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-  Obsolescence (mostly business and profits 
driven, also technology driven)

-  Security (never ending problem, patching 
approach)

Motivation
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- Planned 

- Design 

- Appearance 

- People skills

- Frequent

- Ripple effects

- Business and profit motives

- Consistent revenue driven 

-  Technology

 

Obsolescence
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-  Conventional 

-  Bare Machine Computing (BMC)

Computing Paradigms
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-  Evolutionary 

-  OS or some middleware based 

-  Prone to obsolescence 

-  Heterogeneity driven 

-  Layered

-  Rapid Obsolescence 

Conventional
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-  Started in 1995

-  Motivated by complexity and obsolescence

-  Frustrated by too many environments 

-  Initially funded by NSF grants 

-  Over 70 publications and 27 doctoral 
dissertations

-  Started from scratch and built all BMC code and 
over a dozen complex applications over the 
years 

Bare Machine Computing 

(BMC)
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-  A computing device is bare 

-  No OS or any persistent storage (disk)

-  No ownership

-  Owner controlled 

-  Event driven 

-  Program time control flow 

-  Applicable to any computing device 

Bare Machine Computing 

Continued
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1. Universal Computing Unit (UCU)

2. Bare Computing Device (BCD)

3. BMC Paradigm 

4. No OS or middleware

5. Direct Hardware Interfaces 

6. Single Programming Language Base

7. Domain Specific Applications 

8. Standard I/O interfaces 

9. Standard Instruction Set Architecture 

10. Object-oriented Methodology 

Engineering Principles
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1. A single processing unit 

2. Contains 4 cores only 

3. Embraces computing, communication, control and security 
applications 

4. Bare Unit and follows BMC paradigm 

5.  Used for all applications 

6.  Small chip image 

7.  Massively produced and cheap 

8.  Domain-specific-aplication usage 

9.  Obsolescence-Resilient 

10. Scalable for higher performance by using massively parallel 
approaches

11.  Performance gain automatically achieved with technology 
evolution

Universal Computing Unit 

(UCU) Outline
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- Best way to justify this is to build a UCU and show that it 
accomplishes all computer and information systems and 
resilient to obsolescence 

- As this is not possible with our resources and lack of 
collaboration with chip manufacturers, we show some 
initial study to demonstrate that our claims are valid 

- Approach: 

- Consider a 2012 Intel i5-3570 CPU with four cores, 22-nm 
technology, and map to Intel i7-14700 CPU with 10-nm 
technology in 2024

- Perform this mapping with existing data on technology mapping

- Assume that the chip architecture stays the same in 12 years. 

 

UCU Justification for building 

Obsolescence-resilient Systems
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Mapping results show the following data
1. The 24.3 billion transistors are leftover after mapping with the same 

architecture and functionality (Table 1); assuming the limitations of total 
power dissipation on the chip

2.  L3 cache in i7-14700 was shared 33 MB. If the left over space is used to 
increase L3 cache, it can be 28MB of separate L3 cache for each core 

3. By using 4MB of L3 cache in each core to communicate between them, then 
there will be 28 MB of separate cache in each core 

4. The 4MB of communicating cache can be divided into 1MB each to hold 
communicating buffers 

Mapping Results
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Key Observations
1. As the BMC application images are small, 28-MB of L3 cache can be used as a 

main memory in many applications

2. A new wave of parallelism can emerge at L3 level 

3.  As the technology speeds increase, keeping the same architecture and 
functionality, more L3 can be realized thus reducing the main memory role

4.  New instructions can be added to move data from L3 and Main memory as 
shown in the paper 

5.  Instead of increasing number of cores on the chip as it is done today, we can 
move more main memory on chip 

6.  Eventually, we can eliminate all main memory for most of the BMC 
applications

7.  Using Intel i5-3570 CPU model, numerous variety of domain specific 
applications were built and demonstrated; it is possible to build other 
applications 

Observations of mapping results
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8. Domain specific applications don’t change; new functionality can be added in 
an object-oriented way to reduce obsolescence

9. The approach taken here illustrates that keeping the chip architecture same, 
new features can be added as needed with new technology 

10. Currently, we have many chips, many instruction sets, and many CPU 
architectures; thus causing rapid obsolescence

Observations of mapping results 

continued…
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There are many design issues as discussed in this paper, 
that have been studied and used in the BMC domain specific 
application suite development and deployment: 

- Development process 

- Memory management 

-  Software organization 

-  Simple task structure 

- High level languages 

- Scalability 

- Cyber security 

- Feasibility 

- Resilience to obsolescence 

- Drawbacks 

Design Issues 
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- Presented a 21 dimensional obsolescence space 

- The BMC paradigm can reduce obsolescence from 21 
dimensions to 8

- Presented ten engineering principles that can help 
reducing obsolescence 

-  A new UCU architecture presented with 4 cores with 
comping, communication, control and security 
application domains

-  Potential of L3 level parallelism and elimination of main 
memory concept presented

-  Need a chip manufacturer to demonstrate the potential 
of the BMC and the proposed UCU. 

Conclusion
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