Process Choice and Supply Chain Scheduling Approaches

· Scheduling refers to the allocation of capacity.

· Capacity means supply, which is provided by people (labor), machines, and inventory.

· An inventory is a store of goods held for future use. Examples include raw materials, work-in-process, and finished goods.

A. Transformation Process

1. Inputs: people, materials, equipment, capital, information, and energy

2. Outputs: goods and services

· Services are economic activities that create utility: time, place, transformation, and psychological

3. Feedback: e.g., performance measures, product design, and volume changes

B. Manufacturing and Service Transformation Process

· Today, however, greater than 70 percent of the gross domestic product of the U.S. is generated by service firms.

· For scheduling purposes, there exist some key differences between manufacturing and service organizations 

1. The nature of the conversion system output

2. Inventory used to absorb fluctuations in demand

3. The degree of customer contact and participation

4. The order response time

5. Location and size of operations and markets served 

6. Degree of labor (labor vs. capital intensive operations)

C. Transformation Process Objectives

1. Production Cost (cost per-unit) 

2. Dependability

a. Product availability (lead time or order response time)

b. Variance of availability 

3. Quality (product, process, service, etc.)

4. Flexibility

a. Volume

b. Product (new products/development speed)

c. Process (current items)

D. Three Classic Scheduling Approaches

1. Make-to-Stock:  batch production of standard items

2. Make-to-Order: order size determines batch quantity, custom-built

3. Assemble-to-Order: end items configured from many optional items (combinations of subassemblies and components). MPS uses planning bills of material.

E. Current Scheduling Reality
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F. Process Choice and Layout Configuration 

· Process selection refers to the strategic choice of the type of process used for the transformation of inputs (labor, equipment, materials, capital, information and energy) into outputs (goods and services).

1. Three classic layout alternatives
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a. Job shop: variable path flow of work, typically through departments, in batches corresponding to individual orders, which may be either stock orders (orders prepared for inventory) or customer orders (differing processing requirements, material requirements, processing times, processing sequences, set-up times and costs).  

Typically characterized as low volume, small batch, highly flexible operations commonly utilizing a functional layout, 

b. Flow shop (a.k.a., assembly line, continuous, or repetitive): linear sequence of operations and flow of work with possible side flows, concept is to equalize capacity requirements of resources to maximize throughput, based upon economies of scale given repetitive operations.

Typically characterized as high volume, large batch operations  with low flexibility

c. Cellular layout - medium volume, moderate flexibility

2. Product and Process Evolution - Product and Process Matrix

3. Focus of the Factory

· Specialization in the product mix, types of processes and technology utilized, volume, markets, equipment, procedures, and supporting systems. 

a. Simplicity and repetition breed competence 

b. Many competitive weapons other than cost

c. Factories do not perform well on all yardsticks 

4. Flow Shop Layout Design Objectives 

a. Low cost per unit

b. Fast order response time with low variance (dependability)

c. Reduced material movements (many material entry points)

· Low unit cost achieved through high throughput volume, direct material flows, high worker productivity, high utilization rates of resources, successive production stages in close proximity, etc.

· High dependability achieved through automation, inventories (raw materials, work-in-process and finished goods), supply chain collaboration, etc.

· Reduced material movements achieved through many material entry points.

5. Job Shop Layouts Design Objectives

a. Flexibility (process, product, and volume)

b. Minimize load/distance traveled

· High flexibility achieved through manual nature of processes, high labor skills, cross-trained workers, etc.
· Minimized load/distance traveled achieved by departments with high work interchange being located in close proximity.
6. Cellular (Hybrid) Layouts

· Machines are grouped into cells, which operate in somewhat of a product-focused island within a larger process-focused layout. Design objectives include: 

a. Low cost per unit

b. Fast order response time with low variance (dependability)

c. Reduced material movements (many material entry points)

d. Flexibility (process, product, and volume)

e. Minimize load/distance traveled

· Cells are typically designed to produce a part family. It enables companies that produce a variety of parts in small batches to achieve some economies of an assembly-line layout w/out product standardization.

Step 1: determine part families. 

Step 2: arrange the plant's equipment into manufacturing cells, each containing the equipment used to process a particular family of component parts. Examples of cell types: U-shaped, C- shaped

G. Master Production Scheduling (MPS)

· MPS defines for the short-run planning horizon (typically 6 months to 1 year in length) the production and purchase plans for independently-demanded items. 

· The MPS defines the how many finished goods (end items), spare and replacement parts are to be completed and when they are to be completed. 

· Importance: (1) It should coordinate the order-promising link between Marketing and Production, and (2) MPS is an input to the MRP process.

1. MPS Objectives: Given capacity constraints, inventory status information, demand forecasts, and customer order due dates,

a. Schedule capacity for independently demanded items

b. Avoid over- and under loading the production facility so that production capacity is efficiently utilized and a low per-unit cost is achieved

2. MPS Practices

a. Length of MPS governed by Execution Cycle – cumulative lead time (procurement, fabrication, assembly, distribution). Easily depicted by an assembly time chart.

b. Two General MPS Development Strategies

(1) Level plan - keeping workforce size and workforce utilization constant, this strategy allows the inventory or shortage/back order level to absorb fluctuations in customer demand.

(2) Matching plan (Chase) - allowing workforce size and workforce utilization to vary in response to varying customer demands, this strategy attempts to keep the inventory levels to a minimum.

(3) Variables of the Two Strategies - production rate, workforce size, overtime and idle time (worker utilization), inventory or shortage /back order, subcontracting, extra shifts, extra days, etc.

3. MPS: Time–Phased Record
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· Sample Problems

4. Capacity Allocation

a. Forward loading 
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b. Backward loading
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5. Capacity Planning

6. Updating the MPS

7. Criteria for Selecting MPS: $ versus service

8. Final Assembly Schedule (FAS)

· Determines which collection of options to actually assemble to meet specific customer orders.  It represents the final commitment to exact end items.

H. Material Requirements Planning

· MRP is a “forward-looking” computer-based inventory planning and control information system designed to handle scheduling of dependent-demand inventories for batch production systems. 

· It is designed to determine how much is needed and when the need occurs for items that experience dependent demand component, (subassemblies, parts, and raw materials). 

· Objectives of MRP include: 

d. Improve customer service

e. Reduce inventory investment (WIP and raw materials)

f. Reduced storage space requirements

g. Improve plant operating efficiency

1. Three Primary MRP System Inputs

a. Master Production Schedule (MPS) 

· Indicates which independently-demanded items are to be produced, when these items are needed, and in what quantities they are needed. 

b. Bills of Material (BOM) File

· Contains a listing of all the assemblies, subassemblies, parts, raw materials that are needed to produce one unit of a finished product. Depicts the precedence relationships.

· Two types: product structure tree and an indented BOM

· The BOM depicts “demand multipliers” 

· Data accuracy is critical

c. Inventory Status (within the Item Master File)

· Typically contains record of: (1) on-hand balance, (2) allocated quantities, and (3) on-order quantities.

· Item Master File: contains information which does not change often, e.g., part number, low-level code, lead time, safety stock, standard cost, routing, and bill of material information.

· Data accuracy is critical

2. MRP Logic – “Explosion Process”

· The planned future production of end items (finished products) in the MPS is translated into requirements for component parts, raw materials, etc. working from projected future requirements of independent demand items back towards the present time, offsetting for lead times, using low-level codes (1, 2, 3, ...,), and available quantities (on-hand inventories and scheduled receipts), to determine how much and when to order.

· The explosion process translates independent demand of finished products into certain, known (dependent) demand for components, parts, raw materials, etc.

· Loading strategies such as forward and backward loading are used to determine when orders should be released.

3. Basic MRP “Time-phased Record”
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a. Gross Requirements (GRi,t) - the anticipated future usage for item i during each period t of the planning horizon. They are derived from the planned order releases of parent(s) of item i in period t.

b. Scheduled Receipts (SRi,t) are an open order (shop or purchase) previously released (represents a commitment), due in at the beginning of period t.

c. On-Hand Inventory (Ii,t) - end of period t balance

Ii,t = Ii,t-1 + SRi,t + P.O. Receiptsi,t - GRi,t 

(If beginning of period balance: Ii,t = Ii,t-1 + SRi,t-1 + P.O. Receiptsi,t-1 - GRi,t-1)

d. Net Requirements (NRi,t) - total number of units required in excess of available units in order to satisfy period t demand for item i.

NRi,t = GRi,t - SRi,t - Ii,t-1 + SSi + Allocated Inventoryi
(Using beginning of inventory convention: NRi,t = GRi,t - SRi,t - Ii,t + SSi + Allocated Inventoryi)

e. Planned Order Release - an order (shop or purchase) to be released at the beginning of period t to satisfy future demand for an item. 

f. Planned Order Receipt - planned receipt of a planned order release, occurs at the beginning of a period and accounts for assembly, delivery, or fabrication lead time.

4. MRP system outputs

a. Schedule of time-phased planned order releases

b. Exception reports

c. Performance and planning reports 

· Sample Problems

5. Some Technical MRP Issues

a. Length of Planning Horizon (typically 8-52 weeks) needs to be at least as long as the execution cycle (cumulative lead time for procurement, fabrication, assembly, and distribution). 

b. Processing Frequency - typically a weekly time “bucket” is utilized for planning purposes. The current week is referred to as the action bucket.

c. Push Scheduling Approach
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