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Company Selects Seven Of The machines for a production run, prompting an
important question: what is the probability that all selected machines are
functioning correctly? This scenario highlights the significance of
understanding probability, selection processes, and quality control in
industrial settings. Whether you're a manufacturing manager, quality
assurance specialist, or someone interested in probability theory, this
article will explore the intricacies of choosing machines from a batch
containing defective units, optimizing operational efficiency, and applying
statistical principles to real-world problems.

---

Understanding the Scenario: The Warehouse and
Its Machines

Overview of the Warehouse Setup
- The warehouse houses a total of ten printing machines.
- Of these, two are defective, meaning they are incapable of producing
quality prints.
- The remaining eight machines are fully operational.
- The company needs to select seven machines for a critical production
process.

Key Objectives and Questions
- Determine the probability that all seven selected machines are working
correctly.
- Assess the likelihood that at least one defective machine is included in
the selection.
- Explore strategies to maximize operational efficiency and minimize defects.

---



Fundamentals of Probability in Machine
Selection

Basic Probability Concepts
Probability is a measure of the likelihood that a particular event will
occur. It ranges from 0 (impossible event) to 1 (certain event). When
selecting machines randomly, understanding the probability helps in assessing
risk and making informed decisions.

Types of Selection Processes
- Random Selection Without Replacement: Once a machine is selected, it cannot
be selected again.
- Probability of All Good Machines in Selection: Calculated based on the
total number of good and defective machines and the size of the selection.

---

Calculating the Probability of Selecting Only
Good Machines

Total Number of Machines and Their Status
- Total machines: 10
- Defective machines: 2
- Functional machines: 8

Number of Ways to Select Machines
- Total ways to select 7 machines out of 10: \(\binom{10}{7}\)

Number of Favorable Outcomes (All Good Machines)
- Ways to select 7 machines all of which are functional: \(\binom{8}{7}\)

Probability Calculation
\[
P(\text{all selected are good}) = \frac{\binom{8}{7}}{\binom{10}{7}}
\]



Calculating the combinations:
- \(\binom{8}{7} = 8\)
- \(\binom{10}{7} = 120\)

Thus:
\[
P(\text{all selected are good}) = \frac{8}{120} = \frac{1}{15} \approx 0.0667
\]

Interpretation: There is approximately a 6.67% chance that all seven machines
selected are functioning correctly, highlighting the relatively low
probability of selecting only good machines randomly.

---

Assessing the Risks and Probabilities of
Including Defective Machines

Probability of Selecting At Least One Defective
Machine
This is an important measure for quality control. To find this, it's often
easier to calculate the complement—the probability that no defective machines
are selected—and subtract from 1.

\[
P(\text{at least one defective}) = 1 - P(\text{all good})
\]

Using the previous calculation:
\[
P(\text{at least one defective}) = 1 - \frac{8}{120} = 1 - \frac{1}{15} =
\frac{14}{15} \approx 0.9333
\]

Interpretation: There is a high (approximately 93.33%) chance that the
selection includes at least one defective machine, emphasizing the importance
of careful selection or screening processes.

Implications for Production Quality
- High likelihood of defect inclusion suggests the need for inspection before
operation.
- Strategies to reduce defective machines’ impact include quality checks,
machine maintenance, or targeted selection.
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Strategies for Optimizing Machine Selection

Implementing Quality Control Measures
- Regular maintenance and testing to reduce defective units.
- Pre-selection screening to identify and exclude defective machines before
the selection process.
- Using statistical sampling to monitor machine health over time.

Improving Selection Processes
- Deterministic Selection: Choosing only known good machines based on
testing.
- Random Sampling with Screening: Randomly selecting and then testing
machines for defects before use.
- Prioritized Selection: Selecting machines with higher performance ratings
or lower defect risks.

Operational Benefits of Optimization
- Increased production efficiency.
- Reduced downtime due to machine failures.
- Improved product quality and customer satisfaction.
- Cost savings by minimizing defective outputs.

---

Advanced Probability Techniques and
Considerations

Hypergeometric Distribution
The scenario described is a classic example of the hypergeometric
distribution, which models the probability of a certain number of successes
(good machines) in a sequence of draws without replacement.

Formula:

\[
P(X = k) = \frac{\binom{K}{k} \binom{N - K}{n - k}}{\binom{N}{n}}



\]

Where:
- \(N = 10\) (total machines),
- \(K = 8\) (good machines),
- \(n = 7\) (machines selected),
- \(k\) (number of good machines in selection).

Application:
- Calculating the probability of selecting exactly 7 good machines:

\[
P(X=7) = \frac{\binom{8}{7} \binom{2}{0}}{\binom{10}{7}} = \frac{8 \times
1}{120} = \frac{8}{120} = \frac{1}{15}
\]

- Similarly, other probabilities for different counts of good machines can be
calculated.

Note: These calculations assist in detailed risk assessment and decision-
making.

---

Real-World Applications and Implications

Manufacturing and Quality Control
- Ensuring high-quality outputs by minimizing defective units.
- Using probabilistic models to predict defect rates and optimize maintenance
schedules.
- Implementing statistical process control (SPC) to monitor machine
performance.

Supply Chain and Logistics
- Managing inventory of machines and parts.
- Planning for replacements or repairs based on defect probabilities.

Decision-Making and Cost Optimization
- Balancing the cost of quality checks against the risk of defective
products.
- Investing in better machinery or maintenance to reduce defect rates.
- Training staff to identify and address defects proactively.
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Conclusion: The Importance of Strategic
Selection and Quality Assurance

Understanding the probabilities involved in selecting machines from a batch
containing defective units is crucial for manufacturing efficiency and
product quality. The scenario of choosing seven machines from ten, with two
being defective, underscores the importance of implementing robust quality
control measures, strategic selection processes, and statistical analysis to
mitigate risks.

By calculating probabilities using combinatorial and hypergeometric models,
companies can better anticipate potential issues, optimize their operations,
and ensure consistent product quality. Whether through preventive
maintenance, targeted screening, or statistical process control, applying
these principles leads to more reliable manufacturing processes, cost
savings, and higher customer satisfaction.

In today's competitive manufacturing environment, leveraging probability and
statistical analysis isn't just academic—it’s essential for operational
excellence. By understanding and applying these concepts, companies can make
smarter decisions, reduce waste, and enhance their overall production
strategy.

---

Key Takeaways:
- The probability of selecting only good machines from a batch with defective
units is relatively low.
- The likelihood of including at least one defective machine is high,
necessitating quality checks.
- Applying statistical models like the hypergeometric distribution helps in
accurate risk assessment.
- Strategic selection and maintenance improve operational efficiency and
product quality.
- Continuous monitoring and quality assurance are vital in modern
manufacturing.

---
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- Statistical process control
- Industrial quality assurance
- Machine maintenance strategies
- Production efficiency improvement

Frequently Asked Questions

What is the probability that a randomly selected set
of 7 machines contains exactly 2 defective ones?
The probability can be calculated using combinations: (Number of ways to
choose 2 defective and 5 non-defective machines) divided by total ways to
choose any 7 machines. That is, (C(2,2) C(8,5)) / C(10,7).

How many different groups of 7 machines can be
selected from the 10 machines?
The total number of ways is C(10,7) = 120.

What is the probability that all selected machines
are non-defective?
Since there are 8 non-defective machines, the probability is C(8,7) / C(10,7)
= 8 / 120 = 1 / 15.

What is the probability that at least one defective
machine is included in the selection?
It is 1 minus the probability of selecting no defective machines: 1 - (C(8,7)
/ C(10,7)) = 1 - (8 / 120) = 112 / 120 = 14 / 15.

If two defective machines are always included in the
selected group, how many such groups are possible?
Number of groups including both defective machines and 5 non-defective ones:
C(8,5) = 56.

What is the expected number of defective machines in
a randomly selected group of 7?
The expected number is (number of defective machines / total machines) group
size = (2 / 10) 7 = 1.4.



If a group contains exactly 2 defective machines,
what is the probability that the remaining 5 are all
non-defective?
Since the only way to have exactly 2 defective and 5 non-defective is
choosing those specific machines, the probability is (C(2,2) C(8,5)) /
C(10,7) = 56 / 120 = 14 / 30 = 7 / 15.

Additional Resources
A Warehouse Contains Ten Printing Machines, Two Of Which Are Defective: An
In-Depth Analysis of Selection Strategies and Quality Control

In the world of manufacturing and production industries, the efficiency and
quality of printing machines directly impact the overall output, cost
management, and customer satisfaction. The scenario where a warehouse
contains ten printing machines, with two being defective, presents a unique
challenge for companies aiming to optimize their operations. Selecting a
subset of these machines—specifically seven out of ten—requires careful
consideration of various factors such as reliability, productivity,
maintenance costs, and risk management. This article provides a comprehensive
review of the problem, explores the probability and strategic implications of
choosing machines in such a context, and offers insights into how companies
can approach selection processes to maximize efficiency while minimizing
risks.

---

Understanding the Scenario: The Warehouse and
Its Printing Machines

Before delving into strategies and implications, it is essential to
understand the foundational scenario:

- Number of Machines: 10
- Defective Units: 2
- Operational Machines: 8
- Selection Size: 7 machines to be chosen for production

This setup implies that when selecting seven machines, there is a possibility
of including defective units, which can impact overall quality and
productivity. The core challenge lies in balancing the risk of defect
inclusion against operational efficiency.

---



Key Concepts in Selection and Probability

Probability of Selecting Defective Machines

Understanding the likelihood of selecting defective units when choosing seven
machines at random is fundamental to risk assessment.

- Total ways to select 7 machines from 10: C(10, 7) = 120
- Number of ways to select 7 machines with 0 defective units: Selecting all 7
from the 8 good units: C(8, 7) = 8
- Number of ways to select 7 machines with exactly 1 defective: Choosing 1
defective out of 2 and 6 good units out of 8: C(2, 1) C(8, 6) = 2 28 = 56
- Number of ways to select 7 machines with both defectives: Choosing both
defectives and 5 good units: C(2, 2) C(8, 5) = 1 56 = 56

Probability calculations:

- Probability of selecting no defective units: 8/120 = 1/15 ≈ 6.67%
- Probability of selecting exactly one defective: 56/120 = 14/30 ≈ 46.67%
- Probability of selecting both defective units: 56/120 = 14/30 ≈ 46.67%

Implication: Nearly 93.34% chance exists that the selected set contains at
least one defective machine, highlighting the importance of strategic
selection or quality control measures.

---

Strategies for Machine Selection

Choosing which machines to operate involves balancing risk and productivity.
Several strategies can be considered:

Random Selection

- Description: Picking machines arbitrarily without prior knowledge.
- Pros:
- Simple and quick
- Fair distribution over time
- Cons:
- High risk of including defective units (as shown by probabilities)
- No guarantee of optimal performance



Selective Selection Based on Maintenance and
Performance Data

- Description: Utilizing historical data on machine performance and
maintenance history to select the most reliable units.
- Pros:
- Reduces risk of defective units
- Enhances overall productivity
- Cons:
- Requires detailed data and analysis
- Possible bias or overlooked factors

Probabilistic or Risk-Adjusted Selection

- Description: Strategically selecting machines to minimize the probability
of defective inclusion, possibly by avoiding known defective units.
- Pros:
- Reduces defect risk
- Improves quality control
- Cons:
- May limit flexibility
- Requires accurate defect identification

Implementing Quality Checks and Inspection

- Description: Incorporating inspection procedures before operation to
identify defective machines.
- Pros:
- Ensures only good units are used
- Maintains high quality standards
- Cons:
- Adds time and cost
- Potential for human error in inspection

---

Impact of Defective Machines on Production and
Quality

The presence of defective machines in a production setup can have significant
consequences:



Quality Deterioration

Using defective machines can lead to:

- Poor print quality
- Inconsistent output
- Increased waste and rework

Production Delays

When defective machines are unknowingly used, it can cause:

- Downtime for repairs
- Bottlenecks in production schedules

Increased Costs

Additional expenses may result from:

- Reworking defective products
- Maintenance and repairs
- Material wastage

Customer Satisfaction Risks

Delivering substandard products can harm the company's reputation and lead to
customer dissatisfaction or returns.

---

Quality Control Measures and Best Practices

To mitigate risks associated with defective machines, companies should
implement strong quality control protocols:

Regular Maintenance and Calibration

- Ensures machines operate optimally
- Reduces likelihood of defects



Inspection and Testing

- Pre-operation checks to identify defects
- Continuous monitoring during production

Training and Skill Development

- Ensures operators can identify issues early
- Promotes proper machine handling

Data Collection and Analysis

- Tracks machine performance over time
- Aids in predictive maintenance

---

Technological Solutions for Quality Assurance

Advancements in technology can significantly enhance selection and
maintenance processes:

Automated Inspection Systems

- Use of sensors and cameras to detect defects
- Real-time monitoring for immediate corrective actions

Predictive Maintenance Software

- Analyzes data to predict failures
- Minimizes downtime and defect rates

Machine Learning Algorithms

- Analyze historical data to identify patterns
- Optimize selection and maintenance schedules



Inventory Management Systems

- Track machine history, performance, and defect reports
- Facilitate informed decision-making

---

Conclusion: Balancing Efficiency and Quality in
Machine Selection

Selecting the right machines in a warehouse environment with known defective
units involves a strategic approach that balances operational efficiency with
quality assurance. While the probability calculations reveal a high chance of
including defective machines when selecting randomly, companies can adopt
targeted strategies such as data-driven selection, rigorous inspection, and
technological solutions to mitigate risks. Regular maintenance and quality
control processes are indispensable in ensuring consistent output quality,
reducing waste, and maintaining customer satisfaction. Ultimately, a
proactive approach combining statistical insight, operational best practices,
and technological innovation will enable companies to optimize their
production processes effectively. By thoroughly understanding their machine
inventory and applying strategic selection methods, organizations can
maximize productivity while minimizing the impact of defective units,
ensuring sustainable growth and quality excellence.
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