Section #1-- Just-In-Time Systems: 
Just-In-Time (JIT) Manufacturing To produce only what is needed, when it is needed 
· JIT inventory
· JIT purchasing 
· Lean manufacturing 
JIT Philosophy Eliminate all waste in the organization 
JIT System A management system that aims to improve the manufacturing or service process by eliminating waste 

 Origin of JIT Systems
· 1950s, the Japanese were short on capital and space 
· For Toyota, to improve performance meant to reduce inventory 
· Inventory hides problems
· Reducing inventory led to reducing all kinds of waste
· Poor quality 
· Machine breakdowns 
· Poor design 
· Poor vendors 
· Inefficient layout 
· Long setups 
 Types of Waste 
Waste Anything other than the minimum amount of resources that is essential to add value to the product 
· Process 
· Scrap 
· Non-value-added cost 
· Wrong tools/equipment 
· Over-production 
· Extra inventory 
· Inappropriate use of resources 
· Inventory
· Storage 
· Capital Costs 
· Product Defect 
· Interrupted flow 
· Lost capacity 
· Wait for replacement 
· Waiting Time 
· Unplanned 
· Planned queue 
· Waiting for other parts in batch 
· Methods 
· Searching for tools 
· Poor layout 
· Walking 
· Movement 
· Material handling 
· Receiving 
· Storing 
· Retrieving 
 Key Elements of JIT Systems 
Work Cells Efficiency within a process, multi-functional workers 
Cell Grouping of products based on similar requirements 
· Eliminate worker inefficiency increase worker productivity 
· Operation of a number of different machines highly utilized, mutli-functional workers 
· Cellular Facility Layout Work is moved with a cell (mostly U shaped) according to a prescribed path 
· Traditionally automobile production is mass production standardized products using assembly lines 
· Flexible Machines 
· Automated, general purpose machines 
· Quick setup time 
· Flexible Manufacturing System (FMS) 
Pull System Coordination between processes 
· To improve the pull system, reduce the variability associated with supply and demand 
· To control supply variability 
· Small lot sizes 
· Preventive maintenance 
· High quality 
· Reliable suppliers 
· To control demand variability 
· Uniform loading 
 Pull Production System 
· Improve poor coordination between processes eliminate the need for large inventory 
· Major problem in automobile manufacturing
· Push System Each workstation produces according to a schedule and “pushes” its completed work to the next workstation 
· Traditional approach to product; builds inventory 
· Pull System Requires workstation requests, or “pulls”, items from the previous workstation only when needed 
· Prevent overproduction and underproduction 
· Kanban System Force coordination between processes 
· Kanban System A visible production control system which authorizes the production or movement of the next batch of matiral only when needed 
· Kanban: a Japanese work for “signal” or “visible record”
· Most common form: card, container 
· Kanbans are not schedules 
· Work the same way as a fixed-quantity inventory system where order quantity (Q) equals the reorder point (R) 
· Only inventory maintained is the amount needed to cover usage until the next order arrives 
· MRP vs. Kanban 
· Schedule vs. Cue
· Complex vs. Repetitive 
· Higher-level vs. Shop-level control 

 Supply Variability #1: Lot Sizes 
· Each Kanban “container” represents the production or order lot size 
· Small lot sizes provide many benefits 
· Better coordination 
· Better material handling 
· Reduce average inventory level 
· Reduce inventory space 
· Avoid buildup of defective items 
· Flexibility in reacting to problems 
· Quick set-up is crucial 
 Supply Variability #2: Machine Breakdowns
· Maintenance To keep facilities and equipment in good working order 
· Machine downtimes are waste fix fast fixing is also waste 
· Preventive Maintenance Periodic inspection and maintenance designed to avoid breakdowns 
· Preventive vs. breakdown maintenance 
· Necessary due to small inventory and high automation 
· Work Environment: 5 S’s 
· Seiri Housekeeping 
· Seiton Workplace Organization 
· Seiso Clean up 
· Seiketsu Keep clean 
· Shitsuke Discipline 
 Supply Variability #3: Quality 
· Consistently high quality products are necessary due to small inventory 
· Quality at the source: uncover the root cause 
· Andon lights to signal problems 
· Empowerment Authority given to workers to stop the production line if a problem occurs 
· Preventive
· Poka-yoke Devices that are designed to prevent mistakes/defects from happening 
· Standard parts, modular design: reduce variability 
· Continuous improvement (“kaizen”) 
· Quality Circle Team-based process improvement 
· Under capacity scheduling to deal with problems daily 
 Supply Variability #4: Suppliers 
· Need reliable suppliers for on-time, frequent deliveries 
· Must build long-term, close relationships with few suppliers 
· Single Sourcing Entire family of parts provided by 1 supplier 
· JIT II Supplier working in the manufacturer’s plant 
· Physical proximity is preferred but not necessary 
· From the Supplier’s point of view 
· Guaranteed, steady demand 
· Advanced notice of volume changes 
· Minimal design changes 
· Lots of requirements 
· Competitive vs. Cooperative Dilemma 
· ‘All eggs in one basket’ 

 Demand Variability 
· Cells can deal with changes in product mix and volume to a certain extent 
· Volume adjustment by a number of workers 
· Volume adjustment by integrating or separating cells
· Kanban system can absorb +10% variability in demand by manipulating the number of kanbans 
· Fewer kanbans, the less production 
· At Toyota, container size is at most 10% of daily demand 
· Uniform loading Arrange daily production mix in the same ratio as monthly demand 
· Always have some quantities of each product 
· Steady demand on components 

 Before & After JIT 
· Before 
· Inventory to protect against problems & uncertainty 
· Assembly lines 
· Push Manufacturing 
· Tolerate Defects 
· Tolerate set up times 
· Emphasize work of individuals, following manager instructions 
· Treat supplier as independent entities 
· After 
· Reduce Inventory 
· Cells 
· Pull Manufacturing 
· Zero defects 
· Reduce setup time 
· Emphasize team-oriented employee involvement 
· Suppliers as partners 
 Benefits of JIT Systems 
· Reduced inventory 
· Reduced space requirements 
· Improved quality 
· Improved process 
· Better use of human resources 
· Better relations with suppliers 
· Increased employee participation 
· Shorter cycle time 
· Shorter lead time 
· Greater flexibility 
· More product variety 
· Increased productivity 
· Increased machine utilization 

 JIT Implementation Issues
· All key elements must be present and integrated for the system to work well 
· Must balance technical and behavioural aspects 
· Each organization must mould a JIT system to suit its own environment 
· JIT system requires a fundamental change in the organization 
· Not suit for: 
· Very high volume 
· Very low volume, unique products 
· Highly fluctuating demands or true make-to-order products 

 Job Design
· Job Design Specifies the contents of the job 
· Automation
· Good for repetitive, computational, precise or physical tasks 
· Not good for people interaction, creativity, multiple variables 
· Specialization Performing single or limited tasks 
· Management 
· Readily available labour 	High absenteeism 
· Minimal training 		High turnover rates 
· Reasonable wage 		High scrap rates 
· High productivity		Grievances Filed 
· Workers 
· Minimal credentials 		Boredom
· Minimal Responsibilities 	Little growth opportunity 
· Minimal mental effort		Little control or initiative 
· Reasonable wage		Little intrinsic satisfaction 
· Job Rotation Shifts workers to different jobs to increase understanding of the total process 
· Job Enlargement Expansion of the job through increasing the scope of the work assigned 
· Job Enrichment Expansion of the job through increasing the worker responsibility 
· Teams
· Problem-solving teams 
· Special-purpose teams
· Self-directed teams 
· Method Analysis The study of how a job is done 
· Time Study Method Sets a standard time based on timed observations of one worker over several cycles 






Section #2-- Quality:
· What is Quality 
· Quality: Degree of excellence 
· Product Based 
· Quality of Design: Degree to which quality dimensions are designed into the product 
· Producer’s Perspective
· Quality of Conformance: Degree to which a product conforms to required specifications 
· Consumer’s Perspective 
· Fitness For Use: Degree to which a product satisfies consumer’s wants 
· Value-Based: Degree to which a product provides acceptable quality at a reasonable price 
· American Society for Quality
· The totality of features and characteristics that satisfy needs 
· Dimensions of Quality
· Products 
· Performance: basic characteristics 
· Features: “extra” items 
· Conformance: meeting pre-set standards 
· Reliability: Frequency of failure 
· Durability: Length of product’s life 
· Serviceability: Ease of getting repair 
· Aesthetics: Appearance 
· Safety: Not causing injury or harm 
· Perceived quality: Reputation & intangibles 
· Services 
· Time and timeliness 
· Accessibility and convenience 
· Accuracy and competence 
· Completeness 
· Consistency 
· Courtesy 
· Responsiveness to unusual circumstances 
· Communication 
· Security 
· Credibility 
· Quality Measures 
1. Scrap, rework, number of errors, premium shipping cost 
2. Product Yield: 
· Yield= (# of units to produce) x (% Good units) + (# of units to produce) x (1 - % Good Units) x (% Reworked) 
3. Quality Index: report quality cost relative to some base value (indexing) 
· Labor Index= (Quality Cost) / (Direct Labor Hours) 
· Cost Index= (Quality Cost) / (Production Cost) 
· Sales Index= (Quality Cost) / (Sales) 
· Production Index= (Quality Cost) / (Production Yield) 
· Quality-Productivity Index= (Product Yield) / (Product Cost) 
· Costs of Quality 
1. All costs, tangible and intangible, relating to managing the quality of a good or service 
2. Costs of poor quality (failure costs):
· Internal Failure: 
· External Failure: 
· As quality increases failure decreases 
· As internal Failure decreases, external costs decrease 
3. Costs of good quality (control costs):
· Appraisal: Costs of treating and inspection (equipment, operators) 
· Prevention: Costs of preparing and implementing a quality plan 
· Product/product design, training, information costs 
· As product quality increases, appraisal costs decrease

· Costs of good quality vs. Costs of poor quality (Graphs) 
1. Pre-“Zero Defects” Mentality 
2. “Zero Defects” Mentality 
· Quality and Profitability 
1. Improved Quality Leads to:
· Higher Sales:
· Improved response 
· Improved reputation 
· Higher prices 
· Increased market share 
· Lower Costs: 
· Lower rework & scrap 
· Lower warranty & liability 
· Increased productivity 
2. Which both lead to higher profits 

· Quality Improvements 
1. Process Improvements: Final product inspection is too late 
· Must improve the production process 
· Eliminate common causes (e.g. Poor design) 
· Eliminate special causes (e.g. Specific equipment) 
2. Continuous Improvement: A philosophy of never-ending pursuit of high product quality 
· Innovation vs. Continuous Improvement 
· Big Jumps vs. Small Steps 
· Dramatic vs. Not Dramatic 
· Specialists vs. Everyone 
3. Quality of Design: Built-in quality in the product or service design 
· Quality Function Deployment (QFD): A tool to translate the customer preferences into specific technical requirements 
· House of quality 

· Process Improvement Tools 
1. Check Sheet 
· To initiate process improvement by recording quality problems 
· Fact-finding tool 
· Tallies the number of problems 
2. Histogram, Pareto Chart 
· To prioritize quality problems 
· Shows the frequency of quality problems 
3. Cause-and-effect (fishbone, Ishikawa) diagram
· To identify the cause of a quality problem by tracking the production 
· Identifies all possible areas to which quality problems may be related 
4. Scatter Diagram 
· To narrow down to one cause 
· Shows the relationship between two variables 
5. Flow Chart 
· To identify the cause of a quality problem by tracing the production process 
· Focus on where in a process a quality problem might exist 
6. Statistical Process Control (SPC) Chart 
· Quality Monitoring 
· Monitors whether or not the process is in control over time 

· Continual Improvement Tool 
1. Deming Wheel: 4 stage-process for continual quality improvement 
2. AKA PDSA or PDCA Cycle 
3. 4 Steps:
· Plan 
· Identify problem and develop plan for improvement 
· Do 
· Implement plan on a test basis 
· Study/Check
· Check to see if the plan is working 
· Act 
· Institutionalize improvement 
4. Quality Circle: Team-based approach to continuous quality improvement
5. EX. All in a circle so no specific order  
· Organization
· 8-10 members 
· Same area 
· Moderator 
· Training 
· Group processes 
· Data collection 
· Problem analysis 
· Problem ID
· List alternatives 
· Consensus 
· Brainstorming 
· Problem Analysis 
· Cause & Effect 
· Data Collection & Analysis 
· Solution 
· Problem Results
· Presentation 
· Implementation 
· Monitoring 





Section #3-- Statistical Process Control (SPC): 
· Quality Management 
1. 4 Stages: 
· Quality Inspection: Focus on providing information
· When? 
· Upon receipt of resources 
· Before transformation operations (especially bottleneck) 
· The first few items out of an automated operation 
· Final inspection 
· Customer complaints and returned goods 
· How Much? and How Often?
· Complete inspection vs. sampling 
· Cost of inspection vs. cost of not detecting defects 
· Cost, time and physical possibility 
· Quality Control: Focus on monitoring and controlling--> SPC 
· Quality Assurance: Management programs aimed at ensuring good product quality 
· Total Quality Management (TQM): Management philosophy about ensuring and improving product quality throughout the entire organization 
· Acceptance Sampling 
1. The method of randomly inspecting a sample of goods and deciding whether to accept the entire lot based on the results 
· Take a random sample from a lot (batch) of items 
· Test the sample items for the specified quality characteristics 
· Accept all items in the lot if 
(Number of defective items in the sample) < (Maximum number of defective items
allowed in a sample) 
Otherwise, reject all items in the lot
2. Historical mentality: “some degree of poor quality will occur and that is acceptable” 

· Statistical Process Control (SPC) 
1. To prevent poor product quality 
2. Process improvement tool 
3. Method of randomly inspecting a sample of goods and deciding whether the production process is in control 
· Monitor the production process (data pattern) 
· Provide a statistical signal when the process (quality) charges 
· General Steps in SPC 
1. Define the quality characteristic to measure 
· Attributes: Characteristics that are measured qualitatively, thus have discrete values 
· E.g. Defective/non-defective, # of scratches or blemishes 
· Count both defective and non-defective items--> p-chart 
· Count defective features in an item--> c-chart 
· Variables: Characteristics that are measure quantitatively, thus have continuous values 
· E.g. Weight, length, volume, temperature 
· Difference (range) between smallest and largest values--> B-chart 
· Average--> e-chart 
2. Set up a control chart 
· Chart pg.88
3. Take a random sample and plot the quality measure 
· Chart pg. 89
4. Is an sample point outside of the control limits? 
· Yes--> the process is out of control (step 6) 
· No--> Go to step 5 
5. Does any pattern exist? 
· Yes--> the process is out of control (step 6)
· No--> the process is in control--> continue monitoring (step 3)  
6. The process is out of control. Stop the process until the quality problem is identified and fix 
· [bookmark: _GoBack]Process improvement tools 
· Discard out-of-control sample observations 
· May need to revise the control chart 

· Key Ideas Behind the Control Limits
· In spite of inherent random variation in a production process, the average of the distribution of the quality characteristic should be stable if the process is in control 
· The range between the UCL and LCL indicate the existence of abnormal variation 
· Observations falling outside the UCL or LCL indicating the existence of an abnormal variation 
· Control limit standard= 3-sign a limits 
· Control limits too narrow--> Type I error: random variation mistaken for an abnormal variation 
· Control limits too wide--> Type II error: abnormal variation may not be detected 

· p-Chart: Control Chart for Attributes
· Quality to be measured: proportion of defective items 
· Sample size (n): 30-100 items per sample (guideline) 
· [image: ../../../../../../Screen%20Shot%202016-04-11%20at%2012.34.07%20PM.pn]Center Line:       = historical average proportion of defects 
[image: SPC%20TB%20Images/Screen%20Shot%202016-04-11%20at%2011.12.05%20AM.png]


						  
Sample
Standard Deviation 
Z= number of standard deviations corresponding to the sigma limit  

 c-Chart: Control Chart for Attributes 
· Quality to be measured: # of defective features per product 
· Sample size: 1 item per sample 
· Used when it is not possible to count non-defective items 
· i.e. no proportion of defectives can be computed 
· [image: SPC%20TB%20Images/Screen%20Shot%202016-04-11%20at%2012.34.14%20PM.png]Center Line:       = Historical average # of defective features 
[image: SPC%20TB%20Images/Screen%20Shot%202016-04-11%20at%2011.11.29%20AM.png]
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 R-Chart: Control Chart for Variable 
· Quality to be measured: 
R= (Largest value in the sample) – (Smallest value) 
· Sample size (n): 2-10 items per sample 
· [image: SPC%20TB%20Images/Screen%20Shot%202016-04-11%20at%2012.34.21%20PM.png]Center Line:       = Historical average of R values 
[image: SPC%20TB%20Images/Screen%20Shot%202016-04-11%20at%2011.11.34%20AM.png]

D3 and D4= Range value constants based on sample size 
· Specifically developed to determine control limits for R-chart

 x-Chart: Control Chart for Variable 
· Quality to be measured: Sample average 
· [image: SPC%20TB%20Images/Screen%20Shot%202016-04-11%20at%2012.49.04%20PM.png]Sample size (n): 2-10 items per sample 
· Center Line:       = Historical average of x values 
[image: SPC%20TB%20Images/Screen%20Shot%202016-04-11%20at%2011.11.40%20AM.png]

A2= Mean value constant based on sample size
· Specifically developed to determine control limits for x-chart

 R-chart and x-chart should be used together 

 Control Limit Factors—for R-chart and x-chart with 3-sigma limits 
[image: ../../../../../../Screen%20Shot%202016-04-11%20at%2012.53.05%20PM.pn]

 Pattern Tests 
· To detect a non-random pattern within the control limits 
· Run tests: check for the runs 
· Run A sequence of observations with a certain characteristic 
· Pattern #1: 8 Consecutive points on one side of the center line 
· Pattern #2: 8 Consecutive points up/or down 
· Pattern #3: 16 Consecutive alternating up and down 
· Zone tests: check for the zones 
· 3 zones for 3 sigma limit control chart 
· Pattern #4: 2 out of 3 consecutive points in Zone A 
· Pattern #5: 4 out of 5 consecutive points in Zone A or B 
 Process Capability
· SPC monitors natural vs. non-random variation within a process  Producer’s Perspective 
· Process Capability The ability of a process to satisfy a product’s or service’s tolerances 
· Tolerances Design specifications that reflect customer requirements 
· Not statistically determined 
· Not a result of the production process 
· Production process must be in control (check SPC) and must meet design specifications (check process capability) 
·  Control chart data can be used to determine process capability 
· UCL Upper Tolerance Limit (UTL) 
· LCL Lower Tolerance Limit (LTL) 
· Rough Guideline:
· Process is capable of meeting specifications if:
· (UCL – LCL) = (UTL – LTL) 
· Process is capable of exceeding specifications if: 
· (UCL – LCL) < (UTL – LTL) 
· Process is not capable of meeting specifications if: 
· (UCL – LCL) > (UTL – LTL) 









Section #4—Total Quality Management (TQM): 
· What’s TQM? 
1. An organization-wide effort to achieve high product quality based on 3 guiding principles: 
1. Customer Focus
· Quality from the customer perspective; obtain customer feedback 
2. Continual Improvement
· Constantly seek to improve processes, products, productivity, effectiveness, responsiveness, etc. 
3. Total Participation and Teamwork
· Workers are the inspections: providing training, authority, rewards 
· Cross-functional, process improvement teams 
· Top management commitment 
· Supplier Relationship 

· Stages in QM 
1. Quality Inspection 
2. Quality Control 
· Obtain Management Support
· Management Commitment 
· Customer Focus 
· Choose a SPC Leader 
· Select a Process for Pilot Study 
· Provide SPC Training 
· Empowered Workers 
· Construct Control Charts
·  Continual Improvement 
· Process Improvement 
3. Quality Assurance 
· Project-by-project
· Process-by-process 
· Cross-functional 
4. TQM
· Company-wide 
· Supplier Relationship 

· Quality Evolution 
	
	
	Events/People
	Ideas

	Industrial Revolution/Early 1900s 	
	Quality Inspection
	
	

	1920s-1950s	
	Quality Control
	Shewhart
	-Process Improvement
-Statistical Methods

	1960s-1970s
	Quality Assurance
	-Deming, Juran, Crosby
-ISO, JIT, Oil Crisis, Foreign Competition
	-Mgmt Philosophy 
-Continual Improvement
-Cost of Quality
-Zero Defects 

	1980s to Present 
	TQM
	-Feigenbaum
-Ishikawa
	-Org. Focus
-Customer Driven Quality
-More Choices and Info
-Higher Expectations
-Affordable Quality


  
· Quality Gurus
· Shewart 
· Promoted SPC
· Shewhart Cycle 
· Deming 
· Deming Wheel 
· 14 Point Quality Mgmt Philosophy
· Promoted Quality Mgmt in Japan—Deming Prize 
· Juran 
· Quality Control Handbook 
· Quality Trilogy 
· Planning 
· Control 
· Improvement 
· Cost of Quality 
· Crosby 
· Cost of Poor Quality 
· Zero Defects 
· Quality is Free 
· Feigenbaum, Ishikawa (Cause-and-Effect Diagram) 
· Total Quality Control
· Company-Wide Commitment 

· TQM vs. JIT 
· Customer Focus 
· JIT: to achieve good forecast of customer demand 
· Continuous Improvement (“kaizen”)
· JIT: Require high quality products; under capacity scheduling 
· Total Participation and Teamwork
· JIT: Well-trained, multifunctional, empowered employees; group problem solving 
· TQM vs. BPR 
· Business Process Reengineering (BPR): the total redesign of a production process 
· Leading to organizational and cultural changes, empowered and multi-functional employees, management leadership
· Aim for rapid, dramatic improvement in process performance (BPR) vs. continuous improvement (TQM) 
· Common BPR Characteristics:
· Combining several jobs into one 
· Process have multiple versions 
· Work is done where it makes the most sense 

· TQM Implementation Issues 
· Lack of a Genuine Quality Culture 
· Forgetting customer-focus
· Conflict with existing systems 
· E.g. Compensation and promotion systems, policies, and procedures
· Lack of Top Management Support and Commitment 
· Forgetting long-term benefits 
· “Bottom line” approach 
· Inadequate Training 
· Over—or Under—Reliance on Quality Tools 
· Over-emphasis on teams, under-emphasis on individual efforts 

· Six Sigma Quality Program 
· Six Sigma: A high level of product quality with 3.4 defective parts per million 
· Coined by Motorola in 1986
· Motorola won Baldridge Award in 1988
· Six Sigma Program: A quality management program with clear business goals, which are achieved by:
· Cutting poor quality costs 
· Rewarding employees for quality improvement 
· Training employees--> Six sigma black belt certification 
· Black Belt: Employee trained and experienced in application of statistical techniques, problem solving, project management, team leadership skills 
· Apply a scientific method--> DMAIC, statistics, computers 
· Methodology 
· DMAIC Model 
· Define problem/opportunity 
· Measure characteristics that are critical-to-quality 
· Analyze the problem using benchmarking and gap studies 
· Improve by reducing variation and reducing defects 
· Control Performance 
· Other Tools 
· Computer Simulation 
· Part Standardization 
· Supplier Qualification, SPC
· Design of Experiments 
· Measurement System Analysis 

· Quality Awards 
· Baldridge Award (USA): Created by law in 1987 
· Manufacturing, service, small business, education, health care
· Customer focus, process management, leadership, HR, strategic planning, information and analysis, business results 
· Deming Prize (Japan): Created in 1957 
· Company, Business Unit, Individual 
· Allowed foreign companies to apply in 1984
· Minimum application standards 
· Common Themes 
· Privilege worthy experience, expensive
· Quality Standards 
· ISO (International Organization for Standardization) 
· Headquarter in Geneva, established officially in 1947
· Network of national standards institutes of 146 countries
· Developed over 18,000 international standards on a variety of subjects 
· Quality Management--> ISO 9000 Series 
· First published in 1987 
· To promote a uniform quality standard for cross-border transactions 
· A guideline for developing an organizational system for documenting quality management-related processes and procedures 
· Certification of suppliers, not products 
· Common themes:
· Marketing Strategy
· Customer Requirement
· International Trade Requirement 
· ISO 9000 Series Include: 
· ISO 9001 (production, procurement, installation, design, servicing)
· ISO 9002 (production, procurement, installation)
· ISO 9003 (inspection and test)
· ISO 9004 (quality management) 
· ISO 14000 series for environmental management (1996) 
· Environmental management systems, technical standards 
· Applicable in all nations, promote the interests of the public and user, cost effective and flexible 
· Other non-ISO industry standards 
· QS 9000: For Chrysler, Ford and GM Suppliers 
· AS 9000: Aerospace industry 
· ISO 9000
· Registration Process:
1. Application
2. Documentation Review 
3. Pre-Assessment 
4. Registration Audit 
5. Registration Decision 
6. Surveillance Audit 
· Cost 
· Internal:
· Analysis 
· Project planning 
· System development
· Documentation 
· System implementation 
· Training 
· Internal audit 
· System modifications 
· External 
· ISO publication and software
· Registrars (Fees & Travel) 
· Consultants (Fees & Travel) 
· Time: “3 Months to 3 Years” 
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