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ABSTRACT. In Japan, PSI (Production, Sales and Inventory) management which man-
ages the quantity plan data of sales, production and inventory is often performed in the
SCM (Supply Chain Management) field. However, it is difficult to judge whether the
result of PSI reached the medium- to long-term target at monetary level, so it is needed
to find a way to realize profit purpose management besides the quantity control. Authors
have proposed the advanced PSI management process using the concept of S&OP (Sales
and Operations Planning). The finished goods PSI information including monetary data
1s interlocked in real time among logistics locations. The PSI process regarding how to
increase the sales revenue and reduce the cost by avoiding key parts under stock or over
stock is studied. Case studies show that detailed forecast planning method can determine
necessary volume of key parts to support product demands optimally and achieve the pur-
pose of improving profitability in manufacturing industry.

Keywords: S&OP, PSI, SCM, Data model design, Multiple dimensional database, De-
mand planning, Statistic prediction, Data forecast

1. Introduction. Under current market environment with increasing uncertainty and
risk, how to capture changes and respond quick in business activities is a big challenge.
In the uncertain market environment of demand and the situation where supply cannot be
fully grasped, the problem of inventory in the SCM business has become more apparent
than before. Therefore, the efforts to rebuild the SCM system have been active [1]. During
rebuilding the SCM system, S&OP [2], which has been actively introduced in Europe and
the United States companies in recent years, is once again attracting worldwide attention.

S&OP is a concept proposed by Ling and Goddard in later 1980s [2]. The concept has
evolved to sales companies, production centers, suppliers, distribution centers, etc. glob-
ally, and became a profitability-oriented demand and supply balance plan that integrates
production, sales, inventory, and finance for the entire business [3]. S&OP is a superior
way to balance supply-demand, and to integrate operational plans with financial plans
quantitatively. Western and Korean companies were the first to implement S&OP and
achieved expected results. As an example, Samsung has achieved planning integration
based on the S&OP concept [4, 5].

PSI is the acronym for Production, Sales, and Inventory, and PSI management refers
to coordinating these three parties [6]. Although it is similar to S&OP, there is a key
difference that PSI manages quantity only. As the result of PSI management, sales per-
formance is good at quantity level, and does not mean that is the best performance at
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FicURE 1. Difference between PSI and S&OP

monetary level to the financial target. Figure 1 shows Japanese PSI management how it
differs from S&OP.

The nature of PSI management is a field-driven, bottom-up management method that
takes the opposite approach to S&OP. Japanese companies have strengths in workplaces
that emphasize flexibility and accuracy [7], and it is necessary to manage supply and
demand in a way that respects both production and sales. Therefore, a realistic response
to this issue would be to improve the PSI management and try to bring its performance
closer to western-style S&OP, independently.

So far, an advanced business process has been proposed to enhance the current PSI
management [8]. Three points are summarized as below:

1) Planning Data linkage between one location and related logistics location;

2) PSI Plan from both physical and monetary perspectives;

3) PSI Plan update based on the latest forecast information.

Figure 2 shows the real-time interlocking flow of PSI plan among locations. The PSI
plan is divided into two parts on the time axis. Upper part means that the head office
gathers the sales plan from individual sales company and assigns the production request to
plants in order to ensure sufficient shipment to sales companies timely. Lower part means
that the plant feeds back the accurate shipment quantity after adjusting the production
capacity limits. If there are restrictions on the production site, the difference prompts the
sales company and headquarter to make adjustment.

If any figure is corrected, the figure of the related locations can be updated or recalculat-
ed automatically. Thus, the process can improve the planning accuracy of each location,
increase trust within departments or locations, and lead to actions to avoid overstocking
or under stocking.

From the financial perspective, key parts under stock is a crucial factor resulting in the
insufficient shipment of finished goods. According to its purposes, key parts is used for
assembly finished goods, maintenance and independent sale, etc.; therefore, key parts is
needed to forecast rationally during the business planning. Key parts plan in quantity is
often performed in MRP (Material Requirements Planning) process of ERP (Enterprise
Resource Planing). However, MRP only plans short recent period of parts or materials
in quantity, such as one or two months; it cannot forecast the future demand. Until now,
many papers address importance on integrating financial plan and SCM plan, few ones
describe how to forecast the key parts with financial plan.
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FIGURE 2. Linkage management among locations [§]

This study extends PSI management on how to perform detailed key parts forecast and
PSI management, which enables product demand-supply plan more precise and visual.

2. Demand Planning and Key Parts Planning. Demand plan often starts from sales
division. Sales team performs sales plan for products and customers; marketing team may
create sales plan for brands based on marketing share information and sales promotion
event plan; data scientists team creates sales prediction using statistic method as well.
Finally, all plans reach the consensus of sales plan, and will be monitored constantly. A
rough key parts plan/simulation is expected right now. Figure 3 shows the plan model

structure among demand, supply and financial plan based on S&OP concepts [9].

parts plan is included in demand plan.
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FiGurEe 3. Plan model structure among demand, supply and financial plan
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2.1. Profitability-oriented demand planning. A planning policy can be devised that
considers how to absorb the changes when selecting demand planning items and method.

As shown in Figure 4, a policy is provided that helps to determine demand planning
items and forecast method, taking inventory volatility by time and the financial impact
into consideration.

Impact to Finance

Y

Volatility (Time)

v

F1GURE 4. Demand planning policy

1) Statistic prediction

Since the inventory of products, semi-finished products and key parts has little fluctu-
ation over time and big impact on revenue, statistical prediction can be used to forecast
the near future trend based on past data. For example, forecast takes the moving average
of the latest three months data. If there is a periodic fluctuation with seasonality, other
predict models such as ARIMA and Holt-Winters [10], can be adopted to consider the
effect of seasonality.

2) Inventory strategy: Fixed-quantity or regular order

When the inventory of products, semi-finished products and key parts has little impact
on revenue over time, reordering point method that means to place a fixed quantity
order every time if the inventory falls below a predetermined level, or regular order which
replenishes the inventory on a regular basis, can be adopted.

3) Collaboration planning

If the inventory of products, semi-finished products and key parts has bigger impact on
revenue and enough fluctuation over time, S&OP is the perfect method to adopt main-
ly. Advanced PSI planning process was proposed by authors to create the collaboration
planning [8]. However, there is no detailed description to forecast key parts demand; from
the following pages, case studies on key parts demand forecast are presented.

2.2. Key parts planning method. Regarding the relationship between key parts and
parent products, there are two types.

a) The relationship between parts and products keeps nearly constant that does not
fluctuate.

Assuming every car has 4 tires, there is a 1 : 4 relationship between the car and the tires.
Using manufacturing BOM (Bill of Material), the required parts quantity is calculated
according to the ratio of parent products and parts.

b) The relationship between parts and products fluctuates.

As an example, the number of DVD players for a car is not constant over time. For
such case, past data is used to predict a rate between key parts and products, this rate is
termed as statistic ratio, and the corresponding BOM is called as statistic BOM (S-BOM).
In the next section, we show case studies regarding how to perform key parts planning.
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3. Case Studies for Key Parts Planning. The solution including calculation and
PSI management of key parts in operation planning is shown in Figure 5. Key parts are
provided by external supplier partner.

Parts
Provider

Sales Company HODC Plant
+ TTpdate the sales plan * Gather the request from +  Create the product plan
* Sales Company P3I Sales Company based on HQ request.
Managem ent * Assign production to plant ¢ Motify to HQ possible
* Under/Over stock Alert + Adjust sales and production shipment after ECCP

FiGURE 5. Logistics flow and PSI management

3.1. Data model design. Referring to the normalization model [11] which stores the
data in Third Normal Form (3NF) and groups the data by the topic of the data (customers,
sales, performance), data model is designed for case studies. The benefit of the proposed
data model is that new topics can be added without affecting existing data. When using it
for analysis, data is stored in cubes and used with dimensions dynamically. As an example,
data of P, S, I also require three separate cubes, and individual number will be used in
the analysis if necessary.

3.1.1. Meta data model. Firstly, considering how to represent the data that are related to
inventory points for the logistics management, sales companies, plants, and HQ DC (Head-
Quarter Distribution Center), they are all hierarchical data structures. As an example, in
the case of a sales company tree, the branch of sales company consists of its country, region,
and group. In the case of customer tree, the branch of customer is made up of its country,
region, group, and so forth. As a solution, by adding the attributes (Attr_i, Attr_j) to
the customer tree (customer dimension) shown in Figure 6, data can be aggregated and
visualized from the necessary vision (e.g., by industry, location, as well as region).

| Customer Group

—» Customer Country

A 4

Customer Region

Customer

—»| Customer Address

Customer Aftr »  Customer Attr j

L 4

FIGURE 6. Customer dimension structure
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FIGURE 7. Plan model by linkage of multiple locations

3.1.2. PSI planning data model. Figure 7 shows the business division being mutually
related to manage the data by their perspective.

Discussion or comparison among divisions needs to keep the same product dimension
in the same level such as product category.

Individual division instantaneously slices and dices data to create data analysis. Mar-
keting division manages and plans to promote products through events and campaigns
at the brand level rather than the product level, no conscious of where the product was
produced.

Also, the sales division plans on how much the product is sold, but no care of where the
product was produced. Similarly, financial division manages product to product category
concerning the monetary level, no matter who or where the products are sold, and where
the products are produced.

In addition, even if each division has a different view, it is necessary to decide which
granularity to stay and discuss. For example, when the above four divisions are trying
to compare actual and plans, other divisions need to aggregate or allocate figures up or
down to product category level in which financial division uses to manage.

3.1.3. Product data model. The product dimension manages the product tree and at-
tributes. As shown in Figure 8, its structure is defined to analyze or aggregate with
individual division. This means that the product is analyzed by product brand/product
category/product domain/product segment in proper order. It is possible to check the
forecast of each product by sales company or region, and to aggregate product charac-
teristics such as color and pattern (Prod Attr_i and Attr_j) by adding attributes. Parts
dimension can be designed by parts/parts category as well.
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FI1GURE &. Product dimension structure

3.1.4. P/L account data model. Figures 9 and 10 show revenue and cost dimension for
creating P /L statement report. The gross revenue account dimension controls sales rev-
enue data, cost account dimension controls cost fees. They are also defined as hierarchy
structure. Gross revenue or cost data can be drilled down to product category level.

Laptop > Laptopl

—> Product License

— Notebook 1

Notebook —

Gross Revenue  |— —> Notebook2

Customer Support

—> Technical Service

Technical Consulting

FIGURE 9. Revenue dimension structure

Laptop »  Laptop1
Carrying & Holding
Cost of Sales Notebookl
Notebook
Ad Expense
Notebook?2
Cost
Sales Commission

Operational Expense

FIGURE 10. Cost dimension structure

3.2. Key parts planning.

3.2.1. Key parts calculation. Supposing in one plant, two cases of key parts necessary
calculation are performed. Case 1 in Figure 11 shows that key parts is only used by one
parent product.
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Parent product sales forecast:

Sales forecast(quantity) = 40

ASP (average sale price) = $1,000

Sales forecast(amount) = $1,000 x 40 = $40,000

Parts AA-001-AA003-p necessary calculation;

Parts AA-001-AA003-p independent forecast as 100

Standard cost for AA-001-AA003-p = $100

Forecast AA-001-AA003-p = AA-001-AA003-p forecast(independent sale) + Laptopl

necessary

Forecast for AA-001-AA003-p in quantity = 100 + 40 x 0.5 = 120
Forecast for AA-001-AA003-p in amount = $100 x 120 = $12,000

gratistica! Ratio = .13 AA-002-AA001-p Parents Parts Time | Statistical
Period Ratio
Laptopl
Laptopl AA-002-AA001-p Jan 0.75
AA-002-AA002-p Laptopl AA-002-AA002-p Jan 025
Seleyioresnnly Laptopl AA-001-AA003-p Jan 0.5
AA-001-AA003-p Statistic BOM(S-BOM)

Statistic BOM structure
Ficure 11. Patternl: Key parts demand calculation by using S-BOM

Case 2 in Figure 12 shows that key parts is used to multiple parent products.

Parts: AA-001-AA003-p is used by NoteBookl, and NoteBook2 as well.

Parents sales forecast:

Sales forecast in quantity = 50 + 60 = 110

ASP for both = $1,000

Sales forecast in amount = $1,000 x 110 = $110,000

Parts AA-001-AA003-p necessary calculation;

Parts AA-001-AA003-p independent sale as 100

ASP for AA-001-AA003-p = $100

Forecast AA-001-AA003-p = AA-001-AA003-p forecast(independent sale) + Notebook1

necessary + Notebook2 necessary

Forecast for AA-001-AA003-p in quantity = 100 + 60 x 4 + 50 x 3 = 490
Forecast for AA-001-AA003-p in amount = $100 x 490 = $49,000

Sratistice! patio = 02 AA-001-AAUOL-p
Notebook Statistical Ratig — 1.5 Parents Parts Time | Statistical
Stag; AA-001-AA002-p Period Ratio
Sticy, Notebook| AAO01-AAN0L-p Jan 0.3
Sales Forecast = 60 o <5 Notebook 1 AA-D01-AA002-p Jan 15
st R - AL UERLESD Notebookl | AA-0D1-AA003-p Jan 4
Notebook2 — Notebook2 AA-0D1-AA003-p Jan 3
!r'.l:‘;:::':::fmj fomer AAOLAND Notebook2 AADD-AAD0D-p Jan 0.7
- Ufy g Notebook2 AM-OD [-AAD05-p Jan 08
AADOL-AACOS-p Statistic BOM(S-BOM) Data

Statistic BOM structure

FIGURE 12. Pattern2: Key parts demand calculation by using S-BOM
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3.2.2. Key parts PSI management. As key parts inventory issue has many impacts on
revenue, cost and productivity, PSI management for key parts is valuable to perform.

Figure 13 shows key parts PSI plan in quantity. The upper part in Figure 13 shows
dimension selection such as fiscal year, parts category and item.

(1) Demand(S)

Demand area controls numbers related to key parts demand which is calculated by
BOM or SBOM as default.

Demand can be adjusted if needed.

Demand Sum(W_i) = Demand(W_i) + Demand Adjust(W_i).

(2) Purchase(P)

Purchase can be adjusted as well if there is the reason to modify.

Purchase Sum(W_i) = Purchase(W_i) + Purchase Adjust(W_i).

(3) Inventory(I)

Inventory(W_i) = Inventory(W_i — 1) - Demand Sum(W ) + Purchase Sum(W_i).

Calculated inventory should keep good balance and satisfy with the demand in the
following week.

Fiscal ¥/ .
;\_ncnr Month Parts Category Parts Item Go To BOM/
: 0315 Parts Category A Y AAOL-AA-D0] p S-BOM
FY16 2021-6 Parts Category B Y AADDZ-AA-DD2 p
FY15 e Farts Category C ANMDI-AND03 p Data
FY17 S Parts Category R ARDOLAA00 p Save
FYI8 i AA-DDS-AA-005 p Load
FYIS ik AADIG-AA-006 p
FY20 ot RN Simulation
- 2016-1
S 20162
Amount | Adjust purchase or demand to keep inventory balance.
Period 20215 20216 20217
Total ot Toul
w_i w2 w3 W 4 w_s W_6 w_i w_2 )V( W 4 w 2021-6 Wi w2 W_3 w4 w_ s s
Key Parts PSI = = = = = = 20215 | T = = = = = = | 20217
Now
AADDL-AAODLp /
Demvarnd 200 250 300 ) 330 145 350 360 00 2'?/ 20 1600 100 300 320 350 200 1270
O Demand Adjust 50 -3 20 / 30 30
Demand Sum 200 300 300 MK 300 1300 350 a6 4--/ 290 20 15 100 200 320 380 20 1300
Purchase 250 B0 e 330 150 1680 360 ET A 20 Vi 1330 200 220 380 i 30K 1470
(2] | Purekase Adjust 30 -30 30 30
Purchase Sum 250 380 400 330 150 1680 360 370 290 200 1 1220 230 320 380 200 300 1500
3] wentory 250 3 iy 330 0 W0 380 200 400 e 200 10 100 310 350 380 200 300 300

AADOL-AAO2-p

Denvand 100 1o e 120 125 00 565 15 125 130 120 130 620 120 120 130 130 30 630
Demand Adjust 1 10 5 3

Ihemand Sum 100 120 1o 120 125 10 375 s 125 135 120 130 625 120 120 130 130 130 630
Farchase 100 o 120 130 100 120 380 120 130 120 130 120 620 120 130 120 130 120 G20
Purchase Adjust 10 10
Purchase Sum 100 1o 120 120 100 120 590 120 120 120 130 120 620 120 130 120 (£ 120 630
Tnventory 120 r e 120 130 13 125 390 130 135 120 130 120 120 120 130 120 130 120 120

FiGure 13. Key parts PSI plan in quantity

Figure 14 shows key parts PSI plan in amount.

Amount(Demand(W_i)) = Internal Exchange Price(W_i) x Demand Sum(W )

Amount(Purchase(W_i)) = Standard Cost(W_i) x Purchase Sum(W )

Amount(Inventory(W_i)) = Average Inventory Cost(W_i) x Inventory(W ).

Assuming to add sales revenue to sales account, to add purchase cost, inventory carrying
and holding cost so forth to cost account, we can catch how P/L changes according to
PSI plan in Figure 15.

Figure 15 shows an example of how key parts planning affects P/L and Quarter level
performance in the sales company (USA Sales). The sheetl shows yearly sales budget.
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m;: :;eu Moath Parts Colcgory Parts em Go To BOM/
e 2021-5 Parts Category A Y AADOL-AAGO] p S-BOM
Y16 2216 Parts Catcgory B Y AADO2-AAL02 p
FY15 g Parts Category C ARD03-AAD03 p I I
FYI7 30*1:! Parts Category R AADM-AAD0 p Data Load Save
FY1§ S AADIS-AAHOS p
FY19 o AAD06-AA6 p :
i ?;z;:m AADOT-AAOT p Simulation
. 2016-1
Fy22 i
Qo .
Umt: 1.000S
20215 20206 20217
Total
w 2w W w W aw fo":‘ll< w 2w w aw w -6 w w W aw W g“:f_,
AAGDI-AADDL-p
Demand 2000 | 2m0 | x| 4o | 33 14500 3300 | Re0 | o0 | o2ew | 2000 16000 roo | onea | oo | oame | o |12
Dremnand Adymst S00 =300 200 00 300
Densand Simn 2,000 3000 EXee 40600 R0 13,000 3500 3600 000 2900 2000 16000 1000 3000 330 3800 2.000 13,000
Pischue 2000 | 2800 | 320 | 26w 2800 11430 20 | 320 | 23w | onew | seo 10800 200 | 2% | 200 | reo | a0 | 107
Puachiase Adjust 240 240 0 24
Puschiase Sim 2000 | 2s00 | 220 | 260 2500 11400 a0 | 2960 | 2300 [ rew | s 10560 260 | xsen | 2s0 | neo | e | 12000
Tnecertony 250 300 400 330 30 0 380 390 40 0 200 100 100 130 3s0 80 200 300 300
AAH =AM
Demand 5000 | ss0 | ssw | sow | e | sem 28250 sis0 | s0 | 6800 | eo | asm 3000 | 0w | 6000 | 6500 | 600 | 6500 | 31500
Demnund Adyst 300 300 230 250
Densand Sum 5,000 6,000 5500 G000 6250 5.000 B750 5.750 6,250 6750 G000 6500 31.25% G000 6,000 6.500 G500 6,500 31500
Puchue a0 | oaseo | osa0 | a0 | oasw | dem 24400 5200 w0 | S0 | wmw | oase 24800 sa0 | aseo | 50 | aseo | oase | 2480
Prechase Adjst 300 400 00
Puschase Sun a0 | oaxon | sa00 | a0 | oase | a6 24,000 5200 w0 | osw0 | owmse | aso 24800 s200 | 4800 | 560 | 4se0 | 520 | 25600
— 1o | e 120 130 108 128 125 130 138 & 130 120 13 12 130 1% 130 130 120
FicUrE 14. Key parts PSI plan in amount
Organization | USA-Sales v Orgamization | USA-Sales v
Fiscal Year | 2021 v Fiscal Year | 2021 v
Version Budget v Version Forecast v
- . 2 Y inni ¢ with key inv
1. Yearly budget plan at the beginning of the year(April) 2. Yearly forecast at the begmm_ng of May with key parts inventory
T 55UT
Q1 Apr May Jun
Year | Q1 Q o | o4 z
— Gross Revenue 24200008 660,000, ER0.000 BHO,00(
s Revenue 5 B
Gross Revenue 11062170 2,680,890 2,750 2000 2.760,300) 2.870,780) Laptop 320,000 260,000 280,000 280000
Cost of Sales 30716000 7608000 7702000 770300 770.300 Notehook 600,00 100.000) 0000 00,000
Gross Margin 39805700 990,090 990,000 1OG0000  1,000,480) Cost of Sales 2,100, 0H) 00,0008 TOHLO0K] U000
Operational Expense 400100000 930,000 9900000 990,000 1, 100,000] Gross Margin 320,000 40,0000 180,00 180,000
Net Profit F901,2100 2,100,000 21002000 2,300,500 2,400,500 Operational Expense 91.000 30,0004 31.000 30.00(
Net Profit 229,000 =70.0008 149,000 150,000
4. Yearly forecast at the beginning of May ' ‘
_ y ginning Y 3. Gross Revenue plan after key parts Issue fixed
Year Qi Q2 Q3 o4 Q1 Apr May Jun
Gross Revenue 10992800 27180000 27502000 2,760,300 2,870,780 ‘ Gross Revenue 2,718,000, GO0 GTRAMN 1080000
Cost of Sales 3.07 L6 TEOE00 77020 T30 TS Laptop 818,000, 260,000 278,00 28000
. . Notehook 1900.000; 400000 FLLILLY SO0.000/
Gross Margin 3980570 GO0 SHOHKE 1000000 1000 48(
Caost of Sales 2,151,000 TOO000 TN 730,001
‘Operational Expense 40010,000 930,000 990K 990,000 1,100,000 Gross Margin 567.000 _40,000] 277.000 330,000
Net Profit S952.2000 2,151,000 21002001 2,300,500 2,400,500 Operational Expense 91,000, 30.000] EIRLLS 30,000
Net Profit 476,000, —70.00[}1 246,000, 300,000

FiGUurE 15. Budget and financial plan forecast

The actual sales number is not good as plan at the end of last year (sheet2). Especially,
Q1 gross revenue is sharply down. How to avoid continuously decrease and speed up the
sales revenue needs to take smart actions.
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It was found that notebook revenue decreased as the delivery of key parts “AA-001-
AA003-p” was delayed. This results in the production being not completed timely. Due
to the key parts being used in multiple notebook products, the inventory under stock
issue in sales company occurred (sheet3). Thus, the key parts supply chain needs to be
adjusted. The mentioned USA sales transferred the supplier to another company in order
to ensure such key parts provided. As the result, sales revenue reaches the target and
yearly budget plan (sheet4).

Taking key parts PSI management process into consideration, the total process and
data model are shown in Figure 16. New addition for key parts detailed forecast and
PSI management is marked in red frame from advanced PSI process [8], which refers to
executive S&OP process [12, 13].

mmp process flow e :
_I—> Data flow + Period(Week)

+ Product (1) Sales Company (2) HQ DC
+ HQ DC PSI Plan PSI Plan

m — H
— o — — — — 1

|
Oy PIL Plan—
Simulation for SC

= Period(Week) = HQ_DC
X rII(U)d“DcE' . P]m?l&\\’nn:hc!*w
. Sales Compain + Plant&Warchouse —_———— * Product
+ Sales_Company (3) Production
p” Method + Perod(Week)
' ?ﬁ-s Compan + Plant&Warchouse
+ Sale: mpany’ .
+ Product ‘ Product ‘
ST —_— - HQ_DC
+ PeriodiWeck) (6) RCCP Plan (4) Plant «  Plant&Warchouse
+ Sales_Compan: T Gy PSI Plan E + Product
Product = ary -
(7) Pe —) + Period(Week)
((;l):i:::n (8) Parts PSI Plan . P;ault&\Vnmlwousc
> + Period(Week) + HQ_DC E
+ Plant&Warchouse « Product
: - HQ_DC
+ Period(Week) . PISCTUC( Line
Plant&Warchouse S-BOM_Ratio BOM_Ratio + Product
HQ_DC + Peri -k . Re .
Q] ‘ + Product + Product Period(Weck) :E‘;:I’l‘l'c'::i“ + Period{(Week)

+ Parts + Pans
+ Month ' '

« Max_Capacity

+ Plant_Warcl 5
+ Product

F1cURE 16. Collaboration planning process including key parts demand forecast

(1) Sales Company (SC) PSI Plan

As a result of formulating the sales plan for each sales company, PSI data is stored in
sales Company Plan (P, S, I) by product, sales company and HQ_DC. Logistics flow be-
tween sales company and HQ_DC is controlled by the association cube (SC HQ Relation)
which includes products, sales companies, and HQ DC items. The sales plan starts from
inventory actual and delivery actual of the previous term, and then calculates delivery
and inventory calendar for the next half year. In addition, since the finalized number of
deliveries is returned after taking account of the production capacity, the data structure
has two sets: a demand-based PSI number before RCCP (Rough Cut Capacity Planning)
and a production limit-based number after RCCP. As a data model, there are two sets of
cubes to present P (delivery), S (sales), and I (inventory).

(2) HQ DC PSI Plan

The shipping requests of each sales company are aggregated at the HQ DC S (sales)
under their jurisdiction and performing the allocation plan to plants.
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(3) Production Allocation

The current inventory status will be used as the primary response to the shipment
requests of each sales company from the jurisdictional HQ DC, but HQ DC will allocate the
production quantity based on the actual performance rate of the production destination
in the previous term, and adjust the quantity in consideration of the seasonal situation,
vacation schedule, etc. The relationship among HQ DC, plants and product is linked with
the cube of HQ Plant relation.

(4) Plant PSI Plan

Considering various lead-time such as manufacturing and document creation based
on production instructions that arrive at the plant, a chronological PSI (Production,
Shipment and Inventory) plan is created. There are two numbers, before and after RCCP.

(5) RCCP Plan

Based on the productivity of employees, the operation rate of machines, and the op-
eration schedule for each production line, the planned number of products that can be
produced is determined.

(6) RCCP Plan Summary

Aggregate the production plan for each product after RCCP Plan Aggregating product
plan number to upper layer plant from production line, the result is returned to the plant
PSI plan (4). Deciding the number of shipments to the HQ DC in the process (4), and
the number is returned to the HQ DC PSI planning process (2). After re-allocating or
adjusting shipment number to the target sales companies in (2), then returning to the
sales company PSI plan in (1), the final numbers of the plans can be delivered to each
sales company. Due to missing parts discovered in the PSI control of parts in (8), the
production plan for products is also adjusted in (4).

(7) Parts Calculation

Calculating the number of required parts by referring to manufacturing BOM or
S-BOM, if both BOM and S-BOM are required, the results need to be summarized (e.g.,
car will have manufacturing tires and aftermarket tires). This process can be done before
or after RCCP.

(8) Parts PSI Plan (Parts RCCP)

Time-series management of parts P (purchase), S (payment), and I (inventory) adjusts
purchase or demand to keep inventory in good balance.

(9) P/L Plan Simulation for SC

Before or after RCCP, the simulation can be performed on how key parts plan changes
the P/L status. Sales company takes Sales plan data into Gross Revenue cube, inventory
cost data to Cost cube, and aggregates the data to the level of product category in which
the financial team manages data. Therefore, key parts plan, revenue and loss data can
be rationally integrated in one data model. Compared with previous period P/L data,
profitability increase or decrease can be confirmed.

4. Conclusions. In a drastically changing business environment, companies in the man-
ufacturing industry are facing a difficult task to realize their potential and maximum
profits. The study focuses on the issues of demand planning and performance manage-
ment that have been put into practice for a long time in Japan. A multi-dimensional
database model is used to formulate a demand planning model for key parts and provide
an improved PSI plan process. The contributions can be summarized as follows.

1) Demand planning policy provided shall become a guidance for choosing PSI man-
agement items and forecast method.

2) The detailed forecasting planning method may enhance the totally performance from
the financial perspective.
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3) A proposal of key parts PSI planning is suggested for Japanese manufacturing in-
dustry. It helps companies improve the total performance and profitability continuously,
and generalizes the implementation of planning solution for I'T vendors.

Case studies are summarized on how to perform detailed demand planning by using
statistic BOM in this paper. To support key parts demand calculation, it is necessary to
gather the past sales data. Much more data shall improve the result for statistic ratio in
S-BOM. For processing manufacturing industry, another issue is on how to calculate the
key parts payment /receive forecast during processing from phase to phase.
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