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Chapter 3
Inventory Planning

Techniques You’ll Master

Keeping the right inventory at the right location and at the right
time

Understanding how an incorrect inventory position impacts
your customer service level

Calculating supply and demand variability to arrive at an opti-
mized inventory plan and understanding the different factors
within your supply chain that impact demand variability

Understanding how SAP Integrated Business Planning for Sup-
ply Chain (SAP IBP) leverages multistage algorithms to arrive at
safety stock values within your supply chain

Positioning inventory correctly within your supply chain to
attain the desired customer service level
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This chapter covers all certification-relevant topics for the inventory planning pro-
cess in SAP IBP for inventory. We'll describe the different steps and processes that
you’'ll execute in the system to arrive at an inventory plan.

Inventory planning is a business process finds the right inventory mix to keep ata
node in your supply chain. Planners need to balance the right mix of customer sat-
isfaction and inventory cost to arrive at the right inventory. SAP IBP for inventory
provides a platform for performing inventory planning in an optimized way to
help fix the mix of inventory within the entire supply chain network.

Real-World Scenario

As a consultant, you'll need to understand the underlying features and func-
tions of SAP IBP for inventory as an inventory planning solution, and you
must be comfortable explaining this technology to your customers in simple
terms. In an ideal world, a company wouldn’t need inventory. When demand
comes in, the vendor would supply raw material on time, the manufacturing
plant would produce the product on time, and we would ship the product to
customers on time and thus meet customer demand. In reality, you're deal-
ing with variability, and to handle variability in raw materials and produc-
tion, you'll need an inventory buffer at each node within your supply chain
to meet customer demands on time. But how much inventory you should
keep at each node? Do you need to keep inventory at each node, or is keeping
inventory only at a customer-facing node enough? Can you handle this prob-
lem through flexibility in your manufacturing or logistics process? Another
way of looking at this problem is that someone or something must wait,
whether that’s assets or logistics waiting to be expedited or engaged, inven-
tory waiting for a customer order, or customers waiting for a delivery.

Thus, as abusiness, we are always making tradeoffs and must realistically bal-
ance between flexibility, inventory, and customer service. The right answer is
almost always a combination of all three. We need to deploy inventory tar-
gets across the supply chain, meeting service level objectives at the lowest
cost. If you cannot achieve the right balance and deploy too much inventory,
your finance department won't be happy. If you don’t have enough inven-
tory, you cannot fulfill orders; thus, customers are unhappy. If you have right
inventory but at wrong place, your supply planners are unhappy. Therefore,
you need an advanced optimization algorithm, such those found in SAP IBP
for inventory, that can provide the optimal calculation and information
needed to decide where the balance of inventory should reside for your orga-
nization.

Inventory Planning Basics Chapter 3

3.1 Objectives of This Portion of the Test

The purpose of this portion of the certification exam is to test your general knowl-
edge on the inventory planning process in SAP IBP for inventory.

The certification exam expects you have a good understanding of the following

topics:

m Overview of inventory planning techniques for safety stock

m Different components of inventory planning

m How to calculate demand and supply variability as an input for inventory plan-
ning

= Inventory planning with multistage algorithms

= Inputs and outputs for multistage inventory planning

Note
The topic of SAP IBP for inventory planning makes up around 8% of the total exam.

3.2 Inventory Planning Basics

In the real world, you're constantly dealing with uncertainty, and to deal with
uncertainty within your supply chain, you need inventory. You'll also need a con-
sistent, reliable, and optimal cost model so that the right decisions can be made.
The following questions are important to ask:

m Should you handle variability and uncertainty by simply having inventory in
stock?

m Should you handle variability and uncertainty through flexibility in manufac-
turing or logistics or expenditures?

m Do you require customer flexibility in service levels (or do we make them wait)?

Figure 3.1 shows how businesses must make tradeoffs, or more realistically, strive
toward a balance between flexibility, inventory, and customer service. SAP IBP for
inventory helps position the right amount of inventory within your supply chain
with the objective of maintaining the end service level for your customer. While
calculating the right inventory at each node, SAP IBP will consider demand and
supply variability across your entire supply chain. Before we dive more deeply into
multistage inventory optimization, let’s try to understand some basic concepts
behind inventory planning.
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Inventory
Inventory waiting
for orders

Working
Capital

Tradeoffs

Capital Investment Lost Sales
Expenditures Customer Flexibility

Flexibility Service
Assets waiting for use Customers waiting
(production/logistics) for product

Figure 3.1 Inventory Balance

3.2.1 Inventory Planning Elements

Let’s look at how an inventory planning process would work in an ideal world. Typ-
ically, in a planning process, you would start with demand planning and then cre-
ate a supply plan against that demand, but between the demand plan and the
supply plan, you must have an inventory strategy to help decide how much inven-
tory you'll keep at each node. Once you have these numbers, then you can execute
your supply plan or your material requirements planning (MRP) run, which will
consider inventory as one demand element and ensure that the right inventory is
maintained.

So, what’s included in an inventory strategy? First, you'll need to define the follow-
ing planning elements for a material:

= MRP type

The MRP type is typically defined within an execution environment and essen-
tially determines how and when a material is to be planned or to be made avail-
able for fulfilling a requirement. For example, a material of MRP type PD will be
considered by an MRP run for planning and triggering a procurement proposal
after the net requirements calculation is complete, also called cycle planning.
For a material of MRP type VM, the system will calculate the reorder point and
the safety stock using the past historical consumption data to derive future
consumption patterns where the reorder point can be automatically calculated
by the system.

Inventory Planning Basics Chapter 3

m Replenishment lead time
A replenishment lead time represents the total period of time required to pro-
cure or manufacture an item.

m Lot or batch size
The lot or batch size essentially determines the order quantity for an order
whenever they are placed for replenishment.

m Safety stock and reorder point level
Safety stock is the minimum inventory level typically maintained to account
for uncertainty in your supply chain. As soon as stock drops below the cycle
stock level, an order is placed for products according to an automatic reorder
point level so that you never need to dip into safety stock.

One of the most important elements for inventory planning is stock. Several types
of stocks may exist in an inventory planning strategy:

m Safety stock

The stock for products, materials, or raw materials typically used when the
actual demand exceeds a sales forecast or if production output is less than
planned. Seasonal supply and demand fluctuations may require that your orga-
nization hold safety stock at certain times throughout the business cycle. Like-
wise, geographic remoteness or the distance between your business and its
suppliers could reduce the frequency of deliveries or necessitate longer lead
times.

m Cycle stock
The products, materials, or raw material ingredients that a company keeps for
fulfilling its minimum production quotes. Cycle inventory is crucial to an orga-
nization because regular business operations use or “cycle” the inventory fre-
quently. Managing cycle inventory effectively will help organizations ensure
that the customer demand is meet with high-quality products.

m Pipeline stock
The products, materials, or raw materials that are in transit between the various
locations of your supply chain. Maybe the inventory is on its way to a factory
from alarge distributor, where it will be turned into finished goods inventory or
on its way from a factory to a retailer to become merchandise inventory. The
point to emphasize is that all pipeline stock has yet to reach its final destination.

3.2.2 Inventory Planning Methods

Two main methods for inventory planning exist, which we’ll discuss in this sec-
tion. The first method of inventory planning is cycle planning. Figure 3.2 shows
cycle planning using safety stock, which requires the following setup:

1. The period between review parameter is defined.

2. An order schedule is assigned for each product. The product plan in created on
a schedule.
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3. On the day of an order, automatic cycle planning is performed according to the
following formula:
Requirement = Demand during period of the lead time and planning cycle + Safety
stock — On-hand stock - Pipeline stock
Using cycle stock has certain advantages and disadvantages. One advantage is that
it will reduce labor costs for requests and deliveries to be met according to sched-
ule. Your organization can balance resources for production, transportation, stor-
age, and procurement across weeks and months. One disadvantage is that the
order is only placed on a specific planned day, and it is required to define and set
the period between reviews.
Lead Time
4 ——
v
3 Period 1 { Period2 { Period3 i Period4
= Legend:
> Order
£ Delivery { D On-Hand Stock
%
E Unsold - Pipeline Stock
Stock
Order Place Date
................ ........ /.. Order Goods
Receipt Date
Cycle Stock
Safety Stock ‘/
Time
Order
Placed “———y——’
Period between
Reviews

Figure 3.2 Cycle Planning Using Safety Stock

The second method of inventory planning is continuous review planning using a
reorder point, as shown in Figure 3.3. Within continuous review planning, a reor-
der point parameter is defined. Orders are created as soon as the current stock plus
the pipeline stock drops below the level of the reorder point. Automatic planning
with reorder points is carried out according to the following formula:

Reorder point = Safety stock + Demand during lead time
Requirement = Order point — On-hand stock — Pipeline stock

Some advantages with the reorder point method are that the material is ordered
on the same day that the stock falls below the reorder point and that typically the
delivery size is fixed and equal to the lot size. Disadvantages include high labor
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costs for daily inventory review and that organizations must define and maintain

lot sizes.
E . . . .
E_. Period 1 . Period 2 . Period 3 E Period 4
?  Order ' '
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qé : Legend:
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Safety Stock
atety stac Safety Stock
® ® o -
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Figure 3.3 Continuous Review Planning Using Reorder Points

3.2.3 Inventory Demand Patterns

Organizations often carry many different kinds of products that follow different
demand patterns, and thus, segmenting your products for inventory planning is
important. Your inventory could be managed much like your refrigerator, where
various products are managed according to different inventory and product/
procurement principles in the following ways:
m Uneven (lumpy): Refrigerator light bulb and cooling element (manual reorder
point)
— Ifthe light bulb in your fridge blows, or the cooling element breaks, we must
buy new spare parts.
— Predicting when the light bulb will blow is impossible, and getting a new bulb
immediately might be difficult.
m Erratic: Eggs and pasta (automatic reorder point)
- Occasionally, we buy eggs and pasta when we go shopping.
— We monitor our inventory and make purchases accordingly.
m Intermittent: Champagne and strawberries (make-to-order planning)
— We only buy champagne and strawberries for special occasions.
— These products are too expensive and/or too perishable to keep as standard
products in the fridge, so we only buy them for special occasions.
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m Stable: Milk and bread (cycle planning)
— We buy milk and bread every time we go shopping.
- The demand is stable, and the likelihood that the product will expire before
use is low.
The same principles can be applied when classifying products within your organi-
zation. One example of classification is the segmentation of products into groups
based on demand variations (coefficients of variation [CVs]) and frequency of
demand. SAP IBP for inventory offers a standard ABC/XYZ segmentation function-
ality to classify products. Figure 3.4 shows how products can be segmented based
on demand variability and demand volume or cost.
A
High
AX AY AZ
Hight value/importance Hight value/importance High value/importance New Materials
0 Stable requirements Demand volatility Intermittent requirements
"g Accurate forecast Low forecast accuracy Alerts/exception management
O Alerts/exception management Alerts/exception management
6
GEJ BX BY BZ Phase-Out
: , d
=] Medium value/importance an
g Intermittent requirements Dead Stock
-g Alerts/exception
©
g X cy cz
o) Low value/importance ProijCF
Intermittent requirements Substitution
Almost impossible to forecast
Alerts/exception
ey Demand Variability High

|:| Expert knowledge of a specialist. High focus on planning processes and their control.

|:| Periodic review of automatic planning parameters. Medium focus on processes.

I:l Less effort for automatic planning. Low to medium focus on processes.

I:l Automatic planning. Almost no or low focus on processes.

Figure 3.4 Product Segmentation

For example, a product that falls in the top-right corner of Figure 3.4 is of high
value but has intermittent requirements—perhaps a new material introduced on
the market. Expert knowledge from a specialist might be required for planning. In
contrast, a product that falls in the lower-left corner features less demand variabil-
ity and can be set up with automatic planning with almost no or low focus on the
planning process.
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3.2.4 Inventory Planning Drivers

For inventory planning with SAP IBP, five key drivers make up the following for-
mula:

Target stock = Safety stock + Cycle stock + Pipeline stock + In-process stock + Vendor
in-transit stock

Let’s walk through each driver:

m Safety stock is driven by total propagated demand uncertainty through the
exposure period, which includes lead time and period between review. Internal
service level and lot size are additional parameters that drive safety stock.

m Cycle stock is driven by total propagated demand over replenishment fre-
quency (period between review) and lot size.

m Pipeline stock is driven by total propagated demand over the length of internal
sourcing lead time (internal transportation) and lot size.

m [n-process stock is driven by total propagated demand over the length of manu-
facturing lead time and batch size.

m Vendor in-transit stock is driven by total propagated demand over the length of
transportation lead time sourced from a vendor and lot size.

3.3 Demand and Supply Variability

In the real world, things work unexpectedly. Demand will be volatile, your supply
may not fulfill inventory on time, and your production may face challenges in
adhering to the production plan, all of which creates great uncertainty within your
supply chain. To take care of such uncertainties, having enough safety stock is key.
Let’s consider a simple example of a main distribution center (DC) where we have
demand from customers and from regional distributors, while the supply is com-
ing from a supplier and from manufacturing plants.

Figure 3.5 shows that the demand side is not completely predictable. Multiple fac-
tors can impact demand, such as the following:

® Youmight simultaneously have an internal demand from a regional warehouse
and an external demand from customers.
® You might have forecasted demand, but every forecast has forecast errors.

m Demand may follow various patterns (such as seasonal, trend, or intermittent
demand patterns).

m Your customer-facing DC or warehouse will need to maintain specific service
levels or fix inventory thresholds.

m Your forecast might have a consistent over- or under-forecasting bias.

m In certain cases, your demand might have outlier values due to promotions or
some unknown factor.
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Supply chains should consider all these factors to handle demand variability.

Similarly on the supply planning side, Figure 3.5 shows multiple factors that you
must consider based on the source of supply (either in-house manufacturing
or procurement from a supplier). Various factors that will impact your supply
include the following:

m Procurement lead time from a supplier or a warehouse location

= Late supplies or delays in procurement from a supplier or a warehouse location
Production or distribution batch or lot size

Multiple sources of supply based on various parameters such as seasons

Time-varying bills of material (BOM:s) or product substitutions

/ o

Lead-time Demand
Variability Variability

Suppliers \ HE -

Central
Distribution \
Center

Suppliers ~

Distribution
Center

Internal Service
Variability

Figure 3.5 Uncertainty in Demand and Supply

We've listed various factors impacting demand and supply variability at an indi-
vidual node within a supply chain, but imagine you have multiple nodes in your
supply chain. Then, the cumulative effect of all these factors is multiplied. More
often than not, supply chains are complex and have multiple nodes, and thus, the
variability and uncertainly at every point in an enterprise-wide supply chain are
linked. SAP IBP for inventory’s approach is to have safety stock buffers to account
for all possible forms of uncertainly in your supply chain.

3.4 Multistage Inventory Optimization

An important function of SAP IBP for inventory is the optimization of your inven-
tory, also referred to as the safety stock calculation. In this section, you'll learn how
the traditional approach to safety stock calculation has been optimized in SAP IBP
for inventory via a multistage approach. We’ll walk you through the key calcula-
tions in a multistage approach and discuss its associated formulas.

Multistage Inventory Optimization Chapter3 97

3.4.1 Traditional Approach for Safety Stock Calculation

Before we dive more deeply into multistage inventory optimization, let’s first
understand how safety stock is calculated in the traditional approach and explore
the disadvantages of this approach. Within the traditional approach, demand vari-
ability is first calculated. The average sales over the historical period and the corre-
sponding variability of actual consumption from the average are calculated. Then,
you'll apply the idea that safety stock is needed to cover variations in consump-
tion. The required safety stock depends on the boundaries of the variation. The
boundaries determine what share of sales must be covered by safety stock. These
boundaries relate to the target customer service level.

Figure 3.6 shows the traditional approach. Note how demand variability is calcu-
lated by leveraging a normal distribution curve. Products are analyzed based on
sales data and compared to the forecast.

Sales Statistics over Time

14000
[ ]

°
12000 | @ a.._n..__-_____.‘__.._.._l _______________________________ \
10000 o ® o )
° ° L4 o °

8000 0 ol = _ e

Ld
6000 o1 ® o 5

o [ ]
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° ° ° Distribution Curve
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Example)

Math: Quantiles for Normal Distribution Curve

Probability 99,99 | 99,90 [ 99,00 97,72 97,50 | 95,00 90,00 | 94,13 [ 50,00

Quantile 3,715 3,090 | 2,326 2,000 | 1,960 | 1,645 1,282 | 1,000 | 0,000

* Decision on Target Service Level

Figure 3.6 Traditional Safety Stock Calculation

Additionally, target service levels for each product and customer are defined. Based
on these two inputs, safety stock is calculated with the following formula:

Safety stock = z x o x VLT

Note ((

This equation uses the following variables:
m [T:leadtime

m z: Probability factor for target customer service level

m o: Sales variability (standard deviation)
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While using the standard formula for safety stock, several disadvantages should be
noted:

= The standard formula will only consider a single node when calculating safety
stock.

m The formula does not consider supplier reliability.
m Standard safety stock is not time dependent.

= The formula uses a normal distribution statistical function that may be unsuit-
able for all kinds of demand (such as intermittent demand).

3.4.2 Multistage Approach for Safety Stock Calculation

To address the challenges faced during traditional single-stage optimization, SAP
IBP for inventory offers multistage optimization. Multistage optimization in SAP
IBP for inventory will find the optimal service level, with the minimum total safety
stock overall, within the whole supply chain across different locations and BOM
levels to meet the target customer service level.

The left side of Figure 3.7 shows the traditional approach where the planner inputs
the service level as one of the parameters at each node within the supply chain.
The system will then calculate the safety stock and cycle stock at each node with
the objective of maintaining a service level at the end node as well as for the inter-
nal nodes supplying the end node, ultimately increasing the total inventory in the
supply chain.

With the multistage algorithm shown in Figure 3.7 on the right side, you only need
to input the service level for the final customer-facing node, and the system will
recommend the service levels for the other internal nodes with the objective of
maintaining the service level at the end node, ultimately reducing the total inven-
tory located at various nodes in your supply chain.

Stage

s oo JEEE
[%I[].]Jw‘-w,_,u,q,.\,k_«_. e

Safety Stock

Cycle Stock

Traditional Approach Multistage Optimization in SAP IBP

Stage

1 2 1

L] )
LILIR:

05L=95% 05L=95%

______ —--- Totalinventory in the

o supply chain is lower.
Safety Stock .
| Legend:
i i i Cycle Stock i i E OSL = Overall Service Level
SL = Service Level

Figure 3.7 Traditional and Multistage SAP IBP Optimization

SAP IBP for inventory leverages gamma probability distribution when calculating
future demand to describe the probability of the distribution of demand over the
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exposure period, which includes the delivery period and the planning cycle. Using
gamma distribution allows you to model demand patterns accurately and pre-
cisely. Some characteristics of a gamma distribution model include the following:

m A Gaussian distribution is a special case of a symmetric gamma distribution.
m A gamma distribution can be symmetrically/asymmetrically skewed.

m The demand described by a gamma distribution is always positive and continu-
ous.

m An exponential distribution is a good approximation of the intermittent
demand usually needed for slow-moving items.

Safety stock calculation is primarily focused on forecast error and service level tar-
gets. The forecast error is modeled using gamma distribution, which can be asym-
metric or symmetric. If symmetric, then a normal distribution can be used in the
calculation. As shown in Figure 3.8, gamma distribution was selected to improve
the accuracy of the inventory targets for items with lumpy demand, items with
intermittent demand, and for slow-moving items.

Very rare demand. 90% of the time, no demand exists;

when demand exists, the order is for 1 to 4 PCs.
08

Small and stable demand. 90% of
0.7 orders are for 1 PC.

&

Variable demand. The spread in
demand is shifted to the right.

oS

o4t

Even more variable demand with an average value
of 7 PCs. The spread in the magnitude of demand
is even greater. But the positive and negative
scatter is symmetrical. Such demand can be
described as a nearly normal distribution.

0.3

o2

Cases with Such Demand Quantity (%)

o s L] 15 g o]

Demand (PCs)
Probability Density Functions of Gamma Distributions with Various Shape and Scale Parameters

Figure 3.8 Gamma Distribution

3.4.3 Demand Uncertainty Calculation
You can incorporate demand uncertainty into safety stock calculations in two
ways:

m Review the demand history based on the average of actual sales
In this scenario, safety stock is at risk if the delivery is more than the average
sale. Safety stock is also a fixed number throughout the time horizon and
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doesn’t vary with changes in forecasting. The CV is calculated by the difference
between the average of actual sales compared to actual sales.

m Review the demand history based on the forecast
In this scenario, safety stock is at risk if the delivery is more than the forecast
quantity. The advantage over the previous method is that the safety stock var-
ies per period, following the forecast. The CV is calculated by the difference
between the sales forecast and actual sales.

To optimize safety stock, additional processing and classification steps are per-
formed when calculating the forecast error CV in SAP IBP for inventory, via the
Manage Forecast Error Calculations app. Within the forecast error calculation pro-
file, you can input key figures based on which the forecast variability will be calcu-
lated, such as 10 Sales and 10 Demand Forecast, as shown in Figure 3.9. You also
have the flexibility to select a forecast error method, such as mean absolute per-
centage error (MAPE) or mean absolute deviation (MAD), based on which the CV is
calculated. Further, you can define an output key figure where the result will be
stored, for instance, 10 Historical Forecast Error CV.

Forecast Error Calculation Profile v Q O ® 0 Gl

Periodicity of Calculation Level: Week

Calculated Bias

and 3 more

Figure 3.9 Forecast Error Calculation Profile

Key parameters to configure for this calculation include the following:
= Time periods in the past (offset used for time periods)
m Default CV value and maximum CV value

m Replace null value by zero

Multistage Inventory Optimization Chapter 3

Exclude outliers from forecast error

Adjust bias of forecast

Consider intermittency of sales history

Basis of percentage error

3.4.4 Lead-Time Uncertainty Calculation

Another key input to calculate safety stock with SAP IBP for inventory is lead-time
uncertainty, which may include uncertainty in procurement, production, and
transportation lead times. For example, as shown in Figure 3.10, a delta value must
be calculated based on the lead time (based on master data) compared to the actual
lead time (based on a goods receipt for a shipment or an actual production order
completion date).

= Tolerance Time
Planned Delivery Date

Actual Delivery Date

Order Date ALT ALT llins
AN v J
AN ~ J
Actual Lead Time

Figure 3.10 Lead-Time Variability

The lead-time CV is an input parameter for safety stock calculation in SAP IBP for
inventory. The following factors are considered when calculating the lead-time
CV:

m You must have enough orders in the past to perform lead-time CV calculation.

m Ifnot enough orders are available, then user-provided values can be leveraged.
= Qutlier detection considers both planned and actual lead times.

m The calculation for actual lead-time mean and lead-time CV uses the following
formulas:

Planned LT = Delivery date — Create date

Actual LT mean = Maximum (GR dates) - Create date
LT delta = abs (Planned LT — Actual LT mean)
Lead-time CV = o(LT delta) / average (Actual LT mean)

As shown in Figure 3.11, to calculate lead-time variation, you'll need enough pur-
chase orders. If enough purchase order records are available, then you can calcu-
late the lead-time variation based on actual lead time and shipment information.
However, if a sufficient number of purchase orders is not available, then you must
provide lead-time variability so that SAP IBP can generate a safety stock recom-
mendation.
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Start
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number of
purchase order
records?

Yes No

v Y

Calculate
O Actual lead-time mean
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i
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QO Actual lead-time mean ~ ——Fnd
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User-provided values:
O Actual lead-time
mean
O Lead-time CV

Figure 3.11 Lead-Time Calculation

3.4.5 Customer Service Levels

Our primary goal when calculating safety stock is to maintain customer service
levels. But a key question is what customer service level you should target. The
higher the customer service level you're targeting, the higher the inventory you'll
need to maintain within your supply chain. Thus, an optimum level should be tar-
geted based on your organization’s goals. How can you measure achieving the cus-
tomer service levels you are striving for?

You can measure customer service levels in two ways:

® Quantity driven (fill rate)

The fill rate is the percentage of product demand fulfilled from the current
inventory. The fill rate is calculated over a specific volume of demand rather
than over time. For example, out 0of 1,000 units ordered by customers, 650 units
may have been fulfilled from inventory on hand, so the fill rate is 65%.

With SAP IBP for inventory, the setting for this service level type is F, also known
as the B service level. Usually, the B service level is utilized within service-related
opportunity cost. This service level accounts for partial deliveries and is related
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to some basic key performance indicator (KPI) definitions, such as fill rate and
on time in full (OTIF).

To calculate an f service level, you'll need to calculate the fill rate. In the exam-
ple shown in Figure 3.12, out of the 150 PCS that were ordered, you were able to
fulfill 142 PCs, and thus, the B service level is 94.6%. The following formula was
used for this calculation:

Total volume of orders supplied
Total demand ordered

B service level =

B-Service Level
Also Known as "Fill Rate"
Setting in SAP IBP: Service Level Type F

Example

Fulfilled 142 of 150 PCs (“Fullfillment Rate”)
B Service Level is 94.6%

Amount Delivered On-Time/Ordered Amount
(Fulfillment Rate)

Figure 3.12 B Service Level

m Event driven (order fill rate)

The order fill rate, also known as the non-stockout probability (NSP), is the per-
centage of customer orders delivered in full from the available inventory. The
order fill rate is calculated over a specific volume of customer orders received.
For example, out of 1,000 orders received, 200 orders were fulfilled from the
inventory on hand, so the order fill rate is 20%.

In SAP IBP for inventory, the setting for this service level is A, also known as the
a service level. Usually, the a service level does not provide much information
about the duration of stockout or back log volumes. This calculation does not
consider order queues or partial deliveries and is often used when backorders
cannot be processed.

To calculate the a service level, you must calculate the order fill rate for cus-
tomer orders. In the example shown in Figure 3.13, out of 10 orders, 2 orders
were incomplete or unfulfilled, and thus, the a service level is 80%. Calculating
the o service level uses the following formula:

# of cycles with no stockouts
Total # of cycles

a service level =
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a-Service Level

Also Known as "Cycle Service Level" or NSP
Setting in SAP IBP: Service Level Type A

Example 25
23

2 Incomplete Orders (Stockouts)
a Service Level is 80%

Probability of Stockout of Any Magnitude
during Replenishment Cycle

Figure 3.13 a Service Level

Table 3.1 shows an example of how the different service level types can impact the
inventory level.

Period Order On-Hand Percentage of Demand Whether Demand Is
Quantity Quantity Met (Fill Rate) Met Entirely (NSP)

1 1,000 1,000 100% Yes

2 2,500 2,500 100% Yes

3 3,000 2,500 83.3% No

4 2,000 2,000 100% Yes

5 0 0 100% Yes

6 1,000 1,000 100% Yes

7 1,500 1,500 100% Yes

8 4,000 2,500 62.5% No

Average 93% 75%

Table 3.1 Service Level Impact

Table 3.1 shows an example comparing the fill rate and NSP service level ap-
proaches. The modeling graph in Figure 3.14 shows that the equal stock of 200 may
be triggered by a 90% fill rate or by a 50% NSP.

TIP versus Service Level Measures

Service Level

100 150 200 250 300

Target Inventory Position

Figure 3.14 Target Inventory Position versus Service Level Measures
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3.4.6 Multistage Safety Stock Formula

Now that you understand the traditional safety stock calculation, including its
underlying concepts like demand uncertainty, lead-time uncertainty, and cus-
tomer service levels, let’s look at the formula in SAP IBP for inventory for the
reconstruction of safety stock, as shown in Figure 3.15.

Safety Stock = z SL * ch « LT + ub * ofp

Probability Density = Demand Lead Time Demand Lead-Time
Function Variability Variability

Figure 3.15 Multistage Safety Stock Calculation

This formula considers lead-time variability but does not consider lot sizes. SAP
IBP for inventory does not rely on a simple relationship or a rule of thumb but
rather uses a complex supply chain model and mathematical optimization to find
the lowest cost inventory targets that meet the desired customer service levels.
Based on the method you choose to calculate the customer service level (NSP or fill
rate), your safety stock might vary.

3.5 Inventory Inputs and Outputs

To calculate safety stock with SAP IBP for inventory, some operations must be exe-
cuted in sequence, as shown in Figure 3.16. First and foremost, the forecast error is
calculated, which will act as an input in the global multistage inventory optimiza-
tion process. Once the safety stock for finished products is calculated from global
multistage optimization, then the last step is to calculate the target inventory for
the required components.

3) Single-Stage Inventory

|

: Optimization (Optional)
1) Forecast Error CV Calculation ’ }‘ 2) gﬁ?ﬂig;/ltilolt:tage) Inventory ’
3) Calculate Target Inventory
Components

700 700

600 600 Components

500 500 [

400 400 7

300 300

200 200

100 Safety Stock 100

0 0 I

Figure 3.16 Relationships among Various SAP IBP for Inventory Operators
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Let’s walk through this sequence in more detail:

1

Calculate forecast error CV operator

This operator calculates the forecast error CV and other error measures from
the historical demand forecast and the actual historical demand. These outputs
can serve as key inputs to the global (multistage) inventory optimization oper-
ator, which has the following capabilities:

- Calculates values for the scope defined by planning filters or Microsoft Excel
view filters

— Allows for flexible operator settings to adjust the forecast error CV

— Enables you to specify a past time horizon over which CV will be calculated
— Inputs planning levels at which CV will be calculated

— Uses the sales order as an input key figure and the CV as an output key figure

— Allows adjustments in calculation method (MAD versus MAPE), in forecast
bias, in outlier detection, and more

. Global (multistage) inventory optimization operator

This operator will optimize safety stock globally and simultaneously across all

products and locations in your supply chain while considering demand uncer-

tainty, supply uncertainty, supply quantities, lead times, costs, and service lev-

els. Figure 3.17 shows the flow for a multistage inventory optimization process,

which has the following capabilities:

— Propagates forecast and forecast variability to internal (upstream) nodes of a
supply chain network

— Propagates forecast and forecast variability to stocking nodes that have cus-
tomer demand

— Optimizes internal service levels between internal (upstream) nodes of your
supply chain network

— Calculates safety stock targets, backorders, and average expedited quantities

— Calculates values for your whole supply chain network

Policy Demand Lot Size Sourcing

Parameters and Lead Quotas
Time and BOM
v Y * *

Propagate forecast
and variability to
customer-facing

Propagate forecast Lo Calculate safety
ST Optimize internal
and variability to . targets, backlogs,
. service levels
internal nodes and lost demand

nodes

Figure 3.17 Global Multistage Inventory Optimization
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. Calculate target inventory components operator

This operator will calculate target inventory components, as shown in Figure
3.18. Recommended safety stock, cycle stock, and pipeline stock are various
component of target inventory. This operator has the following capabilities:

- Runs a calculation with respect to optimal inventory targets

— Estimates targets, average quantities and currency values of the inventory
position, on-hand stock, cycle stock, pipeline stock, and merchandising stock

— Supports minimum stock requirements and cost per unit as inputs

— Calculates the reorder point and the days of supply for recommended safety
stock and for on-hand stock (target, average, and end of period)

— Calculates values for the entire network

Inventory Policy Demand Lot Size Sourcing
Constraints Parameters and Lead Quotas
Time and BOM
A A Vl ¢ ¢
Calcu!ate Calculate forms of
Propagate forecast unconstrained net h
5 ; inventory as target
to customer-facing requirements and .
and average in
nodes propagate through )
quantity and days
network

Figure 3.18 Target Inventory Component Operator

4. Decomposed (single-stage) inventory optimization operator

In certain cases, you want to see the impact of multistage inventory optimiza-
tion with changes in inputs at a certain location. To handle such a requirement,
the single-stage inventory optimization operator can be executed, which will
recommend the safety stock only for the executed location without the taking
variability of the entire supply chain into account. Figure 3.19 shows the single-
stage optimization process flow, which has the following capabilities:

— Ideal for running simulations where you want to determine the impact on

recommended safety stock for local changes to input key figures

— Optimizes recommended safety stock locally for any combination of prod-
uct and location

— Requires a successful run of the global multistage inventory optimization
operator

— Calculates values for a scope defined by the planning filters or Microsoft
Excel view filters

— Additionally useful for producing missing data when you have an individual
customer-facing node of the supply chain with incomplete inventory data
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Multi-Echelon Internal Policy Demand Lot Size Sourcing
Service Level Impact Parameters and Lead Quotas
Time and BOM
l v 2 v
v

> Single-Stage Inventory Calculation >

Figure 3.19 Single-Stage Inventory Optimization Operator

3.6 Key Terminology

The following terminology relevant to SAP IBP for inventory is important for the
exam:

Customer service level

Customer service level is a key input to SAP IBP’s inventory optimization algo-
rithms. Based on the desired service level, the safety stock will be calculated. The
greater the service level, the greater the recommended safety stock.

Cycle stock

The stock for products, materials, or raw material ingredients that a company
keeps to fulfill minimum production quotes.

Demand variability

Demand variability is the variability that occurs between the forecasted quan-
tity and the actual sales order.

Lead-time variability

Lead-time variability is the variability that occurs on the supply side. This vari-
ability could be related to a supplier not delivering by agreed dates or related to
production not operating on schedule.

Multistage inventory planning

Multistage inventory planning is an algorithm that considers demand and sup-
ply variability across an entire supply chain and then calculates the right safety
stock for each node to achieve the desired service level for the end customer.

Pipeline stock

The stock for products, materials, or raw materials that are in transit between
the different locations of a supply chain.

Safety stock

The stock for products, materials, or raw materials typically used when the
actual demand exceeds a sales forecast or if the production output is less than
planned.

Practice Questions Chapter 3

Single-stage inventory planning

Single-stage inventory planning is an algorithm that considers demand and
supply variability one node at a time within your supply chain and then calcu-
lates the safety stock for that node to achieve the desired service level for the
node.

3.7 Practice Questions

These practice questions will help you evaluate your understanding of the topics
covered in this chapter. The questions shown are similar to those found on the cer-
tification examination. Although none of these questions will be found on the
exam itself, they will allow you to review your knowledge of the subject. Select the
correct answers and then check the completeness of your answers in the next sec-
tion. Remember that you must select all correct answers on the exam and select
only correct answers to receive credit for the question.
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Which of the following are stock types for inventory planning? (There are
three correct answers.)

A. Safety stock

B. Cycle stock

C. Pipeline stock

D. Projected stock

SAP IBP for inventory will assist organizations in managing supply chain
uncertainty. True or false?

A.True

B. False

Which of the following are the three main outputs calculated by SAP IBP for
inventory? (There are three correct answers.)

A. Recommended safety stock

B. Projected stock

C. Reorder point

D. Customer service level

E. On-hand stock
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Which of the following is not a type of uncertainty that can be modeled in SAP
IBP for inventory?

A. Demand variability

B. Lead-time variability

C. Production variability

D. External service level variability

The multistage algorithm will consider demand supply variability at each
node to come up with the right safety stock at each node. True or false?

A. True

B. False

What are the key inputs for the multistage inventory planning algorithm?
(There are three correct answers.)

A. Demand variability

B. Supply variability

C. Customer service level

D. Internal service level

E. Safety stock

Within an enterprise planning cycle, the output of an inventory planning pro-
cess can serve as an input to which of the following planning cycles?

A. Demand planning

B. Supply planning

C. Sales planning

D. All of the above

After multistage inventory planning, safety stock might be increased at some
stocking locations. True or false?

A.True

B. False

SAPIBP for inventory will help to calculate safety stock for which of the follow-
ing material types?

A. Finished goods

B. Semifinished goods

C. Raw materials

D. All of the above

10.
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SAP IBP’s multistage inventory algorithm can help organizations reduce over-
all inventory levels within their supply chains while maintaining the desired
customer service levels. True or false?

A.True

B. False

Which forecast error method can be used currently in SAP IBP to calculate the
coefficient of variation (CV) for demand variability? (There are two correct
answers.)

A. Mean absolute error (MAE)

B. Mean absolute deviation (MAD)

C. Root of the mean square error (RMSE)

D. Mean absolute percentage error (MAPE)

Which service levels can SAP IBP calculate? (There are two correct answers.)

A. Maintenance service level
B. a service level
C. B service level

D. Gamma service level

3.8 Practice Question Answers and Explanations

1.

Correct answers: A, B, and C

Safety stock, cycle stock, and pipeline stock are three different kinds of inven-
tory needed to handle variability within your supply chain. Each stock type is
needed for a specific purpose: For example, cycle stock is inventory created due
to an order quantity, while pipeline stock inventory is created due to an on-
order quantity. Projected inventory is a time phase-calculated number based
on demand, supply, and current inventory.

Correct answer: A

True. The objective of inventory planning is to manage demand and supply
uncertainty by maintaining the right levels of safety stock. In the real world, the
forecast is not accurate (supply does not arrive on time), and thus, organiza-
tions must keep inventory to handle fluctuations and uncertainty while still
maintaining the desired service levels for their end customers.

Correct answers: A, C, and E
The objective of SAP IBP inventory is to calculate safety stock to handle fluctu-
ations. Safety stock, reorder points, and on-hand stock are output from SAP IBP

m
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for inventory. Projected inventory is a time phase-calculated number based on
demand, supply, and current inventory, while a customer service level is one of
the objective functions of the multistage inventory algorithm.

4. Correct answer: D
The multistage algorithm takes demand and supply variability into account
while calculating safety stock. Supply variability includes lead-time and pro-
duction variability. The algorithm works with an objective function of external
service level, which is a fixed value that must be input into the algorithm. You
can create various scenarios and different external service levels and compare
the recommended stock levels side by side.

5. Correct answer: B
False. SAP IBP’s multistage inventory algorithm will consider demand and sup-
ply variability, not just at a single node, but throughout your supply chain. The
algorithm will consider variability in your supply chain from end to end and
then derive a safety stock number for each node in order to achieve the desired
customer service level.

6. Correct answers: A, B,and C
SAP IBP’s multistage inventory algorithm needs information about demand
variability, supply variability, and customer service levels as key inputs. The
internal service level is an output calculated to achieve the desired customer
service level. Optimized safety stock is a key output of the multistage inventory
planning algorithm.

7. Correct answer: B
Once safety stock numbers are calculated, these values are key inputs to the
supply planning process where supply planning will consider that safety stock
as ademand element and will thus plan against it to ensure that the right safety
stock is always maintained. Demand planning and sales planning processes are
also inputs into the supply planning process wherein supply is planned against
the demand forecast number.

8. Correct answer: A
True. The multistep inventory planning algorithm will reduce the overall
inventory in your supply chain network, but at some stocking locations, the
algorithm might increase the safety stock number to maintain the end cus-
tomer service level. This approach is called fix to mix, and safety stock is
reduced within your supply chain overall but might be increased in a few stock-
ing locations.

9. Correct answer: D
The multistep inventory algorithm will plan for entire network and for the
entire bill of material (BOM). Thus, the algorithm will consider finished goods,
semifinished goods, and raw materials when calculating safety stock.

Test Takeaway Chapter 3

10. Correct answer: A
True. The multistep inventory algorithm looks at the overall variability within
the supply chain network, which includes demand, supply, and production
variability, and then comes up with a recommended safety stock to meet the
desired service level. Since the multi-echelon inventory optimizer will look at
the variability of your supply chain in total, it will help the organization to
reduce the safety stock while maintaining the service level.

11. Correct answers: Band D
As a part of SAP IBP, currently only MAD and MAPE are supported as a part of
the CV calculation. Other forecast error methods can be calculated and dis-
played; however, they aren’t part of the inputs for calculating the CV.

12. Correct answers: Band C
The a service level and f service level are two methods based on which planners
can decide which service level to target. For the a service level, you must calcu-
late the order fill rate over a customer order, while for the 8 service level, you
must calculate the order fill rate over the specific volume of the order.

3.9 Test Takeaway

In this chapter, you learned about key topics in the inventory planning process
and how SAP IBP for inventory supports inventory planning across an organiza-
tion. The system starts off with calculating various kinds of variability in your sup-
ply chain, which includes demand variability and lead-time (supply) variability.
SAP IBP provides a multistage inventory algorithm, which unlike the traditional
algorithm, takes demand and supply variability across all the nodes in your supply
chain and, based on the end service level target, will calculate safety stock at each
node. The internal service level at each node is calculated as a part the multistage
algorithm. The system supports real-time analytics and dashboards, which enable
you to review the results of the inventory planning process.

SAP IBP for inventory offers a comprehensive platform for calculating safety stock,
which will be then input into your supply planning process. Multistage inventory
planning can help your organization fix the mix of inventory, reduce the overall
inventory level held in the supply chain, and still meet the desired customer ser-
vice level. Keeping the right inventory level at the right location will then improve
the working capital of your organization.

We've now completed our discussion of the inventory planning business process.
The next chapter covers key topics related to the supply and response planning
process in SAP IBP.
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