100
Steal Grade 10 BBOEO
Stuei Grade 11 ADOSO
Stesl Grade 12 AD100
Steel Grade 13 ALOSO
Steal Grage 14 ADOGO
Steet Grade 15 CDI00
Steal Grade 16 ADOEO
Steel Grade 17 ADIOO
Stesl Grade 18 ALOSO
Stee! Grade 19 BBOSO
Steet Grade 20 ADI10C
Steei Grade 21 ADOSO
Stesl Grade 22 ALOSO
Stesl Grade 23 ADOSO
Stee! Grade 24 ADOEO
Stesl Grade 25 ADOSO
Steel Grade 26 CO100
Stee! Grade 27 ADOEO
Steel Grade 28 ADIOO
Steei Grade 29 DLIOO
Stee! Grade J0 ADQOEO
Steal Grade JI.ADIOO
Stsel Grads 32 ALOSO
Stes! Grade 33 ADOEO
Steel Grade 34 AD100
Steel Grade 35 ALOSO
Steel Grade 36 ADOSO
Steel Grade 37 ALOS0
Stesl Grade 38 ADOEO
Stae! Grade 39 ALOSO
Steel Grade 40 ADOGC
Steel Grade 41 ADOGO
Steal Grade 42 ALO50
Steel Grade 43 ADOGO
Stes) Grace 44 BBOSO
Stee! Grade 45 ADOEO
Stael Grade 46 ADOE0
Sieal Grade 47 ALOSO
Stes! Grade 48 ALOS0
Steel Grade 49 ADIOO
Stasl Grade 50 CDI0O
Steel Grade 51 ADOGO
Stewl Grace 52 ADDEO
Stuel Grage 53 ADOGO

Return Scrav

83898
4258946
168 454
685673
86.21
84260
432.736
1.296.392
5.002.187
3.334.098
8.586.237
3.321.981
86517
275254
4.322.835
2734812
F42614
1.198257
1192876
81487
350454
259258
174258
862.559
171,995
86677
2164766
508.38¢
79$.264
31.220025
1.023.252
4500461
1.645.662
255.441
591.083
1.389.81%
54724
6236518
33101
1.546.375
12188606
JE1652
5226681
2.079.064
853885
6110221
85921
444 193
86 451
532 704
324 164
1322224
261378

@ 559331

o o~

v = o oo

114

12
13

15
16
17
18
19
2|
2
22
22
2
2
2
27
2

LIRS

2
30

@

n
3

I3

3

2]

-

3
3
3
3

- o n

3

39

4

o

4

4

~

4

w

4

~

4

w

46
41
48

4

©

50
$1

5

1

L O

Steel Grade 01 ADOEO
Stesl Grade 02 CO100
Stasl Grade 03 BBOEO
Steat Grade 04 ADOSO
Stesl Grade 05 ADDGO
Steel Grade 06 AD100
Steel Grads 07 ADOEO
Steel Grade 08 ALOSC
Stael Grade 08 CD100
Steel Grade {0 BBOSO
Steel Grade 11 ADDED
Steel Grade 12 AD100
Stee! Grade 13 ALOSO
Steel Grade 14 ADOED
Stesl Grade 15 CDI100
Stael Grade 16 ADOSO
Stes! Grade 17 AD100
Steel Grade 18 ALOSO
Steal Grade 19 BBOSO
Stesl Grade 20 AD100
Stesl Grade 21 ADOEO
Steel Grada 22 ALOSO
Steef Grade 23 ADOEO
Steel Grade 24 ADOGO
S1eel Grade 25 ADOEO
Steel Grade 26 CDI00
Steal Grade 27 ADOGO
Steal Grade 28 ADI1DO
Stesl Grade 29 OL100
Steel Grade 30 ADDEO
Steel Grade 31 AD100
Stesi Grade 32 ALOSO
Stael Grade 33 ADOSD
Steel Grade 34 AD100
Stesl Grade 35 ALOS0
Steel Grade 36 ADOSO
Steel Grade 37 ALOSO
Steel Grade 38 ADOSO
Stesl Grade 39 ALOSO
Steet Grade 40 ADOGO
Stael Grade 41 ADOEO
Stasl Grade 42 ALOSC
Stest Grade 43 ADOGO
Stesl Grade 44 BBOSO
Steel Grade 45 ADOSO
Steal Grade 46 ADOSC
Stes! Grade 47 ALD50
Stesl Grace 4B ALOS50
Stesl Grade 49 ADIOO
Steel Grade 50 COI00
Stee! Grage 5) ADOED
Stee! Grade 52 ADO6O
Steel Grace 53 ADOEO

Ralurn Scrap

83 8994000
4,298.9462540
168 4825600
6856734795
86.1306540
84.2791560
4377360000
1.296.3924480
5.002.1865960
33340978240
9.588.2372460
3.321.9908320
86.5121760
778.3537930
43276347920
3.734.9119080
9426144200
1.198.2511960
1,197.8759120
$1.4970715
350.4536420
259.2580560
114.7576800
862.5581000
171.9952800
88.6765920
2.164.7662555
508.3836000
199.7635440
31.220.0247050
1.023.2519460
4.800.4613630
1.648.6620150
258.4411100
$81.0927360
1.389.818B600
B&.7237440
§.238.5192540
433.1008600
1.546.375282%
12.188.6060010
3436816220
5.276.6811180
2.079.0643200
853.8841500
6.110 7308980
859211440
4441832800
86 4805720
§32 1039520
524 1836060
13272238700
261 378900C

4556 3314430

w N

L2 11
Stael Grade 26 CD100 12,355.520
Sisel Grade 33 ADOGO 50.191.310
Steel Grade 34 AD10O 5999375
Steel Grade 35 ALOSO 1.849.880
Steel Grade 19 BBOGO 4,540,380
Stee! Grade 2§ DL100 770.040
Steel Grade 50 CDI00 522.720
Stes) Grade 53 ADOEO 34,303.390
Steel Grade 49 ADI0O 82120
Steel Grade 48 ALOSO 1.318.520
Steel Grade 44 BBOGO 1.983.840

Ingot Hiurs
L3 11
39 CDI0O0 Cast Time | 24.857.293824

40 ADOSO Cast Time
40 AD100 Cast Time
40 ALDSO Cast Tume
30 BBOED Cast Time
3§ DL100 Cast Time
61 CD100 Cast Time
70 ADOGO Cant Time
58 ADIOO Cast Time
54 ALOS0 Cast Time
50 BBOEO Cast Time

353.331.765007
41,722.053500
61.755.005960

9.462.151920
410.970348
244005696

241,146.401361

160.002608
8.359.944208
8.933.033136

Steel Quanty

L4 1N

Steel Grade 01 ADOEO
Steel Grade 02 CO100
Steal Grade 03 BB060
Stasl Grade 02 ADOGO
Steel Grade 06 AD100
Steel Grade 07 ADOGO
Steel Grade 08 CDI00
Steel Grade 11 ADOSO
Stes! Grade 15 CO100
Stesl Grade 20 AD1DO
Stee! Grads 21 ADOSO
Steel Grade 24 ADOSO
Stee! Grade 26 CDI100
Stesl Grade 30 ADOSO
Steel Grade 36 ADDGD
Stes! Grade 40 ADOGO
Stes! Grade 43 ADOEO
Steel Grade 45 ADOEO
Stesl Grade 46 ADOED
Steel Grade 48 ALOSO
Stee! Grade 49 ADIOO
Steel Grage 50 CD100
Stael Grade 52 ADDEO
Stewl Grade 53 ADOSO

Retum Scrap

83.8994000
4,298.9462540
168.4935600
772.4041335
842787560
1.734.1284480
£.236.2844400
13.775.0990470
11.401,.5942280
§1.4570775
7184 4693780

1 .034:5513800
3.561.5899915
30.541.9338750
B.146.1627380
14.078.6631255
1.355.7454390
853.BB47500
6.196.6521420
444 1832800
B6 4805720
1,056 8675580
13272239700
261 31189000
45591114430




o w

Steel Materi Quantiyty

Steel Bundle Quantityty

L5 40 L6 24
Malt iron 118.476.57301217 1 [Stesl Grage 1 ADOS §3.299400
Retum Serao Ordnary Sted  8.039.1963553 2 |Steel Grade 2 COIO| 4208946254
Ca0 5.107.76203190 3 |Stest Grade 3 BBOS{ 168 493560
Doromite Light Bumed 2.568.811B4954 4 [Steel Grade 4 ADOE! 7172.4041234
Iron Ore for Stesl Making |  1.334.41851015 5 |Steet Grads & ADIO 84279756
Scale S-L 2890.97615003 6 |Stesi Grade 7 ADOS{ 1.734.128448
CaF2 §9.42457134 3 |Steot Grade 8 CD10{  8.336.284440
Fsi2 22323224297 8 |Steei Grade 11 ADOG 13.775.099047
F Mn He 37724008523 % |Steel Grade 15 €OV 11.401.594228
A0 Other 8.73892606 10{Steel Grace 20 ADIG 91457078
Carbon $.55001805 V1 [Steel Grade 21 ADOS B4 489278
Carbon Addition 032520739 12|Stesl Grade 24 ADOS| 1034554380
ALZO? 1.54052871 13[Steel Grade 26 CD1Q 2.561.589882
FeCr HSE Lume 291.15803440 14|Stest Grade 30 ADOS| 35.541.933875
Cold Fig tron 2.752.69353399 15| Steal Grade 36 ADOS|  8.146.162738
Ret-Scrap Aboy Steel 1 126527533817 16]Stesl Grade 40 ADDS 14.078.663126
CaSi 2413476133 17|Stesl Grade 43 ADOS]  7.355.745438
FAS 5035284365 18]Stes! Grade 45 ADOS|  853.884750
i Mn 766.53136455 19 |Stesl Grade 46 ADOS  8,196.652142
FeS2 333514 20|Steel Grade 48 ALOS| 444193280
Al 90 up 24.58615020 21 |Steel Grade 49 ADID 86480572
Ret Scras Alloy Steal 2 25471386188 '22|Stesl Grade SOCDIG  1.056.867558
FoMo L-C 3988940440 23|Steel Grade $2 ADOY  1,327.222970
FaMn L-C L-Si 7631198860 " 24|Stest Grade 53 ADOS|  261.378900
FoP 829807336
FeCrL-C 1425634044 Steel Hour Quantity
CaCN2 8.86993035 L7 24
Boring Scrap 318.28735383 } |BY ProcessTime 22.59410842
FeSi2 L-Al 1517141257 2 |00 ProcessTime 843.02336041
FaNi L-C Pure 461472827 3 |01 ProcsssTime 33.6961200
Cu-S . 3.18480664 4 |10 ProcessTime 166.29860954
Feln H-C 26.90607189 5 |12 ProcassTime 16.89808108
FaVa 1,60104050 g |13 ProcessTime 44497735576
Ret-Scrap Alloy Staal 3 120.30005330 7 |20 ProcassTime 1,595.55484182
FoTi 3.45078232 3 {21 ProcessTime 2.917.56597815
FeTr-B 081461627 g [30 ProcessTime 329217071504
Scrap K A P 0.17341284 1031 ProcessTime 18.19876871
AAABBE 1132 ProcessTime 166.22906120
FaSi2 L-Af L-Ti 1.72896307 12|33 ProcessTime 225.53285434
Retum Scrap 9.110.77080743 13|39 ProcessTime 0483865932
14|40 ProcessTime [ g 43429449554
15|41 ProcessTime 14 95596675476
16[42 ProcaseTime 1139436567956
17]30 ProcessTime 1.442.45168059
18|51 ProcessTime 18452449448
1952 ProcessTime 1.344.67351 481
20{%4 ProcescTime 115.17905702 |-
21158 PracessTime 1609403445
22|61 ProceseTime 24255110456
2362 ProcessTime 322.38270201
24[70 ProcessTime 5028930036
Ad - 16 -

~

L8 42

Cost Ctr Influ Quantiry

Tetal GD-Steel

Total GD-lngot

39 GD-Stesl

00 GD-Stesl

01 GD-Steel

10 GD-Steel

12 GD-5tes!

13 GD~Stes!

20 GO-Stesl

21 GO-Stesl

30 GD-Stes!

31 GO~Stes!

32 GO-Steat

33 GO-Stenl
39CGD~Steel

40 GD~-Steel

4) GD-Steel

42 GD-Steel

50 GD-Stael

51 GD-Steel

52 GO-Steet

54 GD-Stes!

59 GD-~Stee!

61 GD-Stesl

62 GD=Steel

70 GD-Steel

AST GD-ingot

ABT GD~ingot

AI10T GD= ingot
TooPour GD-ingst
BtmPour GD=~ingot
BimPour 5T GD=ingey]
BtmPour 8T GD~Ingot]
BumPour 10T GD~Ingd
BET GD-ingot

B10T DIOT GD~Ingot
CioT GD~lnget
A58T  GD-ingot
C10T D10T GO-ingot
8107 GD~lngot
Ingoting Hours

Stee! Procass Hours

125.476 42644300
120.917.08500000
BJ.38940000
4.208.94525400
168.49256000
772.40413350
8427975600
1.734,12844800
8.336.28444000
13.775.09904700
11.401.59422800
$1.49707750
784.46937800
1.034.55438000
3.561.58999150
36.541.83387500
8.146.16273800
14,078.66312550
1.355.74543900
853.88475000
8.196.65214200
444,19328000
86.48057200

1.05¢6.86755800
132722

2613789
$.188.40
84.454.70
6.081.50
13.878.24
101.038.86
$.168.40:
91.018.92
6.851.54
6.524.22
770.04
13.870.24
$3.662.10

14.648.28

750.385.63
26.888.27
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34
35
36
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CoostCtrConsum Quaty

L9 44

BOF Mantenance
Main Fuel ' O2!
Miscailla Fusl

Work £t

Wark Heat Reserve-57
Work Meat Resarve~§T
Work Heat Reserve-10T
Work Heat Kesp-5T
Work Heat Kesp=TT
Work Haat Keep-10T
Work Haat Chimny-7T
Work Haat Chimny-10T
Work Slide=Upper
Work Skde~Lowerr
Work Fiat-5T

Work Flat-7T

Wark Flat=10T

Work Ground= 1T
Wark Ground=10T
Mice Expendablas
Misc Expend Btm=7T
Misc Expend Btm=10T
Expend Tools&Equip
ingot Caca eatc

ingot Case AST

Ingot Case AT

Ingot Case AIDT
ngot Case C10T
ingot Case BIOT
lngot Case Support
Ingot Case BET

Ingot Pate XESB
Ingot Plate K70D
Ingot Plats A100G
ingot Plate B100C
Procassing Serap
ByProd Steam

Wages

Eiectric Powaer

Yard Work |

Yard Work 2
IngotCace Rapair

Bof Fixed Cost

ingoting FixCost

64916.256.12698
6.162.630 28068
1466530983684
114.923.021.32680
2.410.520.88808
25.453.352.41740
2.364,459.1055)
2672116.42740
22.563.532.28376
2.575.336.16100
6.014.266.27873
10.475.892.78180
8178.332.99224
12.611.162.21758
61.669.40852
498,746.86569
157.512.54495
2.793.352.53468
205.016.31868
19.990.433.26052
257.996.11698
118.676.93863
1.197.582.68370
921.72.22197
4.246,768.95692
42.113.932.86870
5.522.360.03934
4502.21068410
1.222.730.4991 7
2.555.643.26137

. 615656.70469
5.786.768.57468
835,542.67955

733.501.95085

39.467.430.45924
86.934.350 46951
4,194,696 68333
65.000.778.29188
583,159.38810
1.254.481.57307
26.888.37194
750.385.62757

SteelMateri Unit Cost

w w o o

L5 40
Meht jron 29810
Retum Scrap Ordnary Sted 33000
Ca0 10945
Doromite Light Bumad 18 788
iron Ore for Steel Making 6622
Scale S-L 7.5%0
Caf? 15.730
FSi2 219670
F Mn He $9.770
Al Other 404,250
Carbon 73,200
Carbon Addition 672.820
AL203 172800
FaCr HSE Lump 196.240
Cold Fig lron 20800
Ret-Scrap Alloy Stee! 1 32170
CaSi 150800
Fas 295520
Si Mn 101.090
FaS2 55110
Al 90% up 330,000
Ret Scrap Alloy Steel 2 J9.930
FeMo L-C 2257.640
FaMn L-C L-Si 337150
FoP 181.500
Felri-C 324720
CaCN2 96.800
Boring Serap 28050
FeSi2 L-Al 250420
FeNi L-C Pure 1.304 600
Cu-§ 363,000
FeMn H-C 242.760
Feva 1.980.890
Ret=Scrap Alioy Steel 3 32620
FeTi 1.026.500
FeTi-B 1.155.000
Scrap KA P 19.800
AAABBE 18800
FaSi2 L=AI L-Ti 256770
Retum Serap ~33.550

A4 -17

SteelMateri Unit Cost
L5 40

Steel Grads 01 ADOB 30.369 6965

Stesl Grade 02 CD1(Q 32.947.0888

[N

Stesl Grade 03 BBOH 33.534.2909

'S

Stesl Grads 04 ADOE 33.411.5297

[

Stest Grade 06 ADI( 32.595.4308

o

Stee! Grade 07 ADO 33.609.2966

~

Steel Grade 09 CDV{ 32.465.5804

Steel Grade 1} ADOH 33.3142107

Steel Grade 15 CO1Q 32.495.4542
10|Steei Grade 20 ADIQ 35.261.3012
11{Steal Grade 21 ADOS 32.9212.2046
12 |Stesl Grade 24 ADOG 34.071.8636
13]Stesl Grade 26 CD1Q 32,780.8811
14{Siael Grace 30 ADOH 33.562.5T19
151Stee! Grade 36 ADOS 35.866.1116
16{Steel Grade 40 ADOH 42.208.7919
17| 5teel Grade 43 ADOH 35.228.0685
18[Stee! Grade 45 ADOS! 38.176.8497
19 [Stesl Grade 46 ADOS 31.769.6682
20|Steel Grade 48 ALDS{ 36.531.1322
21 {Steel Grade 48 AD1Q 32.259.6604
22 |Steal Grade 50 CO1Q 36.226.7433
23 |Steel Grade 52 ADOH 30.157,7582
24[Steal Grade 53 ADOH 32.989.4302

25 {Retum Scrap I-33.550.0000




CastSteel Material CC
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L1 54

Stesl Grade 01 ADOSC
Steel Grade 02 CDlO&
Stas! Grage 02 BBDCJ
Stest Grade D4 ADDEG]
Stesl Grade 05 ADOGG]
Stes) Grade DE AD10Q
Stes! Grade 07 ADOEG
Stee! Grade 08 ALDSO)
Stesl Grade D8 CD10G
Stesl Grade 10 BBO6Q
Stesl Grade 11 ADOSQ
Steel Grade 12 ADI O
Steel Grade 13 ALDSQY
Steel Grade 14 ADOEQ
Steel Grade 15 C0V0G
Ftes! Grade 16 ADOEC
Steel Grade 17 ADVK)
Stesl Grade 18 ALOSO)
Steel Grade 19 BBOS(
Stesl Grade 20 AD10Q
Steel Grada 21 ADDEQ
Steel Grade 22 ALOSOY

Steel Grade 23 ADOSH
Steel Grade 24 ADOEQ
Steel Grade 25 ADOEQ
Steel Grade 26 CD10OG
Steel Grade 27 ADO6O)
Steel Grade 28 AD10C)
Steal Grade 28 DL10G
Steet Grade 30 ADOE]
Stesl Grade 31 AD10Q
Stee! Grade 32 ALOSQY
Stest Grade 33 ADOSO
Stesl Grade 34 AD10C
Steel Grade 35 ALOSOY
Staal Grade 36 ADOSO]
Steel Grade 37 AL05b
Steal Grade 38 ADOSEU
Steel Grade 39 ALOSOY
Stael Grade 40 ADOSC
Steal Grade 41 ADOSQ
Stesl Grade 42 ALDSOY
Stael Grade 43 ADOSQ
Steel Grade 44 8B06Q
Steel Grade 45 ADOEQ
Stee! Grade 46 ADOE
Steel Grade 47 ALDSO
Stee! Grade 4B ALOSO|
Stesl Grade 48 AD1OQ
Steel Grade 50 CD10Q
Steel Grade 51 ADOSQ
Steel Grade 57 ADOSQY
Steel Grade 5] ADOEQ

Ruturn Scrap

30.269 69¢5000
32.947 0885000
32.534.2909000
31.411.5287000
32.411.5397000
32.595.4398000
33.609.2966000
33.609.2966000
32.465.5804000
32.465.5804000
333143107000
333142107000
33.314.3107000
33.314.3107000
32.495.4542000
32.495.4542000
32.495.4542000
32.495.4542000
32.495.4542000
35.261.3712000
32.923.2046000
32.923.2046000
32.823.2046000
34.077.8636000
34.077.8636000
32.780.881 1000
32.780.881 1000
32.780.881 1000
32.780.8811000
33.562.5718000
33.562.5719000
33.562.5719000
33.562.57115000
23.562.5719000
33.562.5719000
35.866.1116000
35.886.1116000
35.866.1116000
35.866.1116000
42.208.7919000
42.208.7819000
42.208.7919000
35.228.0685000
35.228.0665000
38.176.8487000
31.769.6682000
31.769.6682000
38.531.1322000
32.259.6604000
36.226.7433000
36.226.7433000
391577582000
32.99¢ 4302000

-31.550 0000000
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CostCtr Proc UC

L9 44

BOF Maintsnancs
Main Fuel (02}
Miscolla Fusl

Work Elc

Work Heat Resarve-5T]
Work Heat Reserve-6T]
Work Haat Ressrve=10
Work Haat Keap-5T
Work Heat Keap-TT
Work Heat Kesp=10T
Work Maat Chimay=TT
Work Hsat Chimay~10T]
Work Shde~Upoer
Work Skde=Lowerr
Work Flat=5T

Work Flat=TT

Work Flat=10T

Work Ground=TT
Work Ground=10T
Misc Expendables
Misc Expend Btm=7T
Misc Expend Btm=10T
Expand Tools8Eauin
Inget Case otc

Ingot Case AST

ingot Case ATT

Ingot Cases A10T
ingot Case C107
ingot Case B1OT
ingot Case Suppont
Ingot Case BET

ingot Pate KESB
ingot Plate K700
Ingot Plate A100G
Ingot Plate B100C
Processing Scrap
ByProd Steam

Wages

Electric Power

Yard Work |

Yard Work 2
ingotCase Repair

Bof Fined Cost

Ingoting FixCost

! 0000
18 8300
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
=1.1100
1.0000
0.5000
1.0000
1.0000
1.0000
0.0000
00000

Ad - 18

CostCtr Infl Proc UC

L8 42

Total GD-Stesl

2 [Total GD=ingot
3 {39 GD~Stesl
4 |00 GD-Steel
5 101 QD-Stseel
6 110 GD-Steel
7 [12 GD-Steel
8 |13 GD~Steel
9 120 GD~Stee!
10{21 GD~Stael
11|30 GD-Steel
12{31 GD-Stesl
13§32 GD-Steet
14133 GD-Steal
15}39CGD-Stesl
16140 GO~Stae!
17|41 GD-Steel
18|42 GD-Stesl
18]50 GD~-Stesl
20151 GO-Steel

~

52 GD-Stesl

22|54 GD-Stesl

23]59 GD~Steel

24161 GD-Steel

25162 GD-Steel

2670 GD~Steel

27|AST GD~ingot

28| AT GO ingot

28 |A10T GD- Inget

30| TooPour GD-ingot

) [BrwPour GD-ingot
32| BtmPour 5T GD~lnged
33| BtmPour €T GD~lngoy]
34| BtmPour 10T GD-ingd
35|B6T GO-ingot

B10T D10T GD~Ingot

[
o

rjcioT GD~ingot

3

ASET  GOD~ingot

39{C10T DIOT GD-ngot

4018107 GD-ingot

4

Ingoting Hours

4

~

Steel Process Hours

149 48334
191.08110
933 74308
884.7834)
90710215
888.54481
831.69536
093.30341
88364011
90554458
#68.34244
$37.64045
$05.36025
913.66178
87218574
$00.67108
$73.12687
991.87052
881.01643
879.73855
868.44677
228.57212
£02.50555
h.047.58353
035.24881
856.69210
024.28730
,108.71940
940.13360

63.28850
112.87460

66.07710
.529.56060
103.56130
.587.82920
324.40790
61.78280

76.35850
[.129.46710




SteelHour Proc UC

L7 24
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B9 ProcessTime
00 ProcexsTime
01 ProcessTime
10 ProcescTime
12 ProcacsTime
13 ProcessTime
20 ProcessTime
21 ProcessTime
30 ProcessTims
31 ProcessTime
32 ProcessTime
33 ProcessTime
39 ProcessTime
40 ProcessTuna
41 ProcessTime
42 ProcassTime
50 ProcessTime
51 ProcassTime
52 ProcessTime
54 ProcessTime
59 ProcessTime
61 ProcessTime

52 ProcessTime

70 ProcessTime

1,129 47

129 47

1,129.47

129 47
1,120 47
129 47

-

,120.47
1,129.47

-

.129.47

-

120.47

-

129.47
1,128.47
1,129.47
1,129.47

129 47

-

129.47
1,129 47
1.129.47
1.129.47
1,129.47
1,129.47
1,129.47
1,129.47
1.129.47

SteelBundl Proc UC

L6 24
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Steet Grade | ADOEO]
Steel Grade 2 CD10Q]
Steel Grade 2 BBOSO;
Stesl Grade 4 ADOSO!
Steel Grade 6 ADlOO-
Steel Grade 7 ADOSO
Steel Grade § CD100]
Steel Grade 11 ADOEQ
Steel Grade 15 CO104
Steel Grade 20 AD10OC
Steel Grade 2! ADOSC
Steel Grade 24 ADOSC
Stesl Grade 26 CD10G
Steel Grade 30 ADOSQ
Stsel Grace 36 ADOS(
Steel Grace 40 ADOSC
Steel Grade 43 ADOSQ
Steel Grade 45 ADOSI
Steel Grade 46 ADOE3
Steel Grade 48 ALOSOH
Steel Grade 45 ADV10Q
Stesl Grade 50 CD104

Stsel Grace 52 ADO6(

Stesl Graoe 53 ADOG]

304.165490
221.488498
225.893420
243.174267
226.458154
289.821258
216.180003
238.221132
220.132138
224.651008
239.334078
246.223828
223.52153¢9
240.915332
271.749784
272.318518
221 488498
244.077840
245.094361
303.036023
210 193827
259.212699
274 347558
217 308470

Steel Proc UC

L4 25

CastSteel Proc UC

L1 54
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Simel Grade 01 ADOH
Stwel Graoe 02 COI(
Steel Grads 03 BBOH
Steel Grade 04 ADOH
Stee! Grade 06 ADIQ
Steel Grade 07 ADOY
Steel Grade 0% COIQ
Steel Grade 11 ADOH
Steel Grade 15 COIQ
Steel Grade 20 ADI(Q]
Stesl Grade 21 ADOH
Stael Grade 24 ADDS
Steel Grade 26 COUQ
Steel Grade 30 ADOH
Stes) Grade 36 ADOH
Steel Grade 40 ADOS
Stes) Grade 43 ADOS
Stasl Grade 45 ADOS
Stes! Grade 46 ADOY
Stasl Grade 48 ALOS
Stas!l Grade 49 ADY]
Stesl Grade 50 COQ
Stael Grade 52 ADOYH
Stsel Grade 53 ADOK

Retum Scrap

2387361882
2.255 755250
2.282.478812
2.281.202416
2.207.626858
2.522.608011
2.259.303457
2.294.249156
223185818
2311774794
2294177665
2.309.368943
2.246.170623
2.291.069748
2.394.359506
2.413.668373
2.251.98826¢
22732877125
2.263.024466
2.681.091480
2252182714
2.456.27956%
2.459.079506
2.225.484907

0.000000

Ingot Hour Proc UC

L3 1
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39 CD100 Cast Time
40 ADOSO Cast Time
40 AD100 Cast Time
40 ALDS0 Cast Time
30 BBOEO Cast Time
39 DLI100 Cast Time
61 CD100 Cast Tuma
70 ADOSO Cast Time
5¢ ADIDD Cant Time
54 ALDSO Cast Time
50 88060 Cast Time

76.358500
76.358500
76.358500
76.358500
76.352500
76.358500
76.358500
76.358500
76.358500
7€.158500
76.258500

GD-Steel Bund! Proc UC

L2 11
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Steel Grace 26 CONQ
Steel Grade 33 ADDS
Stesl Grace 34 ADI(Q
Steel Grace 35 ALOS:
Steal Grage 19 BBOK
Steel Grace 29 DLIO|
Stes! Grace 50 CDIQ
Stesl Grade 53 ADOH
Siesl Grace 45 ADIQ

Steel Grace 46 ALOS

Stest Grada 44 BBOE

142.318440
537.540932
531.027552
600 712320
159131814

40 752531

15644148
536792619
148 776801
484 143432

343 834690

Ad4-19
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34
35
36
37
38
39
40
&1
42

Lk

46
47
48
49
S0
5

$2
53

54

Steel Grads 01 ADOSOD
Stesl Grace 02 CO100
Stesl Grade CI BBOSO
Stesl Grade 04 ADOSO
Steel Grade 05 ADOGO
Stesl Grads 06 ADIOO
Steel Grade 07 ADOSO
Stee! Grade 0B ALOSO
Stes! Grade 09 CD100
Stesl Grade 10 BBOSO
Steel Grade 11 ADOSO
Steel Grada 12 AD100
Steel Grade 13 ALO50
Stesl Grade 14 ADOSO
Steel Grade 15 CD100
Stesl Grade 16 ADOGO
Steel Grads 17 ADI0O
Stesl Grads 18 ALO50
Stesi Grade 19 BBOGO
Steel Grade 20 ADIOD
Stesi Grade 21 ADOSO
Stesl Grade 22 ALOSO
Stesl Grade 23 ADO6O
Steel Grade 24 ADDEO
Steel Grade 25 ADOGO
Steel Grade 26 CO100
Stesl Grade 27 ADOEO
Stee! Grade 28 AD100
Stael Grade 2§ DLI10O
Steel Grade 30 ADOSO
Steel Grade 31 ADI00
Stesl Grads 32 ALOSO
Stas! Grade 33 ADOGD
Stest Grade 34 ADIOO
Stesl Grade 35 ALOSO
Steel Grade 36 ADOSO
Stesl Grade 37 ALOSO
Steel Grade 38 ADOSD
Steal Grade 39 ALOSD
Stes! Grade 40 ADOSO
Steel Grade 41 ADOSO
Steel Grade 42 ALOSO
Steel Grade 43 ADOSO
Steei Grade 42 BBO6O
Stael Grage 45 ADOEO
Steel Grade 46 ADOEO
Steel Grads 47 ALOS0
Stee! Grads 48 ALOSO
Stes! Grads 49 ADIDOD
Stesi Grade 50 CO100
Sieel Grage 51 ADOGO
Steal Grade 52 AD060
Steel Grage 33 ADOGO

Retum Scrap

2387391882
2255185250
2.282.478912
2.281.2024) 6
2,281.202416
2.207.636858
2.532.608011
2.532.608011
2.259.303457
2.256.303457
2294248156
2294249156
2294249156
2294249156
2237958915
2231958915
2237958915
2237.958915
2237958915
2311774784
2294177665
2.294,177665
2284177665
2.309.388943
2309368943
2,246.170623
2,246.170623
2.246.170623
2.246.170623
2291.069748
2.291.069748
2.291.069748
2.291.069748
2.291.069748
2.201.065 748
2.394,359996
2.394.359996
2.384.359996
2.394.355996
2412668373
2412668373
2.412.668373
2251988264

-2.251.98B264 | ..

2272297128
2.263.024466
2.263.024466
2.681.091480
225218214
2456279569
2.456.279569
2458079506
2.225 4B430)

0000000
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a4
45
48
47
aB
49
50
3
52
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GD~Ingot Proc UC

L1 54

Steel Orade O1 Al

Steel Orade 02 C

Stesl Grade 03 B

Steel Grade 04 ADY
Stes! Grade 05 AQY
Stesl Grade 06 AQY
Steel Grade 07 AQY
Stesl Grade 08 Al.(
Steel Grade 09 CC}
Steel Grade 10 8
Steel Grade 1! AQY
Stesl Grade 12 AQY
Steel Grade 13 AL
Steel Grade 14 AQY
Steel Grade 15 COJ
Steel Grade 16 AQY
Stael Grade 17 AD)
Steel Grade 18 AL
Steel Grade 18 Bq
Steel Grade 20 AD
Steel Grade 21 AQY
Steel Grade 22 AL
Steel Grade 23 AD
Steet Grade 24 AQl
Stesl Grade 25 A
Steel Grade 26 COJ
Stesl Grade 27 A
Steel Grade 28 AD)
Stesl Grads 29 DU
Staal Grade 30 AD)
Steel Grade 31 AQY
Stesl Ond.- 32 AL
Steel Grade 33 AD)
Steel Grade 34-Al1
Steel Grade 35 ALY
Steel Grade 36 AQY
Steel Grade 37 AL
Steel Grade 38 AQY
Stesl Grade 39 AL
Stael Grade 40 AQY
Steel Grade 41 Al
Steel Grade 42 AL
Stael Grade 43 Aq
Steel Grade 44 Bl

Stael Grade 45 AD)
Steel Grade 46 AQY
Steal Grade 47 AL
Steel Grade 48 AL
Stesl Grade 49 AQY
Stesl Grads 50 CO
Stesl Grade 51 AQY
Stesl Grade 52 AD)

Stael Grade 53 AQ)

Retum Scrap

5.938.06623
4.030.112580
1.977.037851
5.448.910950
5.433.398781
1.575.383159
5.716.988264
5.652.963480
4.037.133844
3.970.815456
$.455.558984
1.681.574826
5.430,624749
5471159878
4.032.259907
5.407.867653
7.644.995580
5.346.042572
2952222324
1.682.722219
5.479.115086
5.427.795863
5.464.432249
5.469.808735
5.499.137720
4024119287
5.400.899398
2.630.653557
6.800.028841
5.455.478657
1.691.710670
§.394.737253
5.459.831689
7.688.961386
5.400.444927
§.555.701495
5.343.444542
5571.983143
5.404.740157
5.593.749561
5.606.300637
5.416.900161
5.414.937063
4,1B2.512491
5,442.0106858
5431799619
5.218.45762¢
§.744.110807
1.209.208418
4112616157
5,667.316238
5.66706608?
5.385 704498

0000000




