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INTRODUCTION 

Discussions about the supply chain process generally revolve around the optimization of 

processes between players along the chain as well as the logistics of individual players within 

it. These processes include manufacturing, assembly, packaging, transportation, inventory 

control, stocking, and even sales. However, the gap between design and manufacturing 

based on customization for region and locale, and its subsequent impact on inventory levels, 

distribution and delivery to multiple market segments, has been ignored until recent years. 

These market segments may differ in language, hardware specifications, power and even 

governmental regulations. Therefore, it is worth our while to explore the impact of product 

differentiation and associated factors on the overall surplus of the supply chain. Case GS-3A 

of the Hewlett Packard Deskjet Printer Supply Chain (A) serves as a good example of the 

problems associated with stocking inventory and distribution of products that differ in terms 

of customization of specifications according to the regional and local markets. Consequently, 

it also points out the advantages of inventory pooling using physical centralization, and mass 

customization using delayed differentiation, and postponement. 

 

THE DESKJET MARKET AND HP’s POSITION IN THE MARKET 

In 1990, worldwide sales of personal printers were 17 million units, amounting to $10 billion, 

with inkjet printers forming 20% of the printer market. 

Sales increased dramatically as customers discovered the superior quality of the ink jet 

printers, and more and more sales were going through superstores such as Kmart and Price 

Club. By 1990, HP had sold over 600,000 units of its DeskJet printer, amounting to sales of 

$400 million. 

 



THE HP DESKJET SUPPLY CHAIN 

The system of suppliers, the manufacturing site, distribution centers (DCs) in North 

American, Europe, and the Asia Pacific, retailers and the end consumer in the regional 

markets made up the HP Deskjet supply chain. Manufacturing was done at the Vancouver 

plant. The manufacturing process consists of two separate and consecutive processes. The 

first, called the Printed Circuit and Assembly Test (PCAT) involved the “assembly and testing 

of electronic components like ASIC’s (application specific integrated circuits), ROM (read-

only-memory), and raw printed circuit boards to make logic boards and printer head drivers 

for the printers”. The second phase of manufacturing is the Final Assembly and Test (FAT) in 

which smaller components such as motors, cables, chassis, plastic buttons, as well as those 

produced from the PCAT process are integrated together to create and test a final working 

printer. The individual components needed for both stages were sourced in-house as well as 

from external suppliers around the world. 

The customization of the printer to meet regional language and power specifications is 

called localization. This process involves the integration of appropriate power modules, 

plugs, as well as packaging it with the product manual in the correct language. Since this has 

to be done prior to the testing of the finished product, it was inherently done as part of the 

FAT process. Therefore, localization of the printers was done at the Vancouver factory while 

the DCs did not have a system for assembly operations that would allow for localization. 

After passing the FAT, the finished printers are packaged, and sorted according to any one of 

their destinations from North America, Europe, and the Asia-Pacific. The factory-cycle time  

for this process was one week. Packaged products were then shipped to the distribution 

centres by ocean frieght. Transport to the North America DC located in San Jose, California 

took about a day, while it took about 4-5 weeks to ship to Europe and the Asia-Pacific.  

The DCs functioned using a linear and standardized operating model which involved four 

basic functions: 

 1. Receive finished, previously localized, goods and stock them 

 2. Select the products required to fill a customer order 

 3. Shrink-wrap an order and bundle it 

 4. Ship the order out via appropriate carrier 



The DCs performed a minimal integration function with other products such as monitors and 

keyboards only to include and package the correct make and model for the respective 

country with the order. While this required minimal effort, it did disrupt the standardized 

process flow of the DC. Considering this, it would be reasonable to deduce that the DCs were 

most definitely not equipped to perform any localization functions that involved final 

assembly of market-specific components and therefore completing the manufacturing 

process.  

An overview of the Deskjet supply chain is given below.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

THE INVENTORY AND SERVICE CRISIS 

The supply chain function was based on a “stockless” factory model for Vancouver, 

producing printers with a “Just In Time” replenishment strategy for its DCs, thereby 

subscribing to a ‘pull’ mode of operation. On the other hand, pressures to provide maximum 

availability of stock to resellers meant the DCs were operated in made-to-stock mode. The 

inventory levels at the DCs were based on forecasted demand plus some level of safety 

stock. In addition, long lead times made it difficult for HP to respond to fluctuations in 
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demand. This mode of overall operation combined with the use of forecasted demand to 

determine levels of inventory poses several problems: 

1. High levels of inventory at European and Asian DCs: 

 HP’s inability to respond to fluctuations in demand promptly meant that in order to 

 meet uncertain demand in a timely manner, DCs had to maintain high levels of safety 

 stock of each printer model. However, despite the high levels of inventory, some 

 managers suggested a further increase in inventory safety stock in order to better 

 meet the target line item fill rate of 98% given by the marketing department of HP. 

 The DCs, however, were quickly running out of physical space required to store new 

 shipments of stock, and wanted to be able to meet customer demand while holding 

 minimum levels of inventory.  

 Since HP is the manufacturer of a technology product, which is also produced in 

 competition with other manufacturers of inkjet printers, it carries with it an increased 

 risk of an obsolescence cost due to rapid developments in technological innovation. 

 Increased levels of inventory will lead to high carrying costs (holding, breakage, 

 obsolescence, etc). This variability in carrying costs can range from 12%-60% of costs 

 of production. 

 This apparent imbalance between customer demand and inventory levels was partly 

 due uncertainty factors in the manufacturing and shipping processes, but largely 

 attributed to the limited accuracy of demand forecasts use to determine the levels of 

 safety stock for each model of printer sold in the regional market. 

2. Uncertainty Factors: 

 Basing safety stock levels primarily on demand forecasts gives ground to inaccuracies 

 in the levels of safety stock that forms part of inventory. Consumer demands may 

 change due to several factors, and may even change unexpectedly. Therefore, a large 

 standard deviation within the forecasted demand for an individual product, will lead 

 to larger levels of safety stock required of each localized product type. In addition, 

 longer forecasting horizons further increase the variability in forecasted demand, and 

 therefore the corresponding levels of safety stock. On the other hand, incorrect 



 forecasts may also lead to a shortage of available stock, and subsequent 

 backordering retailers or lost sales from end consumers, thereby causing HP to incur 

 costs of understocking. 

 Other uncertainty factors that contribute to the imbalance between demand and 

 inventory are related to the manufacturing and shipping processes. Since the 

 localization process is done during the FAT at the manufacturing site in Vancouver, 

 changes in the efficiency of assembly and equipment involved in the manufacturing 

 of printers due to maintenance or breakdowns will lead to longer downtimes at the 

 manufacturing site. These downtimes contribute to the factory cycle time and 

 therefore the lead time required for replenishment. In addition, delays in ocean 

 freight transit, customs clearance and payment of duties at the respective ports of 

 entry may also contribute to overall lead times.  

3. Inventory Policies 

 There had been no specific policy in place to determine how much or when the 

replenishment inventory was required for individual models. Instead, “target 

inventory levels at the DCs were based on safety stocks that were a result of some 

judgmental rule of thumb.” The absence of a review policy based on empirical data 

and analysis contributed largely to the mismatch between the demand and inventory 

levels of various models. As a result, the European resellers indicated a decrease in 

product availability even though large consignments of Deskjet printers had been 

shipped to the European DC in the past months. The European DC often finds that it 

has too much inventory of customized printers for certain markets, and not enough 

inventory of customized printers for others. 

HP’s SOLUTION TO INVENTORY IMBALANCE AND MISMATCH IN DEMAND 

The answer for Brent Cartier, Manager for Special Projects in the Materials Department of 

HP’s Vancouver division, is a multi-tiered approach that encompasses the product design, 

manufacturing, shipment, and distribution processes. According to this approach, the 

Deskjet printer would be redesigned so that a generic version of the printer is manufactured 

and packaged at the Vancouver facility without any of the customization for, for example, 

power supply units, power cords, instruction manuals, and other localization variables. This 



generic model would then be shipped out to the DC’s where it would be localized for 

different specifications according to its destination within the region. The revision in design 

is known as ‘Design for Localization’ while the delayed product localization is known as 

‘Postponement’. As a consequence of this, HP’s DC’s would maintain safety stocks of generic 

build printers which could then be localized as demand is realized, thus allowing the DC’s to 

respond to fluctuations in consumer demand in a significantly faster way. One could then 

infer that the DC’s would now be able to maintain levels of inventory of finished goods for 

each model supplied to the region, given by its mean demand, as well as lower safety stock 

of generic printers since shortages in any regional market segment can be met quickly by 

localization of the generic printers instead of relying on the Vancouver facility to 

manufacture and then ship them. This pooling of inventory has significant advantages both 

in terms of shortened response time to fluctuating demand, as well as of lower inventory 

holding costs, as demonstrated below. 

Let us consider the information provided by the ‘Monthly Demand Data by Region and 

Option Type’ for Europe as given in Exhibit 4 of the case. The average demand, µ, for each 

model and its corresponding standard deviation, σ, are given to us as follows. 
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Assuming a line item fill rate, f, of 98% for each printer model, we can then calculate the 

level of Expected Stock Out, ESC, for each model by using the equation 

ESC=µ(1-f) 

From ESC, we can now obtain a value for the standard loss function, L(Z), which is the 

expected number of lost sales as a fraction of the standard deviation. The L(Z) value for each 

model can be calculated as follows: 

L(Z)=ESC/σ
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where σ
(T+L) 

is the sum of the standard deviations of demand during the average lead time 

for replenishment and the review interval while using a periodic review policy. 

The corresponding Z values can be looked up from the values of the standard loss function 

L(Z). The Z values can then be used to calculate our levels of inventory, S, where  

S = µ
(T+L)

 + Zσ
(T+L) 

 

where µ
(T+L) 

is the sum of the mean demands for the same period as σ
(T+L)

 

µ
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represents the base stock level of inventory for each printer model while σ
(T+L)

 

represents the level of safety stock for each model. This approach of determining safety 

stock levels at the DCs assumes that only finished goods, localized for destination at source 

are kept in inventory. Therefore, the total safety stock of finished printers of all models 

required in inventory at the Europe DC as per available demand data is 18784 printers. 

Now let us consider the postponement of localization processes at the DCs instead of at the 

Vancouver facility, and therefore take into account pooling of generic printers as our safety 

stock that are to be customized when demand is realized. We can then determine inventory 

levels as an aggregate quantity for the entire region. While the mean demands of the 

finished printer models remain the same, the difference in overall level of inventory arises 

from differences between the safety stock levels of individual finished printer models and 

those of generic printers to be customized later.  Assuming the same line item fill rate of 

98%, according to this pooling strategy of inventory, the total number of generic printers 



required in safety stock for delayed customization is 9360, a staggering difference of 

approximately 50% in safety stock levels. 

OTHER CONSIDERATIONS 

1. Implementation Costs 

 The strategic advantage gained by shifting the localization process from the 

 manufacturing facility in Vancouver to the European and Asian DCs comes at a price. 

 The DCs will need to be equipped with equipment, machinery, and an assembly 

 system for mass customization and high volume processing in order to perhaps 

 emulate the efficiency of the Vancouver facility built around the Kanban process. 

 Staff will require training to move into new jobs created by the introduction of the 

 localization process at the DCs or trained professionals will need to be hired from 

 outside the company. As with any new system, HP will need to allow time to work 

 out any bugs in the process. Therefore, costs of physical capital, training, hiring new 

 employees, added operational costs, and other opportunity and implicit costs will be 

 incurred by HP. However, the added efficiency in process, the ability to better match 

 supply with demand, savings in manufacturing and inventory holding costs, etc will 

 outweigh the costs of implementation in the long run. 

2. Transportation 

 HP may consider changing their choice of carriage from ocean freight to air freight 

 entirely, or a combination thereof. However, air shipment may prove to be 

 prohibitively expensive in this competitive, low-margin business. 

3. Building a European Factory 

 European sales volumes may not justify the costs of setting up and operating a new 

 production facility in Europe. In addition to capital costs, the costs of labour, material 

 sourcing, and governmental regulations on tax in Europe, as well as offshore taxation 

 by the U.S. government are only a few of the many considerations needed to be 

 made. 

 



4. Direct Sales 

 HP already has direct sales for other product lines such as its PC’s and laptops, and 

 could integrate a related good such as its printers into the same channel. Direct 

 online sales could offer several advantages:  

• quicker sales 

• no physical space required for inventory 

• higher product availability 

• no waiting period 

 Such a drastic revision in HP’s channel management strategy could bring about 

 possible positive and negative responses: 

• existing channel members may turn towards HP competitors 

• HP could face legal action from channel members 

• Existing or new channel members may integrate themselves into this revised 

distribution strategy and further increase surplus 

CONCLUSION 

It is clear that inventory pooling using physical centralization, and mass customization using 

delayed differentiation, and postponement offers a clear strategic advantage as well as 

greatly reducing shipping and holding costs while allowing HP to respond promptly to 

fluctuations in customer demand within the region. Being able to do so may also reduce 

duplicity in stock carried at the DCs and resellers. The postponement of localization may also 

allow the sourcing of some components to be made locally possibly leading to a decrease in 

freight cost as well as lead times.  

While this strategy has its advantages, it is possible to include other considerations to 

further optimize existing supply chain processes, or introduce new, more efficient ones, a 

few of which have already been discussed above. DELL may prove to be an example of a 

technology product manufacturing firm that shifted its longstanding direct sales business 

model to that of made-to-stock. In the end, constantly changing business landscapes require 

firms to adapt and revise strategies accordingly to maintain their strategic and competitive 

edges. 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 


