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Problem Description

Strategies for Demand Planning:
o Top-down approach
o Bottom-up approach
o Middle-out approach

Problems:

o What dimension should be considered to
aggregate/disaggregate first?

o What's the difference?
Obijectives:

o Define Demand Planning Views

o Develop an optimal strategy for Demand Planning:
Demand Planning Hierarchy (DPH)



'Demand Planning
Hierarchy (DPH)

Example:

m [wo demands views:
Time and Geography

Geo.

Time Al Region Country  CityCustomer
Vear m Strategy: Top-down
Quarter - Path 1: break down along
Geography View first, then along
Month Time View
Week vl - Path 2: break down along Time
; = View first, then along Geography
Y View
- Path 3: ......

Demand Planning Hierarchy: Sequence of Aggregation Levels
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Representation of Demand
Views

View with Hierarchical Levels: e.g. time horizon
(necessary), geography view, etc..

Notation: VIEW,, o1 . jevel

Example: TIMEYear » Quarter - Month - Week
GEOGRAPHY

View with Attributes: e.g. product type

Notation: VI EVvattribute x attribute

Example: I:)RODUCTGeneration x Function x Technology

View with Mixed Attributes

Example: PRODUCT

Continent » Country - City

(Generation x Function x Technology) - PartNumber



'DPH Evaluation Metric:
Actual Demand Fluctuation

= Coefficient of Variation (CV):

Std.Dev of demand ,
CV = o) degree of fluctuation
Mean of demand ()

= Weighted Average CV: by demand volume

! -CV, + o CVy+--+—2—-CV,

n n n

> D >
=1 i=1 i=1

Weighted-average CV values at all levels are averaged
to represent the demand stability of a DPH




Case Study

Demand Views
a Product: ASIC

2 Views with Hierarchical Levels:
Time: Quarter, Month, Week

Customer: Geocorp Geography (GG), Geocorp
Code (GC)

o View with Mixed Attributes:

Product: Technology (T), Number of Metal
Layers(L), Package (P); PartNum is hierarchical to
the combination of T, L, P



' Least-Fluctuation DPH

= Dynamic programming search:

W.ag.CV  Avg.of Sum of Std. Dev: 3,295.969.3 W.Avg. CV W, Avg. CV
Inflation(%) _ Shrinkage(%) Value

148 Timeg,er X Cust|omerAII X Product,, ) 46 0.720
Timeg, s X Customergg x Product,, 0.731

-0.68 -0.68
TiMeg arter - Month X CUStOMergg x Product,, 0.726

12.30 10.92
TIMeqarer - Montn X CUStOMErg . o X Product,, 0.815

41.15 29.13
TIMeqarer - Montn X CUStOMEr s . o X Product, 1.150

1.60 1.57
TiMegarer - Month X CUStOMeErss . o X Product, ; 1.169

11.16 10.04
TiMeg arer - Montn X CUStOMeEr s . o X Product, 1.0 1.299

39.80 08 47
TiMeguarter - Month - week X CUStOMErs . oo X Product 1,0 ' 1.817




'DPH Extension - Motivation

= Prior work: DPH for only one product type

= DPH for an entire product hierarchy?
o A product hierarchy example

= &
" CPU, Memory,..
Desktop Hard disk type, Server \, . cpu

Hard disk type

Notebook Pointer device
LCD typel/size, ...
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'Product Hierarchy

= Product Differentiation

o Base on the substitutive and/or heterogeneous properties
of different products, we can classify and arrange all
products into a product hierarchy

= Product Hierarchy
o Hierarchical product differentiation
o Example:

A" CPU, Memory,..
p— ’ 0 /\-’N\
j e E |
Desktop uard'tdistk type, Server y, o cpu, Notebook - . _
/\Onlor ype e s type Eggtter dlev.lce
M ype/size, ...

= \_/./
Home power Business power
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Common Attributes in Product
Hierarchy

Common Attributes

o It is possible for different nodes have the same
product attributes

Home py, motherboard......
- - - Deskt
e < Business cpy, motherboard ......
o We may like to raise some of the attribute to a
higher planning level that called common attribute

Home Motherboard..:
- - - Desktop .p, Private Attributes

BUSIHESSMotherboard...

Common Attribute
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A Semiconductor Example

All
Package
ASIC Technology, Memory Target Appl,
Levels of Metal, Processor,
Size Speed

RQ RR
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A DPH Solution

ASIC Technology, Memory Target Appl,

Levels of Metal, Processor,
Size Speed

Product,, x Timey,,, X Customer,, /
RQ

|

Product,, x Timey,,, X Customergg

/\

Product,g,c x Timey,,, X Customergg Producty,ory X Timey,,, x Customergg

Product,g,c X Timey,, X Customergg. g¢ Producty,ory X Timey,,, x Customergg . g¢

Product,gcpackage) X TiMey,, X Customergg . g¢ Productyemorypackage) X TiMeye, X Customergg . gc

RR

r'()duCtASIC(Package, Levls of Metal) X TlmeYear X CustomerGG *+ GC PrOdl"K':'I:Memory(Package, Target Appl) X TlmeYear X CustomerGG + GC

)dUCtASIC(Package, Levls of Metal, Technology) X TlmeYear X CUStomerGG «GC PrOdUCtRR(Package, Target Appl) X TlmeYear X CUStomerGG +GC Prc’dUCtRQ(Package, Target Appl) X TImeYear X cuStomerGG «G

IUCtASIC(Package, Levls of Metal, Technology, Size) X TImeYear X CUStomerGG «GC PrOdUCtRR(Package, Target Appl, Processor) X TImeYear X CUStomerGG «GC PrOdUCtRQ(Package, Target Appl, Processor) X TImeYear X CustomerG
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'Balanced DPH - Example

All
//A\\Iizjckage
P rOd u CtA” ASIC Technology, M;\iilory Target Appl,
' SieZ\/eeS of Metal ,//// \\\\\S:E)Céceedssof,
Product,ypackage) Re a
Product Hierarchy
I:)rOduCtASIC(Package) PrOdUCtMemory(PaCkage)
Prod UCtASIC(Package, Size) Productyemer (Package, Speed)
L& A
N\ -
\\ -
Produ CtASIC(Package, Size, Technology)x Produ CtRR (Package;, Speed) P rOd_l_J?tRQ(Package Speed)
S \ P /’ - T ____________
~ ~ Q hg?_ : - 1|_ _____

For every branches, disaggregate by
one of the attributes or one of the middle nodes
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'Unbalanced DPH - Example

= We focus on product dimension only

Al Product,,
/,\\Package '
Prod uCtAII(Package)

ASIC Technology, MEI'I:IO ry Target Appl,
Levels of Metal, ~ . Processor,

Size //// \\\S\?:eed Prod UCtASIC(Package) PrOdUCtMemory(PaCkage)
RQ RR
I::.I’OdUCtASIC(PaCkage, Size) PrOdUCtMemOFY(PaCkage)
Product Hierarchy ‘ B 4

’/
-

I:)r()dl'lc’:'tASIC (Package,Size) Product

-

Disaggregate by one of the __--— ______ e mmmmmmm =

middle nodes or one of the
attributes at one step

Memory(Packag% Speed)

17



\ Optional Planning Constrains

= There are optional constrains that can be set
to prevent irrational hierarchical relations

a Example PrOdUCtAII(Package)

Product,g . Product

&

Product,, Product,,

Memory

Product, roductyemory

Productsgcpackage)Product Product g cpackage) roduct

Memory

Memory(Package)

Memory(Speed)
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System Architecture

g MDX Query

Result Dataset

Dimension Information Demand Planning

T-SQL

L

Result Dataset

DPH System - System Architecture

DPH system, OLAP database, metadata database
can be located in one system or separated systems

Platform: .NET; Language: C*



'DPH System Preview

= Planning Flow
a Create a New Project

New Project Wizard

o Allocate Dimensions

o Solve DPH Network

Top-down Greedy Search
Button-up Greedy Search

Dynamic Programming
Search

DPH System - User Interface
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DPH System Demo

= New Project Wizard
= Dimension Allocation
= Solve DPH Network
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‘New Project Wizard

Step 1 of 5:

Mewe Project Wizard

Step 1: Dusagorepation Strate g

# Description:

1. Belect a disagere gation strate gor
2. Check the check box if optional dissgeregation constrain iz applied

{* Balanced Dismgeregation

" Unbalanced Dizsaggregation

[~ Optional Dissgeregation Constrain

Cancel Back

DPH System - New Project Wizard
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‘New Project Wizard (cont,

Step 2 of 5:

ewe Project Wizard

Step 2: Meta Data Connection

# Field Description:
1. Berver: Server location. Ex. 127.0.0.1
2. Tar ID: Accownt that have the right to access the databass
3. Pazsword: Password of the nserid.

4. Databasze: Databasze name.

Server : ILJCﬂJhDST

Dzex ID : ISﬂ Password : I******

Datahase :

DPH System - New Project Wizard
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‘New Project Wizard (cont,

Step 3 of 5:

ew Project Wizand

Step 3: Froduet Hierarchor Infonmation Tables

# Field Description:
1. Product Info. Table: Table that describes product infommation.
2. Node Table: Table that describes the nodes tn prodoet hieraochor.
3. Aftribmte Table: Table that describes the attributes in prodoct hierarcher.

ProductInfo. Table |Pr|:udu1:ﬂn.f|:| ;I
Node Table - IHDdes LI
Attribute Table:  [Ates ]

DPH System - New Project Wizard
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‘New Project Wizard (cont,

Step 4 of 5:

ewe Project Wizard

Step 4: OLAF Connection

# Field Description:
1. Berver: Server location. Ex. 127.0.0.1
2. Ter ID: Acconnt that have the right to access the OL AP databaze.
3. Pazsword: Password of the nserid.

4. Databaze: Name of OLAF databaze.

5. Cube: Cube name.

SEIVeT - I].E?DD].

Oszer ID - ISﬂ Pazsword - I******
Databasge : IDPH_OLP:P Cube :
Cencel = S o

DPH System - New Project Wizard
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‘New Project Wizard (cont,

Step 5 of 5:

Mew Project Wizand

Step 5: Project Name and Project Eoot

# Fields Description:

1. Project Hame: Wame of this project.
2. Project File: Project file name and path.

Project Name : ITest Diata [Method 4]

ProjectFile - |D:‘DPH\pmjectﬂ.dpp

DPH System - New Project Wizard
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‘ Dimension Allocation

Step 1 of 2:

x|
Cube Name  Zelected Cube Measure
Dimensions [ Measures] [Cmantity] =l
?Eeogxlg%hv%m Time
Levelsofme
2 PackageD = | |
3 PartllaD Produnct Hiererchy
4 P
g.gchsmrD =+ | I
Bize
7 SpeedD Product A tinbuies
3. TargetapplD
9 TechnologvD
10.TimeD
3
Part Humbex
=
Geogmaphy
=
Other Dimensons
* |

Demo Defanlt Close




‘ Dimension Allocation (cont)

Step 2 of 2:

[DPH e ] Dimension £ 1los

Cube Name  Selected Cube

Dimensioms

Measure

X

| Measures] [Quantity]

Time

=

|10, TimneD
Product Hermmhy

|4 Pl
Product A tinbuies

1 LevelsfmetalD
2 PackageD

5 ProcesogD

0 2izeD

7 SpeedD

8 TargetapplD

9 TechnologvD

Fart Number

|3 PartiloD
Geography

|0.Geo graphyD

Other Dimencione
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'Solve DPH Network

Ul 1 of 2:

DHF Zolving - Top Down Greedy Search

| Stage (4/12), Node (154/182) [Need Calculation]

atage (07123, Node (000)
atage (07123, Node (0/3)
atage (0112, Node (1/3)
atage (07123, Node (2/3)
atage (07123, Node (3/3)
stage (1/12), Node (3/19)
stage (1/12), Node (5/19)
atage (1/12), Node (18/19)
atage (1/12), Node (19/19)
atage (2712}, Node (18/64)
atage (212}, Node (32/64)

Progress Log -

[Meed Caloulation] 0:0:330)

[Meed Calonlation] 0:0:800

[Meed Caleulation] 0:0:150)

[Meed Caloulation] (0:0:570)

[Meed Calonlation] 0:0:900

[Meed Calonlation] 0:0:900

[Meed Caloulation] 0:0:130)

[Meed Caloulation] 0:0:170)

[Meed Caloulation] (0:0:150)

[Meed Caloulation] 0:0:170)

[Meed Caloulation] (0:0:200) LI

Zloe

DPH System - Top-Down Search: Calculation

30



'Solve DPH Network o,

Ul 2 of 2:

=10l x]

Top Down Greedy Search Result =5
Time elapsed: 0:4:30:013
Fesult path detadl:

10400/ FELANALALY  0.394676857105415

105001¢ FEAIMANMG 2 0.395444012434935 0.3954440124340935

1152000 FEASIC&Memory (AN ! 0.309111114479738 0.794555126014673

11 &384000  EMMSICARRERQMALNG &/ 0.403443023730072 1.19799905065454

11 &3845001) FEIASICARR &R QY TargetapplDAALG 0.40344 3023730072 1.60144297430462

11 835402550011 FEASICARR &R WP rocessorD TargetapplDA AT 2 0.422234232605103 2.02367720708972

111835412584 &50011 FEASICARR &R WProcessorD &S peed Déde TargetapplDA(A I o 0.434938526680729 2.45861573377045

111 &3 54254850121 F{ASICERR AR ProcessorD &S peed Dée TargetapplDy (AN 0.4642400122752958 2492285574604 575

11 %3841 %254 550120 FILSICERR&RQPackageD&ProcessorD &S peed D& Targetappl DAL o! 0.589195499100967 3.51205124514671

1115354051 &254 550021 FEASICERR &R QW LevelofmetalD&Package D& FrocessorD &S peed D& TargetappIDA AL ! 0.736249603788377 4.24830084893509

1118354051 &2584 8584000021 FEASICERR &R LevelofmetalD&Package D& rocessorD &S peed D& TargetapplD& TechnologyDA(AID ! 0.737630006855545 4.08593184579064

1118354081 228384 £58060/2  FIASICARR&RQLevelsofmetalD&Package D& ProcessorDéS ize D&S peed D& Targetappl D& Technolo gy D (A W e/ 0.802662183574030

5.78850402036467

11 &384081 525384 8556012 FILSICARRARQLevelntmetalD & Package D& ProcemorD &S ize D &S peed D& Targetapp D& TechnologyDVPart Node!  1.0510817436603 6.83967577302497 b

2 &35AN &1 &25354 55501112 FEARICARR &R Levelsofmetal D& ackage D& rocessorD &S ize DS peed D& TargetapplDé TechnologyDiPart NodGe!  1.66146146729008 8.50113724031505

3N &35AN51 25354 555611020 BILSIC&RR&RQLevelofmetal D& Package D& rocessorD &S ize D &S peed D& TargetapplDéde TechnologyDvPart Nodde!  2.07178412195261 10.5729213622977 LI

DPH System - Top-Down Search: Result
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Case Study

= Dimension Considered: All
o Product Package
o Time
o Customer / Geography

= Product Dimension

o Total number of attributes ': ASICTechnology,Memoryrarget Appl,
8 Levels of Metal, Processor,

= Prior case: 4 Size Speed
o Possible attribute

combination: 1,126,182,528

= One-product case: 325,863 RQ PR

Case Study - Product Hierarchy

*1. Part Number is also considered
32



Case Study - Performance

System Architecture: stand along
o CPU: Pentium 4-m, 1.4G
o Memory: 512MB
Planning Strategy: Balanced DPH
Solving Time Cost (H:Mm:S):
o Weekly demand plan:
Top-down search: 0:3:19
Button-up search: 0:11:55
Dynamic programming search: 0:28:9
o Daily demand plan:
Top-down search: 0:4:26

Button-up search: 1:15:50
Dynamic programming search: 2:22:22
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Case Study -
DP Search

Left Sub-Tree

Product,g,c x Timey,,, X Customergg

Product,g,c X Timey,, X Customergg. g¢

Product,gcpackage) X TiMey,, X Customergg . gc

r'OdU""tASIC(Package, Levls of Metal) X TlmeYear X CUStomerGG - GC

)dUCtASIC(Package, Levls of Metal, Technology) X TlmeYear X CUStomerGG «GC I I

IUCtASIC(Package, Levls of Metal, Technology, Size) X TImeYear X CUStomerGG . GCI | PrOdUCtRR(Package, Target Appl, Processor) X TImeYear X CUStomerGG «GC PrOdUCtRQ(Package, Target Appl, Processor) X TImeYear X CustomerG

Product,, x Timey,,, x Customer,,

|

Product,, x Timey,,, X Customergg

PrOdUCtRR(Package, Target Appl) X TlmeYear X CUStomerGG «GC

AsIC Technology, MEI;I'IOI'y Target Appl,

Levels of Metal, e \\\ Processor,
Size // “._Speed
ye AN
/ N
RQ RR

/Right Sub-Tree

Productye,ory X Timey,,, x Customergg

Producty,ory X Timey,,, x Customergg. g¢

Productyemorypackage) X TiMeye, X Customergg . g¢

rOdUCtMemory(Package, Target Appl) X TlmeYear X CUStomerGG - GC

Prc)dl'ICtRQ(Package, Target Appl) X TImeYear X CUStomerGG <G
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Case Study -
D P s e a rc h (cont.) ASIC Technology, Memory Target Appl,

Levels of Metal, / \\\ Processor,
Size // “._Speed
/ AN

- ™

= Left sub-tree RQ RR

I:,rOduc':ASIC(Package, Levis of Metal, Technology, Size) X TlmeYear X Cus‘:°merGG - GC

Product ygic(package, Levis of Metal, Technology, size) X 11MEye,, X Customergg . o¢

Product g ic(package, y X Timey,, x Customergg . g¢

Levls of Metal, Technology, Size) - PartNo

Product . PartNo) X TIM€yq. . quarter X CUStOMeErg3 . o

ASIC((Package, Levls of Metal, Technology, Size)

Product g ic package, Levis of Metal, Technology, Size) - PartNo) X TIM€year . quarter - Month X CUStOMErgs o0

I:,rOdl'lc':ASIC((Package, Levls of Metal, Technology, Size) «+ PartNo) X TlmeYear * Quarter + Month + Day X Customel’.GG - GC
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\ Case Study -
DP Seal'Ch (cont.)

= Right sub-tree

All

A~
/
- .
~

Package

/ ™~

Memory 1, gt Appl,
AN
. Processor,
yd “._Speed
/ AN
// G

RQ RR

AsSIC Technology,

Levels of Metal,
Size

PrOducltMemory(Package, Target Appl) X TlmeYear X Cl"Is'l:omerGG +GC

PIFOductRR(Package, Target Appl) X TlmeYear X CustomerGG +GC

PrOductRR(Package, Target Appl, Processor) X TImeYear X CUStomerGG - GC

|:’rOductRR(Packalge, Target Appl, Processor, Speed) X TlmeYear 28 CUStomerGG +GC

PrOdUCtRR((Package, Target Appl, Processor, Speed) ¢ PartNo) X TlmeYear X CUStomerGG «GC

PrOdUCtRR((Package, Target Appl, Processor, Speed) - PartNo) 28 TImeYear * Quarter X CUStomerGG - GC

PrOdUCtRR((Package, Target Appl, Processor, Speed) - PartNo) X TlmeYear » Quarter - Month X CUStomerGG - GC

PrOdUCtRR((Package, Target Appl, Processor, Speed) - PartNo) X TlmeYear * Quarter » Month » Day X CUStomerGG «GC

Productzgpackage, Target Appi) X TiMeye, X Customergs . g¢

PrOdUCtRQ(Package, Target Appl, Processor) X TlmeYear 28 CustamerGG - GC

PrOdUCtRQ(Package, Target Appl, Processor, Speed) 28 TlmeYear X CUStomerGG * GC

PrOdUCtRQ((Package, Target Appl, Processor, Speed) + PartNo) X TlmeYear X CUStomerGG «GC

PrOdUCtRQ((Package, Target Appl, Processor, Speed) - PartNo) X TImeYear * Quarter X CUStomerGG +GC

PrOdUCtRQ((Package, Target Appl, Processor, Speed) - PartNo) X TlmeYear *» Quarter - Month X CUStomerGG - GC

PrOdUCtRQ((Package, Target Appl, Processor, Speed) - PartNo) X TlmeYear * Quarter » Month » Day X CUStomerGG * G(
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Feature Works

DPH - what-if analysis
Computation time improvement
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