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Abstract: - It has become essential for companies to closely examine and measure the effectiveness of supply chain processes in taking intelligent decisions. Application of Business Intelligence (BI) to various Supply Chain Management (SCM) functions and product life cycles can help to analyze products, processes, components, and materials, and lead to Supply Chain Intelligence (SCI). The objective of Supply Chain Intelligence is application of data warehouse and business intelligence methods on a strategic, enterprise scale across the supply chain and product life cycle. When this objective is achieved, SCI emerges. SCI demands tighter integration of manufacturing into analytics. And, information resulting from the integration is critical to the identification of design issues and costs through out the product life cycle. This, in turn, requires appropriate data integration infrastructure, which provides capability to extract, transform and load data acquired from multiple enterprise sources. The best contemporary known infrastructure of this kind is data warehousing. 
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1   Introduction
Supply Chain Management (SCM) is a network of facilities that integrates business activities of an enterprise, from procurement of materials from suppliers through manufacturing and distribution to customer, which is normally accomplished through integration of business processes across organizational walls [1].

Business Intelligence (BI) is the methodology helping people make decisions that improve a company's performance and promote its competitive advantage in the marketplace. In short, BI empowers organizations to make better decisions faster [2].
Supply Chain Intelligence (SCI) means application of BI to various SCM functions and product life cycles on a strategic scale to optimize the results of these functions by means of enhancing the ability to produce cost effective products [3].
Leading SCM systems have proven useful in automation of transaction related processes of the supply chain, however these systems have not provided the ability to adequately analyze the operational effectiveness across the supply chain. Contemporary supply chains are extremely complex environments and are tending to become comprehensive value networks whose operating state can affect company's ability to operate effectively and profitably.
It has become essential to closely examine and measure the effectiveness of supply chain processes in taking informed and intelligent decisions. SCI offers the mechanisms that facilitate this view.

2   The Nature of Supply Chain Intelligence
Supply Chain Intelligence requires the ability to analyze products, processes, components, and materials. This requires a data integration infrastructure, which provides capability to extract, transform and load data acquired from multiple enterprise sources like enterprise resource planning (ERP), supply chain management (SCI), and customer relationship management (CRM) systems. Further data sources are customers, suppliers, manufacturing, quality management, shop floor, legacy systems, online industry trading exchanges, marketplaces and auctions, and third party data suppliers.

SCI demands tighter integration of manufacturing into analytics. And, information resulting from the integration is critical to the identification of design issues and costs through out the product life cycle. Major differences between Supply Chain Management and Supply Chain Intelligence are as follows: 

· While SCM is largely about managing the procurement and production links of the supply chain life cycle, SCI provides a broad view of an entire supply chain to reveal full product and component.
· While SCM is predominantly transactional, SCI is commonly analytic.
· While SCM supports tactical decision making, SCI supports strategic decision making.
· While SCM helps reduce costs through improved operational efficiency, SCI reveals opportunities for cost reduction, but also stimulates revenue growth.
· While SCM records actual, real-time data, SCI maintains historic data.
· While SCM assists in material and production planning, SCI enables 'what-if' forecasting based in historic data.
· While SCM quantifies cost of some materials, SCI enables an understanding of total supply chain cost.
· Finally, while SCM can show today's yield but cannot explain influences on it, SCI can drill into yield figures to discover what caused the measured performance level.

Configured to order products, collaborative development, global outsourcing, Web based buying and selling, just-in-time manufacturing are driving forces in adoption of SCI in enterprises of all sizes and business models.

3 Supply Chain Intelligence Goals
SCI's objective is application of Data Warehousing technology and Business Intelligence on a strategic, enterprise scale across the supply chain and product life cycle. Working as an integral part of Supply Chain Management, SCI is intended to enhance the ability of manufacturing processes to produce cost effective products by applying BI to procurement, operations, logistics, demand and customer support processes [4]. 
The broad Supply Chain Intelligence goals are to:

· Establish metrics – Use mutually agreed upon metrics to evaluate progress and measure the supply chain's contribution.
· Manage exceptions – Create a vehicle for managing exceptions related to demand and inventory.
· Communicate – Inform supply chain partners about time sensitive information.
· Plan collaboratively – Perform collaborative planning with the supply chain partners.

Typically, the following are the derived SCI goals:

· Reduce the inventory across the whole of supply chain.
· Improve product quality.
· Enhance yield and asset usage.
· Identify top performing suppliers.
· Measure performance over time.
· Negotiate performance based agreements.
· Measure and improve demand forecasting performance.
· Improve forecasting accuracy of items not meeting acceptable levels.
· Enable better management of raw materials, inventory, production in progress and finished goods.
· Measure accuracy of production plan for given time period.
· Identify products that may affect customer service levels and alert sales functions to proactively manage customer relationships.
· Measure delivery performance of customer orders.
· Reduce time of decision making cycles.

4 SCI Application Areas
There are five major SCI application areas:
· Measuring overall supply chain performance.
· Supply chain measures for growth.
· Supply chain measures for cost minimization.
· Supply chain measures for working capital efficiency.
· Supply chain measures for fixed asset utilization.

4.1 Measuring Overall Supply Chain Performance
The overall performance of the supply chain significantly affects the financial health of the enterprise. Therefore, an effective supply chain performance measurement process needs to directly address performance areas and issues that create sustainable profitability and financial strength of the business.
In order to accomplish SCI, the performance measurement process will need to provide a reliable indication of the contribution of supply chain operations and activities to the areas like growth, cost minimization, working capital efficiency, and fixed asset utilization.

4.2 Supply Chain Measures for Growth
Key growth measures related to demand and supply management process often include customer service level, measured as the percentage of orders fulfilled during first attempted completion and perfect order rate, measured as the percentage of completed orders for which no errors occur during order fulfillment, transportation, delivery, and billing.
Growth measures for procurement are activities that typically include percentage of materials that arrive just in time for production purposes and lead times.
Manufacturing related growth measures focus on quality, percentage of defect-free orders to the total orders; percentage of units returned to total units shipped and order to delivery time. 
Key growth measures for logistics are Supply chain measures for growth are expressed as percentage of order delivered to customers on time.

4.3 Supply Chain Measures for Cost Minimization
Cost minimization measures related to demand and supply chain planning typically include inventory measures of excess/obsolete inventory. Inventory turnover is also one of the leading metrics for working capital efficiency.
Procurement related cost minimization measures focus on the cost of purchased materials and services. Inbound transportation expense is measured as a ratio of total inbound transportation costs to total purchased material value. Cost minimization measures regarding manufacturing include total direct manufacturing costs as a percentage of cost of sales or revenue. Indirect costs are measured as a ratio of total indirect costs to revenue or total direct costs.
Logistics related minimization performance measures focus on freight and storage costs as a percentage of cost of sales or revenue. Significant opportunity for cost minimization in SCM is related to tax consequences of asset ownership, location, timing, transfer costs, etc.
4.4 Supply Chain Measures for Working Capital Efficiency

Inventory is one of the largest components of working capital [5]. In many manufacturing and distribution scenarios, inventory investments are measured as percentage of sales. Procurement related working capital efficiency performance measures are related to inventory investments i.e. percentage of raw materials and purchased components compared to total inventory investments. 

Manufacturing related working capital efficiency uses work-in-process (WIP) inventory and percentage of work in progress inventory to total inventory for measurement. Working capital performance measures for logistics activities use finished goods inventory and order fill rates at distribution centers.

4.5 Supply Chain Measures for Fixed Asset Utilization

Key fixed asset utilization performance measures for demand and supply planning include fixed production and distribution investment as a percentage of revenue or total assets.

Manufacturing related asset utilization performance measures are investment in plant, property and equipment related to production as a percentage of revenue.
Logistics related fixed asset utilization measures are investments in storage and warehousing facilities, and transportation infrastructure as a percentage of revenue or cost of sales.

5 Enabling Supply Chain Intelligence
The term Supply Chain Intelligence  implies the process by which individuals, organizational units and companies leverage supply chain information through the ability to measure, monitor, forecast, and manage supply chain business processes. It is, therefore, essential to have an assortment of technology and applications.
Today, there are several providers of supply chain analytic application solutions. The decision to build or buy SCI tools will have to strike a balance between business functionality and technology. Normally, it is preferred to buy packaged SCI solution as it is faster to customize and install than building from scratch, occasionally building SCI applications is a choice where commercially available ones are absent.
SCI is enabled by packaged applications that deliver high value out of the box without the need for undue amounts of development. Packaged applications for SCI encapsulates best practices involved in SCM, while historic supply chain data perform what-if analysis that helps to forecast material and production line needs. 
On other hand, a SCI usually cannot be firmly packaged as some other applications, like Enterprise Resource Planning, Supply Chain Management or Customer Relationship Management, due to the heterogeneity in source data that is required for analysis. It is important that the data model represents highly specific business entities, the vendor providing a customized SCI has to ensure the services are blend of experience in manufacturing and SCM and expertise in data warehousing and decision support systems development.
The primary value proposition of any SCI application is the domain expertise encapsulated. The services vendor should therefore have proof of the productized capabilities in both manufacturing and SCM areas.
Important part of SCI solution should be alerting option. This represents an effective method for obtaining relevant information from large amounts of data. A properly designed alerting system uses the best of both push and pull technology. The alert mechanism is essentially a software that runs in the background without direct user involvement or intervention, triggered by every event of change in data.

6 Steps to Supply Chain Intelligence
Usually, SCI is developed gradually, i.e. stepwise. Six steps included in this process are:
1. Break organization barrier. Develop the ability to share information about business activities and interact on a near real time basis across the supply chain.
2. Build visibility into the supply chain. Give more people a view into the metrics of supply chain performance.
3. Manage by metrics. Make specific performance metrics align to cross-organizational business processes and assign them to individuals for monitoring.
4. Reduce decision cycle processes. Respond to market or customer demand in days and hours and not in weeks.
5. Encourage collaborative decision making. Internet can be used to involve internal and external stakeholders into decision making processes.
6. Measure and monitor supply chain activities iteratively. This will enable the organization to respond to changes timely.

7 Advanced Supply Chain Logistics

Supply chain logistics involves the process of planning, implementing and controlling the flow of materials from the point of origin to the point of consumption. Materials undergo value added steps and integration with other materials at several points in the supply chain.
Supply chain activities can be classified into two distinct categories [6]: inventory and transportation. 

These functional divisions suggest that the supply chain may be divided into multiple segments defined by a starting inventory location, a transportation link and an ending inventory location. These segments can be combined to model any path of arbitrary flexibility within the supply chain. 

Modeling any path of a complex supply chain can be accomplished by combining appropriate segments. Each segment may be linked by noting that the ending inventory location of one segment will be the starting location of the next. Thus, the segments can be linked together to create a single path from supplier to end-user. Changes in supply chain can be easily implemented by addition or removal of segments corresponding to the change.

Segmentation provides flexibility in analysis and modeling, and analysis routines can be applied appropriately without affecting other segments. Segmentation also reduces uncertainty and variability when compared to standard inventory projection techniques by providing segment focused analysis utilizing incremental measurements within the segment.
8 Challenges in SCI Development

Data integration, defining business and end-user requirements, and organizational issues (e.g., getting different departments and groups to function and collaborate cohesively based on related metrics) are the three most challenging issues companies are experiencing with SCI application development.
8.1 Data Integration

Supply Chain Intelligence development requires several – or even many – data sources to be integrated. Following are typical data sources that companies are integrating to support their SCI applications.
As one might expect, the primary source of data for SCI applications is the internal information system or the Enterprise Resource Planning (ERP) system of the given company. But, data from suppliers, legacy systems, SCM systems, and CRM systems are also vital for feeding supply chain analytics. Data from online industry exchanges and marketplaces is not yet being used by the companies widely, but in the future certainly will be. On the other side, there is a growing need to use data from shop floor systems and product manufacturing applications [7].
The bottom line is that SCI requires a data integration architecture that will extensively support supply chain analytics applications with the ability to extract, transform, cleanse, and integrate data from a variety of data sources [8]. Many of these sources can b difficult to reach – while everyone now knows the difficulty associated with retrieving ERP and legacy systems data, other sources can be even more difficult to access. For instance, shop floor manufacturing data can be especially hardening to collect because many of these systems use proprietary software and arcane data formats [9].

8.2 Defining Business and End-user Requirements

The fact that many companies consider defining business and end-user requirements as one of the most difficult issues when building supply chain intelligence [10] is rather interesting.

Basically, defining business and end-user requirements demands involving end-users early and often in the requirements gathering and planning stages. This should include developing a prototype of the application, which can be used to demonstrate to end users planned functionality and to gather feedback [11].
8.3 Organizational and Cultural Issues

These are some of the most difficult aspects of SCI development. Cultural and organizational issues can be attributed to the fact that supply chain processes are distributed among many internal – and external – organizational groups and units that tend to operate individually.
In addition, people often resist changes to the ways they are familiar with in performing their jobs. Consequently, getting different departments and groups to function cohesively based on related models and metrics as opposed to their own focused solutions or familiar ways, as well as to collaborate with others with whom they have had little or no previous interaction, can meet with stiff resistance [12].

Further complicating the 'cultural problem' are organizational issues, which are usually difficult to quantify during the planning stages because they tend to arise only once, new procedures, processes, and systems are implemented or brought online. Implementers also agree that cultural and organizational issues are not completely resolved by using packaged application because such issues tend to be company-specific. In these circumstances it is difficult to embed or package 'solutions' in application functionality, although industry best practices can be of some help [13].

It should be expected to encounter organizational problems. The best way to limit the impact is to ensure that there are adequate lines of communication between different divisions. In addition, a detailed escalation plan should be put in place that includes a clear communication channel, as well  as someone (or some group) empowered with the authority to solve issues, problems, and concerns when they arise. This will help ensure that collaboration can in fact take place across different supply chain processes and groups.

9 Data Warehousing Technology for Supply Chain Intelligence

The question of whether companies should use their general enterprise data warehouse for their SCI application needs or a dedicated data warehouse built specifically to support supply chain analytics is a topic of hot discussion. According to a Gartner report, 57% of companies said their organizations were using their general corporate or enterprise data warehouses to support their SCI applications, as opposed to 43% who were using a separate data warehouse intended specifically for supply chain analytics [14].

The question of which type of data warehouse to use to support the SCI initiative involves several considerations. Using enterprise data warehouse will allow consolidation of all supply chain-related information with all other corporate data.

This consolidated view offers the optimum capabilities for enterprise data analysis and reporting. The drawback to this approach is that it typically requires a considerable undertaking in which redesigning the enterprise data warehouse to incorporate supply chain models and reporting processes is essential.

On the other hand, using a dedicated data warehouse built specifically for supply chain analysis will allow faster application development and enables realization of benefits quickly from the SCI initiative. However, it will not offer the consolidated enterprise analysis and reporting capabilities provided by the enterprise data warehouse.
10 Conclusion

It has become essential for companies to closely examine and measure the effectiveness of supply chain processes in taking intelligent decisions. The objective of Supply Chain Intelligence (SCI) is application of data warehouse technology and business intelligence methods on a strategic, enterprise scale across the supply chain and product life cycle. When this objective is achieved, SCI emerges.
SCI demands tighter integration of manufacturing into analytics. And, information resulting from the integration is critical to the identification of design issues and costs through out the product life cycle. This, in turn, requires appropriate data integration infrastructure, which provides capability to extract, transform and load data acquired from multiple enterprise sources. The best contemporary known infrastructure of this kind is data warehousing. 

The question of whether companies should use their general enterprise data warehouse for their SCI application needs or a dedicated data warehouse built specifically to support supply chain analytics is a topic of hot discussion. Both solutions offer some benefits, but have some drawbacks, too. 

Further experience and investigation is needed to find the right solution to this dilemma.
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