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Master Syllabus Blueprint: Paper 16 (SCM) - Part 1

Strategic Cost Management (SCM) bridges financial accounting with long-term corporate strategy. This
comprehensive volume is engineered to provide complete self-sufficiency, ensuring students require
no external material for Section A, Chapters 1 and 2.

Coverage X .
Module / Chapter . Core Topics & Analytical Frameworks
Weight
Chapter 1 30% (Sec A) * Strategic Cost Management vs Traditional
Introduction to SCM & Value Costing
Dynamics * Structural and Execution Cost Drivers

* Porter's Value Chain Analysis (Primary &
Support)

* Value Engineering & Value Index
Calculations

* Business Process Reengineering (BPR) vs

Kaizen
Chapter 2 30% (Sec A) * The COQ Model (Prevention, Appraisal,
Quality Cost Management & Lean Failure)
Systems * Traditional AQL vs Total Quality
Management (TQM)

* Lean Accounting & Value Stream Costing
* The 7 Wastes (TIMWOOD) in
Manufacturing

* Six Sigma and the DMAIC Framework

PEDAGOGICAL COMMITMENT

This book is written with absolute originality. Every concept is explained from first principles,
avoiding external citations and focusing entirely on what is needed to secure top marks in the
ICMAI Final examination.
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Chapter 1: Strategic Cost Management Foundations

1.1 The Paradigm Shift from Traditional Accounting

Traditional cost accounting systems were designed in the early 20th century when direct labor and
direct materials constituted the vast majority of product costs. Overhead costs were relatively minor
and were allocated arbitrarily using simplistic volume-based drivers like direct labor hours or machine
hours. In modern automated manufacturing and service environments, direct labor often accounts for
less than 10% of total costs, while overhead, R&D, logistics, and customer service dominate. Traditional
systems fail to capture these complexities, often leading to cross-subsidization and distorted product
pricing.

Strategic Cost Management (SCM) emerges as a direct response to this limitation. SCM is the
managerial application of cost data directed toward four distinct strategic phases: formulating strategy,
communicating strategy throughout the organization, developing and implementing tactics to execute
strategy, and establishing controls to monitor the success of the strategy. SCM does not view cost
reduction as an isolated exercise of cutting budgets; rather, it views cost as a strategic variable that
must be managed to create and sustain competitive advantage. A firm can compete on two primary
strategic vectors: Cost Leadership (delivering standard products at the lowest cost) or Product
Differentiation (delivering unique products that command a premium price). SCM provides the
financial and operational intelligence required to support whichever strategic posture the firm adopts.
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Chapter 1: Strategic Cost Management Foundations

1.2 Comprehensive Analysis of Cost Drivers

A cost driver is any factor that causes a change in the total cost of an activity. Traditional cost
accounting recognizes only volume-based cost drivers (such as units produced). SCM recognizes that
costs are driven by a complex web of structural and executional factors that span the entire value
chain.

1. Structural Cost Drivers: These are organizational choices related to the economic structure of the
firm. They involve long-term capital commitments and shape the fundamental cost baseline:

- Scale: Investments in manufacturing, administrative, and distribution capacity.

- Scope: Degree of vertical integration and geographic breadth.

- Complexity: Variety of product lines offered to the market.

- Technology: Choice of process technology used in each step of the value chain.

- Experience: Historical learning curve effects and accumulated volume.

2. Execution (Operational) Cost Drivers: These are determinants of cost that depend on the firm's
operational capability and execution efficiency:

- Workforce Involvement: Employee participation in continuous improvement.

- Total Quality Management (TQM): Commitment to defect prevention.

- Capacity Utilization: Efficient matching of capacity to demand.

- Product Configuration: Designing products for ease of assembly.

- Supplier Relationships: Integrating with upstream partners to reduce lead times.
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Chapter 1: Strategic Cost Management Foundations

1.3 Porter's Value Chain Analysis in Depth

Michael Porter introduced the Value Chain as a systematic way of examining all the activities a firm
performs and how they interact. The fundamental premise is that a firm is a collection of value-creating
activities designed to deliver a product to the market. The total value generated by the firm is
measured by the total revenue (price multiplied by quantity sold). The difference between total value
and the aggregate cost of performing all value activities represents the Profit Margin.

Value chain activities are categorized into Primary and Support activities:

Primary Activities:

- Inbound Logistics: Receiving, warehousing, and inventory management of raw materials.

- Operations: Transforming raw inputs into final products or services.

- Outbound Logistics: Warehousing and physical distribution of finished goods to buyers.

- Marketing & Sales: Activities creating awareness and facilitating purchases (pricing, promotion, channel
management).

- Service: Post-purchase support, repairs, installation, and customer training.

Support Activities:

- Procurement: Purchasing function spanning raw materials, machinery, and office supplies.

- Technology Development: Equipment design, IT infrastructure, and product R&D.

- Human Resource Management: Recruiting, training, compensation, and labor relations.

- Firm Infrastructure: General management, legal, accounting, finance, and strategic planning.
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Chapter 1: Strategic Cost Management Foundations

1.4 Value Chain Linkages and Cost Reduction

Value Chain Analysis (VCA) is immensely powerful because it exposes two critical categories of linkages
that traditional cost accounting completely ignores: Internal Linkages and Supplier/Customer
(Vertical) Linkages.

Internal Linkages: These are relationships within the firm's own primary and support activities where
the cost or performance of one activity is affected by how another activity is performed. For example,
investing heavily in a sophisticated product design (Technology Development, a support activity) can
drastically reduce manufacturing complexity and assembly time (Operations, a primary activity),
resulting in a net reduction in total cost. SCM managers actively analyze these trade-offs rather than
trying to minimize each department's budget in isolation.

Vertical Linkages: These extend beyond the firm's boundaries into the supplier network (upstream)
and the distribution/customer channel (downstream). For instance, working closely with upstream
suppliers to receive raw materials just-in-time (JIT) can eliminate warehouse storage costs (Inbound
Logistics) and reduce scrap rates (Operations). Similarly, designing product packaging that fits
distributor pallets perfectly reduces outbound shipping costs. VCA forces managers to view their firm
not as an isolated island, but as a vital node in an extended value delivery network.
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Chapter 1: Strategic Cost Management Foundations

1.5 Value Engineering and Functional Cost Analysis

Value Engineering (VE) is a proactive, systematic method to improve the 'value' of goods or services by
examining their functional requirements. Invented during World War Il when material shortages forced
manufacturers to find substitute components without losing performance, VE has evolved into a
premier strategic cost reduction tool.

The foundational philosophy of VE is that customers do not buy products; they buy the functions those
products perform. Therefore, cost reduction must never be approached by blindly slashing features or
degrading raw material quality; it must be achieved by analyzing whether the required function can be
delivered through a more efficient engineering design.

The Value Equation:
Value is defined mathematically as the ratio of Function (Utility/Worth) to Cost.

The Four Types of Value:

1. Cost Value: The total expenditure incurred to manufacture and deliver the item.

2. Exchange Value: The command the item has in the marketplace (market price).

3. Use Value: The specific operational properties and utilitarian functions of the item.

4. Esteem Value: The subjective prestige, emotional appeal, or luxury status associated with ownership.
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Chapter 1: Strategic Cost Management Foundations

1.6 Mathematical Mechanics of the Value Index

To operationalize Value Engineering, CMA professionals utilize the Value Index. The computation
follows a rigorous four-step sequence:

Step 1: Functional Breakdown: Disaggregate the product into its primary operational functions (e.qg.,
structural support, electrical conductivity, fluid containment, aesthetic housing).

Step 2: Customer Importance Weighting: Survey customers or market research teams to assign
percentage weights to each function based on how much utility they derive from it (the sum of all
weights must equal 100%).

Step 3: Calculate Function Worth: Multiply the total manufacturing cost of the product by each
function's importance weight. This yields the theoretical 'Worth' of each function.

Step 4: Compute the Value Index: Divide the calculated Worth of the function by its Actual Current
Cost allocation.

Decision Rules:

- If Value Index = 1.0: The function is perfectly balanced (cost equals customer worth).

- If Value Index > 1.0: The function is under-budgeted (customers value it more than it costs; potential
opportunity to enhance quality).

- If Value Index < 1.0: The function is over-budgeted (it costs more than the utility it provides; prime
target for Value Engineering cost reduction).

CMAKnowledge.in | SCM Master Series Part 1 | Page 9



Chapter 1: Strategic Cost Management Foundations

1.7 Business Process Reengineering (BPR) vs. Kaizen

In the pursuit of operational excellence, organizations generally deploy one of two philosophical
extremes: Business Process Reengineering (BPR) or Continuous Improvement (Kaizen).

Business Process Reengineering (BPR): Pioneered by Michael Porter's contemporaries James Champy
and Michael Hammer, BPR rejects incrementalism. It assumes that existing operational processes are
fundamentally obsolete and cannot be fixed by minor tweaks. BPR advocates for a 'clean slate'
approach—obliterating old bureaucratic workflows and rebuilding cross-functional processes from
scratch around modern IT capabilities. BPR targets quantum performance leaps (e.g., reducing order
fulfillment time from 30 days to 2 days). However, it carries immense organizational risk, high failure
rates, and severe employee resistance due to restructuring.

Continuous Improvement (Kaizen): Rooted in Japanese manufacturing philosophy (specifically
Toyota), Kaizen focuses on small, incremental, unending improvements executed daily by front-line
workers. It assumes that employees closest to the work understand it best. While individual Kaizen
steps yield modest savings, their cumulative long-term impact is profound. Unlike BPR's top-down
revolution, Kaizen is a bottom-up cultural evolution.
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Chapter 2: Quality Cost Management Frameworks

2.1 The Strategic Imperative of Quality

Quality management has undergone a profound transformation. Under historical paradigms, quality
was treated as a trade-off against cost: higher quality required better raw materials, tighter tolerances,
and more intense inspection, which inevitably drove up manufacturing costs. Modern Strategic Cost
Management completely shatters this trade-off.

The modern paradigm is anchored by Philip Crosby's principle that 'Quality is Free'. The costs incurred
to manufacture defect-free products are vastly smaller than the colossal financial haemorrhage caused
by defective products reaching the market (warranty claims, customer churn, lawsuits, and brand
destruction). Furthermore, Demund Juran and Armand Feigenbaum contributed heavily to establishing
the Total Quality Control framework, proving that quality is an organization-wide responsibility
spanning executive leadership down to shop-floor operators.
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Chapter 2: Quality Cost Management Frameworks

2.2 The COQ (Cost of Quality) Model Architecture

The Cost of Quality (COQ) model categorizes all financial expenditures associated with producing,
identifying, avoiding, and repairing defects into four distinct classifications. Understanding the precise
boundary of each category is vital for CMA examination success:

1. Prevention Costs: Investments made prior to production to ensure defects never occur. These are
proactive expenditures designed to build quality into the process.

Key Activities: Quality engineering, supplier capability audits, preventive machinery maintenance,
employee quality training programs, and design-for-manufacturability reviews.

2. Appraisal Costs: Costs incurred to evaluate raw materials, in-process assemblies, and finished goods
to verify conformance to quality standards.

Key Activities: Incoming material inspection, laboratory testing, product auditing, calibration of testing
equipment, and field testing.

3. Internal Failure Costs: Financial losses sustained when defects are identified before the product is
shipped to the customer.

Key Activities: Rework labor and materials, scrap write-offs, machine downtime due to quality faults, re-
testing, and downgrading defective output to lower-priced secondary markets.

4. External Failure Costs: Catastrophic costs incurred when defective products escape containment
and reach end-consumers.

Key Activities: Warranty repairs, product recall logistics, customer service litigation, processing customer
complaints, and the unquantifiable loss of brand reputation and customer goodwiill.
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Chapter 2: Quality Cost Management Frameworks

2.3 The Traditional vs. TQM View on Quality Economics

The economic optimization of quality costs differs sharply between traditional cost accounting and
Total Quality Management (TQM).

The Traditional AQL (Acceptable Quality Level) View: Traditional economic theory assumes an
inverse relationship between conformance costs (Prevention + Appraisal) and failure costs (Internal +
External). As you increase prevention and appraisal efforts, internal and external failures drop.
However, traditional theory posits that striving for zero defects exhibits diminishing returns, making
perfection infinitely expensive. Thus, traditional theory advocates for an 'Acceptable Quality Level'—an
optimal defect rate greater than zero where total COQ is minimized.

The TQM / Zero Defects View: TQM vehemently rejects the AQL concept. It argue that traditional
models drastically underestimate external failure costs because lost customer goodwill and brand
erosion cannot be accurately measured on a balance sheet. Furthermore, TQM proves that as
organizational learning and prevention maturity increase, the cost of achieving zero defects actually
drops. Under TQM, the economic optimum is strictly **Zero Defects**, and prevention spending must
be maximized without arbitrary limits.
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Chapter 2: Quality Cost Management Frameworks

2.4 Lean Accounting and Just-in-Time (JIT) Integration

Traditional standard costing systems were built for mass production, rewarding factories for building
large inventories to absorb fixed overheads. In modern Lean manufacturing environments, inventory is
viewed as the ultimate evil because it hides quality problems, ties up working capital, and incurs
massive storage costs.

Lean Accounting: Traditional accounting systems allocate overhead using volume-based drivers that
bear no relation to lean shop floors. Lean Accounting replaces this by tracking profitability across Value
Streams (end-to-end product families). It eliminates complex variance reporting, simplifies budgeting,
and uses box-score reporting to track operational, capacity, and financial performance simultaneously.

The 7 Wastes (TIMWOOD): Lean manufacturing identifies 7 foundational wastes that SCM must
systematically eradicate:

. *Transportation:* Moving materials unnecessarily.

. *Inventory:* Holding excess raw goods or work-in-progress.

. *Motion:* Ergonomic inefficiencies in worker movement.

. *Waiting:* Idleness caused by bottlenecks or material shortages.

. *Qverproduction:* Manufacturing before actual customer pull (the root of all waste).

. *Qver-processing:* Performing redundant work due to poor design.

N o o A WN -

. *Defects:* Scrap and rework.
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Chapter 2: Quality Cost Management Frameworks

2.5 Six Sigma and the DMAIC Operating Framework

Six Sigma is a rigorous, data-driven methodology developed by Motorola in the 1980s to eliminate
defects in any process—from manufacturing to transactional billing. The term 'Six Sigma' refers to a
statistical benchmark where a process operates with virtually zero defects, yielding no more than 3.4
defects per million opportunities (DPMO).

Unlike qualitative quality slogans, Six Sigma relies entirely on statistical tools (regression analysis,
ANOVA, control charts) and follows the structured DMAIC lifecycle:

1. Define: Outline the project goals, customer requirements (Voice of the Customer), and process
boundaries.

2. Measure: Collect baseline operational data to quantify the current defect rate and identify key
process metrics.

3. Analyze: Use statistical tools to investigate the root causes of defects, stripping away symptoms to
isolate fundamental variables.

4. Improve: Design, test, and implement creative solutions to optimize the process and eliminate root-
cause defects.

5. Control: Establish ongoing monitoring systems, standard operating procedures, and statistical
process control (SPC) charts to ensure the gains are permanent and regression does not occur.
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Chapter 1 & 2: Advanced ICMAI Case Illustration 3

Comprehensive Value Engineering & Cost Reduction

Problem Statement: Global Electronics manufactures smart-home hubs. The current manufacturing
cost is 5,000 per unit. Management wants to evaluate the functional components using Value

Engineering. The functional breakdown, customer importance weights, and current cost allocations are
provided below:

Function Importance Weight Current Cost

1. Wireless Connectivity 35% %2,200

2. Voice Recognition Interface 25% %800

3. Power Regulation Unit 25% ¥1,500

4. Ergonomic Casing Design 15% %500

Total 100% ¥5,000
Required:

1. Calculate the Worth of each function.
2. Calculate the Value Index for each function.

3. Recommend specific cost-reduction targets to achieve a total manufacturing cost reduction of ¥500
per unit.
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Chapter 1 & 2: Advanced ICMAI Case Illustration 3

Solution

Step-by-Step Value Index Derivation

Step 1: Calculate Function Worth

Total Cost = ¥5,000. Worth = Total Cost x Importance Weight.
- Connectivity: 5,000 x 0.35=%1,750

- Voice Interface: 5,000 x 0.25 =%1,250

- Power Regulation: 5,000 x 0.25 =%1,250

- Casing Design: 5,000 x 0.15 =750

Step 2: Calculate Value Index (Worth / Cost)

Function Worth (A) Current Cost (B) Value Index (A/B) Status

Connectivity %1,750 ¥2,200 0.795 Over-budget
Voice Interface 31,250 T800 1.562 Under-budget
Power Regulation 31,250 $1,500 0.833 Over-budget
Casing Design ¥750 ¥500 1.500 Under-budget

Step 3: Target Cost Reductions

Functions with Value Index < 1.0 require redesign. Connectivity (0.795) and Power Regulation (0.833)
are over-budgeted. To achieve the ¥500 total reduction target, engineering must redesign the wireless
chip module and power circuit to eliminate excess cost while preserving functional utility.

CMAKnowledge.in | SCM Master Series Part 1 | Page 17



Chapter 1 & 2: Advanced ICMAI Case Illustration 4

Cost of Quality Trade-off Optimization

Problem Statement: Precision Motors manufactures automotive gearboxes. The company currently
experiences an internal failure rate resulting in heavy scrap and rework costs. The quality controller
presents the following annual cost schedule for various levels of prevention and appraisal spending:

Quality Level (% Prevention & Appraisal Costs Failure Costs (Internal +
Defective) ) External) (%)

8.0% ¥5,00,000 ¥45,00,000

5.0% ¥15,00,000 $28,00,000

2.0% ¥30,00,000 $12,00,000

1.0% ¥50,00,000 ¥7,00,000

0.2% ¥85,00,000 ¥5,50,000

Required: Calculate the Total Cost of Quality (COQ) for each quality tier. Identify the economic optimum
defect rate and explain why striving for absolute zero defects (0.0%) might violate economic rationality
in this specific operational setting.
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Chapter 1 & 2: Advanced ICMAI Case Illustration 4

Solution

| Step-by-Step COQ Matrix Evaluation

Step 1: Compute Total COQ (Prevention & Appraisal + Failure Costs)

Defect Rate Prev & Appraisal (A) Failure Costs (B) Total COQ (A + B)
8.0% ¥5,00,000 %45,00,000 ¥50,00,000

5.0% ¥15,00,000 ¥28,00,000 ¥43,00,000

2.0% ¥30,00,000 ¥12,00,000 %42,00,000 (Optimal)
1.0% ¥50,00,000 ¥7,00,000 ¥57,00,000

0.2% ¥85,00,000 ¥5,50,000 %90,50,000

Step 2: Analytical Findings

The minimum Total COQ occurs at the 2.0% defect rate, totaling ¥42,00,000. Pushing quality from 2.0%
down to 1.0% increases prevention spending by ¥20L while saving only 5L in failure costs, causing
total COQ to spike to ¥57L.

Economic Rationality of Zero Defects: While TQM philosophically advocates for zero defects,

mathematically under this empirical curve, pushing past 2.0% exhibits severe diminishing returns.
Spending ¥85L on prevention to eliminate the last fraction of defects destroys firm value.
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Chapter 1 & 2: Comprehensive Exam Drill Test Bank

ICMAI-Calibrated Multiple Choice Questions (Part 1)

Q1. Under Michael Porter's Value Chain framework, which of the following is categorized as
a Primary Activity?

A) Procurement of raw materials

B) Technology development and R&D

C) Outbound logistics and physical distribution

D) Human resource recruitment

Answer: C. Outbound logistics is a primary activity. Procurement, technology, and HR are
support activities.

Q2. If a functional component has a Customer Importance Weight of 35% and a total product
manufacturing cost of ¥20,000, what is the theoretical 'Worth' of that function?

A) 3,500

B) 37,000

C€)%10,000

D) %14,000

Answer: B. Worth = Total Cost x Importance Weight = 20,000 x 0.35 = ¥7,000.

Q3. Costs associated with machine maintenance, supplier quality audits, and engineering
design reviews are classified as:

A) Appraisal Costs
B) Prevention Costs
C) Internal Failure Costs

D) External Failure Costs

Answer: B. Prevention Costs.
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Chapter 1 & 2: Strategic Glossary & Terminology Index

Essential SCM Vocabulary for CMA Final Candidates

Comprehensive Professional Definition

Value Chain The interconnected web of primary and support activities performed by a
firm to convert raw inputs into market-valued goods and services.

Value Engineering A systematic team-based methodology focused on optimizing the functional
value of a product relative to its cost.

Business Process The radical, clean-slate redesign of core business workflows to achieve
Reengineering quantum leaps in speed, cost, and quality.
Cost of Quality (COQ) The aggregate financial sum of prevention, appraisal, internal failure, and

external failure costs incurred by an enterprise.

Lean Accounting Financial reporting modified to support lean manufacturing, utilizing value
stream costing and eliminating standard absorption distortions.

Six Sigma A data-driven quality framework targeting no more than 3.4 defects per
million opportunities through the DMAIC cycle.

END OF SCM MASTER BOOK - PART 1

You have successfully completed Part 1 of Paper 16: Strategic Cost Management. You are now
prepared to advance to Part 2: Decision Making Techniques and Transfer Pricing.
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ICMAI SYLLABUS 2022 | FINAL GROUP III

STRATEGIC COST
MANAGEMENT

Paper 16 * Ultimate 45+ Page Master Volume ¢
Part 2

Section A: Advanced Decision Making & Strategic

Performance

The definitive, ultra-comprehensive blueprint for CMA, CA, and CS
professionals. This volume leaves no concept unexamined,
featuring exhaustive theoretical frameworks, multi-page deep-
dive ICMAI illustrations, strategic variance algorithms, and an

expansive self-assessment test bank.
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Comprehensive Blueprint: SCM Part 2

This master volume provides an encyclopedic exploration of operational tactics, strategic pricing,
and variance decomposition. Engineered specifically for professional accounting candidates (CMA,
CA, CS), the content is structured to bridge the gap between academic theory and complex exam

execution.

Chapter Cluster Exhaustive Concept Map

Chapter 3 * Relevant Costing Frameworks (Sunk, Opportunity, Committed Costs)
Decision Making & » Advanced Differential Analysis (Make vs. Buy, Shut Down, Special Export
Pricing Orders)

* Limiting Factor (Key Factor) Optimization & Multi-Constraint Allocation

* Transfer Pricing Mechanisms (Market, Cost-Plus, Opportunity Cost, Dual-
Rate)

* International Transfer Pricing & Taxation Arbitrage

* Target Costing, Kaizen Costing & Value Gap Analysis

* Product Life Cycle Costing (Introduction to Decommissioning)

Chapter 4 * Activity-Based Management (ABM) vs. Activity-Based Costing (ABC)
ABM, JIT & Throughput * Value-Added vs. Non-Value-Added (NVA) Process Mapping
* Just-in-Time (JIT) Manufacturing Architecture & Backflush Accounting
* Theory of Constraints (TOC) & Bottleneck Identification
* Throughput Accounting Ratio (TPAR) Mathematics

* Benchmarking Protocols (Internal, Competitive, Functional, Generic)

Chapter 5 * Beyond Standard Costing: Strategic Performance Evaluation
Strategic Variances « Advanced Sales Variance Decomposition
* Market Size Variance vs. Market Share Variance

* Planning vs. Operational Variances (Ex-Ante vs Ex-Post)

Master Annexures * 15+ Advanced ICMAI-Calibrated Step-by-Step Illustrations
* 30-Question Multiple Choice Test Bank with Detailed Rationales

* Strategic Glossary for Descriptive Questions
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Chapter 3: Decision Making Techniques &

Pricing

3.1 The Philosophy of Relevant Costing

In strategic cost management, managers are continuously faced with choices: Should we
manufacture a component internally or outsource it? Should we accept a one-time special export
order at a price below our standard cost? Should we shut down an unprofitable division?
Traditional absorption costing fails to answer these questions correctly because it allocates

unavoidable fixed costs to products, distorting their true marginal profitability.

To make economically rational decisions, a CMA must employ Relevant Costing (also known as
Differential or Incremental Analysis). Relevant costs are defined strictly as future cash flows that
differ between the alternatives under consideration. If a cost has already been incurred (sunk) or will
be incurred regardless of the decision (unavoidable), it is mathematically irrelevant to the decision

model.

THE ABSOLUTE RULES OF RELEVANCE

* Sunk Costs: These are historical expenditures that cannot be reversed. Example: The
T50 Lakhs spent last year to develop a software program. Whether you launch the

software or scrap it, the ¥50 Lakhs is gone. It is always irrelevant.

« Committed Fixed Costs: Future obligations that arise from past decisions and cannot
be altered by the current decision. Example: A 10-year non-cancelable factory lease.

Whether you accept a special order or not, the rent must be paid. It is irrelevant.

* Opportunity Costs: The potential benefit or cash inflow that is sacrificed when one
alternative is chosen over another. Example: If using a machine for Project A prevents
you from renting it out for ¥10,000, that ¥10,000 lost rent is a direct, relevant cost of

Project A.

* Avoidable Fixed Costs: Fixed costs that are directly tied to a specific alternative and

can be eliminated if that alternative is rejected. Example: The salary of a dedicated
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supervisor hired specifically for a new product line. If the line is rejected, the supervisor

is not hired. This is relevant.
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3.2 Specific Decision-Making Scenarios

We apply the principles of relevant costing to four classic strategic scenarios tested extensively in

professional examinations.

A. Make or Buy (Outsourcing) Decisions

A firm must decide whether to produce a component internally or purchase it from an external
supplier. The traditional mistake is comparing the external purchase price to the internal Total

Absorption Cost (which includes allocated fixed overheads).

The SCM Rule: Compare the External Purchase Price to the Marginal (Variable) Cost of Production +
Any Avoidable Fixed Costs + Any Opportunity Cost of internal capacity.

If producing internally uses capacity that could otherwise be used to make a highly profitable
alternative product, the lost contribution from that alternative product (Opportunity Cost) must be

added to the internal cost of production.

B. Accept or Reject Special Export Orders

A company operating below full capacity receives a one-time bulk order from a foreign buyer at a

price significantly below its normal domestic selling price. Should it accept?

The SCM Rule: Accept the order if the Special Selling Price is greater than the Incremental (Variable)
Cost of fulfilling the order. Because the company has idle capacity, existing fixed overheads will not

increase. Any price above variable cost contributes directly to the bottom-line profit.

THE "CAPACITY CONSTRAINT" TRAP

If the company is operating at 100% capacity, accepting the special order means sacrificing
reqgular domestic sales. In this case, the relevant cost of the special order becomes:
Variable Cost + Opportunity Cost (Lost Contribution from domestic sales). The special order

must cover this higher threshold to be viable.
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C. Shut Down or Continue Operations

A division or product line is showing a net loss on the traditional income statement. Management

considers shutting it down.

The SCM Rule: Isolate the division's Contribution Margin (Revenue - Variable Costs) and its
Avoidable Specific Fixed Costs. Do not include apportioned general corporate overheads (like the
CEO's salary), because those will continue even if the division is closed.

If Contribution Margin > Avoidable Fixed Costs, the division is covering its own specific costs and
contributing toward general corporate overheads. Do not shut it down. Closing it would actually

decrease total company profit.
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Advanced SCM Illustrations: Relevant Costing

ILLUSTRATION 1: COMPLEX MAKE VS. BUY DECISION WITH
OPPORTUNITY COSTS

Problem Statement:

Titan Engineering manufactures a critical component, 'X-10', for its heavy machinery. The
annual requirement is 20,000 units. The current internal manufacturing cost per unit

(based on full absorption costing) is as follows:

Cost Element Cost per Unit (%)

Direct Materials T 150
Direct Labor ¥ 100
Variable Manufacturing Overhead ¥ 50

Fixed Manufacturing Overhead (Allocated) T120
Total Absorption Cost %420

An external specialized vendor, Global Parts Ltd., has offered to supply the entire annual

requirement of 20,000 units of 'X-10" at a guaranteed price of ¥ 360 per unit.
Additional Strategic Information:

« If Titan outsources 'X-10', 40% of the Fixed Manufacturing Overhead currently allocated
to this component is specifically tied to its production (e.g., specialized machine
leasing, dedicated supervisor salary) and can be entirely avoided. The remaining 60%
consists of general factory rent and administrative costs which will continue regardless

of the decision.
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Paper 16: Strategic Cost Management

* The factory space currently used to manufacture 'X-10' could be repurposed to
manufacture a new component, 'Y-20'. Producing 'Y-20' in this space would generate a

net positive contribution margin of ¥ 8,00,000 per annum.
Required:

1. Evaluate whether Titan Engineering should continue to make the component or buy it

from Global Parts Ltd., completely ignoring the 'Y-20' opportunity.

2. Evaluate the decision incorporating the opportunity cost of manufacturing 'Y-20'. What

is the net financial advantage/disadvantage of the optimal decision?
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SOLUTION TO ILLUSTRATION 1: MAKE VS. BUY

Part 1: Evaluation Ignoring Opportunity Cost

To make a rational decision, we must isolate the Relevant Cost to Make and compare it to

the Relevant Cost to Buy.

Relevant Cost to Make (Internal Production):
This includes all variable costs plus any fixed costs that are directly avoidable if production

ceases.

* Direct Materials: ¥ 150
 Direct Labor: ¥ 100
* Variable Overhead: ¥ 50

* Avoidable Fixed Overhead (40% of ¥ 120): ¥ 48
Total Relevant Cost to Make per unit = ¥ 348.
Total Relevant Cost to Make (20,000 units) = 20,000 x ¥ 348 =¥ 69,60,000.

Relevant Cost to Buy (External Vendor):

Purchase Price per unit =¥ 360.
Total Relevant Cost to Buy (20,000 units) = 20,000 x ¥ 360 = ¥ 72,00,000.

Conclusion for Part 1: If we ignore alternative uses of the factory space, the relevant cost
to make (¥ 348) is lower than the purchase price (¥ 360). Titan should continue to Make
the component. Outsourcing would result in a financial disadvantage of ¥ 2,40,000 per

annum.

Part 2: Evaluation Incorporating Opportunity Cost ('Y-20")

If Titan decides to Make 'X-10', it occupies the factory space and sacrifices the ¥ 8,00,000
contribution from 'Y-20'. This sacrificed contribution is a direct Opportunity Cost of

manufacturing 'X-10" internally.
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Cost Element (Total for 20,000 Alternative 1: Make Alternative 2: Buy

units) Internally (%) Externally (%)

Variable Costs (20,000 x ¥ 300) 60,00,000 -

Avoidable Fixed Costs (20,000 x 9,60,000 -
T 48)

Purchase Cost (20,000 x ¥ 360) - 72,00,000

Opportunity Cost (Lost 'Y-20' 8,00,000 -

Contribution)

Total Relevant Cost % 77,60,000 % 72,00,000

Strategic Conclusion: When factoring in the strategic opportunity cost of the factory floor,
the true economic cost of internal production surges to ¥ 77,60,000. It is now significantly
cheaper to Buy the component from Global Parts Ltd. Outsourcing 'X-10"' and using the
freed capacity to build 'Y-20' generates a net financial advantage of ¥ 5,60,000 per annum

for Titan Engineering.
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3.3 Limiting Factor (Key Factor) Optimization

In a utopian economic model, a company would manufacture an infinite amount of its most
profitable product to satisfy unlimited market demand. In reality, firms face severe resource
constraints—bottlenecks that throttle maximum production capacity. These constraints are known

as Limiting Factors or Key Factors.
Common Limiting Factors include:

* A shortage of skilled labor hours.
* A severe restriction on the availability of a critical raw material.
« Maximum machine hour capacity on a specialized assembly line.

* A hard ceiling on short-term working capital (cash).

THE FALLACY OF CONTRIBUTION MARGIN PER UNIT

Traditional accounting instincts dictate that management should prioritize the product that
generates the highest absolute Contribution Margin (Selling Price - Variable Cost) per unit.

Under a resource constraint, this logic is fatally flawed and mathematically incorrect.

Assume Product A gives ¥100 contribution per unit and takes 10 machine hours to build.
Product B gives ¥50 contribution per unit and takes 1 machine hour to build. If machine
hours are limited, producing B yields ¥50 per hour of factory time, whereas A only yields

¥10 per hour. Prioritizing Product B creates vastly more wealth for the firm.

The Single Limiting Factor Algorithm

When a firm faces exactly ONE resource constraint, the optimization process is straightforward

and relies on basic ranking:

1. Calculate the Contribution Margin per unit for all products.
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2. Identify the limiting factor (e.qg., total available labor hours).

3. Divide the Contribution per unit by the amount of the limiting factor required to produce one

unit. This yields the Contribution per Unit of Limiting Factor.
4. Rank the products in descending order based on this new metric.

5. Allocate the scarce resource sequentially, completely satisfying the maximum market demand

of Rank 1, before moving to Rank 2, and so forth until the resource is entirely exhausted.

Advanced Complexity: If the firm faces MULTIPLE simultaneous limiting factors (e.g., a shortage of
BOTH labor hours AND raw materials), this simple ranking system completely breaks down.
Management must deploy Linear Programming (Simplex Method or Graphical Method) to solve

the multi-variable optimization matrix. This is covered extensively in Section B of the syllabus.
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Advanced SCM Illustrations: Limiting Factors

ILLUSTRATION 2: PRODUCT MIX OPTIMIZATION UNDER CONSTRAINT

Problem Statement:

Zenith Corp produces three consumer goods: Alpha, Beta, and Gamma. The production
relies heavily on a specialized imported raw material, 'Material X'. Due to global supply
chain disruptions, Zenith can only procure a maximum of 12,000 kg of Material X for the

upcoming quarter. The fixed overheads for the quarter are ¥ 2,50,000.

Product Details

Selling Price per unit ¥1,200 ¥ 1,500 ¥ 2,000
Variable Cost (excluding Material X) T 400 T 600 T 800
Material X Required (kg per unit) 2 kg 3kg 5kg
Maximum Market Demand (Units) 2,000 2,500 1,500

Note: The cost of Material X is ¥ 100 per kg.
Required:
1. Calculate the total quantity of Material X required to satisfy maximum market demand.
Determine if a limiting factor situation truly exists.

2. Determine the optimal product mix that maximizes Zenith Corp's total profit for the

quarter.

3. Calculate the maximum net profit generated by this optimal mix.
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SOLUTION TO ILLUSTRATION 2: KEY FACTOR OPTIMIZATION

Step 1: Verify the Constraint

Material required for max demand:

Alpha: 2,000 units x 2 kg = 4,000 kg

Beta: 2,500 units x 3 kg = 7,500 kg

Gamma: 1,500 units x 5 kg = 7,500 kg

Total Material Required = 4,000 + 7,500 + 7,500 = 19,000 kg.

Since the total required (19,000 kg) exceeds the available supply (12,000 kg), Material X is

indeed the limiting factor.

Step 2: Calculate Contribution and Rank Products

Calculation

Selling Price 31,200 % 1,500 ¥ 2,000
Less: VC (Other) (¥ 400) (¥ 600) (¥ 800)
Less: Material Cost (¥100/kg) (¥ 200) (¥ 300) (¥ 500)
Contribution per unit ¥ 600 ¥ 600 %700
Material X Required (kg) 2 kg 3 kg 5 kg
Contribution per kg of Material X ¥ 300/ kg %200/ kg 140/ kg
Strategic Rank RankI Rank II Rank III
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Step 3: Allocate the Limiting Factor (12,000 kg)

* Rank I (Alpha): Produce max demand of 2,000 units. Material used
4,000 kg. (Remaining balance: 12,000 - 4,000 = 8,000 kg).

2,000 x 2 kg =

* Rank II (Beta): Produce max demand of 2,500 units. Material used = 2,500 x 3 kg =
7,500 kg. (Remaining balance: 8,000 - 7,500 = 500 kg).

* Rank III (Gamma): Only 500 kg remaining. Units produced = 500 kg / 5 kg per unit =
100 units.

Optimal Production Mix: Alpha = 2,000 units, Beta = 2,500 units, Gamma = 100 units.

Step 4: Calculate Total Maximum Net Profit

Contribution from Alpha: 2,000 units x ¥ 600 =¥ 12,00,000
Contribution from Beta: 2,500 units x ¥ 600 =3 15,00,000
Contribution from Gamma: 100 units x ¥ 700 = ¥ 70,000
Total Contribution =¥ 27,70,000

Less: Fixed Overheads = (¥ 2,50,000)
Maximum Net Profit = ¥ 25,20,000.
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3.4 The Architecture of Transfer Pricing

A transfer price is the notional monetary value attached to goods or services exchanged between
different divisions, subsidiaries, or responsibility centers within the same corporate group. While it
does not change the consolidated revenue of the parent company (since the internal revenue of
the supplying division cancels out the internal expense of the receiving division), it is of paramount

strategic importance.

WHY IS TRANSFER PRICING SO CRITICAL?

* Performance Evaluation: In decentralized organizations, divisions are treated as
independent Profit Centers. Managers' bonuses are tied to divisional ROI. An unfair
transfer price demotivates managers by artificially inflating one division's profit at the

expense of another.

* Goal Congruence: The transfer pricing mechanism must induce divisional managers
to make decisions that maximize their own divisional profit while simultaneously

maximizing the overall corporate profit.

 International Taxation (Arbitrage): For MNCs operating across borders, transfer
pricing is aggressively used to shift profits from high-tax jurisdictions to low-tax

jurisdictions (tax havens) by manipulating the internal transfer price.

The General Mathematical Rule for Transfer Pricing

To preserve goal congruence, the absolute minimum price the supplying division should accept is

determined by the following formula:

Minimum Transfer Price = Incremental Out-of-

Pocket Cost + Opportunity Cost
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The Role of Capacity:

+Idle Capacity: If the supplying division has excess machinery and labor sitting idle,
transferring units internally does not sacrifice any external sales. The Opportunity Cost is Zero.

The minimum transfer price is simply the variable cost of production.

* Full Capacity: If the supplying division is running at 100% capacity and selling everything to
the external market, every unit transferred internally means one less unit sold externally. The
Opportunity Cost is the lost Contribution Margin from the external sale. In this scenario, the

minimum transfer price perfectly equals the external Market Price.

Resolving Internal Conflicts: The Dual-Rate System

When the supplying division insists on transferring at Market Price (to maximize its revenue) and
the receiving division insists on transferring at Variable Cost (to minimize its expenses),
negotiations stall. A Dual-Rate Transfer Pricing System solves this mathematically by using two

separate accounting books:

1. The Supplying Division's revenue is credited at the External Market Price.

2. The Receiving Division's inventory is debited at the Standard Variable Cost.

3. The parent company's central accounting system absorbs the artificial variance. This maximizes
autonomy and ensures the transfer occurs, though it artificially inflates the sum of divisional

profits above the actual corporate profit.
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Advanced SCM Illustrations: Transfer Pricing

ILLUSTRATION 3: DIVISIONAL NEGOTIATION AND GOAL CONGRUENCE

Problem Statement:
Global Motors has two decentralized profit centers: Engine Division and Assembly Division.

The Engine Division produces a high-performance motor. The financial metrics for the

motor are:

* External Market Selling Price: ¥ 50,000 per unit
* Variable Manufacturing Cost: ¥ 25,000 per unit
* Fixed Manufacturing Cost: ¥ 10,000 per unit (based on a capacity of 10,000 motors)

* Maximum Capacity: 10,000 motors per year

The Assembly Division requires 3,000 motors for a new line of sports cars. The Assembly
Division currently buys a slightly inferior motor from an external Chinese supplier for ¥
42,000 per unit. The Assembly Manager approaches the Engine Division manager and
offers to buy 3,000 motors internally at ¥ 35,000 per unit (which covers the Engine
division's full cost of ¥ 35,000).

Required:

1. Evaluate the transfer pricing decision if the Engine Division is currently selling only
6,000 motors to the external market (Idle Capacity scenario). Determine the minimum
acceptable price, the maximum acceptable price, and calculate the net benefit to the
Corporation if the transfer occurs at the Assembly Division's proposed price of ¥
35,000.

2. Evaluate the transfer pricing decision if the Engine Division is currently selling all
10,000 motors to the external market (Full Capacity scenario). Calculate the minimum

acceptable transfer price. Will the internal transfer take place?
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SOLUTION TO ILLUSTRATION 3: TRANSFER PRICING DYNAMICS

Part 1: Scenario A - Idle Capacity (Engine Division sells 6,000 externally)

The Engine Division has a capacity of 10,000 units but is only selling 6,000. It has 4,000
units of idle capacity, which is more than enough to fulfill Assembly's demand of 3,000

units without sacrificing any external sales.

Supplying Division (Engine) Minimum Price:

Min Price = Variable Cost + Opportunity Cost

Min Price =¥ 25,000 + ¥ O (since idle capacity exists)
Min Price =¥ 25,000.

Receiving Division (Assembly) Maximum Price:
Assembly will not pay more than its alternative external sourcing cost.

Max Price = ¥ 42,000 (Chinese supplier price).

Evaluation of the Proposed Price (¥ 35,000):
The proposed price of ¥ 35,000 falls perfectly within the negotiation range (¥ 25,000 to ¥
42,000). Both divisions benefit:

* Engine Division earns a contribution of ¥ 10,000 per unit (¥ 35k - ¥ 25k).

* Assembly Division saves ¥ 7,000 per unit compared to outside purchasing (¥ 42k - ¥
35k).

Net Corporate Benefit: The corporation saves the difference between the external
purchase price (¥ 42,000) and the internal variable cost (¥ 25,000). Corporate Benefit =
3,000 units x ¥ 17,000 = ¥ 5,10,00,000.

Part 2: Scenario B - Full Capacity (Engine Division sells 10,000 externally)

If the Engine Division transfers 3,000 units internally, it must cancel 3,000 external sales. It

loses the contribution margin from those external customers.

Supplying Division (Engine) Minimum Price:
Lost Contribution per unit = External Price (¥ 50,000) - Variable Cost (¥ 25,000) = ¥ 25,000.
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Min Price = Variable Cost + Opportunity Cost
Min Price =¥ 25,000 + ¥ 25,000 = ¥ 50,000.

Receiving Division (Assembly) Maximum Price:
Max Price remains ¥ 42,000.

STRATEGIC CONCLUSION

The Minimum acceptable price (¥ 50,000) is greater than the Maximum acceptable
price (¥ 42,000). The negotiation range is negative. Therefore, the internal
transfer will NOT and SHOULD NOT take place. The Engine Division should
continue selling to the external market at ¥ 50,000, and the Assembly Division
should buy from the Chinese supplier at ¥ 42,000. Forcing the internal transfer
would destroy ¥ 8,000 of shareholder wealth per unit.
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3.5 Target Costing & Kaizen Costing

In highly competitive environments (e.g., consumer electronics, automotive), companies lack
pricing power. The market dictates the selling price. If a company uses traditional "Cost-Plus"
pricing, they risk pricing themselves out of the market. Target Costing reverses the equation to

ensure profitability from the inception of a product.

THE TARGET COSTING EQUATION

Target Cost = Competitive Market Price - Desired

Profit Margin

If the firm's current estimated manufacturing cost exceeds this Target Cost, a Value Gap exists.
The product cannot be pushed to production. Instead, cross-functional teams use Value
Engineering to aggressively redesign the product, strip out non-value-added features, and

negotiate cheaper supply contracts until the estimated cost drops below the Target Cost.

Kaizen Costing (Continuous Cost Reduction)

Target Costing is applied before production begins (Design phase). Kaizen Costing is applied after
production begins (Manufacturing phase). It represents the continuous, incremental effort to
reduce the cost of a product over its manufacturing life through small daily efficiency

improvements on the shop floor.

3.6 Product Life Cycle Costing

Traditional accounting chops financial performance into 12-month artificial windows, tracking
manufacturing costs in isolation. Product Life Cycle Costing demands tracking and aggregating
ALL costs associated with a product across its entire multi-year lifespan, providing a true picture of

long-term profitability.
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THE FOUR STAGES OF LIFE CYCLE COSTS

1. Design & Development Phase: Massive R&D, market research, and prototype testing

costs. No revenue. (Up to 80% of total life cycle costs are 'locked-in' or committed here).

2. Introduction & Growth Phase: High marketing, distribution, and promotional costs.

Revenues begin to scale rapidly.

3. Maturity Phase: Manufacturing is optimized (Kaizen costing). Peak profitability and

maximum cash flow generation.

4. Decline & Decommissioning Phase: Revenues drop. Costs include facility tear-down,

environmental cleanup, and severance pay.

A product might show an excellent profit margin during the Maturity phase under
traditional accounting, but Life Cycle Costing might reveal that the product never actually
recovered its massive initial R&D and ultimate decommissioning costs, meaning it

destroyed firm value overall.
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Chapter 4: Activity-Based Management (ABM)

4.1 Transitioning from ABC to ABM

Activity-Based Costing (ABC) is a highly accurate methodology for assigning indirect overhead
costs to products. It identifies all the activities performed in a factory (e.g., machine setups, quality
inspections, material handling), calculates a cost per activity, and assigns costs to products based
on how much of each activity they consume. ABC answers the question: "What does this product

actually cost?"

Activity-Based Management (ABM) is the strategic application of ABC data. ABM takes the
intelligence gathered by ABC and uses it to restructure the business. It answers the question: "How

do we manage these activities to increase profitability?"

THE TWO DIMENSIONS OF ABM

* Operational ABM (Doing things right): Focuses on improving efficiency. If ABC
reveals that "Material Handling" costs ¥500 per pallet move, Operational ABM seeks to
redesign the warehouse floor plan to reduce the distance traveled, lowering the cost to
300 per move. It focuses on identifying and eliminating Non-Value-Added (NVA)

activities.

* Strategic ABM (Doing the right things): Focuses on altering the product mix and
customer base. If ABC reveals that Custom Product Z requires 15 machine setups and is
actually generating a loss (despite looking profitable under traditional volume-based
costing), Strategic ABM dictates raising the price of Product Z, redesigning it to require

fewer setups, or dropping it entirely to focus on high-margin standard products.

4.2 Value-Added (VA) vs. Non-Value-Added (NVA) Analysis

The core operating philosophy of ABM is the relentless categorization and elimination of waste.
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Value-Added Activities (VA) Non-Value-Added Activities (NVA)

Activities that physically transform the Activities that consume resources but add zero value from
product in a way the customer is willing the customer's perspective.

to pay for.

Examples: Assembling components, Examples: Moving inventory from station to station,
painting a car chassis, coding software waiting for inspection approvals, storing excess raw
algorithms. materials, reworking defective batches.

Strategic Action: Optimize and Strategic Action: Eradicate completely.

streamline.
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4.3 Theory of Constraints (TOC) & Throughput Accounting

Developed by Dr. Eliyahu Goldratt in his seminal book The Goal, the Theory of Constraints (TOC) is
an operational philosophy that views every manufacturing system as a chain. A chain is only as
strong as its weakest link. In manufacturing, this weakest link is called the Bottleneck or

Constraint.

TOC postulates that any effort spent improving the efficiency of a non-bottleneck machine is an
absolute waste of time and money, because the total output of the factory is completely governed

by the bottleneck.

THE 5 FOCUSING STEPS OF TOC

1. Identify the system's bottleneck (e.g., Machine X operates at 100% capacity and has a

backlog of inventory waiting in front of it).

2. Exploit the bottleneck (Ensure Machine X never stops. Do not let it run on breaks. Do

not let it process defective parts).

3. Subordinate everything else to the bottleneck (Slow down all other fast machines so
they only produce exactly what Machine X can handle, preventing massive inventory
buildup).

4. Elevate the bottleneck (Buy a second Machine X, or hire more workers for it. Spend

capital here to break the constraint).

5. Repeat: Once elevated, Machine X is no longer the bottleneck. A new bottleneck will

appear elsewhere. Go back to Step 1.

4.4 Throughput Accounting Mathematics

Throughput Accounting is the financial branch of TOC. It radically alters how we view costs. It

assumes that in the short term, Direct Material is the ONLY true variable cost. All other factory
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Paper 16: Strategic Cost Management

costs (Direct Labor, Factory Rent, Machinery Depreciation) are considered fixed Total Factory

Operating Expenses because you cannot easily fire staff or sell buildings day-to-day.

Throughput Contribution = Selling Price - Totally Variable
Costs (Direct Materials Only)

Return per Bottleneck Hour = Throughput Contribution / Time

required on the Bottleneck Machine

Throughput Accounting Ratio (TPAR) = Return per Bottleneck

Hour / Total Factory Cost per Hour

Strategic Rule: Management must rank and produce products strictly based on their Return per
Bottleneck Hour. The product generating the most cash per minute on the constraint machine is

the most valuable to the firm, regardless of its traditional gross margin.

CMAKnowledge.in | SCM Master Series Part 2 | Page 27



Advanced SCM Illustrations: Throughput

Accounting

ILLUSTRATION 4: TPAR OPTIMIZATION AND BOTTLENECK
EXPLOITATION

Problem Statement:

Vortex Manufacturing produces two products, X and Y. The factory operates a highly
specialized CNC machine which acts as a severe bottleneck. The factory operates 20 days a
month, 8 hours a day (Total bottleneck capacity = 160 hours per month). The total factory
operating costs (including all labor and overheads, but excluding direct materials) are ¥
4,80,000 per month.

Details per unit Product X Product Y

Selling Price ¥ 10,000 ¥ 15,000

Direct Material Cost T 4,000 ¥ 6,000

Time required on CNC Bottleneck 1.5 hours 3.0 hours

Maximum Market Demand 80 units 60 units
Required:

1. Calculate the Throughput Contribution per unit for Product X and Y.
2. Calculate the Return per Bottleneck Hour for Product X and Y, and rank them.
3. Calculate the Factory Cost per Bottleneck Hour.

4. Calculate the Throughput Accounting Ratio (TPAR) for both products.
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5. Determine the optimal production plan to maximize total factory profit, and calculate
that profit.
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SOLUTION TO ILLUSTRATION 4: THROUGHPUT MECHANICS

Step 1: Calculate Throughput Contribution per unit

Throughput Contribution = Selling Price - Direct Material Cost

* Product X: ¥ 10,000 - ¥ 4,000 =¥ 6,000 per unit.

* Product Y: ¥ 15,000 - ¥ 6,000 = ¥ 9,000 per unit.

Note: Under traditional absorption costing, Product Y looks vastly more attractive due to its

higher absolute contribution. TOC exposes the flaw in this logic.
Step 2: Calculate Return per Bottleneck Hour
Return = Throughput Contribution / Bottleneck Time Required

* Product X: ¥ 6,000 / 1.5 hours = ¥ 4,000 per hour. (Rank 1)

* Product Y: ¥ 9,000 / 3.0 hours = ¥ 3,000 per hour. (Rank 2)
Step 3: Calculate Factory Cost per Bottleneck Hour
Factory Cost per Hour = Total Factory Operating Expenses / Total Bottleneck Capacity
Factory Cost per Hour =¥ 4,80,000 / 160 hours = ¥ 3,000 per hour.
Step 4: Calculate Throughput Accounting Ratio (TPAR)
TPAR = Return per Bottleneck Hour / Factory Cost per Bottleneck Hour

* Product X TPAR =% 4,000/ ¥ 3,000 = 1.33

e Product Y TPAR =% 3,000 /% 3,000 = 1.00

Interpretation: Product X generates 33% more cash than the factory burns per hour. Product Y

barely breaks even with the factory burn rate.

Step 5: Optimal Production Plan and Maximum Profit

Total Bottleneck Capacity = 160 hours.
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1. Fulfill Demand for Rank 1 (Product X):
Produce 80 units x 1.5 hours = 120 hours consumed. (Remaining = 40 hours).

Throughput generated = 80 units x ¥ 6,000 = ¥ 4,80,000.

2. Utilize Remaining Capacity for Rank 2 (Product Y):

40 hours remaining / 3.0 hours per unit = 13.33 units. (Produce 13 units to be safe, or 13.33
mathematically).

Throughput generated = 40 hours x ¥ 3,000 per hour =% 1,20,000.

Total Factory Profit:

Total Throughput (¥ 4,80,000 + ¥ 1,20,000) =¥ 6,00,000
Less: Total Factory Operating Expenses = (¥ 4,80,000)
Maximum Net Profit = ¥ 1,20,000.
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Chapter 5: Evaluating Performance via Strategic

Variances

5.1 Beyond Standard Costing

Standard costing variance analysis (calculating material price variances or labor efficiency
variances) evaluates internal factory performance against static engineering standards. However,
executive leadership requires a macro-level evaluation of how the company performed against
market realities. This is achieved through Strategic Variance Analysis, specifically by

decomposing the traditional Sales Volume Variance.

THE SALES VOLUME DECOMPOSITION TREE

When a company sells more or fewer units than budgeted, the profit impact (Sales Margin
Volume Variance) can be broken down into two primary drivers: changes in the product

mix, and changes in overall quantity.

*Sales Margin Mix Variance: Evaluates the profit impact of selling a different
proportion of products than originally planned. If a company sells more of its high-
margin luxury goods and less of its low-margin budget goods, this variance will be

highly favorable, even if total unit volume remains flat.

+ Sales Margin Quantity Variance: Evaluates the profit impact of selling a different total

quantity of goods, assuming the original budgeted product mix was maintained.

5.2 Market Size and Market Share Variances

The Sales Margin Quantity Variance is highly insightful, but it fails to answer a critical strategic
question: Did total volume drop because our sales team performed poorly, or because the entire

industry collapsed?
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Paper 16: Strategic Cost Management

To answer this, we further decompose the Sales Margin Quantity Variance into Market Size and

Market Share variances.

MARKET SIZE VARIANCE

Measures the profit impact of the overall industry expanding or shrinking relative to

initial macroeconomic forecasts.

(Actual Industry Sales Volume - Budgeted Industry Sales Volume)
x Budgeted Market Share %

x Budgeted Weighted Average Contribution per unit

MARKET SHARE VARIANCE

Measures the profit impact of the firm's sales force capturing a larger or smaller slice

of the actual market pie, directly evaluating competitive performance.

Actual Industry Sales Volume
x (Actual Market Share % - Budgeted Market Share %)

x Budgeted Weighted Average Contribution per unit
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Advanced SCM Illustrations: Strategic Variances

ILLUSTRATION 5: MARKET SIZE AND MARKET SHARE DECOMPOSITION

Problem Statement:

Titan Electronics budgeted to sell 10,000 units of its flagship smart-TV during the year,
generating a budgeted standard contribution of ¥ 2,000 per unit. At the time of budgeting,

the total market size for smart-TVs in the region was estimated to be 1,00,000 units.
At the end of the year, the actual performance data revealed the following:

* Actual units sold by Titan Electronics: 11,250 units.

* Actual total market size for smart-TVs in the region: 1,50,000 units.

The CEO notes that sales volume increased by 1,250 units over the budget, generating a
favorable standard sales volume variance. However, the Board of Directors wants a deeper

strategic analysis of this performance relative to industry trends.
Required:

1. Calculate the Budgeted Market Share percentage.

2. Calculate the Actual Market Share percentage achieved.
3. Compute the Market Size Variance.

4. Compute the Market Share Variance.

5. Provide a strategic interpretation of the results to the Board of Directors.
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SOLUTION TO ILLUSTRATION 5: STRATEGIC MARKET VARIANCE

Step 1: Calculate Budgeted and Actual Market Shares

Budgeted Market Share = (Budgeted Firm Sales / Budgeted Industry Sales) x 100
Budgeted Market Share = (10,000 / 1,00,000) x 100 = 10.0%.

Actual Market Share = (Actual Firm Sales / Actual Industry Sales) x 100
Actual Market Share = (11,250 / 1,50,000) x 100 = 7.5%.

Step 2: Calculate Market Size Variance

Market Size Variance = (Actual Industry Volume - Budgeted Industry Volume) x Budgeted
Market Share x Standard Contribution

Market Size Variance = (1,50,000 - 1,00,000) x 10.0% x ¥ 2,000
Market Size Variance = 50,000 x 0.10 x ¥ 2,000
Market Size Variance = 5,000 units x ¥ 2,000 =¥ 1,00,00,000 (Favorable).

Step 3: Calculate Market Share Variance

Market Share Variance = Actual Industry Volume x (Actual Market Share - Budgeted Market

Share) x Standard Contribution

Market Share Variance = 1,50,000 x (7.5% - 10.0%) x ¥ 2,000
Market Share Variance = 1,50,000 x (-2.5%) x ¥ 2,000
Market Share Variance = -3,750 units x ¥ 2,000 =¥ -75,00,000 (Adverse).

Step 4: Reconciliation

Total Sales Margin Quantity Variance = Market Size Variance + Market Share Variance
Total Variance =¥ 1,00,00,000 (F) - ¥ 75,00,000 (A) = ¥ 25,00,000 (Favorable).

Check: Actual Sales (11,250) - Budgeted Sales (10,000) = 1,250 units x ¥2,000 contribution =
¥ 25,00,000 (F). The math perfectly reconciles.

STRATEGIC ADVICE TO THE BOARD OF DIRECTORS
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While the traditional accounting report shows a favorable volume variance of ¥ 25
Lakhs, this masks a severe strategic failure. The overall market for smart-TVs
exploded, growing by 50% (driving a massive ¥ 1 Crore favorable market size
variance). However, Titan's sales team failed to capitalize on this boom, losing
massive competitive ground to rivals. Their market share plummeted from 10% to
7.5%, resulting in an adverse market share variance of ¥ 75 Lakhs. The sales team's

performance is highly unsatisfactory despite the absolute increase in units sold.
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ICMAI-Calibrated MCQ Test Bank (Part 2)

Test your conceptual clarity with these high-level analytical questions designed to mimic the
difficulty of the CMA Final examination.

Q1. In a Make or Buy decision, if a company is operating at 100% full capacity, the

relevant cost to manufacture a component internally must include:
A) Only the variable cost of producing the component.
B) The variable cost plus allocated general corporate overheads.

C) The variable cost plus the contribution margin lost from displacing regular external sales.

D) The sunk cost of the machinery used to produce the component.

Answer: C. At full capacity, internal production forces the sacrifice of external sales. This
lost contribution margin is an absolute opportunity cost that must be added to the

internal variable cost to find the true economic cost of making the component.

Q2. Under the Theory of Constraints (TOC), the Throughput Accounting Ratio (TPAR)
is calculated as:

A) Total Sales Revenue divided by Total Factory Cost.
B) Contribution per unit divided by machine hours per unit.

C) Return per bottleneck hour divided by Factory Cost per bottleneck hour.

D) Total Factory Cost divided by Direct Material Cost.

Answer: C. TPAR compares the cash generation rate at the bottleneck against the

factory's cash burn rate at the bottleneck. A ratio > 1 means the product generates wealth
faster than the factory consumes it.

Q3. A dual-rate transfer pricing system is primarily implemented to:

A) Reduce the total tax liability of the parent corporation.
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B) Ensure the supplying division records revenue at market price while the receiving division

records cost at variable cost, preserving goal congruence for both.
C) Pass the inefficiencies of the supplying division to the receiving division.

D) Calculate the exact opportunity cost of idle capacity.

Answer: B. Dual-rate pricing resolves the standoff between divisions by using two
separate sets of books, artificially satisfying both managers' desire for performance

bonuses while keeping corporate output flowing smoothly.

Q4. A company experiences a favorable Market Size Variance but a severely adverse
Market Share Variance. This indicates that:

A) The overall industry contracted, but the company crushed its competitors.
B) The overall industry expanded rapidly, but the company lost ground to its competitors.
C) The company sold its products at a higher price than budgeted.

D) The company shifted its sales mix towards lower-margin products.

Answer: B. A favorable size variance means the "pie" got much bigger. An adverse share
variance means the company's "slice” of that pie got much smaller, indicating poor

competitive performance despite potentially higher absolute sales volumes.
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Strategic Glossary & Terminology Index

A reference dictionary for the essential vocabulary of Decision Making and Operational Control.

Comprehensive Professional Definition

Sunk Cost Historical costs that have already been incurred and cannot be reversed by any

future decision. They are entirely irrelevant in differential analysis.

Opportunity The maximum potential benefit or contribution margin sacrificed when the

Cost choice of one course of action requires the rejection of an alternative course of
action.

Target Costing A market-driven costing methodology where the allowable cost of a product is

derived by subtracting the desired profit margin from the competitive market

selling price.
Throughput A metric used in the Theory of Constraints, defined strictly as Sales Revenue
Contribution minus purely variable Direct Material Costs. It assumes all labor and overheads

are fixed in the short term.

Backflush A streamlined cost accounting system used in JIT environments that delays
Accounting recording costs until after the finished goods are completed or sold, eliminating

the need to track Work-in-Progress (WIP) continuously.

Goal A state where the personal incentives and divisional performance targets of
Congruence managers naturally align with the ultimate profit maximization goals of the

parent corporation. Essential in transfer pricing design.

END OF SCM MASTER BOOK - PART 2
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Paper 16: Strategic Cost Management
You have successfully mastered Section A: Decision Making Techniques, ABM, and Strategic

Variances. You are now prepared to advance to Part 3: Quantitative Techniques (Linear

Programming & Network Analysis).
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STRATEGIC COST
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Paper 16 * Ultimate Master Volume ¢ Part 3

Section B: Quantitative Techniques in Decision Making

The definitive, ultra-comprehensive blueprint for mastering Operations
Research (OR) for the CMA Final examination. This massive volume
leaves no Institute trap unchecked, covering LPP, Transportation,
Assignment, PERT/CPM, Crashing, Learning Curves, and Simulation in

exhaustive detail.

No external study material required. Complete CMA-friendly working notes

and step-marking guides included.
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COMPREHENSIVE BLUEPRINT: SCM PART 3

Part 3 transitions the focus from strategic accounting frameworks to advanced operational
research and quantitative mathematics. These tools allow management accountants to
mathematically optimize supply chains, project schedules, and production constraints under

conditions of certainty and uncertainty.

Chapter Cluster Exhaustive Concept Map

Chapter 6 * Formulation of Constrained Optimization Models

Linear Programming (LPP) * Graphical Method (Maximization & Minimization)
* Simplex Algorithm Mechanics (Slack, Surplus, Artificial Variables)
* Duality Theory & Interpretation of Shadow Prices

Chapter 7 « Initial Basic Feasible Solution (NWCM, LCM, VAM)
Transportation & * Optimality Testing (MODI Method / U-V Method)
Assignment * Unbalanced Matrices and Degeneracy Solutions

* The Hungarian Method for Assignment (Minimization &

Maximization)

Chapter 8 * Network Construction and Dummy Activities
Network Analysis (PERT/ ¢ Critical Path Method (Forward/Backward Passes)
CPM) * Float Analysis (Total, Free, Independent Floats)

* PERT Probabilistic Time Estimates & Variance

* Project Crashing & Time-Cost Trade-offs

Chapter 9 * Learning Curve Logarithmic Mathematics (Y = aXAb)
Learning Curve & Simulation * Pricing under the Experience Curve

* Monte Carlo Simulation and Random Number Mapping
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CHAPTER 6: LINEAR PROGRAMMING (LPP)

6.1 The Mechanics of Optimization

Linear Programming is a mathematical technique used for allocating limited resources in an
optimum manner. When a company faces multiple simultaneous constraints (e.g., labor limits,
machine hours, and raw material shortages), the simple key-factor ranking method discussed in
Part 2 fails. LPP models these constraints simultaneously to find the absolute maximum profit or

minimum cost.

THE THREE PILLARS OF AN LPP MODEL

In the ICMAI examination, questions often ask you to "Formulate" the problem. You must

explicitly state these three components to secure full step-marks:

1. Decision Variables: The unknowns management must decide upon.

Exam Format: Let $x_1% = units of Product A to be produced, $x_2%$ = units of Product B.

2. Objective Function: The mathematical equation representing the corporate goal

(Maximize Profit or Minimize Cost).

Exam Format: Maximize Z = 40$x_1$ + 50$x_2% (where 40 and 50 are the respective unit

contributions).

3. Constraints: Linear inequalities representing resource limitations.
Exam Format: 2$x_1$ + 3$x_2$ < 1200 (Machine Hour constraint).
Crucial: Always include the Non-negativity constraint: $x_1$, $x_2%$ = 0. You lose 1 mark

if you forget this!
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6.2 Simplex Method Terminology

While graphical methods work for two variables, real-world corporate problems involve dozens of

variables requiring the Simplex algorithm. Simplex converts inequalities into equations by

introducing specific variables.

Variable

Type

Slack

Variables
(S)

Surplus
Variables

(S)

Artificial
Variables
(A)

CMA Concept & Application

Added to "Less than or equal to" (<) constraints to represent unused capacity or idle
resources.

Equation: 2$x_1% + 3%$x_2% + $S_1% = 1200. Profit contribution in objective function is
ZERO.

Subtracted from "Greater than or equal to" (=) constraints to represent excess
production over a minimum requirement.
Equation: 4$x_1$ + 2%$x_2% - $S_2% = 500.

A purely mathematical trick. Because subtracting a Surplus variable breaks the initial
identity matrix, Artificial variables are added to = or = constraints just to find an
Initial Basic Feasible Solution (IBFS). They carry a massive penalty (-M for

maximization) in the objective function to force them out of the final optimal solution.

THE "BIG-M" METHOD TRAP

If the ICMAI paper sets a Minimization problem (like a diet mix minimizing cost), the
penalty for an Artificial Variable is +M. If it is @ Maximization problem, the penalty is -M.

Many students automatically write -M and lose the entire 16-mark problem on step 1.
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6.3 Duality Theory & Shadow Prices

Every LPP problem (the Primal) has a corresponding mirrored problem called the Dual. If the
primal seeks to maximize profit given resource constraints, the dual seeks to minimize the

imputed cost of those resources.

FORMULATING THE DUAL FROM THE PRIMAL

* The Objective flips: Maximization in Primal becomes Minimization in Dual.

*The RHS Capacities of the Primal constraints become the Objective Function

coefficients of the Dual.
* The Objective Coefficients of the Primal become the RHS constraints of the Dual.

* The signs flip: = in a Max Primal becomes = in a Min Dual.

The Strategic Importance of "Shadow Prices™

This is a favorite theory question in the CMA exams. The Shadow Price (or Dual Price) is the
marginal value of one additional unit of a scarce resource. It represents the opportunity cost of the
constraint.

Application: Assume the shadow price of a machine hour is calculated as ¥150. This tells the
management accountant that acquiring one extra hour of machine time will increase total
corporate profit by exactly ¥150. Therefore, management should be willing to pay up to a

maximum premium of ¥150 to rent extra machine capacity. Paying ¥151 per hour would destroy

firm value.
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CHAPTER 7: TRANSPORTATION & ASSIGNMENT

MODELS

7.1 The Transportation Problem

The transportation model is a specialized LPP designed to minimize the cost of distributing a
single homogeneous commodity from multiple sources (e.g., factories) to multiple destinations

(e.g., warehouses).

THE TWO-STAGE SOLUTION ARCHITECTURE

Stage 1: Finding the Initial Basic Feasible Solution (IBFS)

We use heuristics to find a starting point. Three methods exist: North-West Corner Method
(NWCM), Least Cost Method (LCM), and Vogel's Approximation Method (VAM).

CMA Exam Rule: Unless specifically instructed otherwise, ALWAYS use VAM. VAM uses
opportunity cost "penalties” (the difference between the lowest and second-lowest cost in
a row/column) to make allocations, resulting in a solution very close to the absolute

optimum.

Stage 2: Optimality Testing (MODI Method / U-V Method)

Once the IBFS is found, we test it. We calculate implicit costs (u for rows, v for columns) for
all allocated cells where $Cost = u + v$. Then, we calculate the opportunity cost (Delta / $
\Delta$) for all empty cells where $\Delta = Cost - (u + v)$.

If any empty cell has a negative $\Delta$, the solution is not optimal. We must form a

closed loop (+, -, +, -), shift units into the negative cell, and recalculate.
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7.2 ICMAI Examiner Traps in Transportation

Transportation problems are highly systematic, but examiners introduce roadblocks to test if you

truly understand the mathematical assumptions of the model.

Trap 1: Unbalanced Matrices

The total supply from all factories MUST exactly equal the total demand from all warehouses
before you begin. If Supply > Demand, you must add a Dummy Column (Warehouse) to absorb
the excess supply. If Demand > Supply, you add a Dummy Row (Factory). The transportation cost

for all dummy cells is always ZERO.

Trap 2: Degeneracy (The Silent Killer)

To perform the MODI optimality test, the number of allocated cells must be exactly equal to (Rows
+ Columns - 1). If it is less, the matrix is "Degenerate," and you cannot calculate the $u$ and $v$

values. The math stalls.

The Fix: You must artificially allocate an infinitesimally small quantity, denoted by the Greek letter
Epsilon (g), to an independent empty cell with the lowest transportation cost. Epsilon is treated as

an allocation for calculating $u$ and $v$, but its physical quantity is zero ($\epsilon + 50 = 50%).

Trap 3: Maximization Problems

Transportation algorithms are designed to minimize costs. If the matrix provides profit per unit,
you cannot use VAM directly. You must first convert it into a Relative Loss Matrix by subtracting
every element in the matrix from the single largest number in the entire matrix. Then, proceed

with normal minimization steps.
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7.3 The Assignment Problem (Hungarian Method)

Assignment is used to allocate N tasks to N resources (e.g., 4 jobs to 4 machines, or 5 salesmen to
5 territories) on a strictly one-to-one basis to minimize total time or cost. The Hungarian Method

is the mandatory algorithm for the CMA exams.

HUNGARIAN METHOD: STEP-BY-STEP EXECUTION

1. Row Reduction: Subtract the minimum element in each row
from all elements in that row. (Ensures at least one zero per
row).

2. Column Reduction: Subtract the minimum element in each
column of the new matrix from all elements in that column.
(Ensures at least one zero per column).

3. Draw Lines: Draw the absolute minimum number of horizontal/
vertical lines required to cover all zeros in the matrix.

4. Optimality Check: If the Number of Lines = Number of Rows
(N), the solution is optimal. Make the assignments where zeros
exist.

5. Iteration (If Lines < N): Find the smallest uncovered
number. Subtract it from all uncovered numbers. Add it to
numbers at the intersection of two lines. Numbers covered by

only one line remain unchanged. Repeat Step 3.

THE UNBALANCED ASSIGNMENT TRAP

The Hungarian method only works on a perfect square matrix ($N imes N$). If you have 5
jobs and 4 machines, you MUST add a Dummy Machine column with all costs as zero

before starting Step 1.

CMAKnowledge.in | SCM Master Series Part 3 | Page 8



CHAPTER 8: NETWORK ANALYSIS (PERT & CPM)

8.1 Fundamentals of Project Management

Large-scale corporate projects require orchestrating hundreds of interdependent activities.
Network analysis provides a visual and mathematical blueprint for scheduling to ensure timely

delivery.

+ Event (Node): Represents the start or completion of a task. It consumes zero time and zero

resources. Represented by a circle.

* Activity: The actual task being performed. It consumes time and resources. Represented by an

arrow.

* Dummy Activity: A strictly logical activity drawn with a dotted arrow. It consumes zero time
and zero resources. It is used solely to maintain correct dependency logic when two activities

share the exact same start and end nodes.

8.2 Critical Path Method (CPM) & Float Analysis

CPM is used when activity durations are known with absolute certainty. The goal is to identify the
Critical Path—the longest continuous sequence of activities from the start node to the finish

node. Any delay on the critical path will delay the entire project.

FLOAT ANALYSIS (SLACK)

Activities NOT on the critical path have "Float"—spare time by which they can be delayed
without delaying the project.

* Total Float (TF): Time an activity can be delayed without delaying the total project

completion time. Formula: LST - EST (Latest Start Time - Earliest Start Time).

* Free Float (FF): Time an activity can be delayed without delaying the early start of the

very next subsequent activity. Formula: TF - Head Event Slack.
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* Independent Float (IF): Time an activity can be delayed without affecting the

preceding OR succeeding activities. Formula: FF - Tail Event Slack.

Exam Rule: For all activities located exactly on the Critical Path, Total Float = Free Float =
Independent Float = ZERO.
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8.3 Project Crashing (Time-Cost Trade-off)

Management often needs to accelerate (crash) a project to meet a strict deadline or earn a bonus.
Crashing reduces time but increases direct costs (overtime pay, express shipping). However,

crashing saves Indirect Costs (daily site rent, supervisor salaries).

Cost Slope = (Crash Cost - Normal Cost) / (Normal

Time - Crash Time)

The Cost Slope represents the financial penalty incurred for every 1 day saved.

THE STEP-BY-STEP CRASHING ALGORITHM

In a 16-mark CMA question, crashing is an iterative process. You cannot crash everything

at once.
1. Identify the Critical Path: You must only crash activities on the critical path. Crashing
a non-critical activity spends money without shortening the project.

2. Select the Lowest Cost Slope: Find the critical activity with the cheapest cost slope and

crash it by 1 day.

3. Check the Network: Crashing the critical path might cause a parallel non-critical path
to suddenly become critical. If you have two simultaneous critical paths, you must crash

BOTH simultaneously (which means adding their cost slopes together) to save 1 day.

4. Stop Condition: Stop crashing when the total cost begins to rise (i.e., Cost Slope >

Indirect Cost Saved), or when all critical paths are fully crashed to their limits.
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8.4 Program Evaluation and Review Technique (PERT)

Unlike CPM, PERT is used for R&D or entirely new projects where task durations are highly

uncertain. PERT forces managers to provide three distinct time estimates for every single activity:

* Optimistic Time ($t_o$): The shortest possible time if absolutely everything goes perfectly.

* Pessimistic Time ($t_p$): The longest possible time if everything goes wrong (excluding

natural disasters).

* Most Likely Time ($t_ms$): The realistic time under normal operating conditions.

PERT MATHEMATICAL FRAMEWORK

PERT uses the Beta probability distribution to blend these three estimates into a single

Expected Time ($t_e$) and calculates the Variance (risk) for each activity.

1. Expected Time ($t_e$):
te=(to+4(tm) +t_p)/ 6
2. Standard Deviation (o) of an Activity:
c=(tp-to)/ 6

3. Variance (0?) of an Activity:

o2 =[ (tp-to)/61]2

Calculating Project Probabilities (The Z-Score)

Once the critical path is identified using the Expected Times ($t_e$), we sum the VARIANCES of
only the critical path activities to find the Total Project Variance. (You cannot sum standard
deviations directly; you must sum variances and take the square root to find Project Standard

Deviation).
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Paper 16: Strategic Cost Management

If management asks: "What is the probability of completing this project within 50 days?"

Z = (Target Time - Expected Critical Path Time) /

Project Standard Deviation

By calculating 'Z', you reference the standard normal distribution table provided in the exam to

find the exact percentage probability of meeting the deadline.
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CHAPTER 9: LEARNING CURVE & SIMULATION

9.1 The Learning Curve Theory

Developed during aircraft manufacturing in WWII, the Learning Curve theory recognizes a
fundamental human truth: As workers repeatedly perform the exact same task, they get faster.
The time required to produce a unit decreases as total production volume increases. In SCM, this is

critical for pricing massive government or corporate contracts.

THE FUNDAMENTAL DOUBLING RULE

Every time the cumulative production quantity doubles, the cumulative average time per
unit falls to a constant percentage of the previous average time. This percentage is the

Learning Rate.

Example (80% Learning Curve):
Unit 1 takes 100 hours.

Units 1 to 2 (Quantity Doubled): Cumulative average time = 100 x 80% = 80 hours. (Total
time for 2 units = 160 hours).

Units 1 to 4 (Quantity Doubled): Cumulative average time = 80 x 80% = 64 hours. (Total
time for 4 units = 256 hours).

The Logarithmic Formula (For non-doubling quantities)

If the exam asks for the time to produce exactly 5 units, you cannot use the simple doubling rule.

You must use the algebraic logarithmic model:
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Paper 16: Strategic Cost Management

Where:

Y = Cumulative average time per unit for X units.
a = Time required to produce the very first unit.
X = Cumulative number of units produced.

b = Learning Curve Index = log(Learning Rate) / log(2).
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9.2 Simulation and the Monte Carlo Method

Simulation is a quantitative modeling technique used when a system involves complex, interacting
random variables (like daily retail demand, machine breakdowns, or queuing arrivals) that cannot

be solved with rigid, static mathematical formulas like LPP.

The Monte Carlo Method relies on generating random numbers and mapping them to historical
probability distributions to simulate hundreds of hypothetical days of operation. By running this
simulation, management can forecast average daily bottlenecks, expected stockouts, and

expected queuing delays without risking actual capital on the factory floor.

THE 5-STEP MONTE CARLO EXECUTION

1. Identify Probabilities: Gather historical data to assign probabilities to events (e.g.,
Demand of 10 units has a 20% probability).

2. Cumulative Probability: Calculate the cumulative probability distribution (e.g., 0.20,
0.50, 1.00).

3. Assign Random Number Intervals: Map a range of numbers from 00 to 99 to the

cumulative probabilities. (e.g., 00-19 for Demand 10).

4. Generate Random Numbers: Take numbers from a random number table provided in

the exam.

5. Simulate the Experiment: Match the random number to the interval to determine the

simulated demand for Day 1, Day 2, etc., and calculate the resulting average.
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ADVANCED SCM ILLUSTRATIONS: QUANTITATIVE

TECHNIQUES

ILLUSTRATION 1: LPP FORMULATION & DUALITY

Problem Statement:

A company manufactures two industrial products, P1 and P2. The profit contributions are
¥40 and 50 respectively. Production requires two limited resources: Machine M1 (100

hours available) and Machine M2 (150 hours available).

* Product P1 requires 2 hours of M1 and 4 hours of M2.

* Product P2 requires 3 hours of M1 and 2 hours of M2.

Required:

1. Formulate the Primal Linear Programming Problem to maximize profit.
2. Formulate the corresponding Dual Problem.

3. Explain the strategic meaning of the dual variables (Shadow Prices).

PROFESSIONAL SOLUTION & WORKING NOTES

Step 1: Primal Formulation (Maximization)

Let $x_1$ = Units of P1 produced.
Let $x_2% = Units of P2 produced.

Objective Function:
Maximize Z = 40$x_1$ + 50$x_2%

Subject to Constraints:
2%x_1%$ +3%$x 2% =100 (Machine M1 constraint)
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4%$x_1%$ +2%$x_2%$ =150 (Machine M2 constraint)
$x_1%,$x 2% =0 (Non-negativity)
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Step 2: Dual Formulation (Minimization)

In Duality, the RHS capacities of the Primal become the Objective coefficients of the Dual.

The Primal objective coefficients become the RHS constraints of the Dual.

Let $y_1%$ = Dual variable for M1 (Imputed cost of M1).
Let $y_2% = Dual variable for M2 (Imputed cost of M2).

Objective Function:
Minimize W = 100$y_1% + 150%y_2%

Subject to Constraints:

2%y_1$ +4%y 2$ =40 (Opportunity cost must cover P1 profit)
3%y_1$+2%y 2$ =50 (Opportunity cost must cover P2 profit)
$y_ 1%, %y 2$=0 (Non-negativity)

Strategic Interpretation: The dual variables ($y_1%$ and $y_2$) represent the Shadow
Prices of the machines. If solving the dual yields $y_1 = 10$, it means an extra hour of
Machine M1 will generate exactly ¥10 of additional corporate profit. Management
should be willing to rent extra M1 capacity up to a maximum premium of ¥10 per

hour.
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ILLUSTRATION 2: ASSIGNMENT PROBLEM (MAXIMIZATION &
UNBALANCED)

Problem Statement:

A sales manager must assign 3 sales representatives (A, B, C) to 4 potential territories (T1,
T2, T3, T4). The matrix below shows the expected monthly sales revenue (in ¥ '000s) each

representative can generate in each territory.

Sales Rep

A 40 35 45 50
B 42 30 48 52
C 38 32 44 49

Required: Using the Hungarian Method, assign the representatives to territories to

Maximize total sales revenue. State which territory will remain unassigned.

PROFESSIONAL SOLUTION & MECHANICS

Step 1: Balance the Matrix

We have 3 Reps and 4 Territories. The Hungarian method requires a square $N imes N$

matrix. We must add a "Dummy Rep" (D) with zero revenue to make it a 4x4 matrix.
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Sales Rep

A 40 35 45 50
B 42 30 48 52
C 38 32 44 49
Dummy 0 0 0 0
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Step 2: Convert to Relative Loss Matrix (Maximization Rule)

Find the absolute highest number in the matrix (52). Subtract every single element in the

matrix from 52 to convert this into a standard minimization problem of relative loss.

Loss Matrix

A 12 17 7 2
B 10 22 4 0
C 14 20 8 3
Dummy 52 52 52 52

Step 3: Hungarian Row & Column Reduction

Row Reduction (subtract row min):
A:(min 2) - 10, 15,5, 0

B: (min 0) - 10, 22,4, 0
C(min3)—»11,17,5,0

Dummy: (min 52) - 0,0,0,0

Column Reduction (subtract col min):
Since T1, T2, T3, T4 all have a '0' in the Dummy row, the column minimum is zero. Thus, the
matrix remains unchanged. Next, we draw the minimum lines to cover all zeros. Lines = 2

(Horizontal on Dummy row, Vertical on Col T4). Since 2 lines < 4 rows, we must iterate.

(Skipping intermediate Hungarian iterations for brevity; standard logic leads to the optimal

assignment matrix where 4 lines cover all zeros).

Optimal Assignment Results
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Following full matrix iterations, tracing the unique zeros yields the optimal assignment:

* A - T1 (Original Revenue = 40)
* B - T4 (Original Revenue = 52)
* C > T3 (Original Revenue = 44)

* Dummy - T2 (Original Revenue = 0)

Total Maximum Revenue = 40 + 52 + 44 = 136 (¥ 1,36,000). Territory T2 remains

unassigned.
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ILLUSTRATION 3: PERT VARIANCE AND PROBABILITY
Problem Statement:

A critical path in an R&D network consists of three sequential activities: A, B, and C. The
time estimates (in days) are given as Optimistic ($t_0%$), Most Likely ($t_.m$), and
Pessimistic ($t_p$).

Activity Optimistic ($t_o$) Most Likely ($t_m$) Pessimistic ($t_p$)

A 4 7 16

B 2 5 8

C 6 8 22
Required:

1. Calculate the Expected Time ($t_e$) and Variance for each activity.
2. Calculate the Expected Project Completion Time and total Project Standard Deviation.

3. What is the probability of completing the project within 29 days? (Given: Z-score 1.72 =
95.73% probability).

PROFESSIONAL SOLUTION & WORKING NOTES

Step 1: Calculate Expected Times and Variances

Formula $t_e$ = ($t_o$ + 4%t m$ + $t_p$)/ 6
Formula Variance = [($t_p$ - $t_o$) / 6]°
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Calculation of

Activity Variance Calculation Variance
$t_e$
A (4+28+16)/6 8 [(16 - 4)/6]* = (12/6)* = 22 4.00
B (2+20+8)/6 5 [(8 - 2)/6]° = (6/6)* = 12 1.00
C (6+32+22)/6 10 [(22 - 6)/6]° = (16/6)* = 7.11
2.66°
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Step 2: Project Time and Standard Deviation

The Expected Project Time is the sum of the expected times along the critical path.
Expected Project Time =8 +5 + 10 = 23 Days.

To find the standard deviation of the project, we MUST sum the variances first. (Standard

deviations are not additive).
Project Variance = Sum of Variances =4.00 + 1.00 + 7.11 = 12.11.
Project Standard Deviation = v12.11 = 3.48 Days.

Step 3: Calculate Probability

Target Time = 29 Days.

Z = (Target Time - Expected Time) / Project Standard Deviation
Z=(29-23)/3.48=6/3.48=1.72.

Looking up Z = 1.72 in the standard normal distribution table yields a probability of
approximately 95.73%. Management can be highly confident in meeting the 29-day

deadline.

ICMAI TRAP WARNING: PARALLEL PATHS

In complex networks with multiple parallel paths, you calculate the Project Variance using
ONLY the activities that sit on the longest critical path. Ignore the variances of activities on

slack paths, as they do not dictate the final completion date probability.
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ILLUSTRATION 4: LEARNING CURVE PRICING
Problem Statement:

A defense contractor receives an order to produce 8 specialized drones. Producing the very
first drone requires 10,000 labor hours. The company historically observes an 85% learning
curve for this type of complex assembly. The labor cost is ¥500 per hour. Variable

overheads are ¥200 per labor hour. Materials cost ¥10,00,000 per drone.
Required:
1. Calculate the cumulative average time per drone to produce all 8 drones using the
doubling rule.

2. Calculate the total labor and overhead costs to produce the batch of 8 drones.

3. Calculate the total cost of the order. If the contractor desires a 20% profit margin on

cost, what is the total selling price for the contract?

PROFESSIONAL SOLUTION & MECHANICS

Step 1: Calculate Cumulative Average Time

Since the target quantity (8) is a power of 2 (1 = 2 - 4 - 8), we can use the simple doubling

rule rather than the logarithmic formula.

* Cumulative avg time for 1 unit = 10,000 hours.
* Cumulative avg time for 2 units = 10,000 x 85% = 8,500 hours.
* Cumulative avg time for 4 units = 8,500 x 85% = 7,225 hours.

« Cumulative avg time for 8 units = 7,225 x 85% = 6,141.25 hours.

Total time for 8 units = 8 units x 6,141.25 hours/unit = 49,130 total hours.
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Step 2: Calculate Labor and Overhead Costs

Total Labor Hours = 49,130 hours.
Total Labor Cost =49,130 hrs x ¥500/hr =¥ 2,45,65,000.
Total Variable Overhead = 49,130 hrs x ¥200/hr = ¥ 98,26,000.

Step 3: Calculate Total Cost and Selling Price

Direct Materials = 8 drones x ¥10,00,000 = ¥ 80,00,000.

Cost Element Total Amount (%)

Direct Materials 80,00,000
Direct Labor 2,45,65,000
Variable Overhead 98,26,000

Total Cost % 4,23,91,000
Add: Profit Margin (20% on Cost) T 84,78,200
Total Contract Selling Price ¥ 5,08,69,200

Strategic Pricing Note: If the contractor had ignored the learning curve and
assumed all 8 drones would take 10,000 hours each (80,000 total hours), their
estimated costs would have been astronomically higher. They would have overbid and

lost the defense contract to a more analytically sophisticated competitor.
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ICMAI-CALIBRATED MCQ TEST BANK (SECTION B)

Test your operational research conceptual clarity with these high-level analytical questions.

Q1. In Linear Programming, an "Artificial Variable" is introduced into the Simplex tableau

exclusively to:

A) Represent unused capacity in a "less than or equal to" constraint.

B) Act as a mathematical catalyst to obtain an Initial Basic Feasible Solution for "greater than or

equal to" constraints.
C) Ensure the objective function reaches maximum profit.

D) Eliminate degeneracy in the transportation matrix.

Answer: B. Artificial variables have no physical or economic meaning. They are
temporarily inserted into = or = constraints just to start the Simplex matrix logic, and are

heavily penalized to force them out of the final solution.

Q2. When crashing a project network to shorten total completion time, a manager should

always prioritize crashing the activity that:

A) Is located on the critical path and possesses the lowest Cost Slope.
B) Has the highest Independent Float.
C) Is located on the critical path and possesses the highest Crash Cost.

D) Takes the longest total time to complete.

Answer: A. Only crashing activities on the critical path actually shortens the project.
Selecting the lowest Cost Slope ensures the acceleration is achieved at the absolute

minimum financial penalty to the firm.
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Q3. A company observes an 80% learning curve effect. If the first unit takes 100 labor hours

to produce, how many total cumulative hours are required to produce the first 4 units?

A) 256 hours
B) 320 hours
C) 64 hours

D) 400 hours

Answer: A. At 2 units (doubled), cumulative avg time = 100 x 80% = 80 hrs. At 4 units
(doubled again), cumulative avg time = 80 x 80% = 64 hrs per unit. Total time for 4 units =
4 x 64 = 256 hours.

Q4. In a Transportation Problem, a Dummy Destination (Warehouse) is added to the matrix

when:

A) Total factory supply exceeds total warehouse demand.
B) Total warehouse demand exceeds total factory supply.
C) The matrix exhibits degeneracy.

D) The optimal solution requires a closed-loop MODI evaluation.

Answer: A. If Supply > Demand, the matrix is unbalanced. A Dummy Destination is added
to absorb the excess supply, with transportation costs to this dummy destination set to

exactly zero.

Q5. In the MODI method for optimizing transportation costs, an empty cell evaluation yields

a negative opportunity cost ($\Delta$ < 0). This indicates that:

A) The matrix is degenerate.
B) The current solution is optimal.
C) The current solution is NOT optimal, and shifting units into this cell will reduce total costs.

D) The problem requires the addition of a dummy variable.
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Answer: C. A negative opportunity cost signifies that the current allocation is inefficient,
and a closed-loop transfer involving this negative cell will yield a lower total

transportation cost.
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STRATEGIC GLOSSARY & TERMINOLOGY INDEX

(OR)

A reference dictionary for the essential vocabulary of Quantitative Techniques and Network

Analysis.

Comprehensive Professional Definition

Shadow Price (Dual

Price)

Degeneracy

Free Float

Monte Carlo

Simulation

Cost Slope

Vogel's
Approximation
Method (VAM)

The increase in the objective function (total profit) resulting from a one-unit
increase in the availability of a constrained resource. It sets the maximum

premium management should pay to acquire more of that resource.

A mathematical stall in transportation or assignment problems. In
transportation, it occurs when allocated cells are fewer than (Rows + Cols -
1), preventing optimality testing. Solved by allocating an infinitesimally

small value (g).

In network analysis, the amount of time an activity can be delayed without
delaying the early start time of any immediate subsequent activities. It

provides an operational buffer for floor managers.

A stochastic modeling technique that uses randomly generated numbers
mapped against cumulative probability distributions to predict complex
behaviors (like machine breakdowns or queue wait times) over thousands of

iterations.

The financial penalty incurred per unit of time saved when crashing a
project activity. Mathematically: (Crash Cost - Normal Cost) / (Normal Time -

Crash Time).

An advanced heuristic used to find the Initial Basic Feasible Solution in
transportation. It allocates units based on "opportunity cost penalties" (the

difference between the lowest and second-lowest cost in each row/col).
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Paper 16: Strategic Cost Management

END OF SCM MASTER BOOK - PART 3

You have successfully mastered Section B: Quantitative Techniques. You now possess the
comprehensive mathematical toolset to conquer the operational and logistical algorithms of the

ICMAI CMA Final examination.
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CHAPTER 1:
INTRODUCTION TO
STRATEGIC COST
MANAGEMENT

Paper 16 *» Deep Dive Series

The Ultimate Guide for CMA Students

A dedicated, chapter-by-chapter breakdown. This guide covers the
theoretical core concepts (Value Chain, Cost Drivers, Value
Engineering, BPR) followed immediately by ICMAI-level advanced
numerical illustrations and step-by-step solutions to guarantee exam

readiness.
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PART A: CORE CONCEPTS

1. Strategic Cost Management (SCM) vs. Traditional Costing

To succeed in Paper 16, a student must first unlearn the rigid rules of traditional financial
accounting. Traditional costing is inward-looking: it seeks to calculate the exact cost of a product
using arbitrary overhead absorption rates (like machine hours) to report inventory valuation on

the balance sheet. It assumes that "reducing costs" automatically increases profit.

Strategic Cost Management (SCM) is outward-looking. It recognizes that cost is not just a
number to be minimized, but a strategic weapon used to gain a competitive advantage in the
market. SCM blends cost data with strategic positioning: Are we competing on Cost Leadership
(being the absolute cheapest, like D-Mart) or Product Differentiation (being unique and premium,
like Apple)? Cutting costs on R&D for a differentiated product destroys value, whereas cutting R&D

for a cost-leader might save the company.

2. Structural vs. Executional Cost Drivers

A cost driver is any factor that causes a change in the total cost of an activity. Traditional
accounting only recognizes volume (units produced) as a cost driver. SCM introduces two advanced

categories:

CLASSIFICATION OF STRATEGIC COST DRIVERS

* Structural Cost Drivers: These relate to the foundational economic structure of the
business. They involve massive, long-term capital decisions that are very hard to
reverse.

Examples: Scale (size of the manufacturing plant), Scope (degree of vertical integration
—do we own the rubber plantations to make our tires?), and Technology (investing in

Al robotics vs. manual labor).

« Executional Cost Drivers: These relate to how successfully the firm executes its

operations within the chosen structure. These can be improved in the short-to-medium
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term.
Examples: Workforce Involvement (training levels and kaizen participation), Plant

Layout Efficiency, and Supplier Linkages (JIT delivery).
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3. Value Chain Analysis (VCA) - Porter's Framework

Developed by Michael Porter, Value Chain Analysis disaggregates a firm into its strategically
relevant activities to understand the behavior of costs and the existing/potential sources of
differentiation. The total value generated by the firm is measured by Total Revenue. The difference

between Total Value and the cost of performing these activities is the Profit Margin.

Support Activities (Provide

Primary Activities (Directly create value)

infrastructure)

1. Inbound Logistics: Material handling, 1. Procurement: Sourcing raw materials &
warehousing. machinery.

2. Operations: Machining, assembling, testing. 2. Technology Development: R&D, product
3. Outbound Logistics: Order processing, design.

delivery. 3. Human Resource Management:

4. Marketing & Sales: Advertising, pricing, Recruiting, training.

channel management. 4. Firm Infrastructure: Finance, legal,

5. Service: Installation, repairs, warranty. strategic planning.

THE POWER OF LINKAGES

VCA is critical for the exam because it exposes Linkages—where the cost of one activity

impacts another.

* Internal Linkages: E.g., Spending 20% more on high-quality Procurement (Support)
might reduce Operations (Primary) defect costs by 50%. A traditional accountant would

just see Procurement going over budget; an SCM manager sees a strategic win.

+ External (Vertical) Linkages: E.g., Integrating IT systems with Suppliers (Upstream)

allows for Just-In-Time delivery, eliminating warehouse rent entirely.
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4. Value Engineering (VE) & Value Analysis (VA)

Value Engineering is a systematic evaluation of a product's design to achieve the required

functions at the lowest possible total cost, without sacrificing quality or performance.

Exam Note: Value Engineering (VE) is applied before the product is manufactured (during the R&D
stage). Value Analysis (VA) is applied to an existing product currently in production to find cost-

saving redesigns.

THE VALUE INDEX

To mathematically find out what components to redesign, we calculate the Value Index.

Value Index = Worth of Function / Cost of Function

* Worth: How much the customer values the function (usually calculated as Total

Product Cost x Customer Importance Weight %).
* Cost: How much the firm actually spends to manufacture that specific function.

* Decision Rule: If the Value Index is < 1.0, the function is over-budgeted (it costs more

than the customer cares about). This is the prime target for cost reduction.

5. Business Process Reengineering (BPR)

BPR is the fundamental rethinking and radical redesign of business processes to achieve dramatic

improvements in critical measures of performance like cost, quality, and speed.

Unlike Kaizen (which focuses on small, continuous, incremental improvements by front-line
workers), BPR is a top-down, clean-slate approach. It asks: "If we were building this company today
from scratch, using modern technology, how would we do it?" BPR destroys old departmental silos
(e.g., merging "Accounts Payable" and "Purchasing" into a single automated "Procurement-to-Pay"

software system).
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PART B: ADVANCED ICMAI ILLUSTRATIONS &

ANSWERS

ILLUSTRATION 1: VALUE CHAIN LINKAGES (INTERNAL & EXTERNAL)

Problem Statement:

Alpha Motors manufactures premium motorcycles. The current traditional cost sheet for
the upcoming year shows a projected manufacturing cost of ¥4,00,000 per motorcycle and
a warranty claim cost of ¥50,000 per motorcycle. Total sales are projected at 1,000

motorcycles.

The SCM team proposes an integration strategy (Value Chain Linkage): By investing an
additional ¥2,00,00,000 in a shared automated Quality Testing technology platform directly
linked to their primary component supplier (External Linkage), they anticipate the

following effects:

* The supplier will charge a premium, increasing the direct material cost (part of

manufacturing cost) by 15,000 per motorcycle.

* Due to zero-defect components arriving, Alpha Motors' internal assembly labor time

will drop, saving ¥25,000 per motorcycle (Internal Linkage).

* External warranty claims will be slashed by 80%.

Required: Evaluate the financial viability of this Value Chain Integration proposal. Will it

increase total corporate profit?

WORKING NOTES & ANSWER FOR ILLUSTRATION 1

Step 1: Calculate the Incremental Cost (Investment)
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Fixed Technology Investment = ¥ 2,00,00,000.
Increase in Direct Materials = 1,000 units x ¥ 15,000 = ¥ 1,50,00,000.
Total Additional Costs =% 3,50,00,000.

Step 2: Calculate the Incremental Savings (Benefits)

Savings in Assembly Labor = 1,000 units x ¥ 25,000 = ¥ 2,50,00,000.

Current Total Warranty Costs = 1,000 units x ¥ 50,000 = ¥ 5,00,00,000.

Savings in Warranty Costs (80% reduction) = ¥ 5,00,00,000 x 80% = ¥ 4,00,00,000.
Total Financial Benefits = ¥ 6,50,00,000.

Step 3: Net Strategic Benefit

Net Financial Advantage = Total Benefits - Total Costs
Net Advantage = ¥ 6,50,00,000 - ¥ 3,50,00,000 = + ¥ 3,00,00,000.

CMA Strategic Conclusion: Despite a massive T2 Crore fixed investment and higher
material costs (which a traditional accountant might reject), analyzing the linkages proves
the investment generates a net profit increase of ¥3 Crores. The proposal should be

accepted.
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ILLUSTRATION 2: VALUE ENGINEERING & VALUE INDEX

Problem Statement:

Zenith Tech manufactures a Smartwatch. The target manufacturing cost is ¥12,000 per
watch. The Value Engineering team has broken down the watch into four primary
functions. Customer surveys have determined the relative importance (Weight) of each

function. The current manufacturing cost allocation is as follows:

Customer Importance Current Cost

Function
Weight (%) Allocation (%)

1. Connectivity & 40% ¥ 6,000

Processing

2. Battery Life 30% ¥ 2,400

3. Display & Aesthetics 20% ¥1,200

4. Health Tracking 10% 3 2,400

Sensors

Total 100% ¥12,000
Required:

1. Calculate the 'Worth' of each function.
2. Calculate the Value Index for each function.
3. Advise the Chief Engineer on which specific components require immediate radical

redesign (cost reduction) and which components offer an opportunity for enhancement.

WORKING NOTES & ANSWER FOR ILLUSTRATION 2
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Step 1: Calculate the Worth of Each Function

Formula: Worth = Total Cost Target (¥12,000) x Customer Importance Weight.

+ Connectivity Worth =312,000 x 40% = ¥ 4,800
* Battery Life Worth = 312,000 x 30% = ¥ 3,600
* Display Worth =%12,000 x 20% = ¥ 2,400

* Health Sensors Worth =312,000 x 10% =% 1,200
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Step 2: Calculate the Value Index

Formula: Value Index = Worth of Function / Current Cost Allocation.

Function Worth (A) Current Cost (B) Value Index (A / B)

Connectivity ¥4,800 ¥ 6,000 4800 / 6000 = 0.80
Battery Life < 3,600 ¥ 2,400 3600/ 2400 = 1.50
Display & Aesthetics % 2,400 ¥ 1,200 2400/ 1200 = 2.00
Health Sensors 31,200 % 2,400 1200 / 2400 = 0.50

Step 3: Strategic Advice to Chief Engineer

The Value Index mathematically dictates the engineering strategy:

* Health Sensors (Index 0.50) & Connectivity (Index 0.80): These functions have an
index less than 1.0. This means they are Over-Budgeted. The company is spending
heavily on features the customer does not prioritize. The engineering team must
drastically redesign the Health Sensors (shaving off ¥1,200) and Connectivity (shaving

off ¥1,200) by using cheaper components or eliminating redundant sub-features.

* Display (Index 2.00) & Battery (Index 1.50): These functions have an index greater
than 1.0. They are Under-Budgeted. Customers place massive value on these features,
yet the company spends very little on them. Management should consider reinvesting
the savings generated from the health sensors into providing a slightly better Display

(e.g., OLED instead of LCD) to vastly increase customer satisfaction and market share.
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ILLUSTRATION 3: BUSINESS PROCESS REENGINEERING (BPR) VIABILITY

Problem Statement:

A commercial bank currently processes 50,000 loan applications per year using a manual,
paper-based workflow spread across three departments (Sales, Credit Checking, and
Disbursal). The total annual operating cost for this manual process is ¥ 5,00,00,000. Due to
manual errors, the bank loses 2,000 approved applications per year, resulting in an

opportunity cost of lost profit amounting to ¥ 5,000 per lost application.

A BPR initiative proposes obliterating the three-department silo and implementing an Al-
driven, centralized digital portal. The BPR implementation will cost a one-time capital
expenditure of ¥ 3,00,00,000 (amortized over a 5-year useful life). Post-implementation, the

annual operating cost will drop by 60%, and the lost application rate will drop to zero.

Required: Determine if the BPR initiative is financially viable on an annualized basis.

(Ignore time value of money/discounting for this operational analysis).

WORKING NOTES & ANSWER FOR ILLUSTRATION 3

Step 1: Calculate Current Annual Costs

Current Operating Cost =¥ 5,00,00,000.
Current Cost of Lost Applications = 2,000 x ¥ 5,000 =¥ 1,00,00,000.
Total Current Annual Cost =¥ 6,00,00,000.

Step 2: Calculate Reengineered (BPR) Annual Costs

New Operating Cost (60% reduction means 40% remains) = ¥ 5,00,00,000 x 40% = ¥
2,00,00,000.

Annualized Capital Cost of BPR Software =¥ 3,00,00,000 / 5 years =¥ 60,00,000.

New Cost of Lost Applications =¥ 0.

Total Reengineered Annual Cost =¥ 2,60,00,000.

Step 3: Strategic Conclusion
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Paper 16: Strategic Cost Management

Net Annual Savings = ¥ 6,00,00,000 (Current) - ¥ 2,60,00,000 (BPR) = ¥ 3,40,00,000.

Conclusion: The BPR initiative is highly viable. It generates immense operational efficiency,
completely recovering its capital cost within the first year of operation while permanently

eliminating customer churn caused by manual errors.

END OF CHAPTER 1 MASTER GUIDE

You have successfully mastered the theoretical core and practical mechanics of SCM Chapter 1.
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PART A: CORE CONCEPTS

1. The Strategic Imperative of Quality

In the traditional manufacturing era, quality was seen as a luxury. Managers believed that to
increase quality, one had to increase costs (better materials, more inspections). This created the
concept of an Acceptable Quality Level (AQL)—a mathematical point where the cost of
preventing defects equaled the cost of fixing them, implying that a certain number of defects was

economically optimal.

Strategic Cost Management (SCM) shatters this myth with Philip Crosby's principle: "Quality is
Free." Crosby argued that the cost of poor quality (external failures, lost customers, lawsuits) is so
catastrophically high that investing heavily in preventing defects always yields a positive return on

investment. The ultimate goal is not an "acceptable” level of defects, but Zero Defects.

2. The Cost of Quality (COQ) Framework

The COQ model is heavily tested in CMA exams. It divides all quality-related expenditures into two
broad categories: Costs of Good Quality (Conformance) and Costs of Poor Quality (Non-Conformance).

These are further sub-divided into four buckets:
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Costs of Conformance (Good Quality)

Costs of Non-Conformance (Poor Quality)

1. Prevention Costs: Costs incurred before
production begins to ensure defects never

happen.

Examples: Quality training for workers, supplier

evaluation and audits, preventive machine
maintenance, robust engineering design.

Goal: Maximize investment here.

2. Appraisal Costs: Costs incurred during or
after production to identify defective products
before they are shipped.

Examples: Quality inspectors' salaries,
destructive testing of samples, calibration of
measuring equipment.

Goal: Optimize (as prevention improves,

appraisal needs drop).

3. Internal Failure Costs: Costs incurred
when defects are caught before the product
leaves the factory.

Examples: Rework labor, scrap materials,
machine downtime, re-testing repaired goods.

Goal: Minimize.

4. External Failure Costs: Costs incurred
when a defective product reaches the final
customer.

Examples: Warranty claims, product recalls,
lawsuits, processing customer complaints, and
the hidden cost of lost brand reputation.

Goal: Eliminate entirely.

THE LEVERAGE EFFECT OF PREVENTION

A core SCM principle is the 1-10-100 Rule. If a defect costs ¥1 to fix in the prevention/

design stage, it will cost ¥10 to catch and fix during internal appraisal, and ¥100 to fix if it

reaches the customer (external failure). Therefore, shifting the quality budget towards

Prevention Costs yields massive, exponential savings in Failure Costs.
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3. Total Quality Management (TQM)

TQM is an organization-wide management philosophy characterized by the continuous
improvement of all processes to deliver absolute customer satisfaction. It abandons the idea that
quality is solely the responsibility of the "Quality Control Department." Instead, quality is

everyone's responsibility—from the CEO to the janitor to the external supplier.
Core Elements of TQM:

* Customer Focus: Quality is defined entirely by what the customer wants, not by internal

engineering specifications.

+ Continuous Improvement (Kaizen): The belief that processes can always be made better,

faster, and cheaper through small, daily, frontline-driven innovations.

* Employee Empowerment: Giving line workers the authority to stop the production line

immediately if they spot a defect (the Jidoka principle).

4. Lean Manufacturing & Just-in-Time (JIT)

Lean is a philosophy of eliminating waste (Muda). In traditional mass production, machines run at
full speed to absorb fixed overheads, resulting in massive warehouses full of unsold inventory.

Lean views inventory as a liability because it hides defects, ties up cash, and takes up space.

THE 7 WASTES OF LEAN (TIMWOOD)

In CMA exams, identifying and classifying these wastes is crucial:

1. T - Transportation: Unnecessary movement of materials between factory floors.
2.1-Inventory: Raw materials, WIP, or finished goods sitting idle.
3. M - Motion: Ergonomic waste (e.g., a worker walking 20 steps to fetch a tool).

4. W - Waiting: Idle time caused by machine breakdowns or waiting for upstream parts.
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5. 0 - Overproduction: Producing more than the customer ordered. This is the deadliest
waste because it triggers all the others.

6.0 - Over-processing: Doing more work than is required by the customer (e.g.,
polishing the unseen bottom of a car seat).

7. D - Defects: Producing scrap that requires rework or disposal.

Just-in-Time (JIT) Inventory

JIT is a pull-based system where materials arrive exactly when needed for production, and
products are manufactured exactly when ordered by the customer. It demands zero defects (if a JIT

part is defective, the whole factory stops because there is no buffer inventory) and highly reliable
suppliers.
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5. Lean Accounting vs. Traditional Accounting

Standard absorption costing is the enemy of Lean. Standard costing penalizes managers for idle
machine time (creating unfavorable volume variances), which encourages them to overproduce

inventory to make their variances look good. Lean Accounting fixes this behavioral flaw.

* Value Stream Costing: Instead of tracking costs by departments (Milling, Assembly, Painting),
Lean Accounting groups costs by "Value Streams" (e.g., the entire sequence of creating Product

Family A from start to finish).

* Box Score Reporting: Replaces complex variance reports with simple, visual dashboards
showing operational metrics (defects, dock-to-dock time), capacity metrics, and financial

metrics.

+ Backflush Costing: In a perfect JIT system with almost zero WIP inventory, tracking costs at
every minor stage is a waste of time (Non-Value-Added activity). Backflush accounting delays
all cost entries until the very end of the process. When a finished good rolls off the line, the
system "flushes back" and automatically deducts the standard amounts of raw materials and

labor used.

6. Six Sigma & DMAIC

Developed by Motorola, Six Sigma is a highly disciplined, statistical methodology aimed at
reducing process variation to an absolute minimum. A "Six Sigma" process is one that produces no

more than 3.4 defects per million opportunities (DPMO).

THE DMAIC LIFECYCLE
For existing processes that are failing, Six Sigma deploys the DMAIC roadmap:

1. Define: Define the problem, the voice of the customer (VOC), and the project goals.
2. Measure: Quantify the current performance. Establish a baseline defect rate.

3. Analyze: Use statistical tools (Pareto charts, regression) to identify the root cause of

the variation. Isolate the "vital few" causes from the "trivial many".
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4. Improve: Implement solutions to eliminate the root causes. Pilot test the changes.

5. Control: Lock in the gains. Implement Statistical Process Control (SPC) charts to ensure

the process does not regress to its old, defective habits.
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PART B: ADVANCED ICMAI ILLUSTRATIONS &

ANSWERS

ILLUSTRATION 1: COST OF QUALITY (COQ) OPTIMIZATION & TRADE-
OFFS

Problem Statement:
Vortex Heavy Industries manufactures precision gears. Currently, the company operates
with a 6% defect rate. The CEO is dissatisfied with the high level of customer returns and

has asked the Chief Quality Officer (CQO) to analyze the optimal level of quality spending.

The CQO has modeled five potential Quality Assurance (QA) plans. As the company spends
more on Prevention and Appraisal, the defect rate drops, which in turn lowers Internal and

External Failure costs. The projected annual costs are as follows:

Target Internal External

Appraisal
Defect A

Plan Costs (%) Costs (%)
Rate Costs ()

Prevention

Proposed

Failure
Costs (%)

Failure

Current 6.0% ¥ 4,00,000 ¥ 6,00,000 % 15,00,000 % 35,00,000

Status

Plan A 4.0% < 8,00,000 < 8,00,000 < 10,00,000 < 20,00,000

Plan B 2.0% ¥ 15,00,000 3 ¥ 5,00,000 ¥ 8,00,000
10,00,000

Plan C 1.0% % 24,00,000 3 < 2,00,000 < 3,00,000
12,00,000

Plan D (Six 0.1% ¥ 40,00,000 3 ¥ 50,000 % 50,000

Sigma) 15,00,000
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Paper 16: Strategic Cost Management

Required:
1. Prepare a Cost of Quality (COQ) statement clearly classifying costs into "Costs of Good
Quality" (Conformance) and "Costs of Poor Quality" (Non-Conformance) for each plan.
2. Determine the Total Cost of Quality for each plan.

3. Identify the economically optimal Quality Plan for Vortex Heavy Industries based

strictly on the quantitative data.

4. Comment on the strategic limitation of this mathematical optimization. Why might the

CEO still choose "Plan D" despite the numbers?
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WORKING NOTES & ANSWER FOR ILLUSTRATION 1

Step 1 & 2: Prepare COQ Statement and Total Costs

We aggregate Prevention + Appraisal into Conformance Costs. We aggregate Internal +

External Failure into Non-Conformance Costs.

Plan

(Defect
Rate)

Current
(6.0%)

Plan A
(4.0%)

Plan B
(2.0%)

Plan C
(1.0%)

Plan D
(0.1%)

Conformance Costs
(A) (Prev + App)

¥ 10,00,000

¥ 16,00,000

¥ 25,00,000

¥ 36,00,000

¥ 55,00,000

Non-Conformance
Costs (B) (Int + Ext Fail)

¥ 50,00,000

¥ 30,00,000

¥ 13,00,000

¥ 5,00,000

¥ 1,00,000

Step 3: Identify the Economically Optimal Plan

Total Cost of
Quality (A + B)

¥ 60,00,000

< 46,00,000

¥ 38,00,000

(Minimum)

¥ 41,00,000

¥ 56,00,000

Based strictly on minimizing the Total Cost of Quality, Plan B (2.0% defect rate) is the

optimal economic choice. At this point, the total COQ is minimized at ¥38,00,000. Moving

to Plan C (1.0% defects) requires an additional ¥11,00,000 in conformance spending, but

only yields ¥8,00,000 in failure savings, resulting in a net destruction of wealth (Total COQ
rises to ¥41,00,000).
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Step 4: Strategic Limitations and the Case for Plan D

CMA Strategic Conclusion: The mathematical optimization points to Plan B, endorsing a
2% acceptable defect rate. However, traditional COQ accounting has a severe blind spot: it

rarely captures the true, long-term opportunity cost of External Failures.

The ¥8,00,000 external failure cost in Plan B might only represent direct warranty repairs
and refunds. It does NOT capture the catastrophic loss of future sales due to destroyed
brand reputation, bad social media reviews, or clients moving to competitors. If Vortex is
supplying critical gears to automotive companies, a 2% failure rate could lose them a
multi-million dollar contract entirely. Therefore, the CEO might aggressively choose Plan D
(Six Sigma) because achieving near-zero defects secures long-term market dominance
and customer loyalty, generating future revenues that far outweigh the ¥55,00,000

conformance cost.
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ILLUSTRATION 2: VALUE STREAM PROFITABILITY (LEAN ACCOUNTING)

Problem Statement:
Omega Robotics has recently transitioned from traditional mass production to Lean
Manufacturing. They have reorganized their factory floor into two distinct Value Streams:

'Industrial Arms' and 'Medical Bots'.

The financial data for the month of October is as follows:

. Industrial Arms Medical Bots Total
Particulars

Value Stream Value Stream Factory

Units Sold 500 units 200 units 700 units
Selling Price per unit ¥ 1,00,000 ¥ 2,50,000 -

Direct Materials ¥ 1,50,00,000 ¥ 1,00,00,000 3

(Total) 2,50,00,000
Value Stream Labor & ¥1,80,00,000 ¥ 2,20,00,000 3
Overheads 4,00,00,000

Additional Information:

* The factory incurs a "Facility Sustaining Cost" (Factory rent, Security, Plant Manager
Salary) of ¥ 1,20,00,000 per month. Under traditional accounting, this was allocated to
products based on units sold. Under Lean Accounting, it is NOT allocated to value

streams.

* During October, due to the Lean transition, the 'Industrial Arms' stream successfully
reduced its holding inventory. The value of inventory dropped by ¥ 50,00,000.
(Traditional accounting penalizes inventory reduction because fixed overheads

deferred in inventory are released into the P&L. Lean accounting does not).
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Required:
1. Prepare a Lean Value Stream Profit & Loss Statement for October. Calculate the Profit
for each Value Stream and the Net Profit for the total factory.
2. Calculate the Return on Sales (ROS %) for each Value Stream.

3. Explain to the board of directors why Facility Sustaining Costs are excluded from the

Value Stream profit calculation.
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WORKING NOTES & ANSWER FOR ILLUSTRATION 2

Step 1 & 2: Prepare Lean Value Stream P&L and Calculate ROS%

In Lean Accounting, we only charge costs that are directly controllable by the Value Stream

manager. We do not arbitrarily allocate general factory overheads.

Industrial Arms Medical Bots Total Factory

Particulars
®) ®) ®)

Revenue 5,00,00,000 5,00,00,000 10,00,00,000
(500 x 1L) | (200 x 2.5L)

Less: Direct Materials (1,50,00,000) (1,00,00,000) (2,50,00,000)
Less: Value Stream Labor (1,80,00,000) (2,20,00,000) (4,00,00,000)
& O/H

Value Stream Profit ¥1,70,00,000 %1,80,00,000 ¥ 3,50,00,000
Return on Sales (ROS %) 34.0% 36.0% 35.0%

(VS Profit / Revenue)

Less: Facility Sustaining - - (1,20,00,000)
Costs
Net Factory Operating ¥ 2,30,00,000
Profit

Note on Inventory: The ¥50 Lakhs inventory reduction is entirely ignored in the Lean P&L
statement. Lean Accounting expenses all conversion costs in the period they are incurred,

completely bypassing the traditional inventory valuation manipulation.
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Step 3: Strategic Justification to the Board

CMA Strategic Conclusion: Facility Sustaining Costs (¥1.20 Crores for factory rent,
security, etc.) are excluded from the Value Stream Profit because they are completely
outside the control of the Value Stream managers. Allocating rent to the 'Medical Bots'
division based on square footage or units sold provides no actionable managerial insight;
a manager cannot reduce the factory's rent by building bots more efficiently. Lean
Accounting ensures that the Value Stream Profit accurately reflects pure operational
efficiency and actual cash generation, providing crystal-clear data for strategic decision-

making.
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CHAPTER 2: DIAGNOSTIC MCQ TEST BANK

Test your conceptual clarity with these high-level analytical questions designed to mimic the

difficulty of the CMA Final examination.

Q1. A company invests heavily in automating its production line and establishing real-time data
linkages with its primary steel supplier to implement Just-In-Time (JIT) deliveries. Under Lean
philosophy, which of the 7 deadly wastes (TIMWOOD) is this initiative directly attempting to

eliminate first?

* A) Over-processing

* B) Inventory

» C) Defects

* D) Motion
Answer: B. JIT systems are primarily designed to eliminate raw material and WIP Inventory, which
Lean identifies as a massive waste of working capital and floor space.

Q2. In a Cost of Quality (COQ) report, the cost incurred for "Calibrating and maintaining the

electronic testing scanners used at the end of the assembly line" should be classified as:
* A) Prevention Cost
* B) Internal Failure Cost
* C) Appraisal Cost

* D) External Failure Cost

Answer: C. Any equipment, labor, or process used specifically to "inspect" or "test" the product to
catch defects falls under Appraisal Costs.

Q3. Which of the following best describes the fundamental difference between Total Quality
Management (TQM) and the traditional Acceptable Quality Level (AQL) approach?

* A) TQM relies entirely on final product inspection, while AQL relies on prevention.

* B) TQM believes the optimal defect rate is zero, while AQL mathematically accepts a non-zero

defect rate to balance costs.

+ C) TQM applies only to manufacturing, while AQL applies to the service sector.
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* D) AQL focuses on minimizing external failure costs, while TQM ignores external failures.

Answer: B. Traditional AQL assumes preventing the last 1% of defects is too expensive. TQM argues

that preventing the last 1% is always cheaper than suffering the long-term external failure costs
(lost reputation).

Q4. In the DMAIC framework of Six Sigma, during which phase would a management accountant

primarily use Pareto charts and Regression Analysis to isolate the root cause of a manufacturing
defect?

* A) Define
* B) Measure
* C) Analyze

* D) Control

Answer: C. The Analyze phase is where statistical tools are deployed to strip away symptoms and
isolate the exact mathematical root causes of process variation.
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STRATEGIC GLOSSARY & TERMINOLOGY INDEX

A reference dictionary for the essential vocabulary of Quality Cost Management and Lean Systems.

Comprehensive Professional Definition

Cost of Quality A management accounting framework that quantifies the financial impact
(COQ) of quality efforts. It aggregates the cost of ensuring good quality
(Prevention + Appraisal) and the financial damages of poor quality (Internal

+ External Failures).

Value Stream The core accounting mechanism of Lean. It assigns all labor, material, and
Costing overhead costs directly to a specific product family's "Value Stream" rather
than allocating costs by traditional departments. It highlights the true

profitability of a product line without artificial overhead distortions.

Six Sigma (3.4 A statistical standard of near-perfection. If a process operates at a Six
DPMO) Sigma level, it means the variation is so tightly controlled that it will

produce no more than 3.4 defects per million opportunities.

Backflush A radically simplified cost accounting system used in ultra-fast JIT
Accounting environments. It ignores tracking the cost of Work-in-Progress (WIP). Costs
are only recognized and "flushed back" into the system at the very end

when the finished good is completed.

Jidoka A core pillar of Lean and Toyota Production System. It refers to
(Autonomation) empowering machines or human operators to instantly halt the production
line the moment a defect or abnormality is detected, preventing bad parts

from moving downstream.

END OF SCM MASTER BOOK - CHAPTER 2
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You have successfully mastered the theoretical core and practical mechanics of Quality Cost

Management, Lean Accounting, and Six Sigma. You are now prepared to advance to Chapter 3.

CMAKnNowledge.in | Chapter 2 Master Guide | Page 19



ICMAI SYLLABUS 2022 | FINAL GROUP III

CHAPTER 3:
DECISION MAKING
TECHNIQUES & PRICING

Paper 16 *» Deep Dive Series

The Ultimate Guide for CMA Students

A rigorous, chapter-specific masterclass covering the mathematical
and strategic core of Relevant Costing, Limiting Factor Optimization,
Transfer Pricing, Target Costing, and Product Life Cycle Costing.
Complete with 16-mark ICMAI-level illustrations and step-by-step

solutions.
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PART A: CORE CONCEPTS

1. The Philosophy of Relevant Costing

Managerial decision-making involves choosing the best alternative from a set of available options
(e.g., Make vs. Buy, Accept vs. Reject a special order). Traditional absorption costing is highly
dangerous for these short-term operational decisions because it allocates unavoidable fixed
overheads to products, artificially inflating their costs and leading managers to reject profitable

opportunities.

Strategic Cost Management demands Relevant Costing (also known as Differential or Incremental

Analysis). A cost is only "relevant” if it satisfies two absolute conditions:

1. It must be a future cost.

2. It must differ between the alternatives being considered.

THE FOUR GOLDEN RULES OF COST RELEVANCE

* Sunk Costs (Always Irrelevant): Historical expenditures that cannot be reversed by
any future decision. Example: The ¥50 Lakhs spent last year to develop a prototype.

Whether you launch the product or scrap it, the ¥50 Lakhs is gone.

« Committed Fixed Costs (Always Irrelevant): Future obligations that arise from past
decisions and cannot be altered by the current decision. Example: A 5-year non-

cancelable factory lease.

* Avoidable Fixed Costs (Always Relevant): Fixed costs that are directly tied to a
specific alternative and will be eliminated if that alternative is rejected. Example: The

salary of a dedicated supervisor hired specifically for a new product line.

* Opportunity Costs (Always Relevant): The maximum potential cash inflow sacrificed
when one alternative is chosen over another. Example: If using a machine for Project A
prevents you from renting it out for 10,000, that lost rent is a direct, relevant cost of

Project A.
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2. Specific Decision-Making Scenarios

We apply the principles of relevant costing to classic strategic scenarios tested extensively in CMA

professional examinations.

A. Make or Buy (Outsourcing) Decisions

A firm must decide whether to produce a component internally or purchase it from an external

supplier.

The SCM Rule: Compare the External Purchase Price to the Marginal (Variable) Cost of Production +

Any Avoidable Fixed Costs + Any Opportunity Cost of internal capacity.

If producing internally uses capacity that could otherwise be used to make a highly profitable
alternative product, the lost contribution from that alternative product (Opportunity Cost) MUST

be added to the internal cost of production.

B. Accept or Reject Special Export Orders

A company operating below full capacity receives a one-time bulk order from a foreign buyer at a

price significantly below its normal domestic selling price.

The SCM Rule: Accept the order if the Special Selling Price is greater than the Incremental (Variable)
Cost of fulfilling the order. Because the company has idle capacity, existing fixed overheads will not

increase. Any price above variable cost contributes directly to overall firm profitability.

THE "CAPACITY CONSTRAINT" TRAP IN SPECIAL ORDERS

If the company is operating at 100% capacity, accepting the special order means sacrificing
reqgular domestic sales. In this case, the relevant cost of the special order becomes:
Variable Cost + Opportunity Cost (Lost Contribution from regular domestic sales). The

special order must cover this much higher threshold to be financially viable.
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C. Shut Down or Continue Operations

A division or product line is showing a net loss on the traditional income statement. Management

considers shutting it down.

The SCM Rule: Isolate the division's Contribution Margin (Revenue - Variable Costs) and its
Avoidable Specific Fixed Costs. Do not include apportioned general corporate overheads (like the
CEO's salary), because those will continue even if the division is closed.

If Contribution Margin > Avoidable Fixed Costs, the division is covering its own specific costs and
contributing toward general corporate overheads. Do not shut it down. Closing it would actually

decrease total company profit.
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3. Limiting Factor (Key Factor) Optimization

In a utopian economic model, a company would manufacture an infinite amount of its most
profitable product. In reality, firms face severe resource constraints—bottlenecks that throttle

maximum production capacity. These constraints are known as Limiting Factors.

Common Limiting Factors include a shortage of skilled labor hours, a severe restriction on the

availability of a critical raw material, or a hard ceiling on short-term working capital.

THE FALLACY OF CONTRIBUTION MARGIN PER UNIT

Traditional accounting instincts dictate that management should prioritize the product that
generates the highest absolute Contribution Margin per unit. Under a resource constraint,

this logic is mathematically incorrect.

Assume Product A gives 100 contribution per unit and takes 10 machine hours to build.
Product B gives 350 contribution per unit and takes 1 machine hour to build. If machine
hours are limited, producing B yields ¥50 per hour of factory time, whereas A only yields

¥10 per hour. Prioritizing Product B creates vastly more wealth for the firm.

The Single Limiting Factor Algorithm

When a firm faces exactly ONE resource constraint, the optimization process relies on basic
ranking:

1. Calculate the Contribution Margin per unit for all products.

2. Identify the limiting factor (e.qg., total available labor hours).

3. Divide the Contribution per unit by the amount of the limiting factor required to produce one

unit. This yields the Contribution per Unit of Limiting Factor.

4. Rank the products in descending order based on this new metric.
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5. Allocate the scarce resource sequentially, completely satisfying the maximum market demand

of Rank 1, before moving to Rank 2, and so forth until the resource is entirely exhausted.

Note: If the firm faces MULTIPLE simultaneous limiting factors (e.g., a shortage of BOTH labor hours AND
raw materials), this simple ranking system completely breaks down. Management must deploy Linear

Programming to solve the multi-variable optimization matrix (covered in Section B of the syllabus).
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4. The Architecture of Transfer Pricing

A transfer price is the notional monetary value attached to goods or services exchanged between
different divisions or responsibility centers within the same corporate group. While it does not
change the consolidated revenue of the parent company (since the internal revenue of the
supplying division cancels out the internal expense of the receiving division), it is of paramount

strategic importance.

WHY IS TRANSFER PRICING SO CRITICAL?

* Performance Evaluation: In decentralized organizations, divisions are treated as
independent Profit Centers. Managers' bonuses are tied to divisional ROI. An unfair
transfer price demotivates managers by artificially inflating one division's profit at the

expense of another.

* Goal Congruence: The transfer pricing mechanism must induce divisional managers
to make decisions that maximize their own divisional profit while simultaneously

maximizing the overall corporate profit.

* International Taxation (Arbitrage): For MNCs operating across borders, transfer
pricing is aggressively used to shift profits from high-tax jurisdictions to low-tax

jurisdictions (tax havens) by manipulating the internal transfer price.

The General Mathematical Rule for Transfer Pricing

To preserve goal congruence, the absolute minimum price the supplying division should accept is

determined by the following formula:

Minimum Transfer Price = Incremental Out-of-Pocket Cost +

Opportunity Cost
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The Role of Capacity:

+Idle Capacity: If the supplying division has excess machinery and labor sitting idle,
transferring units internally does not sacrifice any external sales. The Opportunity Cost is Zero.

The minimum transfer price is simply the variable cost of production.

* Full Capacity: If the supplying division is running at 100% capacity and selling everything to
the external market, every unit transferred internally means one less unit sold externally. The
Opportunity Cost is the lost Contribution Margin from the external sale. In this scenario, the

minimum transfer price perfectly equals the external Market Price.
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5. Resolving Internal Conflicts: The Dual-Rate System

When the supplying division insists on transferring at Market Price (to maximize its revenue) and
the receiving division insists on transferring at Variable Cost (to minimize its expenses),

negotiations stall.

A Dual-Rate Transfer Pricing System solves this mathematically by using two separate
accounting books:

1. The Supplying Division's revenue is credited at the External Market Price.

2. The Receiving Division's inventory is debited at the Standard Variable Cost.

3. The parent company's central accounting system absorbs the artificial variance.

This maximizes autonomy and ensures the transfer occurs, though it artificially inflates the sum of

divisional profits above the actual corporate profit.

6. Target Costing & Kaizen Costing

In highly competitive environments (e.g., consumer electronics, automotive), companies lack
pricing power. The market dictates the selling price. If a company uses traditional "Cost-Plus"
pricing, they risk pricing themselves out of the market. Target Costing reverses the equation to

ensure profitability from the inception of a product.

Target Cost = Competitive Market Selling Price - Desired Profit
Margin

If the firm's current estimated manufacturing cost exceeds this Target Cost, a Value Gap exists.
The product cannot be pushed to production. Instead, cross-functional teams use Value
Engineering to aggressively redesign the product, strip out non-value-added features, and

negotiate cheaper supply contracts until the estimated cost drops below the Target Cost.
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Kaizen Costing (Continuous Cost Reduction)

Target Costing is applied before production begins (Design phase). Kaizen Costing is applied after
production begins (Manufacturing phase). It represents the continuous, incremental effort to
reduce the cost of a product over its manufacturing life through small daily efficiency

improvements on the shop floor.
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PART B: ADVANCED ICMAI ILLUSTRATIONS &

ANSWERS

ILLUSTRATION 1: COMPLEX MAKE VS. BUY DECISION WITH
OPPORTUNITY COSTS

Problem Statement:

Titan Engineering manufactures a critical component, 'X-10', for its heavy machinery. The
annual requirement is 20,000 units. The current internal manufacturing cost per unit

(based on full absorption costing) is as follows:

Cost Element Cost per Unit (%)

Direct Materials ¥ 150
Direct Labor ¥100
Variable Manufacturing Overhead T 50

Fixed Manufacturing Overhead (Allocated) T120
Total Absorption Cost %420

An external specialized vendor, Global Parts Ltd., has offered to supply the entire annual

requirement of 20,000 units of 'X-10' at a guaranteed price of ¥ 360 per unit.
Additional Strategic Information:

« If Titan outsources 'X-10', 40% of the Fixed Manufacturing Overhead currently allocated
to this component is specifically tied to its production (e.g., specialized machine

leasing, dedicated supervisor salary) and can be entirely avoided. The remaining 60%
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consists of general factory rent and administrative costs which will continue regardless

of the decision.

* The factory space currently used to manufacture 'X-10' could be repurposed to
manufacture a new component, 'Y-20'. Producing 'Y-20' in this space would generate a

net positive contribution margin of ¥ 8,00,000 per annum.
Required:

1. Evaluate whether Titan Engineering should continue to make the component or buy it

from Global Parts Ltd., completely ignoring the 'Y-20' opportunity.

2. Evaluate the decision incorporating the opportunity cost of manufacturing 'Y-20'. What

is the net financial advantage/disadvantage of the optimal decision?
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WORKING NOTES & ANSWER FOR ILLUSTRATION 1

Part 1: Evaluation Ignoring Opportunity Cost

To make a rational decision, we must isolate the Relevant Cost to Make and compare it to

the Relevant Cost to Buy.

Relevant Cost to Make (Internal Production):
This includes all variable costs plus any fixed costs that are directly avoidable if production

ceases.

* Direct Materials: ¥ 150
 Direct Labor: ¥ 100
* Variable Overhead: ¥ 50

* Avoidable Fixed Overhead (40% of ¥ 120): ¥ 48
Total Relevant Cost to Make per unit = ¥ 348.
Total Relevant Cost to Make (20,000 units) = 20,000 x ¥ 348 =¥ 69,60,000.

Relevant Cost to Buy (External Vendor):

Purchase Price per unit =¥ 360.
Total Relevant Cost to Buy (20,000 units) = 20,000 x ¥ 360 = ¥ 72,00,000.

Conclusion for Part 1: If we ignore alternative uses of the factory space, the relevant cost
to make (¥ 348) is lower than the purchase price (¥ 360). Titan should continue to Make
the component. Outsourcing would result in a financial disadvantage of ¥ 2,40,000 per

annum.

Part 2: Evaluation Incorporating Opportunity Cost ('Y-20")

If Titan decides to Make 'X-10', it occupies the factory space and sacrifices the ¥ 8,00,000
contribution from 'Y-20'. This sacrificed contribution is a direct Opportunity Cost of

manufacturing 'X-10" internally.
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Cost Element (Total for Alternative 1: Make Alternative 2: Buy

20,000 units) Internally (%) Externally (%)

Variable Costs (20,000 x ¥ 300) 60,00,000 -

Avoidable Fixed Costs (20,000 9,60,000 -
x ¥ 48)

Purchase Cost (20,000 x ¥ 360) - 72,00,000

Opportunity Cost (Lost 'Y-20' 8,00,000 -

Contribution)

Total Relevant Cost % 77,60,000 % 72,00,000

CMA Strategic Conclusion: When factoring in the strategic opportunity cost of the factory
floor, the true economic cost of internal production surges to ¥ 77,60,000. It is now
significantly cheaper to Buy the component from Global Parts Ltd. Outsourcing 'X-10' and
using the freed capacity to build 'Y-20' generates a net financial advantage of ¥ 5,60,000

per annum for Titan Engineering.
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ILLUSTRATION 2: PRODUCT MIX OPTIMIZATION UNDER CONSTRAINT

Problem Statement:

Zenith Corp produces three consumer goods: Alpha, Beta, and Gamma. The production
relies heavily on a specialized imported raw material, 'Material X'. Due to global supply
chain disruptions, Zenith can only procure a maximum of 12,000 kg of Material X for the

upcoming quarter. The fixed overheads for the quarter are ¥ 2,50,000.

Product Details

Selling Price per unit ¥ 1,200 T 1,500 T 2,000
Variable Cost (excluding Material X) T 400 T 600 T 800
Material X Required (kg per unit) 2 kg 3 kg 5kg
Maximum Market Demand (Units) 2,000 2,500 1,500

Note: The cost of Material X is ¥ 100 per kg.
Required:
1. Calculate the total quantity of Material X required to satisfy maximum market demand.
Determine if a limiting factor situation truly exists.

2. Determine the optimal product mix that maximizes Zenith Corp's total profit for the

quarter.

3. Calculate the maximum net profit generated by this optimal mix.
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WORKING NOTES & ANSWER FOR ILLUSTRATION 2

Step 1: Verify the Constraint

Material required for max demand:
Alpha: 2,000 units x 2 kg = 4,000 kg
Beta: 2,500 units x 3 kg = 7,500 kg

Gamma: 1,500 units x 5 kg = 7,500 kg
Total Material Required = 4,000 + 7,500 + 7,500 = 19,000 kg.

Since the total required (19,000 kg) exceeds the available supply (12,000 kg), Material X is

indeed the limiting factor.

Step 2: Calculate Contribution and Rank Products

Calculation

Selling Price

Less: VC (Other)

Less: Material Cost (¥100/kg)

Contribution per unit

Material X Required (kg)

Contribution per kg of Material X

Strategic Rank

31,200

(¥ 400)

(¥ 200)

¥ 600

2 kg

300/ kg

Rank I

¥ 1,500

(¥ 600)

(¥ 300)

¥ 600

3 kg

%200 / kg

Rank II
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¥ 2,000

(¥ 800)

(¥ 500)

700

5 kg

%140/ kg

Rank III




Step 3: Allocate the Limiting Factor (12,000 kg)

* Rank I (Alpha): Produce max demand of 2,000 units. Material used
4,000 kg. (Remaining balance: 12,000 - 4,000 = 8,000 kg).

2,000 x 2 kg =

* Rank II (Beta): Produce max demand of 2,500 units. Material used = 2,500 x 3 kg =
7,500 kg. (Remaining balance: 8,000 - 7,500 = 500 kg).

* Rank III (Gamma): Only 500 kg remaining. Units produced = 500 kg / 5 kg per unit =
100 units.

Optimal Production Mix: Alpha = 2,000 units, Beta = 2,500 units, Gamma = 100 units.

Step 4: Calculate Total Maximum Net Profit

Contribution from Alpha: 2,000 units x ¥ 600 =¥ 12,00,000
Contribution from Beta: 2,500 units x ¥ 600 =3 15,00,000
Contribution from Gamma: 100 units x ¥ 700 = ¥ 70,000
Total Contribution =¥ 27,70,000

Less: Fixed Overheads = (¥ 2,50,000)
Maximum Net Profit = ¥ 25,20,000.
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ILLUSTRATION 3: DIVISIONAL NEGOTIATION AND GOAL CONGRUENCE
Problem Statement:
Global Motors has two decentralized profit centers: Engine Division and Assembly Division.

The Engine Division produces a high-performance motor. The financial metrics for the

motor are:

+ External Market Selling Price: ¥ 50,000 per unit
* Variable Manufacturing Cost: ¥ 25,000 per unit
* Fixed Manufacturing Cost: ¥ 10,000 per unit (based on a capacity of 10,000 motors)

* Maximum Capacity: 10,000 motors per year

The Assembly Division requires 3,000 motors for a new line of sports cars. The Assembly
Division currently buys a slightly inferior motor from an external Chinese supplier for ¥
42,000 per unit. The Assembly Manager approaches the Engine Division manager and
offers to buy 3,000 motors internally at ¥ 35,000 per unit (which covers the Engine
division's full cost of ¥ 35,000).

Required:

1. Evaluate the transfer pricing decision if the Engine Division is currently selling only
6,000 motors to the external market (Idle Capacity scenario). Determine the minimum
acceptable price, the maximum acceptable price, and calculate the net benefit to the
Corporation if the transfer occurs at the Assembly Division's proposed price of ¥
35,000.

2. Evaluate the transfer pricing decision if the Engine Division is currently selling all
10,000 motors to the external market (Full Capacity scenario). Calculate the minimum

acceptable transfer price. Will the internal transfer take place?
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WORKING NOTES & ANSWER FOR ILLUSTRATION 3

Part 1: Scenario A - Idle Capacity (Engine Division sells 6,000 externally)

The Engine Division has a capacity of 10,000 units but is only selling 6,000. It has 4,000
units of idle capacity, which is more than enough to fulfill Assembly's demand of 3,000

units without sacrificing any external sales.

Supplying Division (Engine) Minimum Price:

Min Price = Variable Cost + Opportunity Cost

Min Price =¥ 25,000 + ¥ O (since idle capacity exists)
Min Price =¥ 25,000.

Receiving Division (Assembly) Maximum Price:
Assembly will not pay more than its alternative external sourcing cost.

Max Price = ¥ 42,000 (Chinese supplier price).

Evaluation of the Proposed Price (¥ 35,000):
The proposed price of ¥ 35,000 falls perfectly within the negotiation range (¥ 25,000 to ¥
42,000). Both divisions benefit:

* Engine Division earns a contribution of ¥ 10,000 per unit (¥ 35k - ¥ 25k).

* Assembly Division saves ¥ 7,000 per unit compared to outside purchasing (¥ 42k - ¥
35k).

Net Corporate Benefit: The corporation saves the difference between the external
purchase price (¥ 42,000) and the internal variable cost (¥ 25,000). Corporate Benefit =
3,000 units x ¥ 17,000 = ¥ 5,10,00,000.

Part 2: Scenario B - Full Capacity (Engine Division sells 10,000 externally)

If the Engine Division transfers 3,000 units internally, it must cancel 3,000 external sales. It

loses the contribution margin from those external customers.

Supplying Division (Engine) Minimum Price:
Lost Contribution per unit = External Price (¥ 50,000) - Variable Cost (¥ 25,000) = ¥ 25,000.
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Min Price = Variable Cost + Opportunity Cost
Min Price =¥ 25,000 + ¥ 25,000 = ¥ 50,000.

Receiving Division (Assembly) Maximum Price:
Max Price remains ¥ 42,000.

Strategic Conclusion: The Minimum acceptable price (¥ 50,000) is greater than the
Maximum acceptable price (¥ 42,000). The negotiation range is negative. Therefore, the
internal transfer will NOT and SHOULD NOT take place. The Engine Division should
continue selling to the external market at ¥ 50,000, and the Assembly Division should buy
from the Chinese supplier at ¥ 42,000. Forcing the internal transfer would destroy ¥ 8,000

of shareholder wealth per unit.
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ILLUSTRATION 4: TARGET COSTING & VALUE GAP ANALYSIS

Problem Statement:

Starlight Appliances is planning to launch a new eco-friendly refrigerator. The marketing
department has conducted extensive research and concluded that to be highly
competitive, the new refrigerator must be priced at ¥ 45,000 in the retail market. The

company policy mandates a strict operating profit margin of 20% on the selling price.

The engineering team has provided the following initial cost estimates for manufacturing

one unit of the new refrigerator:

Cost Element Estimated Cost (%)

Direct Materials ¥ 18,000

Direct Labor ¥ 8,500

Variable Manufacturing Overheads ¥ 6,000

Apportioned Fixed Overheads ¥ 5,000

Total Estimated Cost ¥ 37,500
Required:

1. Calculate the Target Cost for the new refrigerator.
2. Calculate the Cost Gap (Value Gap).

3. If the engineering team states that direct materials and direct labor cannot be reduced
without compromising quality, what percentage reduction in total overheads (variable

+ fixed) is required to achieve the target cost?
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WORKING NOTES & ANSWER FOR ILLUSTRATION 4

Step 1: Calculate the Target Cost

Target Cost = Competitive Selling Price - Desired Profit Margin
Desired Profit = 20% of ¥ 45,000 = ¥ 9,000.
Target Cost = ¥ 45,000 - ¥ 9,000 = ¥ 36,000.

Step 2: Calculate the Cost Gap

Cost Gap = Estimated Cost - Target Cost
Cost Gap =% 37,500 - ¥ 36,000 =¥ 1,500 per unit.

Step 3: Analyze Required Overhead Reduction

The company must eliminate ¥ 1,500 of costs.

Since material and labor cannot be touched, the entire ¥ 1,500 reduction must come from
Overheads.

Current Total Overheads = Variable (¥ 6,000) + Fixed (¥ 5,000) =¥ 11,000.

Required % Reduction in Overheads = (Required Cost Reduction / Total Overheads) x 100
Required % Reduction = (1,500 / 11,000) x 100 = 13.64%.

Conclusion: The product cannot be launched as currently designed. Cross-functional
teams must deploy Value Engineering to eliminate 13.64% of overhead inefficiencies (e.g.,
streamlining machine setups or switching to JIT to save warehousing costs) before

production begins.
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CHAPTER 3: DIAGNOSTIC MCQ TEST BANK

Test your conceptual clarity with these high-level analytical questions designed to mimic the
difficulty of the CMA Final examination.

Q1. In a Make or Buy decision, if a company is operating at 100% full capacity, the relevant
cost to manufacture a component internally must include:

A) Only the variable cost of producing the component.

B) The variable cost plus allocated general corporate overheads.

C) The variable cost plus the contribution margin lost from displacing reqular external sales.

D) The sunk cost of the machinery used to produce the component.

Answer: C. At full capacity, internal production forces the sacrifice of external sales. This
lost contribution margin is an absolute opportunity cost that must be added to the internal

variable cost to find the true economic cost of making the component.

Q2. A dual-rate transfer pricing system is primarily implemented to:

A) Reduce the total tax liability of the parent corporation.

B) Ensure the supplying division records revenue at market price while the receiving division

records cost at variable cost, preserving goal congruence for both.
C) Pass the inefficiencies of the supplying division to the receiving division.

D) Calculate the exact opportunity cost of idle capacity.

Answer: B. Dual-rate pricing resolves the standoff between divisions by using two separate

sets of books, artificially satisfying both managers' desire for performance bonuses while
keeping corporate output flowing smoothly.

Q3. Target Costing is best described as:

A) Adding a standard markup to historical manufacturing costs.
B) Subtracting desired profit from competitive market price to establish allowable cost.
C) Setting budgets based on past departmental expenditures.

D) Maximizing inventory buffers to prevent stockouts.
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Answer: B. Target Costing is market-driven, deriving cost allowances directly from

competitive pricing realities.

Q4. When a company faces a single constraint (limiting factor) such as a shortage of direct
labor hours, the optimal production plan is achieved by ranking products according to their:
A) Gross profit per unit.
B) Contribution margin per unit.
C) Contribution margin per unit of the limiting factor.

D) Total sales revenue generated.

Answer: C. Prioritizing by contribution per unit of limiting factor ensures the company
maximizes the financial return generated by every scarce hour or kilogram of resource

consumed.
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STRATEGIC GLOSSARY & TERMINOLOGY INDEX

A reference dictionary for the essential vocabulary of Decision Making and Pricing.

Comprehensive Professional Definition

Sunk Cost

Opportunity
Cost

Target Costing

Kaizen Costing

Goal

Congruence

Product Life
Cycle Costing

Historical costs that have already been incurred and cannot be reversed by

any future decision. They are entirely irrelevant in differential analysis.

The maximum potential benefit or contribution margin sacrificed when the
choice of one course of action requires the rejection of an alternative course

of action.

A market-driven costing methodology where the allowable cost of a product
is derived by subtracting the desired profit margin from the competitive

market selling price.

The continuous, incremental effort to reduce the cost of a product over its
manufacturing life through small daily efficiency improvements on the shop

floor.

A state where the personal incentives and divisional performance targets of
managers naturally align with the ultimate profit maximization goals of the

parent corporation. Essential in transfer pricing design.

An accounting system that tracks and aggregates all costs associated with a
product across its entire lifespan—from R&D and design, through
manufacturing, to ultimate post-sale customer service and environmental

decommissioning.

END OF SCM MASTER BOOK - CHAPTER 3
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Paper 16: Strategic Cost Management
You have successfully mastered the theoretical core and practical mechanics of Decision Making

Techniques, Relevant Costing, Limiting Factors, and Transfer Pricing. You are now prepared to

advance to Chapter 4 (ABM, JIT, and Throughput Accounting).

CMAKnNowledge.in | Chapter 3 Master Guide | Page 26



ICMAI SYLLABUS 2022 | FINAL GROUP III

CHAPTER 5 (REVISED &
EXPANDED):
STRATEGIC
PERFORMANCE, VARIANCE
ANALYSIS & INTER-FIRM
COMPARISON

Paper 16 *» Deep Dive Series

The Ultimate Guide for CMA Students

A rigorous, hyper-detailed masterclass. This updated version leaves no
stone unturned, covering exhaustive mechanics for Material, Labour,
and Overhead Variances, Advanced Sales Variances, Planning vs.
Operational decomposition, and Inter-Firm Comparison. Complete

with complex ICMAI-level illustrations.
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PART A: TRADITIONAL VARIANCE ANALYSIS (THE

BASELINE)

Before diving into macroscopic strategic variances, a CMA must have absolute mastery over
operational standard costing. Variances are the mathematical differences between standard
(budgeted) costs and actual costs. Favorable (F) variances increase profit; Adverse (A) variances

decrease profit.

1. Direct Material Variances

Material costs fluctuate due to two primary reasons: the purchasing department paid a different
price than expected, or the factory floor used more/less material than standard. When multiple

materials are mixed (e.g., chemicals, food production), we further analyze Mix and Yield.

a R

1. MATERIAL COST VARIANCE (MCV)

The total difference between standard cost for actual output and actual cost.

MCV = (Standard Quantity x Standard Price) - (Actual Quantity

x Actual Price)

Note: "Standard Quantity" ALWAYS means Standard Quantity for ACTUAL Output (SQ for AO,).

2. MATERIAL PRICE VARIANCE (MPV)

Evaluates the performance of the Purchasing Department.

MPV = Actual Quantity Purchased x (Standard Price - Actual

Price)
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Paper 16: Strategic Cost Management

3. MATERIAL USAGE VARIANCE (MUV)

Evaluates the performance of the Production Department.

MUV = Standard Price x (Standard Quantity for Actual Output -
Actual Quantity Used)
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Paper 16: Strategic Cost Management

Decomposing Material Usage Variance (Mix & Yield)

When a product requires a blend of multiple inputs (e.g., 60% Chemical A, 40% Chemical B), the
factory manager might alter the mix (using more of the cheaper chemical). This requires

decomposing the Usage Variance.

REVISED STANDARD QUANTITY (RSQ)

To calculate Mix and Yield, we must first find the RSQ. This is the Total Actual Quantity of all

materials used, redistributed in the Standard Budgeted Proportion.

4. MATERIAL MIX VARIANCE (MMV)

Measures the cost impact of altering the standard input ratio.

MMV = Standard Price x (Revised Standard Quantity - Actual
Quantity)

5. MATERIAL YIELD VARIANCE (MYV)

Measures the cost impact of overall material wastage/efficiency, assuming the mix was

standard.

MYV = Standard Price x (Standard Quantity for Actual Output -
Revised Standard Quantity)

RECONCILIATION RULE
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Paper 16: Strategic Cost Management

MCV = MPV + MUV
MUV = MMV + MYV
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Paper 16: Strategic Cost Management

2. Direct Labour Variances

Labour variances follow the exact same mathematical architecture as Material variances, simply
swapping "Quantity" for "Hours" and "Price" for "Rate". However, Labour introduces a unique

operational constraint: Idle Time.

1. LABOUR COST VARIANCE (LCV)

LCV = (Standard Hours for Actual Output x Standard Rate) -
(Actual Hours PAID x Actual Rate)

2. LABOUR RATE VARIANCE (LRV)

Evaluates HR or Payroll negotiations.

LRV = Actual Hours PAID x (Standard Rate - Actual Rate)

3. IDLE TIME VARIANCE (ITV)

Measures the cost of workers being paid while not producing (due to power failure, machine
breakdown). This is ALWAYS Adverse.

ITV = Idle Hours x Standard Rate (Always Adverse)

4. LABOUR EFFICIENCY VARIANCE (LEV)

Evaluates the speed of the workers. Crucial: This is calculated on Actual Hours WORKED, not

paid.
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LEV = Standard Rate x (Standard Hours for Actual Output -
Actual Hours WORKED)

Note: Like Materials, Efficiency can be further split into Labour Mix (Gang) Variance and Labour Yield

Variance if multiple grades of labor (Skilled, Unskilled) are substituted.
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3. Overhead Variances (Variable & Fixed)

Overheads present the highest level of complexity in standard costing because Fixed Overheads

do not behave logically on a per-unit basis.

A. Variable Overhead Variances

Variable overheads fluctuate directly with labor or machine hours. They behave similarly to direct

labor.

* VOH Expenditure Variance: (Actual Hours Worked x Std VOH Rate) - Actual VOH Incurred.

* VOH Efficiency Variance: Std VOH Rate x (Std Hours for Actual Output - Actual Hours Worked).

B. Fixed Overhead (FOH) Variances

Unlike variable costs, Fixed Overheads are sunk/committed in the short term. FOH variances

primarily measure capacity utilization and absorption.

THE THREE PILLARS OF FIXED OVERHEADS

FOH Total Variance = Absorbed FOH - Actual FOH.
(Where Absorbed FOH = Actual Output x Standard FOH Rate per unit).

1. FOH Expenditure (Budget) Variance: Measures pure overspending.
Formula: Budgeted FOH - Actual FOH

2. FOH Volume Variance: Measures under/over-absorption due to producing more or
fewer units than budgeted.
Formula: Absorbed FOH - Budgeted FOH
(Or: Std Rate per unit x [Actual Output - Budgeted Output])
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Paper 16: Strategic Cost Management

Decomposing the FOH Volume Variance

If the factory produced fewer units than budgeted (Adverse Volume Variance), management needs
to know why. Was the factory closed for holidays? Were the machines idle? Or were the workers

just slow? We decompose Volume Variance into three sub-variances:

4 N

1. FOH CAPACITY VARIANCE

Measures the impact of working more or fewer hours than originally budgeted.

Std FOH Rate per Hour x (Actual Hours Worked - Budgeted

Hours)

2. FOH EFFICIENCY VARIANCE

Measures the impact of workers producing output faster or slower than the standard time

allowed.

Std FOH Rate per Hour x (Std Hours for Actual Output - Actual

Hours Worked)

3. FOH CALENDAR VARIANCE

Used only when the actual number of working days differs from the budgeted working days.

Std FOH Rate per Day x (Actual Working Days - Budgeted
Working Days)

ICMAI RECONCILIATION TREE FOR FOH
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Total FOH Variance = FOH Expenditure + FOH Volume
FOH Volume Variance = FOH Capacity + FOH Efficiency + FOH Calendar

CMAKnowledge.in | Chapter 5 Master Guide | Page 11



PART B: ADVANCED SALES & STRATEGIC

VARIANCES

4. Sales Variances (Profit Margin Method)

While factory managers control costs, the marketing and sales teams are responsible for top-line
revenue and margin. For SCM purposes, Sales Variances are almost always calculated based on

Standard Profit Margin rather than gross sales value, as revenue without margin is meaningless.

é )

1. TOTAL SALES MARGIN VARIANCE
(Actual Qty x Actual Margin) - (Budgeted Qty x Standard

Margin)

2. SALES MARGIN PRICE VARIANCE

Evaluates the impact of selling the product at a price higher or lower than budgeted.

Actual Quantity x (Actual Margin per unit - Standard Margin

per unit)

3. SALES MARGIN VOLUME VARIANCE

Evaluates the impact of selling more or fewer units than budgeted.

Standard Margin per unit x (Actual Quantity - Budgeted
Quantity)
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Decomposing Sales Volume: Mix and Quantity

Just like materials, if a company sells a multi-product portfolio, the Volume Variance must be split

to see if the sales team sold the right products.

+ Sales Margin Mix Variance: Standard Margin x (Actual Qty - Actual Total Qty in Budgeted

Proportion). Favorable if we sell a higher proportion of high-margin luxury goods.

+ Sales Margin Quantity Variance: Standard Margin x (Actual Total Qty in Budgeted Proportion
- Original Budgeted Qty).

5. The Macro-View: Market Size and Market Share Variances

Strategic SCM dictates that evaluating a sales team purely on their own budget is unfair. We must
contextualize their performance against overall industry growth or recession. We decompose the

Sales Margin Quantity Variance into Market Size and Market Share.

MARKET SIZE VARIANCE (INDUSTRY TREND)

Measures the profit impact resulting exclusively from the total industry market expanding

or contracting relative to initial forecasts.

(Actual Total Market Size - Budgeted Total Market Size) x Budgeted

Market Share % x Standard Weighted Average Margin per unit.
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Paper 16: Strategic Cost Management

MARKET SHARE VARIANCE (COMPETITIVE PERFORMANCE)

Measures the profit impact resulting from the company capturing a larger or smaller
percentage of the actual market. This isolates the true effectiveness of the firm's

competitive strategy.

Actual Total Market Size x (Actual Market Share % - Budgeted Market

Share %) x Standard Weighted Average Margin per unit.
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6. Planning vs. Operational Variances (Ex-Ante vs Ex-Post)

Traditional variance analysis compares Actual Results to the Original Budget (Standard). The
fatal flaw here is that original budgets are set months in advance. If a global crisis strikes (e.g., a
war causes commodity prices to double), the original budget becomes obsolete. If we penalize the

factory manager against this obsolete standard, we destroy employee morale.

SCM solves this by introducing a third benchmark: The Revised Standard (Ex-Post Standard). This

is what the standard should have been given the actual, uncontrollable market conditions that

materialized.
Planning Variance Operational Variance
Formula: Original Standard - Revised Standard Formula: Revised Standard - Actual Results
What it measures: The error in the original What it measures: The true operational
forecasting process caused by uncontrollable efficiency of the factory managers, evaluated
external macroeconomic events. against a fair, realistic benchmark.
Responsibility: Top Management or Market Responsibility: Factory floor and purchasing
Conditions. Not penalizable to operations. managers.

4 A

THE RECONCILIATION RULE

Total Traditional Variance = Planning Variance + Operational Variance.
By splitting the variance, the company protects employee morale by isolating

uncontrollable market shocks.
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PART C: INTER-FIRM COMPARISON & UNIFORM

COSTING

7. Inter-Firm Comparison

Inter-firm comparison is the technique of evaluating the performances, efficiencies, costs, and
profits of different firms within the same industry. It provides management with a benchmark

against competitors to identify areas of weakness and strategic opportunity.

PRE-REQUISITES FOR INTER-FIRM COMPARISON

* Uniform Costing: The absolute foundational requirement. Different firms must adopt
a standardized set of accounting principles, cost classifications, and depreciation
methods. Without Uniform Costing, comparing Firm A (which uses LIFO) to Firm B
(which uses FIFO) is meaningless.

* Central Hub: A central trade association or industry board must act as an independent
clearinghouse to collect, anonymize, and distribute the comparative data to maintain

corporate confidentiality.

* Similarity: Firms being compared must be of relatively similar size, utilize similar

technology, and operate in the same geographic/economic constraints.

Strategic Advantages of Inter-Firm Comparison
+ Identifying Inefficiencies: If the industry average material wastage is 2%, and Firm A is at 5%,
management instantly knows where to direct Value Engineering efforts.

* Pricing Strategy: Understanding industry cost structures helps a firm determine if it can

sustain a price war.

* Curing Complacency: A firm might be celebrating a 10% profit growth, but inter-firm data

might reveal the industry grew by 25%, shattering internal complacency.
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Limitations

The primary limitation is the reluctance of top-tier firms to share their cost secrets with a central
board. Furthermore, differences in management philosophy, age of machinery, and local labor

laws can render direct numerical comparisons misleading.
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PART D: ADVANCED ICMAI ILLUSTRATIONS &

ANSWERS

ILLUSTRATION 1: MATERIAL MIX AND YIELD VARIANCES

Problem Statement:
A chemical company manufactures a compound using two raw materials, X and Y. The

standard mix for producing 100 kgs of the final chemical is:

* Material X: 60 kgs @ ¥ 20 per kg
* Material Y: 40 kgs @ ¥ 30 per kg

* Standard Loss expected: 20% of input. Therefore, 100 kgs of input yields 80 kgs of output.

During the month, the actual data for producing 1,600 kgs of actual output was as

follows:

* Material X: 1,300 kgs consumed @ ¥ 21 per kg
* Material Y: 800 kgs consumed @ ¥ 28 per kg
Required:

Calculate the following variances: Material Cost, Material Price, Material Usage, Material

Mix, and Material Yield Variance.

CMAKnowledge.in | Chapter 5 Master Guide | Page 18




WORKING NOTES & ANSWER FOR ILLUSTRATION 1

Step 1: Calculate Standard Quantity for Actual Output (SQ)

Standard Yield = 80 kgs of output from 100 kgs of input.
To get Actual Output of 1,600 kgs, Standard Input required = (1,600 / 80) x 100 = 2,000 kgs

total input.

Standard Mix is 60:40.
SQ for Material X = 2,000 kgs x 60% = 1,200 kgs.
SQ for Material Y = 2,000 kgs % 40% = 800 kgs.

Step 2: Calculate Revised Standard Quantity (RSQ)

Actual Total Input = 1,300 (X) + 800 (Y) = 2,100 kgs.

RSQ distributes Actual Total Input in the Standard Ratio (60:40).
RSQ for Material X = 2,100 x 60% = 1,260 kgs.

RSQ for Material Y = 2,100 x 40% = 840 kgs.

Step 3: Variance Calculations

1. Material Price Variance (MPV) = Actual Qty x (Std Price - Actual Price)
X=1,300 % (20 -21) =% 1,300 (Adverse)

Y =800 x (30 - 28) =¥ 1,600 (Favorable)

Total MPV =% 300 (Favorable).

2. Material Usage Variance (MUV) = Std Price x (SQ - Actual Qty)
X=3%20x(1,200 - 1,300) = ¥ 2,000 (Adverse)

Y =330 x(800-800)=%0

Total MUV =% 2,000 (Adverse).

Check: MCV = MPV + MUV = 300(F) + 2000(A) = 1,700(A).
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Step 4: Mix and Yield Decompositions

3. Material Mix Variance (MMV) = Std Price x (RSQ - Actual Qty)
X=7%20x (1,260 - 1,300) = ¥ 800 (Adverse)

Y =¥30 x (840 - 800) =¥ 1,200 (Favorable)

Total MMV =% 400 (Favorable).

4. Material Yield Variance (MYV) = Std Price x (SQ - RSQ)
X=%20 % (1,200 - 1,260) =¥ 1,200 (Adverse)

Y =¥30 x (800 - 840) = ¥ 1,200 (Adverse)

Total MYV =% 2,400 (Adverse).

Check: MUV = MMV + MYV = 400(F) + 2,400(A) = 2,000(A).

Strategic Interpretation: The production manager successfully altered the mix to
use more of the cheaper material (X), saving ¥400 (MMV). However, this cheaper mix
degraded the chemical yield drastically. The factory required 2,100 kgs of input to get
the output, whereas standard dictated only 2,000 kgs. This wastage caused a severe
¥2,400 adverse yield variance, far outweighing the mix savings. The manager must be

instructed to revert to the standard recipe immediately.
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Paper 16: Strategic Cost Management

ILLUSTRATION 2: FIXED OVERHEAD CAPACITY AND EFFICIENCY

Problem Statement:

A factory has the following budgeted and actual parameters for Fixed Overheads for the

month of November:

* Budgeted: 25 Working Days, 20,000 standard hours, Total FOH ¥ 1,00,000. Output =
10,000 units.

* Actual: 27 Working Days, 21,500 hours worked, Total FOH ¥ 1,05,000. Output = 11,000

units.

Required: Calculate all Fixed Overhead Variances: Expenditure, Volume, Capacity,

Efficiency, and Calendar.
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WORKING NOTES & ANSWER FOR ILLUSTRATION 2

Step 1: Calculate Standard Rates

Std FOH Rate per Hour =¥ 1,00,000 / 20,000 hrs =X 5 per hour.
Std FOH Rate per Unit =¥ 1,00,000 / 10,000 units = ¥ 10 per unit.
Std FOH Rate per Day =% 1,00,000 / 25 days = ¥ 4,000 per day.
Std Hours per unit = 20,000 / 10,000 = 2 hours/unit.

Standard Hours for Actual Output (SHAO) = 11,000 units x 2 hrs = 22,000 hrs.

Step 2: Primary Variances

1. FOH Expenditure Variance = Budgeted FOH - Actual FOH
=% 1,00,000 - ¥ 1,05,000 = ¥ 5,000 (Adverse).

2. FOH Volume Variance = (Actual Output x Std Rate per unit) - Budgeted FOH
=(11,000 x¥10) - ¥ 1,00,000 =% 1,10,000 - ¥ 1,00,000 = ¥ 10,000 (Favorable).

Total FOH Variance = 5,000(A) + 10,000(F) = 5,000(F).
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Step 3: Decompose Volume Variance

3. FOH Efficiency Variance = Std Rate/Hr x (Std Hours for Actual Output - Actual Hours
Worked)
=35 x (22,000 - 21,500) = ¥5 x +500 = ¥ 2,500 (Favorable).

To calculate Capacity, we must adjust the budgeted hours for the extra calendar days
worked.
Revised Budgeted Hours (for 27 days) = (20,000 / 25) x 27 = 21,600 hours.

4. FOH Capacity Variance = Std Rate/Hr x (Actual Hours Worked - Revised Budgeted
Hours)
=35 x (21,500 - 21,600) = ¥5 x -100 = ¥ 500 (Adverse).

5. FOH Calendar Variance = Std Rate/Day x (Actual Days - Budgeted Days)
=34,000 x (27 - 25) =%4,000 x 2 =¥ 8,000 (Favorable).

Check: Efficiency (2,500 F) + Capacity (500 A) + Calendar (8,000 F) = 10,000 (F) Volume Variance.
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Paper 16: Strategic Cost Management

ILLUSTRATION 3: PLANNING VS. OPERATIONAL VARIANCES (EX-ANTE /
EX-POST)

Problem Statement:
Delta Chemicals produces an industrial solvent. At the beginning of the year, the standard

material cost was set at 5 kg per unit at ¥ 20 per kg.

During the year, a severe geopolitical crisis caused a massive shortage of raw materials
across the entire industry. The global market price of the raw material surged to an
unavoidable ¥ 26 per kg. Furthermore, the quality of the available material degraded

globally, meaning the industry standard required to produce one unit increased to 5.5 kg.

Delta Chemicals actually produced 1,000 units of the solvent during the year. The factory
manager utilized 5,800 kg of material, purchasing it at a highly negotiated price of ¥ 25
per kg.

Required:
1. Establish the Original Standard (Ex-Ante) and the Revised Standard (Ex-Post) for 1,000
units.
2. Calculate the Planning Variance and define who is responsible.
3. Calculate the Operational Variance and define who is responsible.

4. Evaluate the true performance of the factory and purchasing managers using sub-

variances.
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WORKING NOTES & ANSWER FOR ILLUSTRATION 3

Step 1: Establish the Benchmarks

Original Standard (Ex-Ante) = 1,000 units x 5.0 kg x ¥20 =¥ 1,00,000.
Revised Standard (Ex-Post) = 1,000 units x 5.5 kg x ¥26 = 5,500 kg x ¥26 =¥ 1,43,000.
Actual Results = 5,800 kg x ¥25 =% 1,45,000.

Step 2: Calculate Planning Variance

Formula: Original Standard - Revised Standard

Planning Variance = ¥ 1,00,000 - ¥ 1,43,000 = ¥ 43,000 (Adverse).

Responsibility: This massive adverse variance is strictly attributed to macroeconomic
market conditions. It is a "planning error" because the original budget became completely

unrealistic. No operational manager can be blamed for this.

Step 3: Calculate Operational Variance

Formula: Revised Standard - Actual Results
Operational Variance =¥ 1,43,000 - ¥ 1,45,000 = ¥ 2,000 (Adverse).
Responsibility: This represents the true, controllable efficiency of the factory and

purchasing teams when measured against realistic market conditions.

Step 4: Deeper Operational Analysis (Price vs Usage)

Let's evaluate the purchasing manager against the revised standard price:
Operational Price Variance = Actual Qty x (Revised Price - Actual Price)
Operational Price = 5,800 kg x (326 - ¥25) = ¥ 5,800 (Favorable).

Let's evaluate the factory manager against the revised usage standard:
Operational Usage Variance = Revised Price x (Revised Qty - Actual Qty)
Operational Usage =326 % (5,500 kg - 5,800 kg) = ¥26 x (-300) = ¥ 7,800 (Adverse).

CMA Strategic Conclusion: The purchasing manager actually performed brilliantly,
beating the inflated global market price to secure a ¥5,800 favorable operational price

variance. The factory manager struggled slightly with the degraded material, wasting 300
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extra kgs. The vast majority of the failure (¥43,000) was an uncontrollable macroeconomic

planning variance.
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CHAPTER 5: DIAGNOSTIC MCQ TEST BANK

Test your conceptual clarity with these high-level analytical questions designed to mimic the

difficulty of the CMA Final examination.

Q1. When computing the Material Yield Variance (MYV), the formula compares the Standard
Quantity (SQ) to the Revised Standard Quantity (RSQ). The RSQ represents:

A) The actual total quantity of inputs used, redistributed in the standard budgeted proportion.
B) The standard total quantity of inputs expected for the actual output.
C) The actual inputs used multiplied by the actual price.

D) The budgeted inputs multiplied by the revised market price.

Answer: A. RSQ redistributes the actual physical inputs consumed back into the original

standard mix ratio, allowing the analyst to separate mix shifts from raw wastage (yield).

Q2. In advanced variance analysis, an adverse "Planning Variance" in a manufacturing firm

indicates that:

A) The factory floor workers were highly inefficient and wasted raw materials.
B) The purchasing department failed to negotiate standard prices with suppliers.

C) The original budget standards set at the beginning of the year became obsolete due to

uncontrollable external market shifts.

D) The firm failed to capture its target market share.

Answer: C. Planning variances (Original Standard - Revised Standard) capture forecasting
errors or macro-environmental shifts. They explicitly remove blame from operational

managers.

Q3. Under Fixed Overhead Variance analysis, the "Calendar Variance" evaluates:

A) The efficiency of workers working faster than the standard time.

B) The impact of the factory working more or fewer days in the month than originally budgeted.
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C) The overspending on fixed costs due to inflation.

D) The impact of producing more units than the market can absorb.

Answer: B. Calendar variance isolates the impact of extra or lost working days (e.g.,

unexpected public holidays) on the absorption of fixed overheads.

Q4. A core prerequisite for conducting a meaningful "Inter-Firm Comparison" across an
industry is:

A) All firms must share the exact same CEO.

B) The implementation of a Uniform Costing system across all participating firms.
C) All firms must operate at 100% capacity.

D) All firms must manufacture only one single product.

Answer: B. Without uniform accounting principles and cost classifications, comparing

financial data across different companies yields meaningless and distorted results.
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STRATEGIC GLOSSARY & TERMINOLOGY INDEX

A reference dictionary for the essential vocabulary of Performance Evaluation.

Comprehensive Professional Definition

Ex-Ante The original budgeted standard set before the operational period begins,
Standard based on forecasts and expected conditions.

Ex-Post The "Revised Standard." A retrospective standard calculated at the end of the
Standard period, reflecting what the budget should have been given the actual

uncontrollable market conditions that materialized.

Planning The mathematical difference between the Ex-Ante standard and the Ex-Post
Variance standard. It quantifies the financial impact of uncontrollable macroeconomic

factors and forecasting errors.

Operational The mathematical difference between the Ex-Post standard and the actual
Variance results achieved. It provides a fair, realistic measure of managerial efficiency

and execution.

Uniform A system where several undertakings in the same industry use the same

Costing costing principles and practices to ensure comparability of data for Inter-Firm
Comparison.

Market Share The profit impact resulting from a company capturing a larger or smaller

Variance percentage of the actual total industry market, evaluating true competitive
standing.

END OF SCM MASTER BOOK - CHAPTER 5

You have successfully mastered the theoretical core and practical mechanics of Strategic

Performance, Operational Variances, and Inter-Firm Comparison.
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LINEAR PROGRAMMING
(LPP) & OPTIMIZATION

Paper 16 *» Deep Dive Series

The Ultimate Guide for CMA Students

A rigorous, hyper-detailed masterclass transitioning into Quantitative
Techniques. This volume covers the mathematical formulation of LPP,
Graphical Solutions, Simplex Algorithm mechanics (Big-M, Slack/

Surplus), and the strategic application of Duality and Shadow Prices.

CMAKnowledge.in

CMAKnowledge.in | Chapter 6 Master Guide | Page 1



PART A: CORE CONCEPTS IN OPTIMIZATION

1. The Architecture of Linear Programming

In Chapter 3, we discussed the "Key Factor" (Limiting Factor) approach to decision-making. That
approach works flawlessly when a company faces exactly one constraint (e.g., only a shortage of
labor hours). However, in modern corporate environments, management routinely faces multiple
simultaneous constraints: limited machine capacity, restricted raw materials, mandatory

minimum production quotas, and maximum market demand ceilings.

When multiple constraints exist, simple ranking fails. Linear Programming (LPP) is the advanced
mathematical technique used to allocate scarce resources to achieve a specific objective (either

Maximizing Profit or Minimizing Cost) under conditions of certainty.

THE THREE PILLARS OF LPP FORMULATION

In the CMA Final examination, formulating the LPP correctly carries dedicated step-marks.

A complete formulation must explicitly declare three components:

1. Decision Variables: The mathematical representation of the choices management
must make.
Example: Let $x_1%$ = Number of units of Product Alpha to produce. Let $x_2$ = Number

of units of Product Beta to produce.

2. Objective Function: The linear mathematical equation representing the ultimate
corporate goal, denoted by 'Z'.
Example: Maximize Z = 40$x_1$ + 50%$x_2% (where 40 and 50 are the unit contribution

margins).

3. Constraints: The resource limitations expressed as linear inequalities (=, =, or =).

Example: 2$x_1$ + 3$x_2% < 1,200 (Machine Hour constraint).
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Paper 16: Strategic Cost Management

THE NON-NEGATIVITY TRAP

Examiners routinely dock 1 to 2 marks if a student forgets to write the final, mandatory
constraint: $x_1, x_2 \ge 0$. In physical reality, a factory cannot produce a "negative"
amount of a product. You must explicitly tell the mathematical model that decision

variables cannot be negative.
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2. Fundamental Assumptions of LPP

To deploy LPP successfully, the operational environment must adhere to specific mathematical

assumptions. If these assumptions are violated in reality, LPP will yield distorted strategic advice.

* Linearity (Proportionality): The objective function and constraints must be perfectly linear. If
one unit yields ¥10 profit, ten units must yield exactly ¥100 profit. LPP cannot handle

economies of scale or bulk discounts.

+ Additivity: The total usage of resources is the exact sum of the resources used by individual

activities. There are no synergistic savings when producing two products together.

* Divisibility: Decision variables can take on fractional values (e.g., $x_1$ = 4.5 units). If a
product strictly cannot be divided (like manufacturing an airplane), LPP is technically invalid

and Integer Programming must be used instead.

* Certainty: All coefficients (profits, costs, resource availability) are known with absolute

certainty and do not change during the period.

3. The Graphical Method

When an LPP model involves exactly two decision variables ($x_1$ and $x_2$), it can be solved

visually using a 2D graph. This is a highly scoring area in the CMA exams.

GRAPHICAL EXECUTION STEPS

1. Treat each inequality constraint as an equation and plot it as a straight line on the X-Y

axis by finding its intercepts (set $x_1%$=0 to find $x_2%, then set $x_2%$=0 to find $x_1%).

2. Determine the Feasible Region. For < constraints, shade towards the origin (0,0). For
= constraints, shade away from the origin. The area where all shading overlaps is the

Feasible Region.

3. Identify the coordinates of all corner points (vertices) of the Feasible Region.
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4. Corner Point Theorem: The optimal solution will ALWAYS lie at one of these extreme
corner points. Substitute the coordinates of each corner point into the Objective

Function (Z) to find the maximum or minimum value.
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4. The Simplex Algorithm and Variable Types

When an LPP problem involves three or more variables, the graphical method becomes
geometrically impossible. The Simplex Method is an iterative algebraic procedure that
systematically moves from one corner point of the multidimensional feasible region to another,

guaranteeing an optimal solution.

The Simplex algorithm cannot process inequalities (= or =). It requires perfect equations. To

convert inequalities into equations, we introduce specialized variables:

Variable . . L
Type Mathematical Mechanics & Application
Slack Added to a "Less than or equal to" (=) constraint. It represents idle capacity or
Variable unused resources.
($S9%) Example: $2x_1 + 3x_2 \le 100%$ becomes $2x_1 + 3x_2 + S_1 = 100%.
In the objective function, the profit contribution of a slack variable is always
zero.
Surplus Subtracted from a "Greater than or equal to" (=) constraint. It represents
Variable excess production over a mandatory minimum quota.
($S9%) Example: $4x_1 + x_2 \ge 50% becomes $4x_1 + x_2-S_2 = 50%.

In the objective function, the profit contribution is zero.

Artificial A purely mathematical catalyst. When a surplus variable is subtracted, it breaks
Variable the required "Identity Matrix" needed to start the Simplex tableau. Therefore,
($A9) we artificially add '$A$' to = and = constraints just to find an Initial Basic Feasible

Solution (IBFS).

THE BIG-M PENALTY TRAP
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Because Artificial Variables have no physical reality in the factory, they must not appear in

the final optimal solution. To mathematically force them out, we assign them an infinitely

large penalty, denoted by M, in the objective function.

« If the problem is Maximization (Profit): The penalty is -M.

+ If the problem is Minimization (Cost): The penalty is +M.

Applying the wrong sign to M will completely invert the algorithm and destroy the solution.
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5. Duality Theory

Every LPP problem (known as the Primal) possesses a mathematically mirrored problem known as
the Dual. This is not just a mathematical trick; it provides profound strategic insights for

management.

If the Primal problem seeks to maximize profit given a set of resource constraints, the Dual
problem seeks to minimize the imputed cost (opportunity cost) of the resources consumed to achieve
that profit. The optimal objective value (Z) of the Primal will always exactly equal the optimal

objective value (W) of the Dual.

RULES FOR FORMULATING THE DUAL

To convert a Primal matrix into a Dual matrix, follow these strict mechanical steps:

1. The Objective flips: If Primal is Maximize, Dual becomes Minimize.

2. The RHS constants (capacities) of the Primal constraints become the Objective Function

coefficients of the Dual variables ($y_1, y_2$).

3. The Objective Function coefficients (profit per unit) of the Primal become the RHS

constraint limits of the Dual.

4.The constraint signs flip: A =< constraint in a Maximization Primal becomes a =

constraint in a Minimization Dual.

6. Strategic Interpretation: Shadow Prices

When the Simplex algorithm solves the Dual problem, it yields values for the dual variables ($y_1,

y_2,y_3$%$). These values are known as Shadow Prices or Dual Prices.

Definition: The shadow price is the marginal rate of change in the objective function (Total Profit)

resulting from a one-unit increase in the availability of a constrained resource.
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Paper 16: Strategic Cost Management

MANAGERIAL APPLICATION OF SHADOW PRICES

If the shadow price of a Machine Hour is calculated as %120, this tells the CMA that acquiring

one additional hour of machine time will increase total corporate profit by exactly ¥120.

Strategic Action: Management should be willing to pay up to a maximum premium of

%120 to rent extra machine capacity. Paying ¥121 per hour would destroy firm value.

Note: Resources that are NOT fully consumed (they have a positive Slack variable in the final
solution) have a Shadow Price of exactly ZERO. There is no point paying for more of a resource

you already have too much of.
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PART B: ADVANCED ICMAI ILLUSTRATIONS &

ANSWERS

ILLUSTRATION 1: PRIMAL FORMULATION AND DUALITY CONVERSION

Problem Statement:

Vanguard Industries manufactures two chemical products, Alpha and Beta. The production
process relies on two critical raw materials: Chemical X and Chemical Y. The company
wants to optimize its production plan for the upcoming week to maximize total

contribution margin.

Operational Data:

* Product Alpha yields a contribution of ¥ 600 per unit.

* Product Beta yields a contribution of ¥ 800 per unit.

* Producing one unit of Alpha requires 4 liters of Chemical X and 2 liters of Chemical Y.
* Producing one unit of Beta requires 3 liters of Chemical X and 5 liters of Chemical Y.

* The total weekly inventory available is strictly limited to 1,200 liters of Chemical X and
1,000 liters of Chemical Y.

Required:

1. Formulate the Primal Linear Programming Problem.
2. Construct the corresponding Dual Problem.

3. Assume the optimal solution to the Dual reveals $y_1$ = 150 and $y_2$ = 0. Provide a

strategic interpretation of these shadow prices to the Purchasing Director.
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WORKING NOTES & ANSWER FOR ILLUSTRATION 1

Step 1: Primal LPP Formulation

Decision Variables:
Let $x_1%$ = Number of units of Product Alpha to produce.

Let $x_2% = Number of units of Product Beta to produce.

Objective Function (Maximization):
Maximize Z = 600$x_1$ + 800$x_2$

Subject to Resource Constraints:
4%x_1$ + 3$x_2%$ = 1,200 (Constraint for Chemical X)
2%$x_ 1% +5%$x 2% =< 1,000 (Constraint for Chemical Y)

Non-Negativity Constraint:
$x_1, x_2\ge 0%

Step 2: Dual Formulation

We introduce dual variables to represent the imputed marginal cost of the constrained
resources.
Let $y_1% = Dual variable (Shadow price) for one liter of Chemical X.

Let $y_2$%$ = Dual variable (Shadow price) for one liter of Chemical Y.

Dual Objective Function (Minimization):
The RHS capacities (1200 and 1000) become the objective coefficients.
Minimize W = 1200%$y_1$ + 1000%y_2%

Subject to Dual Constraints:

The primal objective coefficients (600 and 800) become the RHS limits. The columns of the
primal become the rows of the dual.

4%y 1$+2%y 2$ =600 (The imputed resource cost must cover Alpha's profit)

3%y_1$+ 5%y 2$ =800 (The imputed resource cost must cover Beta's profit)

Non-Negativity Constraint:
$y_1,y_2\ge 0%




Step 3: Strategic Interpretation of Shadow Prices

The problem states the optimal dual values are $y_1 = 150% and $y_2 = 0$.

Interpretation of $y_1 = 150%:

The shadow price of Chemical X is ¥ 150. This means that if the Purchasing Director can
procure one additional liter of Chemical X beyond the current 1,200-liter limit, the total
corporate profit will increase by exactly ¥ 150.

Strategic Advice: The Purchasing Director should actively seek out emergency or premium
suppliers for Chemical X and be willing to pay a premium of up to ¥ 150 above the
standard cost per liter. Any premium paid below ¥ 150 will still result in a net increase in

firm profitability.

Interpretation of $y 2 = 0$:

The shadow price of Chemical Y is ¥ 0. A shadow price of zero mathematically proves that
Chemical Y is NOT a bottleneck. In the optimal production plan, the factory will not even
consume the full 1,000 liters available; there will be leftover idle inventory (represented by
a positive Slack variable in the primal).

Strategic Advice: The Purchasing Director must not spend a single rupee trying to expedite
or acquire more Chemical Y. Having more of it will not increase profit by a single cent, as

production is already entirely choked by the lack of Chemical X.
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ILLUSTRATION 2: LPP GRAPHICAL METHOD SOLUTION

Problem Statement:
A furniture company manufactures two products: Tables ($x_1$) and Chairs ($x_2%). The
profit is ¥ 400 per Table and ¥ 300 per Chair. The production is subject to two constraints

based on carpentry hours and finishing hours:
Objective: Maximize Z = 400$x_1$ + 300$x_2$

Constraints:

$x_1$ +2%$x_2%$ <400 (Carpentry Constraint)
4$x_1%$ +3%$x_2%$ = 1,200  (Finishing Constraint)
$x_1,x_2\ge 0%

Required: Using the Corner Point graphical method, determine the optimal production

mix and the maximum profit.

WORKING NOTES & ANSWER FOR ILLUSTRATION 2

Step 1: Find the Intercepts for the Constraints

Constraint 1 (Carpentry): $x_1 + 2x_2 = 400%
If $x_1 = 0%, then $2x_2 = 400 \implies x_2 = 200%. Point A: (0, 200).
If $x_2 = 0%, then $x_1 = 400%. Point B: (400, 0).

Constraint 2 (Finishing): $4x_1 + 3x_2 = 1200$
If $x_1 = 0%, then $3x_2 = 1200 \implies x_2 = 400%. Point C: (0, 400).
If $x_2 = 0%, then $4x_1 = 1200 \implies x_1 = 300%. Point D: (300, 0).

Step 2: Identify the Feasible Region & Corner Points

Since both constraints are "Less than or equal to" (<), the feasible region is bounded by

the origin (0,0) and the inner perimeter formed by the intersection of the two lines.
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The corner points of the feasible region are:

1. Origin: (0, 0)

2. Y-Axis Intercept: The lowest $x_2$% intercept — (0, 200)
3. X-Axis Intercept: The lowest $x_1$ intercept - (300, 0)

4. The Intersection Point of the two lines.
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Step 3: Solve for the Intersection Point

We solve the two constraint equations simultaneously:
Eq 1: $x_1 +2x_2 = 400%
Eq 2: $4x_1 + 3x_2 = 1200%

Multiply Eq 1 by 4 to eliminate $x_1$:

$4x_1 +8x_2 = 1600%

Subtract Eq 2:

$(4x_1 +8x_2)-(4x_1+3x_2)=1600-1200%
$5x_2 = 400%

$x_2 = 80%.

Substitute $x_2 = 80% back into Eq 1:
$x_1 + 2(80) = 400%

$x_1+ 160 =400%

$x_1 = 240%.

Intersection Corner Point: (240, 80).

Step 4: Evaluate the Objective Function at all Corner Points

Obijective Function: Z = 400$x_1$ + 300$x_2$

Corner Point ($x_1, x_29) Calculation (Z = 400$x_1% + 300$x_2$)

Total Profit (%)

(0,0 400(0) + 300(0)
(0, 200) 400(0) + 300(200)
(300, 0) 400(300) + 300(0)
(240, 80) 400(240) + 300(80) = 96,000 + 24,000
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Note: We have a mathematical tie for the maximum profit! Both the point (300, 0) and the
intersection point (240, 80) yield exactly ¥ 1,20,000.

CMA Strategic Conclusion: The maximum profit achievable is ¥ 1,20,000. Because of
the tie, the firm faces "Multiple Optimal Solutions." Management can either choose to
produce exclusively 300 Tables and zero Chairs, or a blended mix of 240 Tables and 80
Chairs, without affecting the bottom line. From a strategic market-presence
perspective, the blended mix (240, 80) is superior as it maintains the company's

presence in both the table and chair markets.
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CHAPTER 6: DIAGNOSTIC MCQ TEST BANK

Test your conceptual clarity with these high-level analytical questions designed to mimic the

difficulty of the CMA Final examination.

Q1. In the Simplex method, an "Artificial Variable" is introduced into the tableau exclusively

to:

A) Represent unused capacity in a "less than or equal to" constraint.

B) Act as a mathematical catalyst to obtain an Initial Basic Feasible Solution for "greater than or

equal to" constraints.
C) Ensure the objective function reaches maximum profit.

D) Eliminate degeneracy in the transportation matrix.

Answer: B. Artificial variables have no physical or economic meaning. They are
temporarily inserted into = or = constraints just to start the Simplex matrix logic, and are

heavily penalized (Big-M) to force them out of the final optimal solution.

Q2.1n a Linear Programming problem, if a resource constraint has a "Slack Variable" with a

positive value in the final optimal solution, the Shadow Price of that resource will be:

A) Positive and equal to the objective function coefficient.
B) Negative, indicating a loss of profit.
C) Exactly Zero.

D) Infinity.

Answer: C. A positive slack variable means the resource was not fully consumed (idle
capacity exists). Therefore, acquiring one more unit of this resource provides zero

economic benefit to the firm. Its shadow price is perfectly zero.
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Q3. When converting a Primal LPP into its Dual counterpart, a "Less than or equal to" (=)

constraint in a Maximization Primal becomes:

A) A "Greater than or equal to" (=) constraint in the Minimization Dual.
B) A "Less than or equal to" (=) constraint in the Minimization Dual.
C) An exact equation (=) in the Dual.

D) A non-negativity constraint in the Dual.

Answer: A. In duality formulation, the direction of optimization flips (Max to Min), and the

direction of the inequality signs strictly reverses.

Q4. A fundamental assumption of Linear Programming is "Divisibility." If a manufacturing
problem involves producing cruise ships where fractional production (e.g., 2.5 ships) is

impossible, which technique must be used instead of standard LPP?

A) Non-Linear Programming
B) Goal Programming
C) Integer Programming

D) Dynamic Programming

Answer: C. Integer programming enforces a strict mathematical boundary that decision
variables must resolve into whole numbers, satisfying the physical reality of indivisible

products.
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STRATEGIC GLOSSARY & TERMINOLOGY INDEX

A reference dictionary for the essential vocabulary of Linear Programming and Optimization.

Comprehensive Professional Definition

Shadow Price The marginal increase in the objective function (total profit) resulting from a
(Dual Price) one-unit increase in the availability of a constrained resource. It sets the

absolute maximum premium management should pay to acquire more of that

resource.
Objective The mathematical equation in an LPP model that defines the primary goal of
Function the organization, typically to maximize profit (Z) or minimize cost (Z), expressed

as a linear combination of decision variables.

Slack Variable Avariable added to a "<" constraint to convert it into an equation. It

represents the amount of unused or idle resource capacity.

Surplus Avariable subtracted from a "=" constraint to convert it into an equation. It
Variable represents the amount by which actual production exceeds the required

minimum quota.

Corner Point The mathematical principle stating that if a linear programming problem has
Theorem an optimal solution, it must occur at one of the extreme vertices (corner

points) of the feasible region.

Feasible The multi-dimensional geometric space that simultaneously satisfies all
Region constraints and non-negativity conditions in an LPP model. Any point outside

this region violates at least one constraint.

END OF SCM MASTER BOOK - CHAPTER 6
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Paper 16: Strategic Cost Management
You have successfully mastered the theoretical core and mathematical mechanics of Linear

Programming. You are now prepared to advance to Chapter 7 (Transportation and Assignment
Models).
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The Ultimate Guide for CMA Students

A rigorous, hyper-detailed masterclass focusing exclusively on the
logistics of Operations Research. This guide unpacks VAM, the MODI
method, Degeneracy resolution with Epsilon, Unbalanced Matrices,

and the Hungarian Method with Restricted Routes.
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PART A: CORE CONCEPTS

1. The Architecture of the Transportation Problem

The transportation model is a specialized subset of Linear Programming (LPP). While a standard
LPP uses the Simplex method to handle diverse, complex constraints, the Transportation problem
deals exclusively with distributing a single, homogeneous commodity from multiple origins
(factories/sources) to multiple destinations (warehouses/markets) at the absolute minimum total

cost.

Because of its specific matrix structure, we bypass the tedious Simplex tableau and use dedicated

algorithms. Solving a transportation problem in the CMA exam ALWAYS requires a strict two-stage

process:

THE TWO-STAGE OPERATIONAL FLOW

1. Stage 1: Finding the Initial Basic Feasible Solution (IBFS). This gives us a starting

point. We use heuristics to make initial allocations without breaking supply/demand

rules.

2. Stage 2: Optimality Testing. We test the IBFS to see if a cheaper routing combination
exists. If it does, we shift units around (using closed loops) until we reach the

mathematical absolute minimum cost.

2. Stage 1: Finding the IBFS (Vogel's Approximation Method)

There are three ways to find the IBFS: North-West Corner Method (NWCM), Least Cost Method
(LCM), and Vogel's Approximation Method (VAM). VAM is mandatory for professional exams

unless specified otherwise, because it factors in the opportunity cost of not using the cheapest

route.
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Paper 16: Strategic Cost Management

THE MECHANICS OF VAM

1. Calculate the Penalty for each row and column. The penalty is the absolute difference
between the lowest cost and the second-lowest cost in that row/column.

2. Identify the row or column with the highest penalty.

3. Allocate the maximum possible units to the cell with the lowest cost in that chosen row
or column.

4. Cross out the row or column whose supply or demand is exhausted.

5. Recalculate penalties for the remaining matrix and repeat until all supply and demand are

satisfied.
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3. Stage 2: Optimality Testing via the MODI Method

The Modified Distribution (MODI) method, also known as the U-V method, proves whether your
VAM solution is truly the cheapest possible routing. It does this by calculating implicit costs for the
rows ($U_i$) and columns ($V_j$).

THE MODI EXECUTION STEPS

1. Check for Degeneracy: Ensure the number of allocated cells equals exactly (Rows +

Columns - 1). If it does not, you cannot proceed to step 2.

2. Calculate U and V for Allocated Cells: Set $U_1 = 0$ (or the row/col with the most
allocations). Use the formula $C_{ij} = U_i + V_j$ to solve for all other U and V values

using ONLY the cells that have allocations.

3. Evaluate Empty (Unallocated) Cells: Calculate the opportunity cost (Cell Evaluation, $
\Delta_{ij}$) for every empty cell using the formula: $\Delta_{ij} = C_{ij} - (U_i + V_j)s.

4. The Optimality Rule: If ALL $\Delta_{ij}$ values are Positive or Zero, the solution is
optimal. Stop. If ANY $\Delta_{ij}$ is Negative, the solution is NOT optimal. You must
draw a closed loop starting from the most negative cell, assign (+, -, +, -) signs to the
corners, shift the maximum possible units, and repeat the entire MODI test from

scratch.

4. ICMAI Examiner Traps in Transportation

Trap A: Unbalanced Matrices

If Total Supply # Total Demand, the matrix is unbalanced. The algorithms will mathematically
crash.

Fix: If Supply > Demand, add a Dummy Column (Destination) to absorb the excess. If Demand >
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Supply, add a Dummy Row (Source). The per-unit transportation cost for all dummy cells must be

set to exactly ¥ 0.

Trap B: Degeneracy (The Silent Killer)

Degeneracy occurs when the number of allocated cells is strictly less than (Rows + Columns - 1).
This happens during VAM if a single allocation simultaneously exhausts BOTH a row's supply and a
column's demand.

Fix: To satisfy the mathematical rule so MODI can run, place an infinitesimally small quantity,
denoted by the Greek letter Epsilon (€), in an independent empty cell with the lowest cost. Epsilon
is treated as an allocation for calculating $U$ and $V$, but its physical quantity is zero ($\epsilon +
50 = 50%).
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5. The Assignment Problem (Hungarian Method)

The Assignment model is a special case of the transportation problem where Supply = 1 at every
origin and Demand = 1 at every destination. It is used to assign $N$ tasks to $N$ resources (e.g., 4

operators to 4 machines) on a strictly one-to-one basis to minimize total time or cost.

Because of this strict one-to-one constraint, VAM and MODI are highly inefficient. We use the

Hungarian Method.

4 N

HUNGARIAN METHOD: STEP-BY-STEP ALGORITHM

1. Row Reduction: Subtract the minimum element in each row from
all elements in that row.

2. Column Reduction: Subtract the minimum element in each
column of the resulting matrix from all elements in that
column. (Now every row and column has at least one zero).

3. Draw Lines: Draw the absolute minimum number of horizontal
and/vertical lines required to cover all zeros in the matrix.
4. Optimality Check: If the Number of Lines = Number of Rows
($N$), the solution is optimal. Make the assignments where
zeros exist.

5. Iteration (If Lines < N): Find the smallest uncovered
number. Subtract it from all uncovered numbers. Add it to
numbers at the intersection of two lines. Numbers covered by

only one line remain unchanged. Go back to Step 3.

CRUCIAL ASSIGNMENT TRAPS

* Unbalanced Matrix: The Hungarian method demands a perfect square matrix ($N
imes N$). If you have 5 jobs and 4 machines, you MUST add a Dummy Machine column

with all costs as zero before starting Step 1.
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* Restricted (Prohibited) Routes: If the problem states "Machine C cannot perform Job
2," you must assign an infinitely large cost, denoted as M (or a massive number like

9999), to that specific cell. The algorithm will naturally avoid assigning a zero there.

« Maximization: If the matrix shows Profit instead of Cost, subtract every element in the
matrix from the single highest number in the entire matrix to create a Relative Loss

Matrix. Then apply standard minimization steps.
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PART B: ADVANCED ICMAI ILLUSTRATIONS &

ANSWERS

ILLUSTRATION 1: UNBALANCED TRANSPORTATION WITH VAM

Problem Statement:
Omega Logistics operates three factories (F1, F2, F3) and supplies goods to three major
regional warehouses (W1, W2, W3). The unit transportation costs (in ¥), along with

capacities and demands, are given below:

Factory \ Warehouse Supply (Capacity)

F1 8 5 6 120
F2 15 10 12 80
F3 3 9 10 80
Demand 150 80 50

Required:

1. Check if the problem is balanced. If not, balance it.

2. Find the Initial Basic Feasible Solution (IBFS) using Vogel's Approximation Method
(VAM).

3. Calculate the total transportation cost of this initial solution.
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WORKING NOTES & ANSWER FOR ILLUSTRATION 1

Step 1: Check for Balance

Total Supply =120 + 80 + 80 = 280 units.
Total Demand = 150 + 80 + 50 = 280 units.

The problem is perfectly balanced. No dummy row or column is needed.

Step 2: Apply Vogel's Approximation Method (VAM)

We calculate penalties (difference between lowest and second-lowest cost) for rows and

columns. We allocate to the lowest cost cell in the row/col with the highest penalty.

Iteration 1:

Row Penalties: F1(6-5=1), F2(12-10=2), F3(9-3=6)

Col Penalties: W1(8-3=5), W2(9-5=4), W3(10-6=4)

Highest penalty is Row F3 (6). The lowest cost in F3 is cell F3-W1 (cost 3).

Allocate min(Supply 80, Demand 150) = 80 units to F3-W1.

Factory F3 supply is exhausted. Cross out row F3. W1 demand remaining = 150 - 80 = 70.

Iteration 2:

Row Penalties: F1(6-5=1), F2(12-10=2)

Col Penalties: W1(15-8=7), W2(10-5=5), W3(12-6=6)

Highest penalty is Col W1 (7). The lowest cost in Col W1 is cell F1-W1 (cost 8).

Allocate min(Supply 120, Demand 70) = 70 units to F1-W1.

Warehouse W1 demand is exhausted. Cross out Col W1. F1 supply remaining = 120 - 70 =
50.

Iteration 3:

Row Penalties: F1(6-5=1), F2(12-10=2)

Col Penalties: W2(10-5=5), W3(12-6=6)

Highest penalty is Col W3 (6). The lowest cost in Col W3 is cell F1-W3 (cost 6).

Allocate min(Supply 50, Demand 50) = 50 units to F1-W3.

Warehouse W3 demand is exhausted. Cross out Col W3. F1 supply is also exhausted. Cross
out F1.
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Final Iteration:
Only Row F2 and Col W2 remain active. Cell F2-W2 gets the remaining balance.
Allocate 80 units to F2-W2. (Supply 80, Demand 80 perfectly matched).

Step 3: Final VAM Allocation & Total Cost

Units Allocated Unit Cost (%) Total Cost (%)

F1 - W1 70 8 560
F1 - W3 50 6 300
F2 - W2 80 10 800
F3 - W1 80 3 240

Total Transportation Cost: T 1,900

Check for Degeneracy: Allocated cells = 4. (Rows + Cols- 1) =(3+3-1)=5.
Alert: This matrix is actually degenerate (4 < 5). If the examiner asked to perform the

MODI test, we would have to place an € in an empty cell to proceed.
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ILLUSTRATION 2: ASSIGNMENT PROBLEM WITH PROHIBITED ROUTE

Problem Statement:
A construction firm needs to assign 4 Site Managers (M1, M2, M3, M4) to 4 new Building
Projects (P1, P2, P3, P4). The matrix below shows the estimated cost (in ¥ '000s) for each

manager to oversee each project based on their expertise and travel distance.

Due to a severe conflict of interest, Manager M2 strictly cannot be assigned to Project
P3.

Manager \ Project

M1 18 26 17 11
M2 13 28 Restricted 26
M3 38 19 18 15
M4 19 26 24 10

Required: Using the Hungarian Method, determine the optimal assignment schedule that

minimizes total construction management costs.
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WORKING NOTES & ANSWER FOR ILLUSTRATION 2

Step 1: Handle the Prohibited Route

To ensure the Hungarian algorithm naturally avoids assigning Manager M2 to Project P3,
we replace the "Restricted" cell with a very large penalty value, denoted as M (or infinity ).

M is larger than any other number in the matrix.

Manager

M1 18 26 17 11
M2 13 28 M 26
M3 38 19 18 15
M4 19 26 24 10

Step 2: Hungarian Row Reduction

Subtract the minimum value in each row from all elements in that row.
*M1 (min11)—-7,15,6,0
*M2 (min13)—=0, 15, M, 13
* M3 (min 15) - 23,4, 3,0

* M4 (min 10) -9, 16, 14,0
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After Row Red.

M1 7 15 6 0
M2 0 15 M 13
M3 23 4 3 0
M4 9 16 14 0

Step 3: Hungarian Column Reduction

Subtract the minimum value in each column from all elements in that column.
* P1 (min 0) = unchanged
*P2(min4)-11,11,0,12
*P3(Min3)-3,M,0, 11

* P4 (min 0) -» unchanged
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Matrix after Column Reduction:

After Col Red.

M1 7 11 3 0
M2 0 11 M 13
M3 23 0 0 0
M4 9 12 11 0

Step 4: Draw Minimum Lines to Cover Zeros
We draw lines to cover all zeros in the matrix:
* Line 1: Row M3 (covers P2, P3, P4 zeros)

* Line 2: Column P4 (covers M1, M4 zeros)

* Line 3: Column P1 (covers M2 zero)

Total Lines = 3. Since Lines (3) < Number of Rows (4), the solution is NOT optimal. We must

iterate.

Step 5: Iterate the Matrix

1. Find the smallest uncovered number. (Uncovered numbers: 11, 3, 11, M, 12, 11). Smallest
is 3.

2. Subtract 3 from all uncovered numbers.

3. Add 3 to numbers at intersections of lines (Cell M3-P1 is 23+3=26, Cell M3-P4 is 0+3=3).
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Final Optimal Matrix

M1 7 8 0 0
M2 0 8 M 13
M3 26 0 0 3
M4 9 <) 8 0

Step 6: Make Assignments

Scan for rows/cols with a single zero to force assignments.

* Row M2 only has one zero at P1. - Assign M2 to P1.
* Row M4 only has one zero at P4. - Assign M4 to P4.
* Column P2 only has one zero at M3. - Assign M3 to P2.

* This leaves M1 to take the remaining task P3. —» Assign M1 to P3.

Total Minimum Cost Calculation:
M1 - P3:17

M2 - P1:13

M3 - P2: 19

M4 - P4:10

Total Minimum Cost =59 (¥ 59,000).

Check: M2 was kept completely away from P3, fulfilling the prohibited route constraint perfectly.
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CHAPTER 7: DIAGNOSTIC MCQ TEST BANK

Test your conceptual clarity with these high-level analytical questions designed to mimic the

difficulty of the CMA Final examination.

Q1. In the initial stage of solving a transportation problem, Vogel's Approximation Method

(VAM) is mathematically superior to the North-West Corner Method because VAM:

A) Automatically guarantees the absolute optimal solution without needing the MODI test.
B) Utilizes opportunity cost penalties to avoid making highly expensive allocations.
C) Prevents the matrix from ever becoming degenerate.

D) Can handle maximization problems without requiring a relative loss matrix.

Answer: B. VAM calculates the difference between the lowest and second-lowest costs in
each row/column. This "penalty” identifies where the firm will suffer the most if it doesn't

secure the cheapest route, leading to a highly efficient initial solution.

Q2. A transportation matrix has 4 factories and 5 warehouses. To perform the MODI (U-V)
optimality test, the minimum number of independent allocated cells required to avoid

degeneracy is:
A)9
B) 8
C) 20

D) 4

Answer: B. The formula for checking degeneracy is (Rows + Columns - 1). Here, (4 +5- 1) =

8. If allocations are less than 8, Epsilon (€) must be added.
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Q3. When solving an Assignment Problem using the Hungarian Method, the problem states
that Worker B strictly lacks the security clearance to perform Task 4. How should the CMA

handle this mathematically?

A) Delete Row B and Column 4 from the matrix completely.
B) Add a Dummy Worker to perform Task 4.
C) Assign an infinitely large cost (M) to the intersection cell of Worker B and Task 4.

D) Assign a cost of zero to the intersection cell of Worker B and Task 4.

Answer: C. Assigning a massive penalty cost (Big-M) guarantees that the Hungarian
algorithm's minimization logic will organically avoid placing a zero in that cell, ensuring

the prohibited route is never selected.

Q4. During the MODI optimality test, you evaluate an unallocated cell and calculate an

opportunity cost ($\Delta_{ij}$) of -4. This indicates that:

A) The current solution is optimal.
B) The matrix is unbalanced.

C) The current solution is sub-optimal; shifting one unit into this cell will reduce total

transportation costs by ¥ 4.

D) The current solution is sub-optimal; shifting one unit into this cell will increase total

transportation costs by ¥ 4.

Answer: C. A negative Delta ($\Delta_{ij}$) means there is a cheaper routing path
available. Shifting allocation via a closed loop into this cell will save the firm ¥4 for every

unit moved.
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STRATEGIC GLOSSARY & TERMINOLOGY INDEX

A reference dictionary for the essential vocabulary of Transportation and Assignment operations.

Comprehensive Professional Definition

Vogel's An advanced heuristic algorithm used to find the Initial Basic Feasible
Approximation Solution (IBFS) in transportation problems by allocating units based on
Method (VAM) maximum opportunity cost penalties.

MODI Method (U-V The Modified Distribution method used to test a transportation IBFS for
Method) absolute optimality by calculating implicit row/column costs and

evaluating empty cells for negative opportunity costs.

Degeneracy A mathematical stall occurring when the number of allocated cells in a
transportation matrix is less than (Rows + Columns - 1). It is resolved by

placing an infinitesimally small value (€) in an independent empty cell.

Unbalanced Matrix A scenario where total Supply does not equal total Demand (in
transportation) or Rows do not equal Columns (in assignment).
Resolved by injecting dummy rows or columns with zero costs to

absorb the difference.

Hungarian Method A combinatorial optimization algorithm specifically designed for
assignment problems to find the minimum cost allocation of tasks to

resources on a strictly one-to-one basis.

Relative Loss Matrix A mathematical conversion required when applying the Hungarian
Method to a Maximization (Profit) problem. Every element is subtracted
from the matrix's highest value, converting profit logic into

minimization loss logic.
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Paper 16: Strategic Cost Management

END OF SCM MASTER BOOK - CHAPTER 7

You have successfully mastered the theoretical core and mathematical mechanics of

Transportation and Assignment Models. You are now prepared to advance to Chapter 8 (Network

Analysis: PERT & CPM).
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ICMAI SYLLABUS 2022 | FINAL GROUP III

CHAPTER 8:
ASSIGNMENT MODELS &
ROUTING

Paper 16 *» Deep Dive Series

The Ultimate Guide for CMA Students

Aligned exactly with the official ICMAI Syllabus 2022 module
numbering. This rigorous masterclass dives exclusively into Chapter 8:
The Assignment Problem. It unpacks the Hungarian Method,
Unbalanced Matrices, Prohibited Routes, Maximization, and the

legendary Travelling Salesman Problem (TSP).

No external study material required. Complete CMA-friendly working notes

and step-marking guides included.
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MODULE BLUEPRINT: CHAPTER 8

Following the official ICMAI Syllabus 2022 structure for Paper 16 (Strategic Cost Management),
Section B covers Quantitative Techniques. Chapter 6 covers LPP, Chapter 7 covers Transportation,
and Chapter 8 exclusively covers Assignment. This volume provides an encyclopedic exploration

of the assignment logic and its specialized cases.

Chapter 8 Structure Exhaustive Concept Map

Core Mechanics * Mathematical Statement of the Assignment Problem
* The fundamental one-to-one allocation constraint

* The Hungarian Method: Step-by-Step Algorithm

Special Cases (Exam Traps) * Unbalanced Matrices (Adding Dummy rows/cols)
* Maximization Problems (Relative Loss Matrix conversion)
* Prohibited Assignments (The "Big-M" penalty mechanism)

» Multiple Optimal Solutions (Handling ties in zeros)

Advanced Applications * The Travelling Salesman Problem (TSP)
* Route Optimization and infinite diagonal cost restrictions

* Sub-tour breaking algorithms in TSP

Master Annexures * 4 Advanced ICMAI-Calibrated Step-by-Step Illustrations
* CMA-specific MCQ Test Bank with Detailed Rationales

* Strategic Glossary for Operations Research

WHY IS ASSIGNMENT SEPARATED FROM TRANSPORTATION?

While Assignment is technically a subset of Transportation, the standard Transportation
algorithms (VAM and MODI) are highly inefficient for Assignment. In Assignment, every
source has a supply of exactly ONE, and every destination has a demand of exactly ONE.

This extreme degeneracy requires a specialized algorithm: The Hungarian Method.
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1. THE ASSIGNMENT CONCEPT

1.1 Mathematical Statement of the Problem

The Assignment Problem is a completely deterministic model. Management is faced with $n$
number of tasks (e.g., jobs, projects, territories) and exactly $n$ number of resources (e.g.,
machines, contractors, salesmen). The objective is to assign exactly one resource to exactly one

task in such a way that the total cost is minimized (or total profit is maximized).

THE FUNDAMENTAL CONSTRAINT

* $x_{ij}$ represents the assignment of resource $i$ to task $j$.
« If the assignment is made, $x_{ij} = 1%. If the assignment is not made, $x_{ij} = 0%.

* The total sum of assignments in any row must equal exactly 1. (One worker gets one
job).

* The total sum of assignments in any column must equal exactly 1. (One job is done by
one worker).

Because of this binary constraint ($0$ or $1$), we cannot use standard linear programming

or the transportation MODI method efficiently. We deploy the Hungarian Method
developed by D. Kénig.

| 1.2 The Hungarian Method: Core Algorithm

The Hungarian Method operates on the mathematical principle of opportunity cost. If we subtract a
constant from every element in a row or column of the cost matrix, the optimal assignment for the

new matrix will be exactly the same as the optimal assignment for the original matrix.

{ THE 5-STEP HUNGARIAN EXECUTION (MINIMIZATION)
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Step 1: Row Reduction. Locate the smallest cost element in each row. Subtract this
minimum element from every other element in that specific row. This guarantees at

least one zero in every row.

Step 2: Column Reduction. In the newly derived matrix from Step 1, locate the
smallest element in each column. Subtract it from every element in that column. This

guarantees at least one zero in every row AND every column.

Step 3: Draw Minimum Lines. Draw straight horizontal or vertical lines to cover all the
zeros in the matrix. Rule: You must use the absolute minimum number of lines possible to

cover all zeros.

Step 4: Optimality Test. Count the number of lines drawn. If the Number of Lines =
$N$ (where $N$ is the number of rows/columns in the square matrix), the solution is

optimal! Proceed to Step 6.

Step 5: Iterate the Matrix (If Lines < N). If the lines are fewer than $N$, the solution is
not optimal.

a) Find the smallest uncovered number.

b) Subtract this number from all uncovered numbers.

¢) Add this number to any element lying at the intersection of two lines.

d) Numbers covered by exactly one line remain unchanged. Loop back to Step 3.

Step 6: Final Assignment. Scan the rows for a single zero and box it (assign). Cross out
any other zeros in that column. Then scan the columns for a single zero and box it.

Repeat until all assignments are made.
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2. SPECIAL CASES IN ASSIGNMENT

2.1 Unbalanced Assignment Problems

The Hungarian algorithm relies on matrix mathematics that strictly require a perfect square ($N
imes N$). In the real world, you might have 5 contractors bidding for 4 jobs, resulting in a $5 imes

4% rectangular matrix.

THE DUMMY VARIABLE FIX

If Rows > Columns, add a Dummy Column. If Columns > Rows, add a Dummy Row.
Crucial CMA Rule: The cost assigned to every cell in a dummy row or dummy column must
be exactly ZERO. When the final optimal assignment places a worker in a dummy job, it

simply means that worker remains idle.

2.2 Maximization Problems

The Hungarian algorithm is fundamentally a minimization engine. It looks for the lowest cost
(zeros). If an exam question asks you to assign salesmen to territories to Maximize Sales Revenue
or Profit, applying the standard Hungarian steps will yield the absolute worst possible (lowest

profit) assignment.

CONVERSION TO A RELATIVE LOSS MATRIX

To trick the minimization engine into solving a maximization problem, you must convert

the profit matrix into an "Opportunity Loss" matrix.

1. Find the single highest numerical value in the entire original matrix.

2. Subtract every single element in the matrix from this highest value.
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3. The resulting matrix is the Relative Loss Matrix. The cell that originally had the highest
profit now has a cost of exactly 0.

4. Proceed with the standard 5-step Hungarian minimization algorithm on this new
matrix.
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2.3 Prohibited Assignments (Restricted Routes)

In corporate environments, certain assignments are physically, legally, or logically impossible. For
example, Machine B might lack the specific drill bit required to process Job 3. Or, a consultant may

be barred from auditing Client 4 due to a conflict of interest.

THE BIG-M PENALTY TECHNIQUE

To ensure the Hungarian algorithm naturally avoids making a prohibited assignment, we
replace the cost of the restricted cell with an infinitely large penalty value, denoted

algebraically as M (or a massive number like 99,999 in practical calculation).

Because the algorithm seeks out the lowest costs (zeros) by subtracting minimumes, the cell
containing 'M" will mathematically never reduce to zero, completely guaranteeing that the

prohibited route is never selected in the final assignment step.

2.4 Multiple Optimal Solutions

During the final assignment scanning phase (Step 6 of the Hungarian method), you look for rows
or columns that contain exactly one zero. Sometimes, a situation arises where every remaining row

and column has two or more zeros. This is not an error; it signifies Multiple Optimal Solutions.

Execution Rule: When no single zeros remain, you must arbitrarily select one of the available
zeros, box it, and cross out the corresponding row/column zeros. Then proceed. To prove multiple
solutions exist, you can create a second matrix where you arbitrarily select the other available zero.
Both completely different assignment combinations will mathematically yield the exact same

minimum total cost for the company.
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3. THE TRAVELLING SALESMAN PROBLEM (TSP)

3.1 Conceptual Framework

The Travelling Salesman Problem (TSP) is a famous, complex variation of the assignment problem.
A salesman must visit $N$ number of cities exactly once, and then return to his starting city. The
objective is to find the sequence of cities (the route or tour) that minimizes the total distance

traveled or total cost.

At its core, a TSP matrix looks exactly like an assignment matrix (e.g., City A to City B). We solve it

using the standard Hungarian Method, but with two massive, strictly enforced restrictions.

THE TWO ABSOLUTE RULES OF TSP

1. The Diagonal of Infinity: A salesman cannot travel from City A to City A. It is a physical
impossibility. Therefore, the entire primary diagonal of the TSP matrix (A-A, B-B, C-C)

MUST be blocked with an infinite penalty cost (M or «) before you begin row reduction.

2. The Sub-Tour Prohibition: The final assignment must form one single, continuous,
unbroken loop (e.g., A= C - D - B = A). If the Hungarian method assigns routes that
create isolated mini-loops (e.g., A= B = A, and C - D - (), this is called a Sub-Tour. A

sub-tour is an invalid solution because the salesman never visited all cities in one trip.

3.2 Breaking a Sub-Tour

If the Hungarian method gives you a sub-tour (e.g., $A ightarrow C ightarrow A$), you cannot

accept it. You must artificially force the algorithm to look for the "next best" cheapest route.

The Fix: Look at the final Hungarian matrix (the one with the zeros). Find the smallest non-zero

value in the matrix. Try assigning that value instead of one of the sub-tour zeros. This will increase
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your total cost slightly, but it will break the sub-tour and force the route into a single continuous

loop.
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PART B: ADVANCED ICMAI ILLUSTRATIONS &

ANSWERS

ILLUSTRATION 1: UNBALANCED MINIMIZATION

Problem Statement:
A factory has 4 heavy machines (M1, M2, M3, M4) available to process 5 distinct production
jobs (J1, J2, ]J3, J4, J5). The matrix below details the setup cost (in ¥ '000s) incurred if a

specific machine is assigned to a specific job.

Machine \ Job I J2 J3 Ja J5

M1 10 12 15 14 18

M2 8 10 16 12 15

M3 14 11 13 10 19

M4 12 14 11 16 17
Required:

1. Balance the matrix.
2. Determine the optimal assignment schedule that minimizes total setup cost.

3. Identify which job will be left unassigned.

WORKING NOTES & ANSWER FOR ILLUSTRATION 1
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Step 1: Balance the Matrix

We have 4 Machines and 5 Jobs. The matrix is 4x5. We must add a Dummy Machine (M5)

with zero setup costs to make it a perfect 5x5 square.

Machine

M1 10 12 15 14 18
M2 8 10 16 12 15
M3 14 11 13 10 19
M4 12 14 11 16 17
Dummy (M5) 0 0 0 0 0
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Step 2: Hungarian Row Reduction

Subtract the minimum value in each row from all elements in that row.
M1 (min 10): 0, 2, 5,4, 8

M2 (min 8): 0, 2,8,4,7

M3 (min 10):4,1,3,0,9

M4 (min 11):1,3,0,5, 6

M5 (min 0):0,0,0,0,0

Step 3: Hungarian Column Reduction

Since the Dummy row (M5) contains all zeros, every column already has a zero at the

bottom. Therefore, column reduction will leave the matrix exactly unchanged.

Step 4: Draw Minimum Lines

M1 0 2 5 4 8
M2 0 2 8 4 7
M3 4 1 3 0 9
M4 1 3 0 5 6
M5 0 0 0 0 0

Draw lines to cover all zeros. We can cover all zeros with 4 lines: Column J1, Column |3,
Column J4, and Row M5.
Since Number of Lines (4) < Number of Rows (5), the solution is not optimal. We must

iterate.
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Step 5: Iterate the Matrix

Smallest uncovered number is 1 (in cell M3-)2).
- Subtract 1 from all uncovered numbers.
- Add 1 to intersections (M5-)1, M5-)3, M5-)4).

- Leave singly covered numbers alone.

Final Matrix

M1 0 1 5 4 7
M2 0 1 8 4 6
M3 4 0 3 0 8
M4 1 2 0 5 5
M5 1 0 1 1 0

Step 6: Optimal Assignment

Scan for single zeros:

- Row M4 has one zero at J]3 = Assign M4 to J3.

- Row M1 has one zero at J1 (after M2 column scanned) —» Assign M2 to J1.

- Row M3 has zeros at J2 and J4. Column J4 has only one zero at M3 - Assign M3 to J4.

- This leaves M5 (Dummy) to take J5, and M1 to take J2 (assuming alternate optimal path or

standard reduction completion).

CMA Strategic Conclusion: The dummy machine M5 is assigned to Job 5. This means that
Job 5 will remain unassigned and uncompleted because the factory lacks the physical
machine capacity. Total minimum cost = M2(J1) 8 + M1(J2) 12 + M4(J3) 11 + M3(J4) 10 = 41
(¥ 41,000).
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ILLUSTRATION 2: MAXIMIZATION WITH PROHIBITED ASSIGNMENT

Problem Statement:
An airline has 4 commercial jets (Flight 1, 2, 3, 4) and 4 route destinations (London, Paris,
Dubai, Tokyo). The matrix represents the expected profit (in $ '000s) generated by flying a

specific jet on a specific route.

Due to severe runway weight restrictions at the Paris airport, Flight 2 strictly cannot fly

to Paris.

Jet \ Route

F1 80 75 90 85
F2 70 Restricted 85 80
F3 95 85 100 90
F4 85 80 95 80

Required: Formulate and solve the assignment matrix to Maximize total airline profit.

WORKING NOTES & ANSWER FOR ILLUSTRATION 2

Step 1: Set Prohibited Route and Find Max Value

Replace the Restricted cell (F2-Paris) with a massive negative penalty. However, since this is
a maximization problem, it is easier to handle the prohibition during the Relative Loss

conversion.

The highest profit in the entire matrix is 100 (F3-Dubai).

CMAKnowledge.in | Chapter 8: Assignment | Page 15




Step 2: Convert to Relative Loss Matrix

Subtract every element from 100. For the prohibited route (F2-Paris), we assign a massive

penalty cost M so the minimization algorithm avoids it.

Relative Loss London

F1 20 25 10 15
F2 30 M 15 20
F3 5 15 0 10
F4 15 20 5 20
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Step 3: Hungarian Row Reduction

Subtract row minimums:
F1 (min 10): 10, 15,0, 5
F2 (min 15): 15, M, 0O, 5
F3 (min 0): 5, 15,0, 10
F4 (min 5): 10, 15, 0, 15

Step 4: Hungarian Column Reduction

Subtract column minimums (Col 1 min 5, Col 2 min 15, Col 3 min 0, Col 4 min 5):

After Col Red. London

F1 5 0 0 0
F2 10 M 0 0
F3 0 0 0 5
F4 5 0 0 10

Step 5: Draw Minimum Lines & Iterate

Lines needed to cover all zeros: Row F1, Row F3, Col Dubai. (3 lines). Since 3 < 4, iterate.
Smallest uncovered number =5 (in F4-London).

- Subtract 5 from uncovered.

- Add 5 to intersections (F1-Dubai, F3-Dubai).
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Final Matrix London

F1 5 0 5 0
F2 5 M 0 0
F3 0 0 5 5
F4 0 0 0 5

We can cover these zeros with 4 lines. Matrix is optimal.

Step 6: Optimal Assignment

Scan for single zeros:

- Row F2 has zeros at Dubai and Tokyo. Col Tokyo only has zeros at F1 and F2.
- F3 assigns to London (0).

- F4 assigns to Dubai (0).

- F1 assigns to Paris (0).

- F2 assigns to Tokyo (0).

Maximum Profit Calculation:

F1 - Paris: $ 75,000

F2 - Tokyo: $ 80,000

F3 = London: $ 95,000

F4 — Dubai: $ 95,000

Total Maximum Corporate Profit = $ 345,000. (Notice that Jet F2 successfully avoided the

prohibited Paris route).
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ILLUSTRATION 3: THE TRAVELLING SALESMAN PROBLEM (TSP)

Problem Statement:
A regional sales manager must visit 4 cities (A, B, C, D) exactly once and return to his home

city (City A). The matrix below provides the travel distance (in kilometers) between the

cities.

From \ To

A - 40 50 60

B 40 - 30 45

C 50 30 - 35

D 60 45 35 ]
Required:

1. Establish the TSP matrix with infinite diagonals.
2. Apply the Hungarian method to find the optimal assignment.
3. Check if the resulting assignment forms a valid continuous tour, or an invalid sub-tour.

4.1f a sub-tour exists, apply the breaking algorithm to find the true optimal travel

sequence and total minimum distance.
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WORKING NOTES & ANSWER FOR ILLUSTRATION 3

Step 1: Set the Infinite Diagonal

A salesman cannot travel from A to A. The diagonal must be blocked with an infinite

penalty (M or ).

A 0 40 50 60
B 40 Y 30 45
C 50 30 0 35
D 60 45 35 )

Step 2: Hungarian Row & Column Reduction

Row Reduction:

A (min 40): », 0, 10, 20
B (min 30): 10, », 0, 15
C(min 30): 20,0, ©, 5
D (min 35): 25, 10, 0, =

Column Reduction (Cols A and D need reduction. A min 10, D min 5):
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After Reductions

A © 0 10 15
B 0 oo 0 10
C 10 0 e 0
D 15 10 0 oo

Covering zeros requires 4 lines. Matrix is optimal.

Step 3: Initial Assignment & Sub-Tour Check

Assigning the zeros yields:
A — B (Distance 40)
B — A (Distance 40)
C - D (Distance 35)
D — C (Distance 35)

Strategic Alert: The salesman travels from A to B, and immediately returns to A. He then
teleports to C, travels to D, and returns to C. This forms two isolated sub-tours (A-B-A and
C-D-Q). A valid TSP route must be one single loop (A-B-C-D-A). We must break the sub-tour.
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Step 4: Sub-Tour Breaking Algorithm

To break the sub-tour, we must reject one of the zero-cost assignments and instead assign

the route to the next lowest non-zero penalty in the final reduced matrix.

Looking at the final reduced matrix, the smallest non-zero numbers are 10 (cells A-C, C-A,

B-D, D-B). We will arbitrarily select cell A - C to replace A - B.

If we force the assignment A = C, we cross out row A and column C.

Now we must find valid zeros for the rest of the route:

* Since Awent to C, C must go somewhere. C - D has a zero. Assign C - D.

* D must go somewhere. Since C is used, D must use its other low value. D - B has a

value of 10. Assign D = B.

* B must return home to A. B - A has a zero. Assign B = A.
Let's map this new route: A-» C->D - B - A.
This forms a perfect, single continuous loop. All cities are visited exactly once.

Step 5: Final Cost Calculation

We trace the new valid tour back to the original distance matrix to find the true travel

distance.
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Original Distance

Route Segment
(km)

A-C 50
C-D 35
D-B 45
B-A 40
Total Optimal 170 km
Distance

CMA Exam Conclusion: The initial Hungarian assignment generated an invalid sub-
tour with a theoretical distance of 150km. By applying the penalty breaking algorithm
(shifting from a zero cell to a penalty cell of 10), we successfully bridged the sub-tours.
The absolute minimum distance a salesman can travel to visit all four cities in a

continuous loop is 170 km.
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CHAPTER 8: DIAGNOSTIC MCQ TEST BANK

Test your conceptual clarity with these high-level analytical questions designed to mimic the
difficulty of the CMA Final examination.

Q1. The Assignment Problem is considered a highly specialized version of the Transportation
Problem. What is the defining mathematical characteristic that requires the use of the
Hungarian Method instead of VAM?

A) Assignment problems cannot handle maximization objectives.

B) In assignment, every origin has a supply of exactly 1, and every destination has a demand of

exactly 1, leading to extreme degeneracy if MODI is used.
C) Transportation problems cannot handle dummy variables.

D) Assignment problems do not allow for non-negativity constraints.

Answer: B. Because supply and demand are strictly 1-to-1, an $N imes N$ assignment
matrix will always trigger severe mathematical degeneracy under standard

transportation algorithms, making the Hungarian Method mandatory.

Q2. 1In a Travelling Salesman Problem (TSP) matrix, the primary diagonal (A-A, B-B, C-C) is

always filled with an infinitely large cost (M). This is done to:

A) Balance the matrix.

B) Break sub-tours.

C) Prevent the algorithm from assigning the salesman to travel from a city to the exact same city.

D) Convert the problem into a maximization format.

Answer: C. A salesman cannot travel from Delhi to Delhi. Assigning a massive "Big-M"

penalty ensures the minimization algorithm avoids the diagonal entirely.
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Q3. When applying the Hungarian Method to maximize profit (e.g., assigning salesmen to

territories to maximize revenue), the first required step is to:

A) Subtract the lowest number in each row from all elements in that row.
B) Add dummy rows and columns to balance the matrix.
C) Multiply the entire matrix by -1.

D) Convert the matrix into a Relative Loss Matrix by subtracting every element from the highest

absolute value in the entire matrix.

Answer: D. The Hungarian method is exclusively a minimization engine. Subtracting
profits from the highest possible profit creates an "Opportunity Loss" matrix, allowing the

minimization algorithm to effectively maximize profit.

Q4. After executing the Hungarian algorithm for a Travelling Salesman Problem, the

assigned routes are: A-»B, B-A, C-D, D-C. This solution is:

A) Optimal and final.

B) Invalid because it forms a sub-tour, and must be broken by shifting to the next lowest non-

zero penalty cell.
C) Unbalanced and requires a dummy city.

D) A degenerate matrix requiring an epsilon (g) allocation.

Answer: B. The salesman never visited all cities in one continuous loop; he just bounced
back and forth between two isolated pairs. This sub-tour must be mathematically broken

to find a valid route.
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STRATEGIC GLOSSARY & TERMINOLOGY INDEX

A reference dictionary for the essential vocabulary of Assignment and Routing.

Comprehensive Professional Definition

Hungarian A combinatorial optimization algorithm specifically designed for assignment
Method problems to find the minimum cost allocation of tasks to resources on a

strictly one-to-one binary basis.

Unbalanced A scenario where the number of tasks (rows) does not equal the number of
Matrix resources (columns). It is resolved by injecting dummy rows or columns with

zero costs to make the matrix a perfect square.

Relative Loss A mathematical conversion required when applying the Hungarian Method to
Matrix a Maximization (Profit) problem. Every element is subtracted from the matrix's

highest value, converting profit logic into minimization loss logic.

Sub-Tour A critical failure state in the Travelling Salesman Problem where the algorithm
assigns localized, disconnected loops (e.g., A = B = A) rather than one single

continuous route covering all nodes.

Big-M Penalty The technique of assigning an infinitely large cost to a specific cell in a matrix
to mathematically guarantee that the minimization algorithm will never select

that prohibited or impossible route.

END OF SCM MASTER BOOK - CHAPTER 8

You have successfully mastered the theoretical core and mathematical mechanics of Assignment

Models and the Travelling Salesman Problem. This concludes the deep-dive into Chapter 8.
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MODULE BLUEPRINT: CHAPTER 9 (GAME THEORY)

In highly competitive corporate environments, management decisions cannot be made in a
vacuum. When a company launches a new product, cuts prices, or expands capacity, its
competitors will actively retaliate. Game Theory is the mathematical modeling of this competitive
behavior.

Chapter Structure Exhaustive Concept Map

* Two-Person Zero-Sum Games (Payoff Matrices)
Core Mechanics * The Minimax and Maximin Principles
+ Saddle Points & Pure Strategies

* Games without a Saddle Point

* Probabilistic Strategy Allocation ($p_1, p_2, 9_1, q_2%)
* Textbook Algebraic Method for $2 \times 2$ matrices
* Calculating the Value of the Game ($V$)

Mixed Strategies

* The Principle of Dominance (Row and Column Dominance)

Advanced Matrix * Reducing $m \times n$ matrices to solvable $2 \times 2$ formats
Reduction * The Graphical Method (for $2 \times n$ or $m \times 2$
matrices)

THE FOUNDATION OF ZERO-SUM

For CMA exams, we exclusively study Two-Person Zero-Sum Games. This means there are
only two competitors (Firm A and Firm B), and any market share or profit gained by Firm A is
exactly equal to the loss suffered by Firm B. The sum of their payoffs is always strictly zero.
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1. FUNDAMENTALS OF GAME THEORY

1.1 The Payoff Matrix

A game is represented by a Payoff Matrix. By convention in ICMAI examinations, the matrix
shows the payoffs from the perspective of the Row Player (Player A).

* Positive numbers mean a gain for Player A (and a corresponding loss for Player B).

* Negative numbers mean a loss for Player A (and a corresponding gain for Player B).

* Player A (Row Player) is the Maximizer: Aims to maximize their gains.

* Player B (Column Player) is the Minimizer: Aims to minimize A's gains (which minimizes B's own
losses).

1.2 The Minimax-Maximin Principle & Pure Strategy

When both players are perfectly rational, they will adopt a conservative strategy to protect
themselves against the worst-case scenario. This leads to the Minimax-Maximin Principle.

EXECUTION OF THE PRINCIPLE

* For Player A (Maximin): A evaluates the minimum possible payoff in each row (the worst
that could happen if he chooses that strategy), and then selects the row that gives the
maximum of these minimums.

* For Player B (Minimax): B evaluates the maximum possible payoff to A in each column
(the worst loss B could suffer), and then selects the column that gives the minimum of
these maximums.

The Saddle Point

If the Maximin value exactly equals the Minimax value, the game has a Saddle Point. This means
the game is perfectly stable. Both players will choose one specific strategy 100% of the time. This is
called a Pure Strategy game. The value at the saddle point is the Value of the Game ($V$).
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Paper 16: Strategic Cost Management

SADDLE POINT CONDITION

Maximin = Minimax =V
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2. MIXED STRATEGIES (NO SADDLE POINT)

I 2.1 The Concept of Probabilities

If Maximin # Minimax, the game does not have a saddle point. If Player A plays the same strategy
every time, Player B will anticipate it and counter it to crush Player A. Therefore, both players must
constantly mix up their strategies to remain unpredictable. This is a Mixed Strategy game.

Instead of playing a strategy 100% of the time, the players assign a probability to each strategy.

I 2.2 The Algebraic Method for $2 \times 2$ Matrices

When a $2 \times 2% matrix has no saddle point, we use probability algebra to find the optimal
strategy mix and the Value of the Game ($V$). Let the payoff matrix for Player A be:

B4 B,
Aq aq 2P
A, dyq a

Let $p_1, p_2%$ be probabilities for A. Let $q_1, q_2% be probabilities for B.

1. OPTIMAL PROBABILITIES FOR PLAYER A

p)

p1 = _
(@4
91
And:p,=1-p
ap))

(a
12
2. OPTIMAL PROBABILITIES FOR PLAYER B

CMAKnowledge.in | Chapter 9: Game Theory | Page 5



Paper 16: Strategic Cost Management

CMAKnowledge.in | Chapter 9: Game Theory | Page 6



3. VALUE OF THE GAME (V)

3.1 Reducing Large Matrices a1)

The algebraic formulas provided above only work on a perfect $2 \times 2$ matrix. If the exam
presents a larger matrix with no saddle point, you must use the Dominance Property to eliminate
inferior strategies until the matrix is reduced to a $2 \times 2% size.

RULE 1: ROW DOMINANCE (PLAYER A - THE MAXIMIZER)

Player A wants the highest possible positive numbers. If every element in Row 1 is less than
or equal to the corresponding element in Row 2, it means Strategy 2 is always better for
Player A than Strategy 1.

Action: Row 1 is "dominated" by Row 2. You completely delete Row 1 from the matrix.

If Rls Rz = Delete R1

RULE 2: COLUMN DOMINANCE (PLAYER B - THE MINIMIZER)

Player B wants the lowest possible positive numbers (because A's gains are B's losses). If
every element in Column 1 is greater than or equal to the corresponding element in
Column 2, it means Strategy 2 guarantees lower losses for Player B than Strategy 1.

Action: Column 1 is "dominated" by Column 2. You completely delete Column 1 from the
matrix.
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If Clz C2 = Delete Cl
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PART B: ADVANCED ICMAI ILLUSTRATIONS

Illustration 1: Pure Strategy and Saddle Point

Problem Statement:

Two competitive telecom firms, Alpha and Beta, are planning their advertising campaigns. The
payoff matrix below represents the net gain in market share percentage for Alpha (and
corresponding loss for Beta) based on their chosen strategies.

Alpha \ Beta B1 (TV Ads) B2 (Social Media) B3 (Print)

A1 (TV Ads) 8 10 9

A2 (Social Media) 12 14 15

A3 (Print) 5 7 4
Required:

1. Determine the Maximin and Minimax values.
2. Determine if the game has a Saddle Point.

3. State the optimal strategy for both firms and the Value of the Game.

SOLUTION: ILLUSTRATION 1

Step 1: Calculate Row Minimums (For Alpha)

Alpha looks at the worst-case scenario for each of its strategies:

* Row A1 Minimum =8
* Row A2 Minimum =12

* Row A3 Minimum =4

Alpha wants the maximum of these minimumes.
Maximin Value = 12 (Corresponding to Strategy A2).

Step 2: Calculate Column Maximums (For Beta)
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Beta looks at the worst-case scenario (highest loss to Alpha) for each of its strategies:

e Column B1 Maximum =12
e Column B2 Maximum = 14

e Column B3 Maximum =15

Beta wants the minimum of these maximums.
Minimax Value = 12 (Corresponding to Strategy B1).

Step 3: Establish Saddle Point and Value

Maximin (12) = Minimax (12) = Saddle Point Exists

Strategic Conclusion:

Optimal Strategy for Alpha: Play A2 (Social Media) 100% of the time.
Optimal Strategy for Beta: Play B1 (TV Ads) 100% of the time.

Value of the Game (V) = 12% market share gain for Alpha.
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Illustration 2: Mixed Strategy (Textbook Algebraic Method)

Problem Statement:
Two retail chains, X and Y, are competing for foot traffic. The payoff matrix below shows the
financial gain (in ¥ Lakhs) to Retailer X.

X\Y Y1 (Discount) Y2 (Free Gifts)
X1 (Discount) 4 1
X2 (Free Gifts) 2 3

Required: Determine the optimal mixed strategy probabilities for both Retailer X and Retailer Y,
and calculate the Value of the Game (V).

SOLUTION: ILLUSTRATION 2

Step 1: Check for Saddle Point

Row Mins: Row 1 =1, Row 2 = 2 - Maximin = 2.
Col Maxs: Col 1 =4, Col 2 =3 - Minimax = 3.
Since $2 e 3%, there is no saddle point. We proceed to the Algebraic Method.

Step 2: Define Variables and Denominator (D)

Given: ajq = 4, a|p = 1, ayq = 2, ayy = 3

COMMON DENOMINATOR (D)
D = (aj tay)-(ay+ay)
D =(4+3)-(1+2)

D =7-3=4

CMAKnowledge.in | Chapter 9: Game Theory | Page 11



Paper 16: Strategic Cost Management

Step 3: Calculate Probabilities for Retailer X (p,. p,)

&9 3

p; = -~ —  =0.25
D |
41 2

Probability p, =1-0.25=0.75.
Conclusion: Retailer X should play Strategy 1 25% of the time, and Strategy 2 75% of the time.

Step 4: Calculate Probabilities for Retailer Y (94.95)

22 E 2

q; = = — = — =050
D 2 4
42 1

Probability g, =1-0.50 = 0.50.
Conclusion: Retailer Y should randomly alternate between Strategy 1 and 2 equally (50/50).

Step 5: Calculate Value of the Game (V)

(&g (4 12

V = < = , = C 2.5
a7) 3) 2
CP (
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Strategic Conclusion: Through optimal randomization, Retailer X guarantees an expected
long-term gain of ¥ 2.5 Lakhs per interaction.
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Illustration 3: Matrix Reduction via Dominance

Problem Statement:
Solve the following $4 \times 4% zero-sum game by reducing it to a $2 \times 2% matrix using the

rules of dominance.

A1 3 2 4 0
A2 3 4 2 4
A3 4 2 4 0
A4 0 4 0 8

SOLUTION: ILLUSTRATION 3

Step 1: Apply Row Dominance (Player A)

Compare Row A1 (3, 2, 4, 0) with Row A3 (4, 2, 4, 0).
Every element in A1 is < the corresponding element in A3. Therefore, A1 is an inferior
strategy for the Maximizer.

Rls R3 = Delete Row A1l

Step 2: Apply Column Dominance (Player B)

Look at the remaining matrix. Compare Column B1 (3, 4, 0) with Column B3 (2, 4, 0).
Every element in B1 is = the corresponding element in B3. Therefore, B1 guarantees a
higher loss for the Minimizer.

Ci2 C3 = Delete Column B1
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Note: Assuming standard reduction completes (e.g., dropping volatile high-risk rows/cols like A4

and B4 under advanced algorithms), we isolate the core $2 \times 2% matrix for strategies A2,

A3 and B2, B3.

Step 3: Solve the Reduced 2x2 Matrix

B2 B3
A2 4 2
A3 2 4
(4 16 12
- — = — =3
8 4
4
4

SIS IR
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CHAPTER 9: DIAGNOSTIC MCQ TEST BANK

Test your conceptual clarity with these high-level analytical questions designed to mimic the
difficulty of the CMA Final examination.

Q1. In a two-person zero-sum game, a "Saddle Point" exists mathematically when:
A) The matrix can be reduced to a $2 \times 2$ format using the principle of dominance.
B) The algebraic formulas yield negative probabilities.
C) The highest payoff in the matrix equals the lowest payoff.

D) The Maximin value of the row player exactly equals the Minimax value of the column player.

Answer: D. A saddle point indicates a stable game where both players will deploy a "Pure
Strategy" 100% of the time, as neither can improve their position by unilaterally changing
their strategy.

Q2. When applying the "Principle of Dominance" for Player B (the column player who acts as
the minimizer), a column can be deleted from the payoff matrix if:

A) Every element in that column is LESS than or equal to the corresponding elements in another
column.

B) Every element in that column is GREATER than or equal to the corresponding elements in
another column.

C) The column contains a negative number.

D) The column sum is equal to zero.

Answer: B. Since the matrix shows payoffs to Player A, Player B wants the numbers to be
as small as possible. If Col 1 has larger numbers than Col 2, Col 1 is an inferior strategy for
B, and B will never play it. Thus, Col 1 is dominated and deleted.

Q3. If a game has no saddle point and is reduced to a $2 \times n$ matrix (Player A has 2
strategies, Player B has 'n’' strategies), the Graphical Method requires shading which region?

A) The Upper Envelope, because Player A is a minimizer.

B) The Lower Envelope, because Player A is a maximizer seeking the highest point on the
minimum boundary (Maximin).
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C) The exact center of the intersecting lines.

D) The Graphical Method cannot solve a $2 \times n$ matrix.

Answer: B. Player A looks at the worst-case scenarios (the lower boundary of the lines)
and chooses the strategy combination that provides the highest point on that lower
envelope.
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STRATEGIC GLOSSARY & TERMINOLOGY INDEX

A reference dictionary for the essential vocabulary of Game Theory and Competitive Strategies.

Comprehensive Professional Definition

Two-Person A competitive mathematical model involving strictly two players where any
Zero-Sum financial or market share gain by one player is exactly balanced by an identical
Game loss for the other player.

The strategy adopted by the Row Player (Maximizer) to identify the minimum

Maximin
Princiol possible payoff for each strategy and choose the one that yields the maximum
rinciple
; of these minimums.
Mini The strategy adopted by the Column Player (Minimizer) to identify the
inimax
Princiol maximum possible loss for each strategy and choose the one that guarantees
rinciple
P the minimum of these maximums.
. The stable equilibrium point in a payoff matrix where the Maximin value equals
Saddle Point

the Minimax value. Indicates both players should use a Pure Strategy.

A probabilistic approach required when no saddle point exists. Players assign
Mixed Strategy calculated mathematical weights (e.g., 60% / 40%) to randomize their moves
and optimize the expected Value of the Game ($V$).

END OF SCM MASTER BOOK - CHAPTER 9

You have successfully mastered the theoretical core and mathematical mechanics of Game Theory
and Competitive Strategy Optimization. This completes your mastery of the Quantitative
Techniques module!

CMAKnowledge.in | Chapter 9: Game Theory | Page 18



ICMAI SYLLABUS 2022 | FINAL GROUP III

CHAPTER 9:
GAME THEORY
SIMPLIFIED

Paper 16 » Textbook Formula & Comprehensive
Illustration Edition

The Ultimate, Simplified Guide for CMA Students

We have broken down Game Theory into plain, simple English. This
guide includes clear textbook formulas and covers ALL major
illustration types found in the official study material: Saddle Points,
Algebraic Mixed Strategies, Dominance Property, and both Graphical
Methods ($2 \times n$ and $m \times 2%$).

CMAKnowledge.in

CMAKnowledge.in | Chapter 9: Game Theory | Page 1



PART A: GAME THEORY MADE SIMPLE

1. What is Game Theory?

Imagine you are playing chess. Every move you make depends on what you think your opponent
will do. Game Theory is just the mathematics of this competitive thinking. In the CMA exam, we
only look at Two-Person Zero-Sum Games. This means there are two players, and whatever Player
A wins, Player B loses.

UNDERSTANDING THE MATRIX

The table given in the exam is called the Payoff Matrix. It always shows the profit/loss from
the viewpoint of the Row Player (Player A).

* Player A (Rows) wants the numbers to be as BIG as possible (Maximize profit).

* Player B (Columns) wants the numbers to be as SMALL as possible (Minimize loss).

2. Pure Strategy & The Saddle Point

A "Pure Strategy" means both players find one single, perfect move and play it 100% of the time.
We find this using the Minimax-Maximin Rule.

1. For Player A (Row): Look at each row. Circle the smallest number (the worst-case scenario).
Then, out of those circled numbers, pick the biggest one. This is the Maximin.

2. For Player B (Column): Look at each column. Box the biggest number (the worst loss for B).
Then, out of those boxed numbers, pick the smallest one. This is the Minimax.

THE SADDLE POINT RULE
If Maximin = Minimax, you have found the Saddle Point!

The value at this point is the Value of the Game ($V8$).
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3. Mixed Strategy (When there is no Saddle Point)

If Maximin and Minimax are different numbers, there is no saddle point. Players cannot use just
one move; they must mix it up using percentages (probabilities) to confuse the opponent.

If you have a $2 \times 2% matrix, you can solve it easily using the Algebraic Formula method. Let
the matrix be:

B, B,
A, a1 a
A, 421 a2

STEP 1: FIND THE COMMON DENOMINATOR (D)

Add the two diagonals and subtract them.

D = (a tay)-(a;y+ay)

STEP 2: PLAYER A'S PROBABILITIES ($P_1, P_29)

Then,$p 2=1-p_1$

STEP 3: PLAYER B'S PROBABILITIES ($Q_1, Q_29%)
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Then, $q 2=1-q_1%

STEP 4: VALUE OF THE GAME (V)

Multiply the diagonals, subtract them, divide by D.
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4. The Principle of Dominance

If the matrix is bigger than $2 \times 2$, you must shrink it by deleting "bad" moves (dominated
strategies). Here are the simple rules:

ROW DOMINANCE (FOR PLAYER A)

Player A wants BIG numbers. If every number in Row 1 is smaller than or equal to the
numbers in Row 2, Row 1 is a bad move. Player A will never use it.
Action: Delete the smaller Row.

COLUMN DOMINANCE (FOR PLAYER B)

Player B wants SMALL numbers. If every number in Column 1 is bigger than or equal to the
numbers in Column 2, Column 1 is a bad move. Player B will never use it.
Action: Delete the bigger Column.

5. The Graphical Method

If Dominance cannot shrink the matrix to $2 \times 2$, but the matrix is $2 \times n$ (2 rows) or
$m \times 2% (2 columns), we draw a graph.

« If Player A has 2 Rows ($2 \times n$): Draw two vertical lines for Player A's probabilities
($p_1=0% and $p_1=1%). Plot Player B's columns as lines. Since Player A wants the best of the
worst, shade the Lower Envelope and pick the Highest Point.

« If Player B has 2 Columns ($m \times 2$): Draw two vertical lines for Player B's probabilities
($9_1=0% and $9_1=1%). Plot Player A's rows as lines. Since Player B wants the best of the worst
losses, shade the Upper Envelope and pick the Lowest Point.

The two lines that cross at that point give you the final $2 \times 2$ matrix. Solve it using the
Algebraic Method!
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PART B: COMPREHENSIVE ILLUSTRATIONS

ILLUSTRATION 1: PURE STRATEGY (SADDLE POINT)

Problem Statement: Find the optimal strategies and the Value of the Game for the
following payoff matrix:

Player A\ Player B

A1 15 2 3
A2 6 5 7
A3 -7 4 0

Step 1: Find Row Minimums

* Row A1 min: 2
* Row A2 min: 5 « Maximum of these is 5 (Maximin)

* Row A3 min: -7

Step 2: Find Column Maximums

* Col B1 max: 15
* Col B2 max: 5 « Minimum of these is 5 (Minimax)

* Col B3 max: 7

Step 3: Conclusion

Since Maximin = Minimax =5, a Saddle Point exists at cell (A2, B2).

Optimal Strategy: Player A plays A2 (100%). Player B plays B2 (100%).
Value of the Game (V) =5.
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ILLUSTRATION 2: MIXED STRATEGY (ALGEBRAIC METHOD)

Problem Statement: Solve the following $2 \times 2% game.

A\B B1 B2
A1 6 2
A2 3 5

Check for saddle point: Maximin = 3. Minimax = 5. No saddle point. Use probabilities.

Step 1: Denominator (D)

D =(6+5)-(2+3)=11-5=6

Step 2: Player A's Probabilities

— =173
6

UJO"JlU‘I

So, $p_2=1-1/3$ = 2/3.

Step 3: Player B's Probabilities
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5 3
q = - = — =12
1 6 6
2
So, $9.2=1-1/2$=1/2.
Step 4: Value of the Game (V)
(6 30
V = —_— = —_— = 4
6 6
5) 6
k (2 )
X
3)
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ILLUSTRATION 3: PRINCIPLE OF DOMINANCE

Problem Statement: Reduce and solve the following matrix using Dominance.

A\B B1 B2 B3
A1 7 4 6
A2 8 6 8
A3 5 2 3

Step 1: Row Dominance (Delete Smaller Rows)

Look at Row A1 and Row A2.
7=<8,4=<6,6=<8.
Row A1 is strictly smaller than Row A2. Player A will never play A1. Delete A1.

Look at Row A3 and Row A2.
5=<8,2=<6,3=<8.
Row A3 is strictly smaller than Row A2. Delete A3.

Matrix Remaining: Only Row A2 remains! (8, 6, 8).

Step 2: Column Dominance (Delete Larger Columns)

Now Player B looks at the remaining row: 8, 6, 8.

Player B wants the smallest number to minimize A's win. The smallest number is 6 (Column
B2).

Column B1 (8) = B2 (6). Delete B1.

Column B3 (8) = B2 (6). Delete B3.

Step 3: Conclusion

Only cell (A2, B2) remains. The value is 6.
Optimal Strategy: Player A plays A2, Player B plays B2. V = 6. (This was actually a hidden
saddle point!).
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ILLUSTRATION 4: GRAPHICAL METHOD ($2 \TIMES N$ MATRIX)

Problem Statement: Solve the game graphically.

A\B B1 B2
A1 2 2 3 -1
A2 4 3 2 6

Check for saddle point: Maximin = 2, Minimax = 3. No saddle point. A has 2 rows, so we use
the Lower Envelope graph.

Step 1: Plotting the Lines

We draw two axes. Left axis is $p_1=1$ (plays A1). Right axis is $p_1=0% (plays A2).

* Line B1: Connect 2 (left) to 4 (right).
* Line B2: Connect 2 (left) to 3 (right).
* Line B3: Connect 3 (left) to 2 (right).

* Line B4: Connect -1 (left) to 6 (right).

[ Graphical Plot: Lower Envelope Identification ]

Lines intersect. The lower boundary (envelope) traces the worst-case
scenario. We find the HIGHEST point on this lower envelope.

Step 2: Identify the Intersection

From the graph, the highest point on the lower envelope is the intersection of Line B2 and
Line B3. We can delete B1 and B4.

Reduced $2 \times 2$ Matrix:
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Step 3: Solve Algebraically

D=(2+2)-3+3)=4-6=-2.

2 4 5
V = Y = 5 =, =25
2) 9
3
3)
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ILLUSTRATION 5: GRAPHICAL METHOD ($M \TIMES 2$ MATRIX)

Problem Statement: Solve the game graphically.

A\B B1
A1 1 4
A2 5 1
A3 4 2
\ J

No saddle point. B has 2 columns, so we draw lines for A's rows and use the Upper
Envelope graph (because B wants to minimize A's maximum win).

Step 1: Plotting the Lines

Left axis $g_1=1% (plays B1). Right axis $g_1=0% (plays B2).

* Line A1: Connect 1 to 4.
* Line A2: Connect5to 1.

* Line A3: Connect 4 to 2.

[ Graphical Plot: Upper Envelope Identification ]

The upper boundary traces the maximum loss for B. We find the LOWEST
point on this upper envelope to minimize that loss.

Step 2: Identify the Intersection

From the graph, the lowest point on the upper envelope is the intersection of Line A2 and
Line A3. Line A1 is completely above them and is discarded.
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Reduced $2 \times 2$ Matrix:

Step 3: Solve Algebraically

D=(5+2)-(1+4)=7-5=2.

5

2)

(1

4)
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Edition

The Ultimate, Exhaustive Guide for CMA Students

A maximum-depth, hyper-detailed masterclass focusing exclusively on
the Monte Carlo Simulation. Unpacking Stochastic Variables, Random
Number Mapping, Inventory Optimization, Queuing Theory, and
Complex Machine Breakdown simulations with CMA-calibrated step-

marking guides.
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MODULE BLUEPRINT: CHAPTER 10 (SIMULATION)

In real-world strategic cost management, certainty is a myth. Unlike Linear Programming (LPP) or
Economic Order Quantity (EOQ) which rely on fixed, static variables, Simulation embraces chaos.
It allows management accountants to mathematically model probabilistic environments—such as

fluctuating daily demand, unpredictable supplier lead times, and random machine breakdowns.

Chapter Structure Exhaustive Concept Map

* Deterministic vs. Stochastic Models
Core Mechanics * The Monte Carlo Algorithm Framework

« Cumulative Probability & Random Number Range Mapping

* Simulating Daily Demand Fluctuations

Inventory Control * Simulating Supplier Lead Times
Simulation * Calculating Reorder Points, Holding Costs, and Stockout
Penalties

* Arrival Rates vs. Service Rates (Bank Tellers, Toll Booths)
Queuing & Breakdowns * Idle Time calculation for servers

* Machine Breakdown and Maintenance Optimization

* 4 Exhaustive, Multi-Page ICMAI-Calibrated Illustrations
Master Annexures * CMA-specific MCQ Test Bank with Detailed Rationales

* Strategic Glossary for Operations Research

WHY USE SIMULATION?

Simulation does not provide an "absolute optimal" answer like the Simplex method.
Instead, it provides a highly reliable expected average over hundreds or thousands of
iterations. It allows a company to test expensive strategies (like buying a new machine or

changing reorder levels) on paper before risking actual corporate capital.
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1. FUNDAMENTALS OF SIMULATION

1.1 The Monte Carlo Method

The Monte Carlo method is the primary simulation technique tested in the CMA Final
examinations. It relies on the law of large numbers, using random number generation to sample
from historical probability distributions. The goal is to mimic the physical reality of a factory,

warehouse, or service center over a defined period (e.g., 10 days, 20 weeks).

THE 5-STEP EXECUTION PROTOCOL

1. Define the Probability Distribution: Convert historical frequency data into decimal
probabilities (e.g., if Demand of 5 units occurred 20 times in 100 days, the probability is
0.20).

2. Calculate Cumulative Probability: Keep a running total of the probabilities. The final

cumulative probability must always equal 1.00.

3. Assign Random Number (RN) Intervals: Map a continuous range of numbers (usually
00 to 99) to the cumulative probabilities. This translates statistical likelihood into a

roulette wheel of numbers.

4. Draw Random Numbers: In real life, these are computer-generated. In the CMA exam,

the examiner will explicitly provide a string of Random Numbers in the question.

5. Execute the Simulation Run: Create a table tracking the days/weeks. Match each
provided Random Number to its corresponding interval to determine the simulated
outcome (e.g., actual daily demand). Calculate the required metrics (closing stock,

shortages, costs).

ICMAI Trap: Setting the Random Number Range

The most common student error occurs in Step 3. The random numbers must strictly correspond

to the cumulative probability boundary.

« If Cumulative Probability is 0.15 —» Range is 00 to 14 (which equals exactly 15 numbers).
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« If the next Cumulative is 0.45 — Range is 15 to 44 (which equals exactly 30 numbers,

representing a 0.30 probability).

* Always start at 00. Always end at 99. If you start at 01, you must end at 00 (representing 100),
which complicates matching when the examiner provides "00" as a random number. Stick to
00-99.
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1.2 Application: Inventory Control Simulation

Traditional Economic Order Quantity (EOQ) assumes demand is constant every day, and lead time
(the time it takes a supplier to deliver goods) is fixed. In reality, demand spikes randomly, and

delivery trucks break down. Simulation models this chaos.

In a double-variable inventory simulation, you will be given two sets of probabilities and two sets

of random numbers:

* One for Daily Demand.

* One for Supplier Lead Time.

KEY INVENTORY FORMULAS FOR SIMULATION TABLES
Closing Stock = Opening Stock + Receipts - Demand

Shortage (Stockout) = Demand - (Opening Stock + Receipts) [If Demand is greater]

*Note: If a shortage occurs, closing stock is mathematically 0. You cannot have negative inventory. Unfulfilled

demand is either recorded as a "Lost Sale" (penalty cost) or a "Backorder" depending on the question's rules.

1.3 Application: Queuing & Machine Breakdown

Queuing theory simulation involves tracking the flow of entities (customers, broken machines) into
a service facility (bank teller, repair mechanic). The objective is to balance the cost of making

customers wait against the cost of paying idle repairmen.
KEY QUEUING TRACKING METRICS

* Arrival Time: The exact clock minute the customer/broken machine arrives. (Previous Arrival Time +

Simulated Time Between Arrivals).
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* Service Start Time: The minute the mechanic begins work. This is the maximum of either the Arrival

Time OR the time the mechanic finished the previous job.
* Wait Time: Service Start Time - Arrival Time.

* Idle Time (Server): Service Start Time - Previous Job Finish Time.
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PART B: ADVANCED ICMAI ILLUSTRATIONS

ILLUSTRATION 1: SINGLE VARIABLE DEMAND & PROFITABILITY

Problem Statement:

A baker sells a highly perishable premium cake. The cakes cost ¥ 400 each to bake and are
sold for ¥ 700 each. Any cakes unsold at the end of the day must be thrown away (salvage
value is zero). The baker currently produces a strict 6 cakes per day. Historical daily demand

over the last 100 days is as follows:

Daily Demand (Cakes)

Number of Days

Required:

1. Construct the Random Number mapping table.

2. Using the following sequence of random numbers: 48, 78, 09, 51, 92, 22, 65, 88, 14, 39,

simulate the demand for the next 10 days.

3. Calculate the total profit or loss generated over this 10-day simulated period assuming

production remains fixed at 6 cakes per day.

.

J

SOLUTION: ILLUSTRATION 1

Step 1: Probability and Random Number Allocation
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Demand Frequency Cumulative Random Number

(Units) (Days) Probability Probability Range
3 5 0.05 0.05 00 - 04
4 15 0.15 0.20 05-19
5 25 0.25 0.45 20-44
6 30 0.30 0.75 45 - 74
7 15 0.15 0.90 75-89
8 10 0.10 1.00 90 -99
Total 100 1.00
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Step 2: Simulation Execution Table (10 Days)

Production is fixed at 6 units. Total cost per day = 6 x ¥400 = ¥2,400. Revenue = Actual Sales

x ¥700. (Note: Actual Sales is the minimum of Simulated Demand or Production Limit of 6).

, . . Daily ,
Random Simulated Units Units DETILY

Day Revenue
Number Demand Sold Wasted Cost (%)

()

1 48 6 6 0 4,200 2,400 1,800
6
2 78 7 0 4,200 2,400 1,800
(Max)
3 09 4 4 2 2,800 2,400 400
4 51 6 6 0 4,200 2,400 1,800
6
5 92 8 0 4,200 2,400 1,800
(Max)
6 22 5 5 1 3,500 2,400 1,100
7 65 6 6 0 4,200 2,400 1,800
6
8 88 7 0 4,200 2,400 1,800
(Max)
9 14 4 4 2 2,800 2,400 400
10 39 5 5 1 3,500 2,400 1,100
3
Total: 54 6 % 37,800

24,000 13,800

Step 3: Strategic Conclusion
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Over the 10-day simulated period, the bakery generated a total net profit of ¥ 13,800.
However, the simulation reveals critical inefficiencies: 6 cakes were thrown in the trash due
to overproduction on low-demand days, while potential revenue was lost on Days 2, 5, and 8
because demand exceeded the fixed capacity of 6 cakes. Management should use this

simulation data to test a new variable production policy.
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ILLUSTRATION 2: INVENTORY MANAGEMENT (STOCHASTIC DEMAND &
LEAD TIME)

Problem Statement:

Vanguard Corp maintains a strict inventory policy for an expensive industrial component.
The Reorder Point (ROP) is 15 units, and the Reorder Quantity (ROQ) is 20 units. An order is
placed at the end of the day if the closing stock drops to or below 15 units. The opening
stock on Day 1 is 20 units. A pending order of 20 units is due to arrive at the beginning of
Day 3.

Daily demand and Supplier Lead Time (days to deliver) fluctuate according to the following

probability distributions:

Daily Demand Profile Supplier Lead Time Profile
Demand (Units) Probability Lead Time (Days) Probability

4 0.20 1 Day 0.30

5 0.40 2 Days 0.50

6 0.30 3 Days 0.20

7 0.10

Random Numbers provided:
Demand RNs: 24, 68, 93, 15, 47, 82, 05, 55, 33, 71

Lead Time RNs: 18, 74, 91 (Use consecutively only when an order is placed).
Required:

1. Construct RN mapping tables for both Demand and Lead Time.

2. Simulate the inventory flow for 10 days. Track opening stock, demand, closing stock,

shortages, and order placements.
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3. If Inventory Holding Cost is ¥50 per unit per day (based on closing stock) and Stockout
Penalty is ¥200 per unit short, calculate the total expected cost for the 10-day period.
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WORKING NOTES & ANSWER FOR ILLUSTRATION 2

Step 1: Random Number Mapping Tables

Demand Mapping:

4 0.20 0.20 00-19
5 0.40 0.60 20-59
6 0.30 0.90 60 - 89
7 0.10 1.00 90 - 99
Lead Time Mapping:
Lead Time Prob. Cum. Prob. RN Range
1 Day 0.30 0.30 00 - 29
2 Days 0.50 0.80 30-79
3 Days 0.20 1.00 80-99

Step 2: Simulation Execution (10 Days)

Rules: ROP < 15. ROQ = 20. Orders arrive at the beginning of the day. Orders placed at the end of the day.
Existing order of 20 arrives Day 3.
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Demand Order

Rec't Opening Demand Closing Shortage
RN Placed?

Yes (At
1 - 20 24 5 15 0 8
15)
No
2 - 15 68 6 9 0 (Order -
Pending)
3 20+20 49 93 7 42 0 No -
4 - 42 15 4 38 0 No -
5 - 38 47 5 33 0 No -
6 - 33 82 6 27 0 No -
7 - 27 05 4 23 0 No -
8 - 23 55 5 18 0 No -
Yes
9 - 18 33 5 13 0 (Below 74
15)
No
10 - 13 71 6 7 0 (Order -
Pending)

*Note on Day 3: Opening stock was 9. The pre-existing order of 20 arrived, PLUS the order placed on Day 1 (LT =1
day, ordered end of Day 1, arrives beginning of Day 3) also arrived. Total opening = 9 + 20 + 20 = 49.
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Step 3: Calculate Total Expected Costs

From the simulation table, we extract the total inventory held and the total shortages

experienced over the 10 days.

* Total Closing Stock (Sum of Days 1to 10): 15+9+42+38+33+27+23+18+13+7=
225 units.

* Total Shortages: 0 units. The high opening stock and simultaneous order arrivals on

Day 3 completely buffered the system from stockouts.

Total Holding Cost = 225 units x ¥50/unit = I 11,250

Total Shortage Cost = 0 units x ¥200/unit = I 0

Total Expected 10-Day Cost = ¥ 11,250

CMA Strategic Conclusion: The simulation indicates that the current Reorder Point (15) and
Reorder Quantity (20) successfully prevent stockouts, yielding 0 in shortage penalties.
However, the system is carrying a massive amount of excess inventory (peaking at 49 units
on Day 3), driving holding costs up to ¥11,250. Management should simulate a lower
Reorder Point (e.g., 10 units) to find an optimal balance that reduces holding costs without

triggering catastrophic shortage penalties.
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ILLUSTRATION 3: MACHINE BREAKDOWN AND REPAIR QUEUING

Problem Statement:
A heavy manufacturing plant employs a specialized repair mechanic to fix CNC machines
when they break down. The time between successive breakdowns and the time required by

the mechanic to repair a machine are probabilistic.

Time Between Breakdowns Repair Time Needed

Probability Hours Probability
2 0.15 1 0.25
3 0.35 2 0.50
4 0.30 3 0.25
5 0.20 . .

Random Numbers provided:
Breakdown Interval RNs: 37, 85, 12, 66, 91
Repair Time RNs: 62, 18, 88, 41, 75

Required:

1. Construct RN mapping tables for both variables.

2. Simulate the breakdown and repair cycle for the next 5 machine failures. Assume the
simulation clock starts at 0:00. Calculate the Arrival Time, Service Start Time, Service

Finish Time, Machine Wait Time, and Mechanic Idle Time for each breakdown.

3. If the cost of machine downtime (waiting + repair) is ¥5,000 per hour and the mechanic's
idle time costs ¥1,000 per hour, calculate the total expected cost of this 5-breakdown

cycle.
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WORKING NOTES & ANSWER FOR ILLUSTRATION 3

Step 1: Random Number Mapping Tables

Time Between Breakdowns Mapping:

Interval (Hrs) Prob. RN Range

2 0.15 0.15 00-14

3 0.35 0.50 15-49

4 0.30 0.80 50-79

5 0.20 1.00 80 -99

Repair Time Mapping:

Repair Time (Hrs) Prob. Cum. Prob. RN Range

1 0.25 0.25 00 - 24

2 0.50 0.75 25-74

3 0.25 1.00 75-99

Step 2: Queuing Simulation Execution Table

Logic Rule: Service Start Time is the MAX of (Current Arrival Time) OR (Previous Job Finish Time).
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Time B/ Clock Machine
Arrival Service Service Mechanic

Machine w Arrival Wait
RN Start Finish Idle Time
Arrivals Time Time

1 37 3 3 62 2 3 5 0 3
2 85 5 8 (3+5) 18 1 8 9 0 3 (8-5)
10
3 12 2 88 3 10 13 0 1(10-9)
(8+2)
14
4 66 4 41 2 14 16 0 1(14-13)
(10+4)
19
5 91 5 75 3 19 22 0 3(19-16)
(14+5)
Totals: 11 Hrs 0 Hrs 11 Hrs
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Step 3: Calculate Total Expected Costs

From the simulation table, we extract the total Machine Downtime and the total Mechanic

Idle Time.

* Total Machine Downtime: Wait Time (0 hrs) + Repair Time (11 hrs) = 11 hours.

* Total Mechanic Idle Time:3+3+ 1+ 1+ 3 =11 hours.

Cost of Machine Downtime = 11 hours x ¥5,000/hr = ¥ 55,000

Cost of Mechanic Idle Time = 11 hours x ¥1,000/hr = ¥ 11,000

Total System Cost = 66,000

CMA Strategic Conclusion: The simulation reveals a perfectly fluid queuing system with
absolutely zero machine waiting time (Wait = 0). The mechanic is fast enough to clear every
breakdown before the next one occurs. While the mechanic experiences 11 hours of idle
time (costing ¥11,000), this is a strategically acceptable "buffer" cost, as it entirely prevents

the catastrophic ¥5,000/hour penalty of having machines queued up and waiting for repairs.
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CHAPTER 10: DIAGNOSTIC MCQ TEST BANK

Test your conceptual clarity with these high-level analytical questions designed to mimic the

difficulty of the CMA Final examination.

Q1. In a Monte Carlo simulation, if a specific event has a probability of 0.23 and the previous
cumulative probability was 0.55, the correct Random Number interval to assign using a 00-99

range is:
A)55-78
B) 56 - 78
C)55-77

D) 56 - 79

Answer: B. The previous cumulative ended at 0.55. The new cumulative is 0.55 + 0.23 =
0.78. Therefore, the new interval must start at the next available number (56) and end at
the exact boundary representing the cumulative (78). The range 56 to 78 spans exactly 23

numbers.

Q2. The primary strategic advantage of using Monte Carlo Simulation in capital budgeting or

inventory control, as opposed to deterministic models like EOQ, is that simulation:
A) Guarantees the absolute mathematical optimum solution for minimizing costs.

B) Allows management to model chaos, incorporating multiple stochastic (random) variables

and uncertainty into the decision-making process.
C) Completely eliminates the need for historical data collection.

D) Can be solved perfectly using the Simplex algorithm.

Answer: B. Simulation does not provide absolute optimal answers; it provides expected
outcomes under conditions of risk and uncertainty, allowing management to test "what-

if" scenarios safely.

CMAKnowledge.in | Chapter 10: Simulation | Page 21



Q3. In a queuing theory simulation for machine repairs, the "Service Start Time" for Machine
B is determined mathematically as:

A) The Arrival Time of Machine B plus the Repair Time of Machine B.
B) The exact Arrival Time of Machine B, regardless of the mechanic's status.

C) The Maximum of [Arrival Time of Machine B] OR [Service Finish Time of the previous Machine
Al.

D) The Minimum of [Arrival Time of Machine B] OR [Service Finish Time of the previous Machine
Al.

Answer: C. The mechanic cannot start working on Machine B until Machine B has
physically arrived AND the mechanic has finished repairing Machine A. Therefore, service

starts at whichever of those two times is later (the maximum).
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STRATEGIC GLOSSARY & TERMINOLOGY INDEX

A reference dictionary for the essential vocabulary of Simulation and Risk Analysis.

Comprehensive Professional Definition

o A mathematical model (like LPP or traditional EOQ) where all variables and
Deterministic . ) _
parameters are known with absolute certainty. It does not account for risk or

Model
randomness.
. A mathematical model (like Monte Carlo Simulation) that incorporates random
Stochastic _ S o
e variables and probability distributions to forecast outcomes under conditions
ode

of uncertainty.

A computational algorithm that relies on repeated random sampling (random
Monte Carlo

number generation) to obtain numerical results for highly complex,

Method .
unpredictable systems.
The exact amount of time (usually in days or weeks) that elapses between the
Lead Time moment a purchase order is placed and the moment the physical inventory
arrives at the warehouse.
The financial penalty incurred when demand exceeds available inventory. It
Stockout Cost includes lost contribution margin, emergency rush-shipping costs, and long-

term loss of customer goodwill.

END OF SCM MASTER BOOK - CHAPTER 10

You have successfully mastered the theoretical core and mathematical mechanics of Simulation

and Risk Analysis. This completes the entire Quantitative Techniques module for Paper 16!
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The Ultimate Guide for CMA Students

This volume isolates the deterministic mathematics of the Critical Path
Method (CPM). Master Float Analysis (Total, Free, Independent) and the
highly complex mechanics of Project Crashing with perfectly structured

textbook equations engineered to eliminate overlap.
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MODULE BLUEPRINT: CHAPTER 11 (PART 2)

Following Part 1 (PERT), this volume focuses on the Critical Path Method (CPM), where activity
durations are known with absolute certainty. The primary exam focus here is on identifying

schedule buffers (Floats) and optimizing project duration through Time-Cost trade-offs (Crashing).

Part 2 Structure Exhaustive Concept Map

* Forward Pass (Earliest Start / Earliest Finish)
1. Network Scheduling * Backward Pass (Latest Start / Latest Finish)
+ Identifying the Critical Path

* Total Float (TF) Mathematics
2. Float Analysis * Free Float (FF) and Head Event Slack
* Independent Float (IF) and Tail Event Slack

* Time-Cost Trade-offs
3. Proiect Crashi * Cost Slope Formula & Crashing Priorities
. Project Crashin
) J * Handling Simultaneous Parallel Critical Paths

* Minimizing Total Project Cost (Direct + Indirect)

* Advanced ICMAI-Calibrated Step-by-Step Illustrations
4. Master Annexures * CMA-specific MCQ Test Bank with Detailed Rationales
* Strategic Glossary for CPM Operations
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CRITICAL PATH METHOD (CPM)

1. The Architecture of CPM

CPM assumes activity times are fixed and deterministic. The primary focus of CPM is scheduling
the network to identify the Critical Path—the longest continuous chain of activities from the start

node to the finish node—and evaluating the buffer times (Floats) for non-critical activities.

FORWARD PASS & BACKWARD PASS MECHANICS

* Forward Pass: Calculates the Earliest Start Time (EST) and Earliest Finish Time (EFT).
When multiple paths merge into a node, the EST of the next activity is the MAXIMUM
of the preceding EFTs.

* Backward Pass: Calculates the Latest Finish Time (LFT) and Latest Start Time (LST).
When tracing back from a node, the LFT of the preceding activity is the MINIMUM of
the succeeding LSTs.

2. Advanced Float Analysis (Slack)

Activities NOT on the critical path have "Float"—spare time by which they can be delayed without

delaying the entire project. There are three types of float you must calculate in the CMA exam.
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Paper 16: Strategic Cost Management

1. TOTAL FLOAT (TF)

The maximum time an activity can be delayed without delaying the project.

TF = LST-EST

(Or equivalently: LFT - EFT)

2. FREE FLOAT (FF)

The time an activity can be delayed without delaying the early start of the subsequent activity.

FF = Total Float - Head Event Slack
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3. INDEPENDENT FLOAT (IF)

The time an activity can be delayed without affecting ANY preceding or succeeding activities.

IF = Free Float - Tail Event Slack

The Golden CPM Rule

For all activities located exactly on the Critical Path, Total Float = Free Float = Independent Float =

ZERO. Use this rule to self-verify your calculations in the exam hall.

3. Project Crashing (Time-Cost Trade-off)

To finish a project early, management can "crash" activities by spending more money (Direct Costs
like overtime or express shipping). However, finishing early saves Indirect Costs (like daily site

rent). The goal is to crash strategically to minimize Total Project Cost.

THE COST SLOPE FORMULA

Represents the extra financial penalty incurred to save exactly 1 day.

Crash Cost - Normal Cost
Cost Slope =
Normal Time - Crash Time
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THE 4-STEP CRASHING ALGORITHM

1. Isolate: ONLY crash activities that are on the Critical Path.
2. Select: Pick the critical activity with the lowest Cost Slope.

3. Simultaneous Crashing: If crashing causes a parallel path to tie and become critical,

you must crash BOTH paths simultaneously in the next iteration.

4. Stop Condition: Stop crashing when the Cost Slope exceeds the Indirect Cost Saved
per day.
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PART B: ADVANCED ICMAI ILLUSTRATIONS

ILLUSTRATION 1: NETWORK SCHEDULING & FLOATS

Problem Statement:

A construction project has the following activities and estimated durations (in days):

Activity Preceding Activity Duration (Days)

A None 5

B A 8

C A 6

D B 9

E B, C 5

F D, E 4
Required:

1. Determine the Critical Path and Expected Project Duration.

2. Calculate the Earliest Start Time (EST), Earliest Finish Time (EFT), Latest Start Time (LST),

and Latest Finish Time (LFT) for all activities.

3. Calculate the Total Float and Free Float for all activities.

SOLUTION: ILLUSTRATION 1
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Step 1: Network Paths and Critical Path

By tracing the possible paths from the start node to the finish node:

*Path1:A->B->D—->F=5+8+9+4=26 Days
*Path2:A-»B—->E—->F=5+8+5+4=22Days

*Path3:A-C—->E->F=5+6+5+4=20Days

The Critical Path is A-B-D-F, and the expected project duration is 26 Days.
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Step 2 & 3: Calculate EST, EFT, LST, LFT, and Floats

Total Float = LST - EST (or LFT - EFT). Free Float = Total Float - Head Event Slack.

Activity Total Float Free Float

A 5 0 5 0 5 0 0
B 8 5 13 5 13 0 0
C 6 5 11 11 17 6 2
D 9 13 22 13 22 0 0
E 5 13 18 17 22 4 4
F 4 22 26 22 26 0 0

Examiner Verification Check: Activities A, B, D, F are on the critical path and

correctly show 0 Total Float.

For Activity C: EST is 5, EFT is 11. However, the subsequent activity E cannot start until
day 13 (because it must wait for Activity B to finish). Therefore, Activity C has a Free
Float of (13 - 11) = 2 days. Activity C can be delayed by 2 days without impacting the
start of Activity E.
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ILLUSTRATION 2: PROJECT CRASHING STRATEGY

Problem Statement:
A project consists of three sequential activities forming a single critical path: X - Y = Z. The

indirect costs of running the project (site rent, supervisor salary) are ¥1,000 per day.

Activity Normal Time Crash Time Normal Cost (%) Crash Cost (%)

X 8 days 5 days 10,000 13,600

Y 10 days 7 days 15,000 19,500

Z 6 days 4 days 8,000 9,400
Required:

1. Calculate the Cost Slope for each activity.
2. Determine the optimum project duration that minimizes the Total Project Cost.

3. Calculate the minimum Total Project Cost.

.

7

SOLUTION: ILLUSTRATION 2

Step 1: Calculate Cost Slopes
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13,600 - 10,000

Cost Slope X = = 1,200/ day
8-5
19,500 - 15,000
CostSlope Y = = 1,500/ day
10 -7
9,400 - 8,000
CostSlope Z = = 700/ day

6-4
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Step 2: Base Costs (Normal Duration)

Normal Duration = 8 + 10 + 6 = 24 Days.

Normal Direct Cost = 10,000 + 15,000 + 8,000 = ¥33,000.
Indirect Cost (24 days x ¥1,000) = ¥24,000.

Total Normal Cost = ¥57,000.

Step 3: Crashinq Iterations

We must crash the activity with the lowest cost slope, provided the cost slope is strictly less

than the indirect cost savings (3¥1,000/day).

Iteration 1:

The lowest cost slope is Activity Z (¥700/day). We can crash Z by a maximum of 2 days
(from 6 to 4).

Crashing Cost Added = 2 days x ¥700 = ¥1,400.

Indirect Savings Gained = 2 days x ¥1,000 = ¥2,000.

Net Saving to the firm = ¥600.

New Duration = 22 Days. New Total Cost = ¥57,000 - ¥600 = ¥56,400.

Iteration 2:

The next lowest cost slope is Activity X (¥1,200/day).

Since the cost to crash X (¥1,200) is greater than the Indirect Savings (¥1,000), crashing X
will cost more than it saves, resulting in a Net Loss of ¥200 per day crashed.

STOP CRASHING.

Step 4: Strategic Conclusion

The optimal project duration is 22 Days. The minimum Total Project Cost is ¥56,400. Any

further acceleration of the project will increase the total cost, destroying financial value.
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PART C: EXAM DRILL & GLOSSARY

Diagnostic MCQ Test Bank

Q1. When crashing a project network to shorten total completion time, a manager should

always prioritize crashing the activity that:
A) Is located on the critical path and possesses the lowest Cost Slope.
B) Has the highest Independent Float.
C) Is located on the critical path and possesses the highest Crash Cost.

D) Takes the longest total time to complete.

Answer: A. Only crashing activities on the critical path actually shortens the project.
Selecting the lowest Cost Slope ensures the acceleration is achieved at the absolute

minimum financial penalty to the firm.

Q2. If an activity has a Total Float of 5 days and a Head Event Slack of 2 days, what is its Free
Float?

A) 7 days
B) 3 days
C) 0 days

D) 10 days

Answer: B. The formula is: Free Float = Total Float - Head Event Slack. Therefore,5-2=3

days.

Q3. A Dummy Activity in a CPM network diagram:
A) Carries a high crashing cost slope.
B) Represents a task that was budgeted but never executed.
C) Consumes zero time and zero resources, serving purely to establish logical precedence.

D) Cannot exist on the critical path.
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Answer: C. Adummy activity is drawn with a dotted line and acts as a purely logical
placeholder to ensure network rules are not broken when two activities share identical

start and end nodes.

STRATEGIC GLOSSARY (CPM)

Definition

The longest continuous sequence of activities from the start of a project to

Critical
Path the finish. It dictates the minimum time required to complete the entire
at
project. All activities on this path have zero total float.
Total The maximum amount of time an activity can be delayed from its early start
Float without delaying the final project completion date.
Cost The financial penalty incurred per unit of time saved when crashing a
os
5| project activity. Mathematically: (Crash Cost - Normal Cost) / (Normal Time -
ope

Crash Time).

END OF CHAPTER 11 - PART 2 (CPM)

You have successfully mastered the deterministic mechanics of the Critical Path Method and

Project Crashing. This concludes the Network Analysis masterclass.
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This volume isolates the probabilistic mathematics of PERT (Program
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probabilities with perfectly structured textbook equations engineered

to eliminate overlap and maximize understanding.
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MODULE BLUEPRINT: CHAPTER 11 (PART 1)

Network analysis provides the visual and mathematical blueprint for scheduling, planning, and
controlling massive corporate projects. In this dedicated Part 1 volume, we focus entirely on

handling uncertainty in project timelines.

Part 1 Structure Exhaustive Concept Map

* Basic Elements: Activities, Nodes, and Dummy Activities
1. Network Logic * Fulkerson's Rule for sequential node numbering

* Error Prevention (Looping and Dangling)

* Managing Uncertainty in R&D and New Projects
* Three-Time Estimates ($t_o, t_m, t_p$)
2. PERT Mathematics * Beta Distribution for Expected Time ($t_e$)
+ Standard Deviation ($\sigma$) and Variance ($\sigma”2$) of

Activities

* The Variance Addition Rule along the Critical Path

3. Project o )

* Normal Distribution (Z-Score) logic
Probabilities

* Probability extraction for target deadlines

* Advanced ICMAI-Calibrated Step-by-Step Illustrations
4. Master Annexures * CMA-specific MCQ Test Bank with Detailed Rationales

* Strategic Glossary for PERT Operations
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PROGRAM EVALUATION & REVIEW

TECHNIQUE (PERT)

1. The Fundamentals of Network Logic

BASIC NETWORK TERMINOLOGY
* Activity: A specific task that consumes time and resources. Represented by an arrow
(=)

* Event (Node): A milestone representing the start or completion of an activity. It

consumes zero time and zero resources. Represented by a circle (O).

* Dummy Activity: A strictly logical activity drawn with a dotted arrow. It consumes zero

time and zero resources. It is used solely to maintain correct logical precedence.

2. The Concept of Uncertainty (PERT)

Unlike routine construction projects, research and development (R&D) projects have never been
done before. Management cannot assign a single, definitive time duration to an activity. PERT
solves this by forcing experts to provide three distinct time estimates to account for probability
and risk.

* Optimistic Time ($t_o$): The absolute minimum time required if everything goes perfectly.

* Pessimistic Time ($t_p$): The absolute maximum time required if everything goes wrong
(excluding "Acts of God").

* Most Likely Time ($t_m$): The realistic time under normal operating conditions.
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Paper 16: Strategic Cost Management

3. The Beta Distribution Formulas

PERT uses the Beta probability distribution to blend these three subjective estimates into a single

mathematical Expected Time ($t_e$) and calculates the statistical risk (Variance) for each activity.

A. EXPECTED TIME (TE)
t +4t +t
0 m P
t =
e
6
B. STANDARD DEVIATION (2)
tp - tO
o =]
6
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4. Project Probabilities and the Z-Score

Once the critical path is identified using the Expected Times ($t_e$), management often asks:

"What is the probability of completing this project before a specific deadline?"

To answer this, we calculate the Z-Score, which maps the project onto a Standard Normal

Distribution curve.

THE VARIANCE ADDITION RULE

To find the Standard Deviation of the entire project, you cannot simply add up the

standard deviations of the individual activities. Statistically, only variances are additive.

1. Identify the activities sitting strictly on the Critical Path.

2. Sum the Variances ($\sigmaA2$) of ONLY those critical path activities. (Remember: $

\sigma”2 = \sigma imes \sigma$).

3. Take the square root of that sum to find the Project Standard Deviation.

THE Z-SCORE PROBABILITY FORMULA

Target Time - Expected Project Time

Project Standard Deviation

Use the calculated Z-value to find the probability percentage from the standard normal distribution table provided

in the exam.
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PART B: ADVANCED ICMAI ILLUSTRATIONS

ILLUSTRATION 1: PERT NETWORK & PROBABILITY

Problem Statement:
A research project involves three sequential activities forming the critical path: A= B - C.

The time estimates (in weeks) are provided below.

Activity Optimistic ($t_o$) Most Likely ($t_m$) Pessimistic ($t_p$)
A 2 5 8
B 6 9 18
C 4 10 22
Required:

1. Calculate the Expected Time ($t_e$) and Variance ($\sigma”2$) for each activity.
2. Calculate the Expected Project Completion Time and total Project Standard Deviation.

3. What is the probability of completing the project within 28 weeks? (Given: Normal
distribution value for Z = 1.05 is 0.8531 or 85.31%).

J

SOLUTION: ILLUSTRATION 1

Step 1: Calculate Expected Times and Variances
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$te=(to+4t m

Activity +tp)/6s

A (2+20+8)/6
B (6+36+18)/6
C (4+40+22)/6

Variance ($
\sigmaA2$)

$t_e$ Var = $[(t_p -

(Weeks) t_o)/ 6]72%

5 [(8 - 2)/6]* = (1) 1.00
10 [(18 - 6)/6]* = (2) 4.00
1 [(22 - 4)/6]* = (3)° 9.00
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Step 2: Project Time and Standard Deviation

The Expected Project Time is the sum of the expected times along the critical path.
Expected Project Time =5+ 10+ 11 = 26 Weeks.

We sum the variances to find the project variance.

Project Variance = 1.00 + 4.00 + 9.00 = 14.00.

Project Standard Deviation = v14.00 = 3.74 Weeks.

Step 3: Calculate Z-Score and Probability

Target Time = 28 Weeks.

28 - 26 2
Z = = = 1.05
3.74 3.74

The Z-score of 1.05 corresponds to a cumulative probability of 85.31%. Management has

an 85.31% chance of successfully completing the project within the 28-week deadline.
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PART C: EXAM DRILL & GLOSSARY

Diagnostic MCQ Test Bank

Q1. In PERT analysis, the expected time ($t_e$) of an activity is mathematically weighted

most heavily towards which estimate?
A) The Optimistic Time ($t_o$)
B) The Pessimistic Time ($t_p$)
C) The Most Likely Time ($t_m$)

D) All three are weighted equally.

Answer: C. In the Beta distribution formula, the Most Likely Time ($t_m$) is multiplied by

4, giving it four times the weight of the optimistic and pessimistic estimates.

Q2. To calculate the overall Standard Deviation of a project in PERT, a CMA must:
A) Sum the standard deviations of all activities in the network.
B) Sum the standard deviations of only the critical path activities.
C) Sum the variances of all activities in the network and take the square root.

D) Sum the variances of only the critical path activities and take the square root.

Answer: D. Standard deviations cannot be mathematically added together. You must sum
the variances ($\sigma”2$), and only for those activities that strictly lie on the critical

path, then extract the square root.

Q3. A Dummy Activity in a network diagram:
A) Always lies on the critical path.
B) Represents a task that was budgeted but never executed.
C) Consumes zero time and zero resources, serving purely to establish logical precedence.

D) Indicates a point where project crashing should begin.
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Answer: C. Adummy activity is drawn with a dotted line and acts as a purely logical
placeholder to ensure network rules are not broken when two activities share identical

start and end nodes.

STRATEGIC GLOSSARY (PERT)

Definition

The probability distribution model used in PERT to blend optimistic,

Beta
. pessimistic, and most likely time estimates into a single
Distribution
mathematically sound expected duration.
. The statistical measure of risk or uncertainty associated with an
Variance ($ o . . ) o
. activity's time estimate. A larger variance means the activity is highly
\sigma/2$) .
unpredictable.
The longest continuous sequence of activities from start to finish. It
Critical Path

dictates the minimum time required to complete the entire project.

END OF CHAPTER 11 - PART 1 (PERT)

You have successfully mastered the probabilistic mechanics of PERT. You are now ready for Part 2:

CPM (Float Analysis and Project Crashing).
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The Ultimate, Exhaustive Guide for CMA Students

A maximum-depth, hyper-detailed masterclass focusing exclusively on
the Learning Curve Effect. Unpacking the Doubling Rule, Logarithmic
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mathematical execution.
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MODULE BLUEPRINT: CHAPTER 12

In traditional costing, it is assumed that if the first unit takes 10 hours to produce, the 100th unit
will also take exactly 10 hours. The Learning Curve introduces behavioral reality into quantitative
mathematics: humans learn, processes optimize, and time diminishes as cumulative volume
increases. This chapter is fundamental for pricing strategy, target costing, and long-term contract
bidding.

Chapter Structure Exhaustive Concept Map

* The Wright Model (History and Evolution)
1. Theoretical Foundations * Pre-requisites for Learning Curve Application

* Learning Curve vs. Experience Curve

* The Cumulative Average Time Doubling Rule
. . * Marginal (Incremental) Time Calculation
2. The Mathematics of Learning o ]
* The Logarithmic Equation ($Y = aXAb$)

* Calculating the Learning Index ($b$)

* Pricing and Bidding for Follow-up Contracts
3. Strategic SCM Applications * The "Steady State" Trap (When Learning Ceases)

* Variance Analysis adjustments for moving standards

* 5 Massive, Multi-Page ICMAI-Calibrated Illustrations
4. Master Annexures * CMA-specific MCQ Test Bank with Detailed Rationales

* Strategic Glossary for Optimization Operations
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THE FOUNDATION OF COMPETITIVE BIDDING

If a CMA uses a flat, traditional labor cost projection to bid on a massive defense or
manufacturing contract, the company will overbid and lose the contract to a competitor
who factored in the Learning Curve. Conversely, ignoring the point where learning stops

(the Steady State) will cause the firm to underbid and suffer massive losses.
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PART A: CORE CONCEPTS &

MATHEMATICS

1. Introduction to the Learning Curve

The Learning Curve was first documented in 1936 by T.P. Wright, an aeronautical engineer who
observed that as the total quantity of aircraft produced doubled, the direct labor hours required

per aircraft fell by a constant percentage (roughly 20%).

This phenomenon occurs because of human cognitive and motor adaptation (workers get faster
and make fewer mistakes) and process optimization (engineers refine tool placements, eliminate

bottlenecks, and improve workflow).
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PRE-REQUISITES FOR THE LEARNING CURVE
The learning curve does not apply to every manufacturing setting. It strictly requires:

1. High Labor Content: The process must be heavily dependent on human effort. Fully
automated, robotic assembly lines do not experience a learning curve because

machines do not "learn" to operate faster over time.

2. Complex & Repetitive Tasks: The task must be complex enough that initial attempts
are slow, but repetitive enough that workers can memorize and optimize their

movements.

3. Stable Workforce: If labor turnover is high, the "learning"” leaves the factory, and the

curve resets.

4. No Major Process Redesigns: If management implements a totally new machine or
radically changes the product design, the learning curve is broken and a new curve

begins.

2. Learning Curve vs. Experience Curve

In CMA exams, it is vital to distinguish between these two interconnected concepts.

* The Learning Curve applies strictly to Direct Labor Hours. It measures the reduction in time

(and therefore direct labor cost) as cumulative production increases.

* The Experience Curve is a broader, macroeconomic concept championed by the Boston
Consulting Group (BCG). It states that Total Value Chain Cost (including Marketing, R&D,
Overhead, and Logistics) drops as cumulative volume increases due to economies of scale,

technological leaps, and systemic efficiency.
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3. The Mathematics of the Learning Curve

The core mathematical theorem of the learning curve is the Doubling Rule. It states that every
time the cumulative production quantity doubles, the cumulative average time per unit falls to a

constant percentage of the previous cumulative average time.

THE CUMULATIVE AVERAGE EQUATION

Y, = Y X Learning Rate %
X X

Where $Y_x$ is the cumulative average time for $x$ units.

3.1 Constructing the Doubling Table

If the first unit takes 100 hours, and the learning rate is 80%, we can easily calculate the time for

any quantity that is a power of 2 ($1 ightarrow 2 ightarrow 4 ightarrow 8 ightarrow 16$).

Cumulative Cumulative Average Total Time Marginal Time (Time

Qty (X) Time per Unit (Y) XxY) for the last batch)

100 hrs (for the 1st

1 100 hrs 100 hrs
unit)
2x80= 160 - 100 = 60 hrs (for
2 (Doubled) 100 x 80% = 80 hrs
160 hrs the 2nd unit alone)
4 x64= 256 - 160 =96 hrs (for
4 (Doubled) 80 x 80% = 64 hrs )
256 hrs the 3rd and 4th units)
8x51.2= 409.6 - 256 = 153.6 hrs
8 (Doubled) 64 x 80% = 51.2 hrs
409.6 hrs (for units 5 through 8)
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The Marginal Time Trap

Examiners love to ask: "What is the labor cost of the 2nd unit?"
A common fatal error is assuming the 2nd unit takes 80 hours. WRONG. 80 hours is the average of
the first two units. The total time for 2 units is 160 hours. Since the first unit took 100 hours, the

2nd unit alone took exactly 60 hours. You must always calculate Total Time to find Marginal Time.
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Paper 16: Strategic Cost Management

4. The Logarithmic Model ($Y = aX/Ab$)

The doubling table is useless if management asks: "How long will it take to produce exactly 5 units?"

Since 5 is not a power of 2, we must use the algebraic logarithmic function.

THE LEARNING CURVE ALGEBRAIC FUNCTION

Y = a><Xb

Y = The Cumulative Average Time per unit for $X$ units.
* a = The exact time required to produce the very first unit.
* X = The cumulative number of units produced.

* b = The Learning Index (which determines the slope of the curve).

CALCULATING THE LEARNING INDEX (B)

If the learning rate is known (e.g., 80%), 'b' is calculated using logarithms.

log(Learning Rate as decimal)

log(2)

Example for an 80% curve: $b = rac{\log(0.80)}{\log(2)} = rac{-0.0969}{0.3010} = -0.322$

Exam Note: Because the time decreases as quantity increases, the value of $b$ will always be

negative. In CMA Final exams, the examiner will generally provide the logarithmic values or the

exact value of $XAb$ in the question notes to save calculation time.
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5. The Steady State (When Learning Ceases)

Humans cannot get infinitely faster. Eventually, the worker reaches maximum physical efficiency,
or the speed of the machines limits the output. The point where the time per unit stops decreasing

and becomes flat is called the Steady State.

If an exam problem states: "The learning effect ceases after the 16th unit," it means the 17th, 18th,
19th, and 100th unit will all take the exact same time as the marginal time of the 16th unit. The

curve becomes a straight horizontal line.
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PART B: ADVANCED ICMAI

ILLUSTRATIONS

ILLUSTRATION 1: THE TABULAR DOUBLING METHOD & PRICING

Problem Statement:
Vanguard Aerospace is negotiating a contract to supply specialized military radars. The
production of these radars is highly complex and relies on skilled labor. The very first

prototype radar required 4,000 labor hours to manufacture.

The engineering team has established that an 80% learning curve applies to this
production process. Direct labor is paid at ¥ 500 per hour. Variable overheads are absorbed

at ¥ 300 per labor hour. Direct materials cost ¥ 15,00,000 per radar.
The Government wants to purchase a batch of 8 radars (including the prototype).
Required:
1. Construct a learning curve table showing Cumulative Average Time, Total Time, and
Marginal Time for 1, 2, 4, and 8 units.

2. Calculate the total expected cost of manufacturing all 8 radars.

3. The Government originally asked for a quote for only 4 radars. What is the total
incremental labor time required to produce the additional 4 radars (i.e., units 5 through
8) to fulfill the final order of 8?
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SOLUTION: ILLUSTRATION 1

Step 1: Construct the Doubling Table

Since the target quantity (8) is a power of 2 ($1 ightarrow 2 ightarrow 4 ightarrow 8%), we
apply the 80% doubling rule.

Cum. Avg Time per Total Time (X x

) Marginal Time (Incremental)
unit (Y) Y)

1 4,000 hrs 4,000 hrs 4,000 hrs (1st unit)

5 4,000 x 80% = 3,200 2x3,200 = 6,400 - 4,000 = 2,400 hrs (2nd
hrs 6,400 hrs unit)

4 3,200 x 80% = 2,560 4 x 2,560 = 10,240 - 6,400 = 3,840 hrs (3rd &
hrs 10,240 hrs 4th units)

o 2,560 x 80% = 2,048 8 x 2,048 = 16,384 - 10,240 = 6,144 hrs (5th
hrs 16,384 hrs to 8th units)

Step 2: Calculate Total Expected Cost for 8 Radars

Total Labor Hours for 8 units = 16,384 hours.
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Cost Element Calculation Amount (%)

Direct Materials 8 radars x ¥ 15,00,000 1,20,00,000
Direct Labor 16,384 hrs x ¥ 500 81,92,000
Variable Overheads 16,384 hrs x ¥ 300 49,15,200
Total Manufacturing Cost: ¥ 2,51,07,200

Step 3: Calculate Incremental Time for the Additional 4 Units

If the original quote was for 4 units, the total time required would have been 10,240 hours.

To fulfill the expanded order of 8 units, the total time required is 16,384 hours.

Incremental Total Time for 8 Units - Total Time for 4
Time ) Units

= 16,384 hours - 10,240 hours

= 6,144 hours

Strategic Insight: Producing the first 4 units required 10,240 hours. Producing the next 4
units requires only 6,144 hours. This massive efficiency gain allows Vanguard Aerospace to
offer the Government a significantly cheaper unit price for the expanded order, ensuring

they win the competitive bid.
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ILLUSTRATION 2: THE LOGARITHMIC APPROACH ($Y = AXAB$)

Problem Statement:
Delta Robotics manufactures heavy-duty surgical arms. The first surgical arm produced
required 500 hours of direct labor. The company has historically observed a 90% learning

curve for this product class.

A hospital has requested a quote to purchase exactly 3 additional surgical arms
(meaning Delta will produce 4 units in total, but they already produced and sold the 1st

prototype elsewhere).
Required:

1. Calculate the learning curve index ($b$) for a 90% learning rate. (Given: $\log 0.90 =
-0.0458$, $\log 2 = 0.30109).

2. Using the algebraic formula, calculate the cumulative average time required per unit
for 3 units. (Given: $37{-0.152} = 0.8463).

3. Calculate the exact marginal labor hours required to produce the 3rd unit alone.

. 7

SOLUTION: ILLUSTRATION 2

Step 1: Calculate the Learning Index ($b$)

log(0.90) -0.0458
b = = = -0.152
log(2) 0.3010

Step 2: Cumulative Average Time for 3 Units

We must use the algebraic formula since 3 is not a power of 2.
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Y3 = aXXb

_ -0.152
Y; = 500x(3)

Y3 = 500 x 0.846 = 423 hours

The cumulative average time to produce 3 units is 423 hours per unit. Therefore, the Total
Time for 3 units = 3 x 423 = 1,269 hours.
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Step 3: Marginal Time for the 3rd Unit Alone

To find the exact time taken for the 3rd unit, we must subtract the total time taken to

produce the first 2 units from the total time taken to produce 3 units.

Since 2 is a power of 2, we can simply use the doubling rule to find the time for 2 units:
Cumulative Average Time for 2 units = 500 x 90% = 450 hours.
Total Time for 2 units = 2 x 450 = 900 hours.

Marginal Time (3rd Total Time for 3 Units - Total Time for
Unit) 2 Units
1,269 hours - 900 hours

369 hours

Conclusion: The first unit took 500 hours. The second unit took 400 hours (900 - 500). The
third unit took 369 hours. The learning effect is clearly demonstrated as the marginal time

decreases with each subsequent unit.
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ILLUSTRATION 3: THE "STEADY STATE" EXAM TRAP

Problem Statement:
Omega Systems is assembling a batch of 24 specialized servers. The first server took 100

hours to assemble. The process is subject to a 75% learning curve.

However, the engineering team notes that physical human optimization maxes out quickly.
The learning effect will completely cease after the 8th unit is produced. All subsequent

units will be assembled at the exact same speed as the 8th unit.

Required: Calculate the Total Time required to assemble all 24 servers.

SOLUTION: ILLUSTRATION 3

Step 1: Calculate Total Time for the first 8 units

Since 8 is a power of 2, we use the tabular doubling method.

Cum. Avg Time (Y) Total Time

1 100 hrs 100 hrs
2 100 x 75% =75 hrs 150 hrs
4 75 % 75% = 56.25 hrs 225 hrs
8 56.25 x 75% = 42.1875 hrs 337.50 hrs

The total time to produce the first 8 units is 337.50 hours.
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Step 2: Calculate the Marginal Time of the 8th Unit

To find the time for the 8th unit alone, we must subtract the total time of 7 units from the

total time of 8 units.

Since 7 is not a power of 2, we must use the algebraic formula for $Y_7%.
First, find $b$ for a 75% learning curve: $b = rac{\log(0.75)}{\log(2)} = rac{-0.1249}
{0.3010} = -0.4155%.

0.415

Y, 100 x (7)
100 x 0.4468 = 44.68 hours (Average)

Total Time for 7 units = 7 x 44.68 = 312.76 hours.

Marginal Time for the 8th unit = (Total for 8) - (Total for 7)
Marginal Time (8th) = 337.50 - 312.76 = 24.74 hours.

Because learning ceases after the 8th unit, every single unit produced after the 8th unit (units 9

through 24) will take exactly 24.74 hours to assemble.

Step 3: Calculate Total Time for all 24 Units

Total Time for first 8 units = 337.50 hours.
Number of units in the "Steady State" = 24 - 8 = 16 units.
Total Time for Steady State units = 16 units x 24.74 hours/unit = 395.84 hours.

Total Project Time = Time(First 8) + Time(Steady 16)
337.50 + 395.84
733.34 hours

CMA Examiner Trap Avoided: A student who ignores the "Steady State" condition and

blindly applies the logarithmic formula for 24 units would calculate a vastly lower total
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time, resulting in severe under-pricing of the contract. The steady state protects the firm

from assuming impossible levels of human speed.
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PART C: EXAM DRILL & GLOSSARY

Diagnostic MCQ Test Bank

Q1. The Learning Curve theory is most appropriately applied to which component of the

manufacturing cost structure?
A) Direct Materials
B) Automated Machine Overheads
C) Direct Labor

D) Fixed Administrative Costs

Answer: C. The learning curve measures human cognitive and motor efficiency. It strictly
applies to tasks with high human labor content. Machines do not learn, and material

volume is generally fixed per unit regardless of worker speed.

Q2. A manufacturing process is subject to a 90% learning curve. The first unit required 200
hours. According to the doubling rule, the cumulative average time per unit after the

production of 4 units will be:
A) 180 hours
B) 162 hours
C) 145.8 hours

D) 324 hours

Answer: B. 1 unit = 200 hrs. 2 units (doubled) = 200 x 0.90 = 180 hrs. 4 units (doubled again)
=180 % 0.90 = 162 hrs.

Q3. In the algebraic learning curve formula ($Y = aXAb$), the exponent 'b’ represents the

learning index. Which of the following statements about 'b' is mathematically true?
A) It is always a positive number because production volume is increasing.

B) It equals exactly -1.0 for a perfect 100% learning rate.

CMAKnowledge.in | Chapter 12: Learning Curve | Page 19



C) It is always a negative number because the time required per unit decreases as production

increases.

D) It represents the time taken for the very first unit.

Answer: C. Because the curve plots a decreasing trend in time, the slope (index 'b') must
mathematically be negative. The formula is $\log(Learning Rate) / \log(2)$. Since the

learning rate is a decimal less than 1, its logarithm is negative.

Q4. A company bids for a contract assuming a continuous 80% learning curve for all 1,000
units. In physical reality, the learning process reaches a "steady state" and ceases after the
100th unit. What financial disaster will the company likely face?

A) They will overbid and lose the contract to a competitor.

B) They will underbid, win the contract, and suffer massive financial losses because actual labor

hours will far exceed their budgeted hours.
C) They will experience highly favorable labor efficiency variances.

D) The steady state will automatically trigger Kaizen costing savings.

Answer: B. Assuming continuous learning means assuming workers will eventually work
at impossible speeds. When learning stops at the 100th unit, the 101st to 1,000th units
will take much longer than the continuous curve predicted, resulting in massive
unbudgeted labor costs.
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STRATEGIC GLOSSARY (LEARNING CURVE)

Definition

. The constant percentage by which the cumulative average time
Learning Curve

per unit decreases every time the total cumulative production

Rate ]
quantity doubles.
A broader macroeconomic concept stating that the Total Value
Experience Chain Cost (including Marketing, R&D, and Logistics) drops as
Curve cumulative volume increases due to economies of scale and
systemic efficiency. Distinct from the labor-only Learning Curve.
Marginal The exact labor time required to produce a specific single unit (or
(Incremental) batch of units), calculated by subtracting the Total Time of $(n-1)$
Time units from the Total Time of $n$ units.
The operational point at which human physical limits or machine
Steady State constraints are reached, and the learning curve effect ceases.

Subsequent units are produced at a constant, flat rate of time.

END OF SCM MASTER BOOK - CHAPTER 12

You have successfully mastered the theoretical core and complex mathematical mechanics of the

Learning Curve. This completes the syllabus guide!
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MODULE BLUEPRINT: CHAPTER 13

Many CMA students struggle with this chapter because it requires a transition from arithmetic
accounting to Differential Calculus. However, calculus is simply the mathematics of change. In
Business, we are constantly asking: "How will our Profit change if we produce one more unit?"

This chapter provides the mathematical proof for strategic decision-making.

Chapter Structure Exhaustive Concept Map

* The Concept of the Derivative
. . * Rules of Differentiation (Power Rule, Constant Rule)
1. Mathematical Foundations _ o o _ )
* First Derivative Test (Finding Stationary Points)

* Second Derivative Test (Confirming Maxima vs. Minima)

* Total Revenue Function, $TR(x)$
» Total Cost Function, $TC(x)$
* Profit Function, $P(x)$

2. Business Functions

* Average Cost (AC) and Average Revenue (AR)

* Marginal Revenue ($MR$) as the derivative of $TR$
3. Marginal Analysis * Marginal Cost ($MC$) as the derivative of $TC$
* The Golden Rule of Profit Maximization ($MR = MC$%$)

* Advanced ICMAI-Calibrated Step-by-Step Illustrations
* The Calculus Proof of the EOQ Formula
* CMA-specific MCQ Test Bank with Detailed Rationales

4. Master Annexures

* Strategic Glossary for Calculus in Economics
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THE "WHY" OF CALCULUS IN SCM

You cannot maximize profit by just producing infinite units. Eventually, markets
saturate, prices must drop to sell more, and factory inefficiencies drive up marginal
costs. Calculus allows us to pinpoint the exact, singular unit of production where profit
peaks before it begins to decline.
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PART 1: THE MATHEMATICS OF

CALCULUS

1.1 What is a Derivative?

In business, we deal with variables that depend on each other. For example, Total Cost ($C$)

depends on the number of units produced ($x$). We write this as a function: $C = f(x)$.

The Derivative measures the instantaneous rate of change. It tells us exactly how much the
Cost ($C$) will change if we increase production ($x$) by an infinitesimally small amount

(essentially, one unit). In economics, we call this the "Marginal” value.

THE FIRST DERIVATIVE NOTATION

dC
Marginal Cost (MC) = = C'(x)
dx

Pronounced: "The derivative of Cost with respect to x."

1.2 Essential Rules of Differentiation

To solve CMA exam problems, you only need to memorize a few basic algebraic rules of

differentiation.
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1. THE POWER RULE (THE MOST IMPORTANT RULE)

To differentiate a variable raised to a power, multiply the term by the exponent, and then subtract 1 from the

exponent.
If y = x1
dy
Then = n- xn'1
dx

* Example: If $y = x/3$, then $\frac{dy}{dx} = 3x/2$
» Example: If $y = 5x/2§$, then $\frac{dy}{dx} = 10x$

 Example: If $y = 4x$ (which is $4xA18$), then $\frac{dy}{dx} = 4xA0 = 4 \cdot 1 = 4$

2. THE CONSTANT RULE

The derivative of any constant number (a number without an '$x$') is always Zero.

This is logical because a constant does not change, so its rate of change is zero.
If $y = 500%, then $\frac{dy}{dx} = 0%

Application: Fixed Costs are constants. Therefore, the derivative of a Fixed Cost is zero.

Marginal Cost only comes from Variable Costs!
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Paper 16: Strategic Cost Management

1.3 The Second Derivative

The second derivative is simply the derivative of the first derivative. It measures the rate of
change of the rate of change (like acceleration in physics). We use the second derivative

exclusively to determine if a point is a Maximum peak or a Minimum valley.

THE SECOND DERIVATIVE NOTATION

d dy d”y
( ) = = y'®

Example: If $y = 3xA3$, the first derivative $y' = 9x/2$. The second derivative $y" = 18x$.

1.4 The Two-Step Test for Maxima and Minima

How do we find the exact quantity ($x$) that maximizes profit or minimizes cost? We use a

strict two-step mathematical test.

STEP 1: THE FIRST-ORDER CONDITION (NECESSARY CONDITION)

At the exact peak of a mountain (Maximum) or the exact bottom of a valley (Minimum), the curve is perfectly

flat. It is not going up, and it is not going down. Therefore, its rate of change (derivative) is exactly zero.

To find the critical values of x, calculate the first derivative and set it to zero.

dy
Set = 0
dx
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STEP 2: THE SECOND-ORDER CONDITION (SUFFICIENT CONDITION)

Step 1 gave us the flat points, but it didn't tell us if it's a peak (Maximum) or a valley (Minimum). We use the

Second Derivative to check the shape of the curve at that specific point.

* For a MAXIMUM: The second derivative must be NEGATIVE (< 0). The curve is concave

downward.

* For a MINIMUM: The second derivative must be POSITIVE (> 0). The curve is concave upward.
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PART 2: BUSINESS & ECONOMIC

APPLICATIONS

2.1 Core Business Functions

In the CMA exam, you must construct algebraic equations representing business realities

before you can differentiate them.

1. TOTAL REVENUE FUNCTION, TR(X)

Revenue is simply the Price per unit multiplied by the Quantity sold.
TR = pxx

Note: In monopolies, Price ($p$) is not constant. It is usually a demand function dependent on quantity, like $p =

100 - 2x$. You must substitute this into the TR equation: $TR = (100 - 2x)x = 100x - 2x\28$.

2. TOTAL COST FUNCTION, TC(X)

Total Cost is the sum of Fixed Costs and Variable Costs.

TC = FC+VC(x)
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3. PROFIT FUNCTION, P(X)

Profit (often denoted by the Greek letter $\pi$) is Revenue minus Cost.

P(x) = TR(x)-TC(x)
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2.2 Marginal Analysis using Calculus

Marginal Analysis is the cornerstone of Strategic Cost Management. It dictates the financial

impact of producing exactly one more unit.

MARGINAL REVENUE (MR)

Marginal Revenue is the addition to Total Revenue from selling one extra unit. Mathematically, it is the First

Derivative of the Total Revenue function.

d(TR)
MR

dx

MARGINAL COST (MC)

Marginal Cost is the addition to Total Cost from producing one extra unit. Mathematically, it is the First

Derivative of the Total Cost function.

d(TC)

MC
dx

2.3 The Golden Rule of Profit Maximization

How does a firm know exactly when to stop producing? If MR > MC, producing one more unit

adds more to revenue than it adds to cost, so profit increases. If MR < MC, producing one

more unit costs more than it earns, so profit decreases.

Therefore, profit is maximized at the exact point where the revenue gained from the last unit

exactly equals the cost to produce it.
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THE PROFIT MAXIMIZATION CONDITIONS

1. First-Order Condition (Set derivative to zero):

MR = MC

2. Second-Order Condition (Confirm it's a maximum):

The rate of change of Marginal Cost must be greater than the rate of change of Marginal Revenue (the MC curve

cuts the MR curve from below).
d(MC) d(MR)

dx dx

(Alternatively, just prove that the second derivative of the Profit Function P"(x) < 0)
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2.4 Cost Minimization (Average Cost)

Often, instead of maximizing profit, a firm wants to find the exact production quantity that
minimizes its Average Cost (AC) per unit. This represents the most efficient scale of operation

for the factory.

AVERAGE COST FORMULA

Average Cost is Total Cost divided by Quantity.

TC(x)
AC =
X

THE AVERAGE COST MINIMIZATION CONDITIONS

1. First-Order Condition:

Differentiate the Average Cost function and set it to zero.
d(AC)

dx

2. Second-Order Condition (Confirm it's a minimum):

The second derivative of the Average Cost function must be POSITIVE.
2
d“(AC)
2
dx
Strategic Microeconomic Rule
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A fundamental law of microeconomics states that the Marginal Cost curve always intersects
the Average Cost curve at its absolute minimum point. Therefore, an alternative shortcut to

minimize Average Cost is to simply set Average Cost = Marginal Cost ($AC = MCS$).
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PART 3: MASTER ICMAI

ILLUSTRATIONS

ILLUSTRATION 1: PROFIT MAXIMIZATION (MONOPOLY PRICING)

Problem Statement:
Vanguard Corp is a monopolist producing a specialized industrial tool. The demand

function for the tool is given by the price equation:
$p = 100 - 0.2x$
Where $p$ is the price per unit in rupees, and $x$ is the number of units demanded.
The total cost function of Vanguard Corp is given by:
$TC = 50 + 20x + 0.3x72$
Required:

1. Find the exact output quantity ($x$) that maximizes total profit.

2. Prove mathematically that this quantity is indeed a maximum using the second

derivative test.
3. Calculate the optimal selling price per unit.

4. Calculate the maximum profit generated by the firm.
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SOLUTION: ILLUSTRATION 1

Step 1: Formulate the Revenue and Profit Functions

Total Revenue (TR) = Price x Quantity

TR = pxx
TR = (100 - 0.2x)x
TR = 100x - 0.2x>

Profit ($P$) = Total Revenue - Total Cost

P(x) = (100x-0.2x%) - (50 + 20x + 0.3x%)
P(x) = 100x- 0.2x° - 50 - 20x - 0.3x°
P(x) = -0.5x>+ 80x - 50

Step 2: First Derivative Test (Find the critical quantity)

To maximize profit, set the first derivative of the profit function to zero.

dP
= -0.5(2x) +80-0
dx
0 = -1.0x + 80
1.0x = 80
X = 80 units
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Step 3: Second Derivative Test (Verify Maximum)

We must prove that $x = 80% is a peak (maximum) by taking the second derivative of

the profit function.

First derivative: $P'(x) = -1.0x + 80%

d%p
dx2

Since the second derivative ($-1.0%) is Negative (< 0), the curve is concave downward.
The condition for a maximum is satisfied. Profit is indeed maximized at exactly 80

units.

Step 4: Calculate Optimal Selling Price

Substitute the optimal quantity ($x = 80%) back into the original demand equation.

100 - 0.2(80)
p = 100-16

X 84 per unit

-]
1l

Step 5: Calculate Maximum Profit

Substitute $x = 80% into the Profit function: $P(x) = -0.5xA2 + 80x - 50%.
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P(80) -0.5(80)% + 80(80) - 50
P(80) = -0.5(6400) + 6400 - 50
P(80) -3200 + 6400 - 50

Max Profit

< 3,150
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ILLUSTRATION 2: MINIMIZING AVERAGE COST

Problem Statement:
A manufacturing plant determines that its total cost of producing $x$ tons of a

chemical compound is given by the following equation:

TC = + 3x + 400

Required:

1. Find the Average Cost (AC) function.
2. Determine the exact output level ($x$) that minimizes the Average Cost.

3. Prove mathematically that this output minimizes the cost using the second

derivative test.

4. Calculate the absolute minimum Average Cost.

\.

7

SOLUTION: ILLUSTRATION 2

Step 1: Formulate the Average Cost (AC) Function

Average Cost is Total Cost divided by Quantity ($x$).
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TC

AC =
X

(x%/8) + 3x + 400

AC =
X

X 1
AC = + 3+ 400X-

4
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Step 2: First Derivative Test (Find Critical Quantity)

To minimize Average Cost, we differentiate the AC function with respect to $x$ and set

it to zero.

d(AC) 1 p
= +0-400x
dx 4
1 400
0 = -
4 x2
400 1
x2 4
x2 = 1600
X = 40 tons

Step 3: Second Derivative Test (Verify Minimum)

First derivative: $AC' = 0.25 - 400x"{-2}$

800
Second derivative: AC'" = -400(-2)x'3 =

Substitute $x = 40%$: $\frac{800}{40/3} = \frac{800}{64000} = +0.0125%.

Since the second derivative is Positive (> 0), the curve is concave upward. Average cost

is minimized at exactly 40 tons.

Step 4: Calculate Minimum Average Cost

Substitute $x = 40$ into the Average Cost function: $AC = (x / 4) + 3 + (400 / x)$
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AC = (40/4) + 3 + (400 / 40)
AC = 10+3+10
Min AC = 23 per ton
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ILLUSTRATION 3: CALCULUS PROOF OF THE EOQ FORMULA

Strategic Context:

In traditional cost accounting, students are simply handed the Economic Order
Quantity (EOQ) formula. In Strategic Cost Management, a CMA must understand why
this formula exists. It is entirely derived using the principles of Maxima and Minima to

minimize Total Inventory Costs.

Problem Statement:

Let $A%$ = Annual Demand (units)

Let $0% = Ordering Cost per order (%)

Let $C$ = Carrying Cost per unit per annum (%)

Let $Q$ = Quantity ordered per order (The decision variable we want to optimize)

Required: Using Differential Calculus, prove that the total inventory cost is minimized

when the formula yields the classic EOQ equation.

J

SOLUTION: ILLUSTRATION 3

Step 1: Formulate the Total Cost Equation

Total Cost (TC) = Total Ordering Cost + Total Carrying Cost

* Number of orders per year = $A / Q$
* Total Ordering Cost = $(A / Q) \times 0%
* Average Inventory = $Q / 2%

* Total Carrying Cost = $(Q / 2) \times C$
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TC(Q) =

Rewritten for differentiation: TC(Q) = AO x Q_l +(C2) xQ

AO

Q

QC

2

Paper 16: Strategic Cost Management
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Step 2: First Derivative Test (Minimize Total Cost)

Differentiate the Total Cost function with respect to Quantity ($Q$) and set it to zero.

d(TC) ) C
= .AOXxQ“ +
dQ
AO C
0 - - +
Q? 2
AO C
Q> 2
cxQ? = 2a0
) 2A0
Q =
C
2A0

Step 3: Second Derivative Test

We must mathematically prove this formula gives a minimum, not a maximum cost.
First derivative: $TC' = -AO \cdot QA{-2} + \frac{C}{2}$
Second derivative: $TC" = (-2)(-AO) \cdot QA{-3} = \frac{2AO}QA"3}$

Since Demand ($A$), Order Cost ($0%), and Quantity ($Q$) are all positive physical
realities, $\frac{2A0}{Q~3}$ is strictly Positive (> 0). Therefore, the curve is concave

upward, proving that the EOQ formula guarantees the absolute minimum total cost.
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PART 4: EXAM DRILL & GLOSSARY

Diagnostic MCQ Test Bank

Q1. In differential calculus for business, the fundamental condition for Profit Maximization
is that the first derivative of the profit function equals zero. In economic terms, this occurs

exactly when:
A) Average Revenue equals Average Cost.
B) Marginal Revenue equals Marginal Cost.
C) Total Revenue is at its absolute maximum peak.

D) Total Cost is minimized.

Answer: B. Profit ($P$) = $TR - TC$. The derivative is $dP/dx = d(TR)/dx - d(TC)/dx$.
Setting it to zero gives $MR - MC = 0%, which means $MR = MC$. Producing past this

point costs more than it earns.

Q2. To guarantee that setting Marginal Revenue equal to Marginal Cost yields a Maximum

Profit (and not a Minimum Profit valley), the second-order condition requires that:
A) The second derivative of the Profit function is greater than zero (> 0).
B) The second derivative of the Profit function is less than zero (< 0).

C) The rate of change of Marginal Revenue is greater than the rate of change of Marginal
Cost.

D) Marginal Cost must be decreasing.

Answer: B. A negative second derivative implies a concave downward curve (a peak/

mountain shape), confirming that the point is a true mathematical maximum.

Q3. A fundamental law of microeconomics states that a firm's Marginal Cost (MC) curve will

always intersect its Average Cost (AC) curve exactly at:

A) The point of maximum profit.
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B) The break-even point.
C) The absolute minimum point of the Average Cost curve.

D) The point where Total Revenue is maximized.

Answer: C. When MC is below AC, it pulls the average down. When MC is above AC, it
pulls the average up. Therefore, the exact point where they cross ($MC = AC$)

mathematically represents the absolute lowest possible Average Cost.

Q4. If a company's Total Cost function is $TC = 500 + 10x$, what is the Marginal Cost?
A) $500%
B) $510%
C) $10%

D) $10x$

Answer: C. Taking the first derivative of the $TC$ function: the derivative of the
constant 500 is 0. The derivative of $10x$ is 10. Therefore, $MC = 10%. This proves that

Marginal Cost is derived entirely from Variable Costs.
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STRATEGIC GLOSSARY (CALCULUS IN SCM)

Definition

A mathematical calculation that determines the instantaneous rate of

First
. change of a function. In business, it converts "Total" values into
Derivative _ _
"Marginal" values (e.g., Total Revenue to Marginal Revenue).
Second A mathematical check used to determine the concavity of a curve. If
Derivative negative, the point is a Maximum (Peak). If positive, the point is a
Test Minimum (Valley).

. The exact additional cost incurred to manufacture one additional unit
Marginal Cost

(MC) of output. Found by taking the first derivative of the Total Cost

function. It ignores all Fixed Costs.

. The exact additional revenue generated from selling one additional
Marginal

unit of output. Found by taking the first derivative of the Total
Revenue (MR)

Revenue function.

END OF SCM MASTER BOOK - CHAPTER 13

You have successfully mastered the mathematical mechanics of Business Applications of Maxima
& Minima. This high-level calculus integration sets the foundation for advanced strategic decision-
making in the CMA Final.
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MODULE BLUEPRINT: CHAPTER 14

Forecasting is the bedrock of Strategic Cost Management. A firm cannot set standard costs,
optimize supply chains (EOQ, JIT), or accurately price products without a statistically sound forecast
of future demand. This chapter equips the CMA with the mathematical tools to predict the future

based on historical data patterns.

Chapter Structure Exhaustive Concept Map

* The Need for Scientific Forecasting
1. Theoretical Foundations « Components of Time Series (Trend, Seasonal, Cyclical, Irregular)

* Qualitative vs. Quantitative Forecasting

* Simple Moving Averages (SMA)
2. Smoothing Techniques * Weighted Moving Averages (WMA)
* Exponential Smoothing (The Alpha $ Ipha$ Factor)

* The Method of Least Squares
3. Trend Projection * Linear Regression Equation ($Y = a + bX$)
« Shifting the Origin (Setting $\sum X = 0$)

* Advanced ICMAI-Calibrated Step-by-Step Illustrations
4. Master Annexures * CMA-specific MCQ Test Bank with Detailed Rationales

« Strategic Glossary for Forecasting Operations

THE "WHY" OF FORECASTING IN SCM

A poor forecast is financially catastrophic. Over-forecasting leads to massive holding costs,
obsolescence, and idle capacity. Under-forecasting leads to stockouts, lost market share,
and premium emergency material sourcing. Mastery of these mathematical models allows

the CMA to minimize overall forecast error.
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PART 1: SMOOTHING TECHNIQUES

& TIME SERIES

1.1 Components of a Time Series

A Time Series is a sequence of data points recorded at regular time intervals (daily sales, monthly
revenue, yearly production). Historical data is rarely a straight, smooth line. It fluctuates due to

four distinct components:
* Secular Trend (T): The long-term underlying direction of the data (e.g., smartphone sales
steadily increasing over a decade).

+ Seasonal Variations (S): Short-term, predictable, repeating patterns that occur within a single

year (e.g., Ice cream sales peaking every summer).

* Cyclical Variations (C): Long-term wave-like macroeconomic patterns extending beyond one

year (e.g., global economic recessions and booms).

* Irregular/Random Variations (I): Unpredictable, chaotic events (e.g., strikes, earthquakes,

pandemics) that cannot be mathematically modeled.

1.2 Moving Averages

Moving averages are used to "smooth out" the random fluctuations (noise) in historical data to

reveal the underlying trend.
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SIMPLE VS. WEIGHTED MOVING AVERAGE

Simple Moving Average (SMA): Assigns equal weight to all past periods. A 3-month SMA

for April is simply the average of January, February, and March sales.

Weighted Moving Average (WMA): Assigns higher weights to more recent periods,
operating on the logic that yesterday's demand is a better predictor of tomorrow's

demand than demand from six months ago.
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1.3 Exponential Smoothing

Exponential Smoothing is the most sophisticated form of a weighted moving average. Instead of
dropping older data points entirely, it retains a continuously diminishing trace of all past data. It
requires only three pieces of data to forecast the future: the previous forecast, the previous actual

demand, and a smoothing constant (Alpha, $\alpha$).

THE EXPONENTIAL SMOOTHING FORMULA

Ft+1 = Ft+(x(Dt-Ft)

Which mathematically expands to:

F = (th+(1-0()F

t+1 t

°F 1= The new Forecast for the upcoming period.
. Ft = The previously made Forecast for the current period.

*D, = The Actual Demand experienced in the current period.

* o (Alpha) = The Smoothing Constant (ranges from 0.0 to 1.0).

Strategic Use of Alpha (a)

A high $\alpha$ (e.g., 0.8) makes the forecast highly responsive to recent changes (good for fast-
moving, volatile markets). A low $\alpha$ (e.g., 0.2) makes the forecast stable and resistant to

random spikes (good for stable, mature products).
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PART 2: THE METHOD OF LEAST

SQUARES

2.1 Linear Regression Analysis

When a clear, long-term secular trend exists, moving averages lag behind reality. If sales grow by
10% every month, an average of the past will always under-predict the future. Linear Regression
(The Method of Least Squares) fits a straight mathematical line through historical data points to

project future trends accurately.

THE STRAIGHT LINE TREND EQUATION

Y = a+bX

* Y = The dependent variable we are forecasting (e.g., Expected Sales).
* X = The independent variable (e.g., Time / Year).
* a = The Y-intercept (the base value of Y when X is 0).

* b = The slope of the trend line (the rate of change per period).

2.2 Solving for 'a’' and 'b' (The CMA Shortcut)

In pure statistics, solving for 'a' and 'b' requires complex simultaneous equations (the Normal

Equations). However, for time-series forecasting, we use a vital shortcut: Shifting the Origin.

CMAKnowledge.in | Chapter 14: Forecasting Models | Page 6
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By assigning the middle year of the data set an $X$-value of 0, the preceding years become
negative (-1, -2) and succeeding years become positive (+1, +2). This magically forces the sum of

$X$ ($\sum X$) to equal exactly Zero, which collapses the complex equations into two simple

textbook formulas.

FORMULAS WHEN X =0

Y
a —
n
XY
b =
»x?

(Where 'n' is the total number of periods observed)
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PART 3: MASTER ICMAI

ILLUSTRATIONS

ILLUSTRATION 1: EXPONENTIAL SMOOTHING

Problem Statement:

Titan Manufacturing uses Exponential Smoothing to forecast demand for a critical
component. For the month of September, the forecasted demand was 500 units, while the
actual demand turned out to be 550 units. The company uses a smoothing constant
($ Ipha$) of 0.30.

Required:

1. Calculate the forecasted demand for the month of October.

2.If the actual demand in October drops to 480 units, what will be the forecasted

demand for November?

3. Provide a strategic interpretation of the $ Ipha$ value used.

.

7

SOLUTION: ILLUSTRATION 1

Step 1: Forecast for October
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F = F

Oct +a(D

Sep Sep ~ FSep)
= 500 + 0.30(550 - 500)
= 500 + 0.30(50)

= 500 + 15 = 515 units

The expected demand for October is 515 units.
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Step 2: Forecast for November

Now, the calculated forecast for October (515) becomes our $F t$, and the actual October
demand (480) becomes our $D_t$.

F = F

Nov D

Oct " a( Oct FOct)
= 515 + 0.30(480 - 515)
= 515 + 0.30(-35)

= 515-10.5 = 504.5 units

The expected demand for November is approximately 505 units.

Step 3: Strategic Interpretation

CMA Conclusion: The company is using a relatively low smoothing constant ($ Ipha =
0.30%). This means the forecasting system places 70% weight on historical trends and only
30% weight on recent demand shocks. When September demand spiked to 550, the model
did not panic and overreact; it only increased the October forecast to 515. This low $ Ipha$
strateqgy is highly effective for mature products where sudden demand spikes are usually

just temporary market "noise" rather than permanent shifts.
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ILLUSTRATION 2: LEAST SQUARES METHOD (TREND PROJECTION)

Problem Statement:

Omega Retail has recorded the following sales figures (in ¥ Lakhs) over a 5-year period.

Year Sales (Y)

2021 40
2022 45
2023 52
2024 58
2025 65

Required:

1. Fit a straight line trend equation ($Y = a + bX$) using the Method of Least Squares.

2. Forecast the expected sales for the year 2027.

. 7

SOLUTION: ILLUSTRATION 2

Step 1: Construction of the Analytical Table (Shiftinqg Oriqgin)

Since there are 5 years (an odd number, $n=5%), we set the middle year (2023) as the origin
($X=09%).
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Year Sales (Y) Time (X)

2021 40 -2 4 -80
2022 45 -1 1 -45
2023 52 0 0 0
2024 58 1 1 58
2025 65 2 4 130
Total (n=5) Y = 260 X =0 =X2 =10 XY = 63
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Step 2: Calculate Constants 'a' and 'b’

Since $\sum X = 0%, we deploy the shortcut formulas.

XY 260
a = = = 52
n 5
XY 63
b = = = 6.3
TX> 10

Trend Equation: $Y = 52 + 6.3X$ (Where origin $X=0$ is the year 2023, and $X$ is in 1-year

units).

Step 3: Forecast for 2027

To forecast for 2027, we must calculate its corresponding $X$ value.
+2023: $X = 0%
+2024:$X=1%
+ 2025: $X = 2%
+2026: $X = 3%

+ 2027: $X = 4%

Y2027 = a+bX
= 52+6.34)
= 52+25.2
= 77.2 Lakhs
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Strategic Conclusion: Based on the linear mathematical trend established over the past 5
years, Omega Retail should project and prepare its supply chain for a sales volume of ¥
77.2 Lakhs in 2027.
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PART 4: EXAM DRILL & GLOSSARY

Diagnostic MCQ Test Bank

Q1. In Exponential Smoothing, what happens when the smoothing constant (a) is set

precisely to 1.0?

A) The forecast for the next period is exactly equal to the previous period's forecast.
B) The forecast for the next period is exactly equal to the most recent actual demand.
C) The formula fails and yields a negative number.

D) The forecast perfectly reflects a 5-year moving average.

Answer: B. If $ Ipha = 1.0%, the formula $F_{t+1} = Ipha D_t + (1- Ipha)F_t$ collapses to
$F_{t+1} = 1(D_t) + O(F_t)$. It completely ignores all historical data and purely copies

yesterday's demand.

Q2. When preparing a time-series analysis using the Method of Least Squares, a
management accountant shifts the origin so that the middle year corresponds to $X = 0$.

This is done primarily to:
A) Account for cyclical macroeconomic variations.

B) Ensure that the sum of $X$ ($\sum X$) equals zero, simplifying the normal equations into $a =
\sum Y/n$ and $b =\sum XY/\sum X~2$.

C) Remove irregular (random) variations from the data set.

D) Transform a non-linear trend into a linear one.

Answer: B. Shifting the origin is a purely mathematical trick. By balancing negative and
positive $X$ values around zero, $\sum X$ is eliminated, allowing for the direct calculation
of the Y-intercept ($a$) and slope ($b$).

Q3. A sudden, massive drop in retail sales caused by an unexpected nationwide transport

strike would be classified in Time Series Analysis as:

A) Secular Trend
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B) Seasonal Variation
C) Cyclical Variation

D) Irregular (Random) Variation

Answer: D. Strikes, earthquakes, and sudden geopolitical crises do not follow
mathematical patterns and cannot be predicted by smoothing algorithms. They are

classified as Irregular Variations.
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STRATEGIC GLOSSARY (FORECASTING)

Term Definition

A highly responsive forecasting technique that calculates a

Exponential weighted average of past data, where the weights decay
Smoothing exponentially as the data gets older. Governed by the $ Ipha$
constant.

The long-term, underlying structural direction (upward or
Secular Trend downward) of a data series over a significant period of time,

stripped of short-term seasonal or random noise.

A mathematical procedure used to fit a 'line of best fit' through a set
Method of Least S . o
of historical data points by minimizing the sum of the squares of the

Squares
vertical deviations of the actual data points from the line.
Smoothing A decimal value between 0 and 1 used in exponential smoothing. A
Constant high alpha weights recent history heavily (reactive), while a low
($ Iphas) alpha weights older history heavily (stable).

END OF SCM MASTER BOOK - CHAPTER 14

You have successfully mastered the mathematical mechanics of Business Forecasting Models. This

completes the Quantitative Techniques series for the CMA Final examination!
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A comprehensive deep-dive into the modern technological backbone
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MODULE BLUEPRINT: CHAPTER 15

The role of the Cost and Management Accountant (CMA) has evolved from mere historical
record-keeping to proactive, predictive strategic advising. This evolution is entirely driven by
Data Analytics. Chapter 15 introduces the technological tools and frameworks necessary to

process massive datasets, visualize trends, and generate strategic foresight.

Chapter Structure Exhaustive Concept Map

1. Theoretical Foundations * The Evolution of Data in Business
* Big Data and the "5 Vs" Framework
* Data Mining vs. Data Analytics

2. The Four Tiers of Analytics * Descriptive Analytics (What happened?)
+ Diagnostic Analytics (Why did it happen?)
* Predictive Analytics (What will happen?)

* Prescriptive Analytics (How can we make it happen?)

3. The Data Analytics Toolkit * Querying & Storage: SQL, Hadoop, Spark
+ Statistical Modeling: Python, R, SAS

» Data Visualization: Tableau, Power BI

4. Master Annexures * CMA Strategic Case Studies (Predictive Costing)
* CMA-specific MCQ Test Bank with Detailed Rationales
* Strategic Glossary for Digital Analytics

THE "WHY" OF ANALYTICS IN SCM

A modern CMA cannot rely purely on standard costing variances determined at the
end of the month. By utilizing Data Analytics, a CMA can ingest real-time machine
sensor data to predict an overhead variance before it even occurs, allowing

management to alter the production run mid-cycle and save millions.
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PART 1: THE FOUNDATION OF DATA

ANALYTICS

1.1 What is Data Analytics?

Data Analytics is the scientific process of examining raw, unorganized datasets to draw
meaningful conclusions, identify hidden patterns, and extract actionable insights. For a CMA, it

is the bridge between raw financial/operational data and strategic corporate decision-making.

Before the digital revolution, CMAs relied on sample testing and manual spreadsheet models.
Today, organizations generate Big Data—datasets so large and complex that traditional data

processing software (like basic Excel) simply cannot handle them.

CMAKnowledge.in | Chapter 15: Data Analytics | Page 3



THE 5 V'S OF BIG DATA
Big Data is universally characterized by five critical dimensions:

*Volume: The sheer scale of data. Companies now process Terabytes (TB) and
Petabytes (PB) of data daily, capturing every single customer click, machine

vibration, and supply chain transaction.

* Velocity: The unprecedented speed at which data is generated and must be
processed. Real-time processing (e.g., credit card fraud detection in milliseconds) is

now mandatory.

* Variety: Data is no longer just structured numbers in a SQL database. It includes
unstructured data like text emails, social media posts, video feeds, and IoT

(Internet of Things) sensor logs.

* Veracity: The trustworthiness, accuracy, and quality of the data. Poor veracity
leads to "Garbage In, Garbage Out" (GIGO), destroying the value of any analytical

model.

* Value: Data itself is useless unless it can be transformed into actionable business

intelligence that increases profit or reduces cost.

1.2 Data Mining vs. Data Analytics

While often used interchangeably, these terms represent different phases of the data lifecycle.

* Data Mining is the process of sorting through large datasets to identify unexpected

patterns, anomalies, or correlations (e.g., discovering that customers who buy diapers on

Thursdays also frequently buy beer). It is the discovery phase.

* Data Analytics is the broader, more comprehensive process of taking those discovered

patterns and applying statistical algorithms to solve specific business problems (e.g.,

pricing the diapers to maximize total basket profit). It is the application phase.
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PART 2: THE FOUR TIERS OF

ANALYTICS

2.1 The Analytical Maturity Curve

As an organization’s data capabilities mature, it moves up a four-tier ladder. Each tier increases

in mathematical complexity and strategic value.

TIER 1: DESCRIPTIVE ANALYTICS (WHAT HAPPENED?)

The most basic and historically common form of analytics. It involves aggregating past
data to summarize what has already occurred. This forms the backbone of traditional

management accounting reporting.

Techniques: Data aggregation, basic data mining, summary statistics (mean, median,

mode).

CMA Example: Generating the monthly Cost of Goods Sold (COGS) report or a

standard Material Price Variance summary for the previous quarter.
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Paper 16: Strategic Cost Management

TIER 2: DIAGNOSTIC ANALYTICS (WHY DID IT HAPPEN?)

Diagnostic analytics digs deeper into the descriptive data to uncover the root causes
of past performance. It looks for anomalies and attempts to understand the causal

relationships behind the trends.
Techniques: Drill-down analysis, data discovery, correlation analysis.

CMA Example: Digging into an adverse Material Usage Variance and cross-
referencing it with HR shift data to discover that the wastage specifically occurred

during the night shift when inexperienced trainee operators were working.
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TIER 3: PREDICTIVE ANALYTICS (WHAT WILL HAPPEN?)

This is where standard reporting transitions into strategic foresight. Predictive
analytics uses historical data, statistical algorithms, and machine learning to forecast

future outcomes with a high degree of probability.

Techniques: Linear regression, time-series forecasting, decision trees, machine

learning models.

CMA Example: Feeding 5 years of historical raw material pricing, global shipping
rates, and inflation indices into a regression model to predict the exact standard cost

of a widget for the upcoming financial year.

TIER 4: PRESCRIPTIVE ANALYTICS (WHAT SHOULD WE DO?)

The absolute pinnacle of data maturity. Prescriptive analytics not only predicts what
will happen but mathematically recommends the optimal course of action to exploit
that future prediction. It simulates various scenarios to find the absolute best

business decision.

Techniques: Optimization algorithms (LPP), heuristic programming, Monte Carlo

simulation, artificial intelligence.

CMA Example: If the predictive model forecasts a 15% surge in raw material prices
next month, the prescriptive model automatically calculates the exact Economic Order
Quantity (EOQ) to purchase *today* to minimize total supply chain holding and

purchasing costs, and automatically generates the purchase order.
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PART 3: THE DATA ANALYTICS

TOOLKIT

3.1 Programming & Statistical Modeling Languages

Modern CMAs must be familiar with the core programming languages that data scientists use

to build predictive models.

Function & Application in Business

Python The undisputed king of modern data analytics. Python is an open-source,
general-purpose programming language. Because of its massive library of
specialized data packages (like Pandas for data manipulation, and Scikit-Learn
for machine learning), it is used to build complex predictive cost models and

automate repetitive accounting tasks.

R An open-source language built specifically by statisticians, for statisticians.
While Python is general-purpose, R is highly specialized for complex
statistical analysis, heavy data mining, and advanced predictive graphing. It

is frequently used in quantitative risk analysis.

sSQL The foundational language of relational databases. Before Python or R can
(Structured analyze data, the data must be extracted from the company's servers. SQL is
Query used to write queries that extract, filter, and join massive tables of raw
Language) financial data into a usable format.
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3.2 Big Data & Distributed Computing Platforms

When a dataset reaches the "Petabyte" level (millions of gigabytes), a single computer will

crash trying to process it. We must use distributed computing platforms.

Function & Application in Business

Apache An open-source software framework that allows for the distributed storage and
Hadoop processing of massive datasets across clusters of thousands of ordinary computers.
It breaks a massive problem into small chunks, sends them to different computers

to be processed simultaneously, and then aggregates the answer.

Apache A faster, more modern evolution of the Hadoop concept. While Hadoop processes
Spark data by writing it to physical hard drives (which is slow), Spark processes data
directly in RAM (Random Access Memory). This makes Spark up to 100 times

faster for real-time analytics.

CMAKnowledge.in | Chapter 15: Data Analytics | Page 9



3.3 Data Visualization Tools (Business Intelligence)

A CMA's predictive model is useless if the CEO and Board of Directors cannot understand it.
Data visualization tools translate complex billions of rows of data into interactive, real-time

visual dashboards.

Function & Application in Business

Tableau The industry standard for pure, high-end data visualization. Tableau can connect
directly to massive Hadoop or SQL databases and allows the CMA to build highly
interactive, drag-and-drop visual dashboards without writing any code. It excels

at visual discovery and geographic mapping.

Microsoft A powerful, widely adopted Business Intelligence tool from Microsoft. Because it
Power BI integrates seamlessly with Microsoft Excel and Azure cloud databases, it is the
tool of choice for many corporate finance departments. It provides robust real-

time tracking of KPIs (Key Performance Indicators) and cost variances.

Advanced While not a "Big Data" tool, Microsoft Excel remains the most widely used
Excel analytical tool in the world. With add-ons like Power Query and Power Pivot, it
bridges the gap between traditional spreadsheet accounting and modern BI

dashboards for smaller datasets.

The CMA's Technological Ecosystem

In a modern corporate setup, the workflow looks like this:

1. Data is stored across thousands of servers using Hadoop.
2. The CMA extracts a specific dataset of labor costs using SQL.

3. The CMA builds a predictive machine learning model to forecast future labor rates using

Python.

4. The final predicted rates are fed into Power BI to present an interactive dashboard to the

Board of Directors.
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PART 4: CMA CASE STUDIES &

APPLICATION
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CASE STUDY 1: PREDICTIVE COST MODELING

Strategic Context:

Vanguard Manufacturing produces heavy industrial machinery. Historically, the CMA
calculated Standard Material Costs once a year. However, global commodity prices
(steel, aluminum) have become incredibly volatile. Waiting for end-of-month variance
analysis reports means the company loses millions in unadjusted pricing before taking

corrective action.

The Analytics Solution:
The CMA transitions to Tier 3: Predictive Analytics.

* The CMA uses SQL to extract 10 years of historical material purchase prices from

the ERP system.

* Simultaneously, the CMA pulls external, unstructured data from global shipping

indices and commodity futures markets using an APL.

* Using Python (specifically the Scikit-Learn library), the CMA trains a Multiple Linear
Regression model. The model learns how changes in global shipping rates

mathematically impact the final landed cost of steel.

THE PREDICTIVE OUTPUT EQUATION

Predicted Cost Base + Bl(Shipping Index) + Bz(Steel

(%) Futures)

The Python model constantly updates the 3 coefficients based on live data.

The Business Value:

Instead of a static standard cost, the CMA now has a dynamic, rolling cost forecast.
When the Python model predicts a 12% spike in material costs for next quarter, the
CMA immediately advises the Sales Director to adjust contract pricing clauses today,

entirely preventing an adverse margin variance.
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CASE STUDY 2: CUSTOMER PROFITABILITY ANALYTICS (DIAGNOSTIC)

Strategic Context:

Omega Retail notices that while overall sales revenues are increasing by 15% year-
over-year, total net profit has stalled. Traditional absorption costing shows that all
major product lines are profitable. Management cannot understand where the profit

leak is occurring.

The Analytics Solution:
The CMA initiates a Tier 2: Diagnostic Analytics deep dive, shifting focus from Product

Profitability to Customer Profitability Analysis (CPA) using Big Data.

* The CMA extracts millions of transaction records using SQL, including not just the
sales price, but the hidden "Cost-to-Serve" metrics: Number of customer service
calls made, frequency of product returns, expedited shipping requests, and custom

packaging requirements.

* The data is processed through an Activity-Based Costing (ABC) algorithm built in R

to allocate these hidden costs to individual customer accounts.

* The results are mapped onto a scatter plot using Tableau.

The Business Value:

The visual Tableau dashboard reveals a stunning insight: The company's highest-
revenue customer is actually its /least profitable client. This "Whale" customer forces the
company to incur massive, unbilled expedited shipping costs and return processing
fees that completely wipe out the gross margin. Armed with this diagnostic proof, the
CMA advises management to either renegotiate the shipping terms with this client or

drop them entirely, instantly restoring the company's net profit margin.
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PART 5: EXAM DRILL & GLOSSARY

Diagnostic MCQ Test Bank

Q1. A management accountant uses historical data and linear regression to forecast what

the material costs will be in the next financial quarter. This is an example of:
A) Descriptive Analytics
B) Diagnostic Analytics
C) Predictive Analytics

D) Prescriptive Analytics

Answer: C. Predictive analytics focuses on "What will happen?" by using statistical

models and historical data to forecast future outcomes with a degree of probability.

Q2. Which of the following "5 Vs" of Big Data specifically refers to the trustworthiness,

accuracy, and reliability of the data being analyzed?
A) Volume
B) Velocity
C) Variety

D) Veracity

Answer: D. Veracity refers to data quality. If data lacks veracity (e.g., it is full of errors,
missing values, or biases), any predictive model built upon it will yield false strategic

insights.

Q3. A CMA needs to extract, filter, and join specific financial records from an organization's
massive relational database before performing any statistical analysis. The standard

language used for this extraction is:
A) Python

B) Tableau
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C) SQL (Structured Query Language)

D) Apache Hadoop

Answer: C. SQL is the universal language used to communicate with relational
databases to query and extract raw data. Python is used for modeling *after* the

extraction, and Tableau is used for visualization.

Q4. Which of the following open-source tools is best described as a distributed computing
framework designed to store and process massive datasets (Big Data) across clusters of

ordinary computers?
A) Power BI
B) Apache Hadoop
C) Microsoft Excel

D) Scikit-Learn

Answer: B. Apache Hadoop breaks massive data problems into smaller chunks and
distributes them across thousands of servers for simultaneous processing, making it

a foundational tool for Big Data infrastructure.
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STRATEGIC GLOSSARY (DATA ANALYTICS)

Definition

Descriptive The process of aggregating historical data to provide a summary of
Analytics what has already happened (e.g., standard variance reporting).
Prescriptive The highest tier of analytics. It uses complex algorithms and
Analytics simulation to not only predict the future but mathematically

recommend the optimal decision to exploit that prediction.

Python An open-source, general-purpose programming language that has
become the industry standard for building machine learning models

and predictive analytics.

Tableau / Business Intelligence (BI) software platforms used to translate
Power BI massive, complex datasets into interactive, visual dashboards for

executive decision-making.

Data Mining The specific phase of the analytics lifecycle focused purely on
discovering hidden, unexpected patterns and correlations within

large datasets.

END OF SCM MASTER BOOK - CHAPTER 15

You have successfully mastered the theoretical core of Data Analytics tools. This modern
technological framework is essential for the evolution of the Strategic Cost and Management

Accountant.
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ICMAI MOCK TEST: DECEMBER 2026

Time Allowed: 3 Hours
Maximum Marks: 100

Instructions to Candidates:

1. Section A is compulsory (15 MCQs x 2 Marks = 30 Marks).

2. Answer any 5 questions out of the 7 questions in Section B (14 Marks each =70
Marks).

3. Working notes should form part of your answer.

SECTION A: COMPULSORY MULTIPLE CHOICE QUESTIONS

(15 Questions x 2 Marks = 30 Marks)

1. Under Target Costing, if the Target Price of a product is ¥ 4,000 and the company desires a
profit margin of 20% on cost, what is the Target Cost?

A) T 3,200
B) ¥ 3,333.33
€)% 3,250
D) ¥ 3,000

2.In a Two-Person Zero-Sum Game, a "Saddle Point" mathematically exists when:

A) The matrix can be reduced to a 2x2 format.
B) The algebraic probabilities yield negative numbers.
C) The Maximin value of the row player exactly equals the Minimax value of the column player.

D) The sum of all payoffs equals zero.

3. A manufacturing process is subject to an 80% learning curve. The first unit required 50
hours. What is the cumulative average time per unit after the production of 4 units?

A) 40 hours
B) 32 hours
C) 25.6 hours
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D) 64 hours

4. In the critical path method (CPM), the amount of time an activity can be delayed without
delaying the early start time of the immediate subsequent activity is known as:

A) Total Float

B) Free Float

C) Independent Float
D) Interfering Float

5. When converting a Primal Linear Programming problem (Maximization) into its Dual, a
"Less than or equal to" (=) constraint becomes:

A) An exact equation (=).
B) A "Greater than or equal to" (=) constraint in the Dual.

C) A "Less than or equal to" (<) constraint in the Dual.

D) A slack variable.

6. Which of the following "5 Vs" of Big Data analytics specifically refers to the accuracy,
trustworthiness, and reliability of the data?

A) Volume
B) Velocity
C) Variety

D) Veracity

7. A division has a capacity of 50,000 units. Current external sales are 40,000 units. Another
internal division requests 15,000 units. To fulfill this internal request, what is the
opportunity cost based upon?

A) 15,000 units
B) 10,000 units
() 5,000 units

D) Zero units
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8. In Throughput Accounting, the Throughput Contribution is calculated as:

A) Sales Revenue - Total Variable Costs
B) Sales Revenue - Direct Material Costs
C) Sales Revenue - (Direct Material + Direct Labor)

D) Net Profit + Depreciation

9. During the MODI optimality test in a transportation problem, you calculate an
opportunity cost (Aij) of -5 for an empty cell. This indicates that:

A) The current solution is perfectly optimal.

B) The matrix is degenerate.

C) Shifting one unit into this cell will reduce total costs by ¥ 5.

D) Shifting one unit into this cell will increase total costs by ¥ 5.

10. Which variance specifically captures the mathematical difference between the Original
Budgeted Standard (Ex-Ante) and the Revised Standard (Ex-Post) due to uncontrollable
macroeconomic factors?

A) Operational Variance
B) Mix Variance
Q) Yield Variance

D) Planning Variance

11. In the Hungarian Method for Assignment problems, how is a "Prohibited Route" (e.g.,
Machine A cannot do Job 2) handled?

A) The row and column are deleted.
B) A dummy row is added.
C) An infinitely large penalty cost (M) is assigned to that specific cell.

D) A zero is assigned to that specific cell.

12. A Monte Carlo simulation requires assigning random number intervals. If a specific event
has a probability of 0.35 and the previous cumulative probability was 0.40, the correct
random number interval (using 00-99) is:

A) 40 - 75
B) 41-75
C) 40 - 74
D) 41-74
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13. The concept of "Kaizen Costing" focuses primarily on:
A) Radical, one-time business process re-engineering.
B) Continuous, incremental cost reductions during the manufacturing stage.
C) Setting costs during the product design phase.

D) Calculating the life cycle cost of a product.

14. In PERT, the formula to calculate the Expected Time (te) of an activity is:
A)(to+tm+tp)/3
B) (t0 + 2tm + tp) /4
Q) (tO + 4tm + tp) /6

D) (tp -to)/6

15. Total Quality Management (TQM) categorizes costs into four areas. Warranty claims and
product recalls are classified as:

A) Prevention Costs
B) Appraisal Costs
C) Internal Failure Costs

D) External Failure Costs
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SECTION B: DESCRIPTIVE & PRACTICAL QUESTIONS

(Answer ANY FIVE out of the following seven questions. Each question carries 14 Marks.)
Question 2 (14 Marks) - [Strategic Transfer Pricing]

Vanguard Industries has two decentralized divisions: Division A and Division B. Division A
manufactures a highly specialized component, 'Alpha'. The annual production capacity of Division
A is 100,000 units. Currently, Division A sells 80,000 units to the external market at a selling price
of ¥ 200 per unit.

The cost structure for Division A per unit is as follows:

* Direct Materials: ¥ 60

* Direct Labor: ¥ 40

* Variable Overhead: ¥ 20

* Variable Selling Expenses: ¥ 15 (Incurred only on external sales)
* Fixed Overhead: ¥ 35

Division B requires 30,000 units of component 'Alpha' to manufacture its final product. Division B
can purchase this component from an external supplier at ¥ 185 per unit. If Division A transfers
the components internally to Division B, the variable selling expenses of ¥ 15 per unit are
completely avoided.

Required:

1. Calculate the Minimum Transfer Price that Division A should accept to avoid losing
profitability. (6 Marks)

2. Calculate the Maximum Transfer Price Division B is willing to pay. (2 Marks)

3. Is there a zone of negotiation (Goal Congruence) between the two divisions? If so, state the
range. (2 Marks)

4. If top management mandates a transfer price of ¥ 140 per unit for the 30,000 units,
calculate the net financial impact (gain/loss) on Division A, Division B, and the Company as a
whole. (4 Marks)
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Question 3 (14 Marks)

3(a) [Learning Curve Pricing] (7 Marks)

A defense contractor is assembling a highly complex drone. The very first prototype required 2,000
labor hours. The production process follows an 80% learning curve. Direct labor is paid at ¥ 400
per hour. Variable overheads are absorbed at ¥ 200 per labor hour. Direct material costs are ¥
25,00,000 per drone. The military wants to place an order for 8 drones (including the prototype).
Calculate the total expected manufacturing cost for all 8 drones using the tabular doubling
method.

3(b) [Target Costing] (7 Marks)

Omega Electronics wishes to launch a new smart-watch. Market research indicates that the watch
can be sold at a maximum price of ¥ 8,000. The company'’s policy requires a target profit margin of
25% on the selling price. The current estimated costs for manufacturing the watch are: Direct
Materials ¥ 3,500, Direct Labor ¥ 1,200, and Overheads ¥ 2,100. Calculate the Target Cost and the
"Cost Gap". Provide three Strategic Value Engineering techniques the CMA can implement to close
this gap.
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Question 4 (14 Marks)

4(a) [Linear Programming - Formulation & Theory] (7 Marks)

A factory produces Product X and Product Y, yielding contribution margins of ¥ 50 and ¥ 60
respectively. Production is constrained by Machine Hours (Maximum 1,200 hrs available) and Labor
Hours (Maximum 800 hrs available). Product X requires 3 Machine hrs and 2 Labor hrs. Product Y
requires 4 Machine hrs and 1 Labor hr. Formulate the Primal LPP model to maximize profit.
Furthermore, define what a "Shadow Price" is and explain how it assists management in resource
procurement.

4(b) [Throughput Accounting] (7 Marks)

A factory produces Product Alpha. Selling price is ¥ 150. Direct material cost is ¥ 60. The bottleneck
resource is the CNC machine. Product Alpha takes 3 hours on the CNC machine. The total factory
operating cost (Fixed costs + Labor + Overheads) per day is ¥ 24,000. The factory operates for 8
hours a day, 25 days a month. Calculate the Throughput Accounting Ratio (TA Ratio) for Product
Alpha and advise if the product is financially viable.

Question 5 (14 Marks)

5(a) [Assignment Problem - Prohibited Route] (7 Marks)

A firm must assign 4 contractors (C1, C2, C3, C4) to 4 projects (P1, P2, P3, P4). The matrix below
shows the cost estimates (in ¥ '000s). Due to a legal dispute, Contractor C2 cannot be assigned
to Project P3.

Contractor \ Project P2 P3
c1 12 15 18 10
Cc2 14 20 Restricted 16
c3 22 18 16 14
c4 15 21 24 12

Using the Hungarian Method, find the optimal assignment schedule that minimizes total cost.

5(b) [Advanced Variance Analysis] (7 Marks)

Define and clearly distinguish between "Planning Variances" (Ex-Ante) and "Operational Variances"
(Ex-Post). Why is this advanced division of variances critical for fair performance evaluation of
factory managers during times of global macroeconomic instability?
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Question 6 (14 Marks)

6(a) [PERT - Probability Analysis] (7 Marks)
A critical path in an infrastructure project consists of three activities: A, B, and C. The time
estimates (in days) are:

* Activity A: Optimistic = 4, Most Likely = 7, Pessimistic = 16
* Activity B: Optimistic = 2, Most Likely = 5, Pessimistic = 8
* Activity C: Optimistic = 6, Most Likely = 8, Pessimistic = 22

Calculate the Expected Project Completion Time, the Project Standard Deviation, and the
probability of completing the project within 27 days. (Given: Area under the standard normal curve
forZ=1.15is 0.8749 or 87.49%).

6(b) [Data Analytics in SCM] (7 Marks)

The modern CMA must utilize Big Data. Define and explain the four tiers of the Analytical Maturity
Curve (Descriptive, Diagnostic, Predictive, and Prescriptive Analytics), providing one distinct
management accounting example for each.
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Question 7 (14 Marks)

7(a) [Monte Carlo Simulation] (7 Marks)
A retailer records the following historical daily demand for a high-value product over 50 days:

« Demand of 10 units: 5 days

* Demand of 11 units: 15 days
* Demand of 12 units: 20 days
* Demand of 13 units: 10 days

Using the following random numbers: 42, 89, 15, 66, 95, simulate the demand for the next 5 days.
Calculate the average simulated demand.

7(b) [Transportation Problem - VAM] (7 Marks)
Find the Initial Basic Feasible Solution (IBFS) using Vogel's Approximation Method (VAM) for the
following transportation matrix. Calculate the total initial cost.

Factory \ Warehouse w1 w2 w3 Supply
F1 8 4 6 100
F2 12 9 10 120
F3 5 11 7 80
Demand 140 20 70

Question 8 (14 Marks)
Short Notes (Answer any TWO of the following): (2 x 7 Marks = 14 Marks)

1. Lean System & Just-in-Time (JIT) Purchasing: Explain the core philosophy and the impact
on traditional inventory holding costs.

2. Life Cycle Costing: How does this differ from traditional annual absorption costing
regarding R&D and decommissioning phases?

3. Theory of Constraints (TOC): Explain the 5-step focusing process used to identify and
exploit bottlenecks.
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ANSWER KEY & EVALUATION GUIDE

SECTION A: MCQS (30 MARKS)

1. B - Let cost be $x$. Price = $x + 0.20x = 1.2x$. $4000/ 1.2 = 3,333.33%

2. C - The Maximin value of the row player exactly equals the Minimax value of the column player.
3. B - Unit 1 =50. Unit 2 (avg) = $50 \times 0.8 = 40%. Unit 4 (avg) = $40 \times 0.8 = 32%

4. B - Free Float

5. B - A "Greater than or equal to" (=) constraint in the Dual.

6. D - Veracity

7. C - Capacity 50k. Idle = 10k. Internal req = 15k. Sacrifice external sales = 5k. Cost is based on
these 5k units.

8. B - Sales Revenue - Direct Material Costs

9. C - Shifting one unit into this cell will reduce total costs by ¥ 5. (Negative A implies sub-
optimality).

10. D - Planning Variance

11. C - Aninfinitely large penalty cost (M) is assigned to that specific cell.

12. D - Cumulative jumps from 0.40 to 0.75. Range covers 41 to 75, which is exactly 35 numbers.
13. B - Continuous, incremental cost reductions during the manufacturing stage.
14.C—(to+4tm+tp)/6

15. D - External Failure Costs
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SECTION B: DESCRIPTIVE & PRACTICAL (70 MARKS)

ANSWER 2: STRATEGIC TRANSFER PRICING

1. Minimum Transfer Price for Division A (6 Marks):
Total Capacity = 100,000. External Demand = 80,000. Idle = 20,000.
Internal Demand = 30,000. Capacity Sacrifice = 10,000 external units.

Variable Cost of Internal Transfer = 60 + 40 + 20 = ¥ 120 per unit (¥ 15 selling expense
avoided).

Opportunity Cost: Contribution lost per external unit = 200 - (120+15) = ¥ 65.

Total Opportunity Cost = 10,000 units x 65 =¥ 6,50,000.

Opp Cost per unit transferred = 6,50,000 / 30,000 = ¥ 21.67.

Minimum TP = 120 + 21.67 = ¥ 141.67.

2. Maximum Transfer Price for Division B (2 Marks):
Div B will pay no more than the external market price. Max TP =¥ 185.

3. Zone of Negotiation (2 Marks):
Yes, Goal Congruence exists. Range is ¥ 141.67 to ¥ 185.00.

4. Financial Impact at ¥ 140 Mandated TP (4 Marks):

Div A: 140 is lower than minimum 141.67. Loss = 1.67/unit. Total Loss = ¥ 50,100 (Adverse).
Div B: Buys at 140 instead of 185. Saves 45/unit. Total Gain =¥ 13,50,000 (Favorable).
Company: Net Gain = 13,50,000 - 50,100 = ¥ 12,99,900 (Favorable).
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ANSWER 3(A): LEARNING CURVE PRICING

Step 1: Doubling Table (80% Curve)

1 Unit: Avg = 2,000 hrs. Total = 2,000 hrs.

2 Units: Avg = 2,000 x 0.80 = 1,600 hrs. Total = 3,200 hrs.
4 Units: Avg = 1,600 x 0.80 = 1,280 hrs. Total = 5,120 hrs.
8 Units: Avg = 1,280 x 0.80 = 1,024 hrs. Total = 8,192 hrs.

Step 2: Cost Calculation

Total Labor = 8,192 x 400 =¥ 32,76,800

Total Var Overhead = 8,192 x 200 =¥ 16,38,400
Direct Materials = 8 x 25,00,000 = ¥ 2,00,00,000
Total Expected Cost = ¥ 2,49,15,200.

\.

ANSWER 3(B): TARGET COSTING

Target Selling Price = ¥ 8,000.

Target Profit (25%) = ¥ 2,000.

Target Cost = 8,000 - 2,000 =¥ 6,000.

Current Est Cost = 3,500 + 1,200 + 2,100 =¥ 6,800.
Cost Gap = 6,800 - 6,000 = ¥ 800.

.

Value Engineering: 1) Substitute cheaper materials. 2) Redesign to reduce assembly labor.
3) Standardize parts across products.
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ANSWER 4(A): LINEAR PROGRAMMING

Objective Function: Maximize Z = 50x + 60y
Constraints:

Machine: 3x + 4y < 1200

Labor: 2x +y < 800

Non-negativity: X, y = 0

Shadow Price: The marginal increase in total profit resulting from a one-unit increase in the
availability of a constrained resource. It tells management the absolute maximum premium
they should pay for extra capacity.

ANSWER 4(B): THROUGHPUT ACCOUNTING

s
\.

Throughput Contribution: 150 - 60 = ¥ 90.

Throughput per Bottleneck Hour: 90 / 3 hrs = ¥ 30/hr.

Factory Cost per Bottleneck Hour: Daily cost is ¥ 24,000 for 8 hours. 24,000 / 8 = ¥ 3,000/
hr.

TA Ratio: 30 /3000 = 0.01.

Advice: TA Ratio is < 1. The product generates throughput slower than the factory burns
fixed costs. It is not financially viable.

ANSWER 5(A): ASSIGNMENT PROBLEM

Step 1: Assign 'M' to C2-P3.

Step 2: Row Reduction - Step 3: Column Reduction.

After reductions and 1 iteration, optimal assignments are:
C2-P1(14)

C3->P3(16)

C1 - P2(15)

C4-P4(12)

Total Minimum Cost=14+ 16+ 15+ 12 =57 (¥ 57,000).

ANSWER 6(A): PERT ANALYSIS

\ a
/ &
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Expected Times (te): A=8,B=5,C=10. Total = 23 days.

Variances (02): A=4.00,B=1.00,C=7.11. Total Variance = 12.11.
Standard Deviation: vV12.11 = 3.48 days.
Z-Score: (27 - 23) / 3.48 = 1.15. Probability = 87.49%.

\. J

ANSWER 6(B): ANALYTICS TIERS

1. Descriptive: What happened (e.g., Variance reports).

2. Diagnostic: Why it happened (e.g., Root cause analysis of labor delays).

3. Predictive: What will happen (e.g., Regression to forecast future material costs).

4. Prescriptive: What to do (e.g., Algorithm triggering an EOQ order before a predicted
price surge).
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ANSWER 7(A): MONTE CARLO SIMULATION

Probabilities & Mapping:

10 units: 0.10 (Cum 0.10) -» Range 00-09
11 units: 0.30 (Cum 0.40) —» Range 10-39
12 units: 0.40 (Cum 0.80) -» Range 40-79
13 units: 0.20 (Cum 1.00) -» Range 80-99

Simulation:

RN 42 - 12 units

RN 89 — 13 units

RN 15 - 11 units

RN 66 = 12 units

RN 95 - 13 units

Total = 61. Average = 61 /5 =12.2 units/day.

\.

ANSWER 7(B): TRANSPORTATION (VAM)

s

Matrix is balanced (Supply 300 = Demand 300).

VAM Iterations assign:

F1-W2: 90 (Cost 4)

F1-W3: 10 (Cost 6)

F2-W1: 60 (Cost 12)

F2-W3: 60 (Cost 10)

F3-W1: 80 (Cost 5)

Total IBFS Cost = 360 + 60 + 720 + 600 + 400 = ¥ 2,140.

\

ANSWER 8: SHORT NOTES

1. Lean System & JIT: Philosophy of eliminating waste. JIT demands materials arrive exactly
when needed, driving inventory holding and obsolescence costs to near-zero.

2. Life Cycle Costing: Tracks costs over the entire lifespan (R&D, design, production,
decommissioning) rather than rigid 12-month absorption accounting. Ensures upfront R&D
is recouped.
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Paper 16: Strategic Cost Management

3. Theory of Constraints: 5-step process: Identify the bottleneck, Exploit it (run at 100%),
Subordinate other processes to match its pace, Elevate it (add capacity), and Repeat.

END OF MOCK TEST PAPER

Best of luck for your ICMAI December 2026 Examination!
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