
Levels of Computing 

Microprocessors vs. Microcontrollers 

Robotics Applications  

Quality control of IBM Supercomputers  

 

 
Joseph T Wunderlich PhD 



Levels of Computing  

 
1 Embedded 

2 PC 

3 PC Server or Workstation 

4 Mini computer 

5 Super Computer 



LEVEL ARCHITECTURE 

Embedded SMP, MPP, or Vector-Register 

PC SMP 

PC Server or 

Workstation 

SMP 

Mini computer SMP 

Super Computer 

 

SMP, MPP, Vector-Register, 

 or 

 Large network dedicated to a single task 



LEVEL APPLICATIONS 

Embedded Real-Time control: Automobiles, Appliances, 

factory automation, Aerospace 

PC General-purpose “low-end” computing 

PC Server or 

Workstation 

LAN server for ~100 people, 

3-D simulations, VLSI circuit design 

Mini computer LAN server for ~500 people 

Super Computer 

 

 SMP: LAN, WAN, or Internet server for 1000’s 

of people, Air traffic control, NYSE 

 Vector-Register: Matrix-intensive Grand 

Challenge App’s 

 MPP: Grand Challenge App’s, Chess 

 Large network: Human Genome 



LEVEL CHARACTERISTICS 

Embedded Cheap, small, and can be extremely fast – 

but typically not. 

May be hardened for industry or space 

PC Faster than typical embedded, but otherwise 

relatively slow. 

O(~$3000) 

PC Server 

 or Workstation 

Faster 

O(~$3000 to ~$15,000) 

Mini computer 

 

Very fast 

O(~$100,000) 

Super 

Computer 

Extremely fast 

O(~$1,000,000 to ~$10,000,000) 



LEVEL EXAMPLE DEVICES 

Embedded • Microcontroller (Intel, Motorola, PIC’s) 

• Microprocessor (Intel, Motorola, PowerPC) 

• Application Specific IC’s (ASIC’s) 

• Programmable Logic Controllers (PLC’s)  

PC Microprocessor (Intel, Motorola, PowerPC) 

PC Server 

 or Workstation 

Multiple microprocessors (Intel, Motorola, 

PowerPC, Sparc) … Silicon Graphics 

Terminals, SUN or IBM RS6000 workstations 

Mini computer IBM AS400, Amdahl, HP, Hitachi 

Super 

Computer 

SMP: IBM S/390 

Vector-Register: CRAY 

MPP: IBM SP2 

Large network: PC’s everywhere 



LEVEL OPERATING SYSTEMS 

Embedded None or custom 

Possibly a real-time OS 

PC Windows, DOS, CP/M, OS2, MAC OS, B, 

Linux, etc. 

PC Server 

 or Workstation 

Windows NT, UNIX, AIX 

Mini computer 

 

UNIX, MVS, VMS, OS 390 

Super 

Computer 

 

 SMP: UNIX, MVS, VMS, OS 390 

 Vector-Register: custom vector OS 

 MPP: custom distributed OS 

 Large network: PC OS’s 



MICROPROCESSOR MICROCONTROLLER 

For general-purpose 

computing 

Intentionally simple for single-

chip embedded applications 

Can be Complex Instruction 

Set Computing (CISC) 

Intentionally Reduced 

Instruction Set Computing 

(RISC) 

Both integer and  

Floating-Point calculations 

Intentionally simple integer-only 

calculations 

Large Address Spaces 

(Plus virtual Addressing) 

Can put all data and 

instructions in on-chip RAM 

Versatility On-chip device control 

capabilities: DAC, ADC, PWM  

Wunderlich, J.T. (1999). Focusing on the blurry distinction between microprocessors and 

microcontrollers. In Proceedings of 1999 ASEE Annual Conference & Exposition, Charlotte, NC: (session 

3547), [CD-ROM]. ASEE Publications. 

http://users.etown.edu/w/wunderjt/ITALY_2009/PUBLICATION_ASEEPAPetown2.pdf
http://users.etown.edu/w/wunderjt/ITALY_2009/PUBLICATION_ASEEPAPetown2.pdf


Computer Architectures 
P 

C 

M 

= Processor (CPU) 

= Cache 

= Main Memory (RAM) 

Simple Single Processor 

P C M 



Computer Architectures 
P 

C 

M 

= Processor (CPU) 

= Cache 

= Main Memory (RAM) 

•SMP (Symmetric Multi-Processing) 

P 

P 

P 

C 

C C M 



Computer Architectures 
P 

C 

M 

= Processor (CPU) 

= Cache 

= Main Memory (RAM) 

Vector Register 
• Multiple functional units in Processor for arithmetic and logic 

• Multiple data elements in Cache and main Memory 
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Computer Architectures 
P 

C 

M 

= Processor (CPU) 

= Cache 

= Main Memory (RAM) 

MPP (Massively Parallel Processing)  

P 

P 

P 

C 

C C M 

M 

M 
STATIC or DYNAMIC 

Interconnection 

Architecture 



Computer Architectures 
P 

C 

M 

= Processor (CPU) 

= Cache 

= Main Memory (RAM) 

Large network dedicated to a single task 

P 

P 

P 

C 

C C M 

M 

M 
Ethernet, Internet, 

Intranet, etc.  



Microprocessors (with Floating-Point) 

 vs. Microcontrollers (only Integers) 

INTEGER NUMBER RANGES 
8-bit unsigned:     0   to  (2^8)-1    =      0 to 255 

8-bit signed:  -(2^8)/2 to ((2^8)/2)-1 =   -128 to 127 

 

16-bit unsigned:    0   to (2^16)-1    =      0 to 65,535 

16-bit signed: -(2^16)/2to((2^16)/2)-1 = -32,768to 32,767 

 

32-bit unsigned:      0 to (2^32)-1    =      0 to 4,294,967,295 

32-bit signed: -(2^32)/2to((2^32)/2)-1 = -2,147,483,648 

                                                to  2,147,483,647  

n-bit unsigned:       0 to  (2^n)-1 

n-bit signed:  -(2^n)/2 to  ((2^n)/2)-1 

 

 

FLOATING POINT NUMBER RANGES 
IEEE single precision (32-bit) BFP -1*10^38 to 1*10^38 

IEEE double precision (64-bit) BFP –1*10^308 to 1*10^308 

 

 
Wunderlich, J.T. (1999). Focusing on the blurry distinction between microprocessors and 

microcontrollers. In Proceedings of 1999 ASEE Annual Conference & Exposition, Charlotte, NC: (session 

3547), [CD-ROM]. ASEE Publications. 

http://users.etown.edu/w/wunderjt/ITALY_2009/PUBLICATION_ASEEPAPetown2.pdf
http://users.etown.edu/w/wunderjt/ITALY_2009/PUBLICATION_ASEEPAPetown2.pdf


INTEGER NUMBER PRECISION (i.e., smallest number) 
8-bit unsigned:     1 

8-bit signed:       1 

 

16-bit unsigned:    1 

16-bit signed:      1 

 

32-bit unsigned:    1 

32-bit signed:      1 

                                                  

n-bit unsigned:     1 

n-bit signed:       1 

 

 

FLOATING POINT NUMBER RANGES 
IEEE single precision (32-bit) BFP: 10^-39 

IEEE double precision (64-bit) BFP: 10^-308 

 

 

Microprocessors (with Floating-Point) 

 vs. Microcontrollers (only Integers) 

Wunderlich, J.T. (1999). Focusing on the blurry distinction between microprocessors and 

microcontrollers. In Proceedings of 1999 ASEE Annual Conference & Exposition, Charlotte, NC: (session 

3547), [CD-ROM]. ASEE Publications. 

http://users.etown.edu/w/wunderjt/ITALY_2009/PUBLICATION_ASEEPAPetown2.pdf
http://users.etown.edu/w/wunderjt/ITALY_2009/PUBLICATION_ASEEPAPetown2.pdf


Consider a “Minimal Computer Architecture” …… 

Wunderlich, J.T. (1999). Focusing on the blurry distinction between microprocessors and microcontrollers. In Proceedings of 1999 ASEE 

Annual Conference & Exposition, Charlotte, NC: (session 3547), [CD-ROM]. ASEE Publications. 

http://users.etown.edu/w/wunderjt/ITALY_2009/PUBLICATION_ASEEPAPetown2.pdf


Wunderlich, J.T. (1999). Focusing on the blurry distinction between microprocessors and microcontrollers. In Proceedings of 1999 ASEE 

Annual Conference & Exposition, Charlotte, NC: (session 3547), [CD-ROM]. ASEE Publications. 

Microprocessors vs. Microcontrollers 

http://users.etown.edu/w/wunderjt/ITALY_2009/PUBLICATION_ASEEPAPetown2.pdf


Consider the time it takes to execute a segment of code 

Wunderlich, J.T. (1999). Focusing on the blurry distinction between microprocessors and microcontrollers. In Proceedings of 1999 ASEE 

Annual Conference & Exposition, Charlotte, NC: (session 3547), [CD-ROM]. ASEE Publications. 

http://users.etown.edu/w/wunderjt/ITALY_2009/PUBLICATION_ASEEPAPetown2.pdf


Consider the time it takes to execute a segment of code 

Wunderlich, J.T. (1999). Focusing on the blurry distinction between microprocessors and microcontrollers. In Proceedings of 1999 ASEE 

Annual Conference & Exposition, Charlotte, NC: (session 3547), [CD-ROM]. ASEE Publications. 

Dictated by 

computer 

architects 

developing new 

microprocessors

microcontrollers, 

supercomputer, 

etc.  

Dictated by 

engineers and 

programmers in 

how they code 

(e.g., High-level 

vs. Assembly) or 

in what software 

they choose 

Dictated by 

device 

physicists and 

material 

scientists 

developing 

faster-switching 

transistors 

http://users.etown.edu/w/wunderjt/ITALY_2009/PUBLICATION_ASEEPAPetown2.pdf


For most applications ……….. 

Wunderlich, J.T. (1999). Focusing on the blurry distinction between microprocessors and microcontrollers. In Proceedings of 1999 ASEE 

Annual Conference & Exposition, Charlotte, NC: (session 3547), [CD-ROM]. ASEE Publications. 

FIXED 

Dictated by 

engineers and 

programmers in 

how they code 

(e.g., High-level 

vs. Assembly) or 

in what software 

they choose 

FIXED 

http://users.etown.edu/w/wunderjt/ITALY_2009/PUBLICATION_ASEEPAPetown2.pdf


For most applications ……….. 

Wunderlich, J.T. (1999). Focusing on the blurry distinction between microprocessors and microcontrollers. In Proceedings of 1999 ASEE 

Annual Conference & Exposition, Charlotte, NC: (session 3547), [CD-ROM]. ASEE Publications. 

FIXED Dictated by engineers and 

programmers in how they 

code (e.g., High-level vs. 

Assembly) 

 

Or even what type of 

Assembly (i.e., 

microprocessor vs. 

microcontroller……. 

FIXED 

http://users.etown.edu/w/wunderjt/ITALY_2009/PUBLICATION_ASEEPAPetown2.pdf


Wunderlich, J.T. (1999). Focusing on the blurry distinction between microprocessors and microcontrollers. In Proceedings of 1999 ASEE 

Annual Conference & Exposition, Charlotte, NC: (session 3547), [CD-ROM]. ASEE Publications. 

Microprocessors vs. Microcontrollers 

http://users.etown.edu/w/wunderjt/ITALY_2009/PUBLICATION_ASEEPAPetown2.pdf


For most applications ……….. 

Wunderlich, J.T. (1999). Focusing on the blurry distinction between microprocessors and microcontrollers. In Proceedings of 1999 ASEE 

Annual Conference & Exposition, Charlotte, NC: (session 3547), [CD-ROM]. ASEE Publications. 

FIXED Or dictated by what 

software we choose 

i.e., a real-time operating 

system with well-coded 

tasks has much less 

overhead than our favorite 

high-level powerful 

software (e.g., Matlab and 

LabVIEW) 

FIXED 

http://users.etown.edu/w/wunderjt/ITALY_2009/PUBLICATION_ASEEPAPetown2.pdf


For most applications ……….. 

Wunderlich, J.T. (1999). Focusing on the blurry distinction between microprocessors and microcontrollers. In Proceedings of 1999 ASEE 

Annual Conference & Exposition, Charlotte, NC: (session 3547), [CD-ROM]. ASEE Publications. 

FIXED 
And a real-time operating 

system with well-coded tasks is 

much more MAINTAINABILITY 

and SCALABILITY than our 

favorite software (e.g., Matlab 

and LabVIEW) ….just look at 

your LabVIEW “vi’s” as they 

grow and multiply! 

….and need to communicate 

with each other !! 

 

FIXED 

http://users.etown.edu/w/wunderjt/ITALY_2009/PUBLICATION_ASEEPAPetown2.pdf


Microprocessors vs. Microcontrollers 

READ MORE AT: 

 

Wunderlich, J.T. (1999). Focusing on the blurry distinction between 

microprocessors and microcontrollers. In Proceedings of 1999 ASEE 

Annual Conference & Exposition, Charlotte, NC: (session 3547), [CD-

ROM]. ASEE Publications. 

 

http://users.etown.edu/w/wunderjt/ITALY_2009/PUBLICATION_ASEEPAPetown2.pdf
http://users.etown.edu/w/wunderjt/ITALY_2009/PUBLICATION_ASEEPAPetown2.pdf


Mars Rovers 
1996 “Sojourner” had a 0.1-MHz Intel 80C85 CPU with 512 

Kbytes of RAM and 176 Kbytes of flash memory. (embedded 

system) 
 

2004 MER vehicles “Spirit and “Opportunity”  have a 20-

MHz RAD6000 CPU with 128 Mbytes of RAM and 256 

Mbytes of flash memory. (embedded system) 
 

2011 MSL “Mars Science Lab” vehicle has a 200-MHz 

RAD750 PowerPC with 256 Mbytes of RAM and 512 Mbytes 

of flash memory. (embedded system) 
 

The MER and MSL vehicles use the VxWorks REAL-TIME 

operating system and run many parallel tasks continuously 

Computers 

See more at: 
Bajracharya, M., Maimone, M.W., and Helmick, D. (2008). Autonomy for Mars Rovers: 

Past, Present, and Future. In Computer: December, 2008. (pp. 44-50). IEEE Press.  

 

VxWorks tutorial: http://www.cross-comp.com/instr/pages/embedded/VxWorksTutorial.aspx 

http://users.etown.edu/w/wunderjt/ITALY_2009/PUBLICATION_MARS_SPIRIT_ALL_PATH_PLANNING_JPLL.pdf
http://users.etown.edu/w/wunderjt/ITALY_2009/PUBLICATION_MARS_SPIRIT_ALL_PATH_PLANNING_JPLL.pdf
http://www.cross-comp.com/instr/pages/embedded/VxWorksTutorial.aspx
http://www.cross-comp.com/instr/pages/embedded/VxWorksTutorial.aspx
http://www.cross-comp.com/instr/pages/embedded/VxWorksTutorial.aspx


Wunderbot IV 

Wunderbot 4 

SOURCE: Painter, J. and Wunderlich, J.T. (2008). Wunderbot IV: autonomous robot for international 

competition. In Proceedings of the 12th World Multi-Conference on Systemics, Cybernetics and Informatics: 

WMSCI 2008, Orlando, FL: (pp. 62-67).  And HERE  

http://users.etown.edu/w/wunderjt/ITALY_2009/PUBLICATION_2008_EGR494_Wunderbot4_Vision_PUBLICATION_final_submittal.pdf
http://users.etown.edu/w/wunderjt/ITALY_2009/PUBLICATION_2008_EGR494_Wunderbot4_Vision_PUBLICATION_final_submittal.pdf
http://users.etown.edu/w/wunderjt/ITALY_2009/REPORT_James_Painter_w4_VISION_EGR494report.pdf
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Wunderbot IV 

Wunderbot 4 

SOURCE: Painter, J. G. (2008). Vision system for Wunderbot IV autonomous robot. 

Elizabethtown College research report.  

http://users.etown.edu/w/wunderjt/ITALY_2009/REPORT_James_Painter_w4_VISION_EGR494report.pdf


Navigation 

Although Wunderbots 

are fully autonomous, 

the IGVC awards 

those who can 

respond to “JAUS” 

 

SOURCE: :  Crouse, J. (2008). The joint architecture for unmanned systems: a subsystem of 

the wunderbot 4. Elizabethtown College research report.  

Wunderbot 4 Wireless Communication 

by Jeremy Crouse (advisor: J. Wunderlich) 

http://users.etown.edu/w/wunderjt/ITALY_2009/REPORT_Jeremy_Crouse_w4_JAUS_EGR494report.pdf
http://users.etown.edu/w/wunderjt/ITALY_2009/REPORT_Jeremy_Crouse_w4_JAUS_EGR494report.pdf
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Navigation 

Although Wunderbots are fully autonomous, the IGVC 

 awards those who can respond to “JAUS” 

 

SOURCE: :  Crouse, J. (2008). The joint architecture for unmanned systems: a subsystem of 

the wunderbot 4. Elizabethtown College research report.  

Wunderbot 4 Wireless Communication 

by Jeremy Crouse (advisor: J. Wunderlich) 
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See the LabVIEW computer implementation and integration 

of the most recent Wunderbot systems here: 

Wunderbot 4 

Wunderbot - Main VI Labview Tutorial 

Wunderbot - GPS Subsystem Labview Tutorial  

Wunderbot - LADAR Subsystem Labview Tutorial 

Wunderbot - JAUS Subsystem Labview Tutorial 

Wunderbot - Vision Subsystem Labview Tutorial 

Wunderbot - Motor Control Subsystem Labview Tutorial 

Wunderbot - Digital Compass Subsystem Labview Tutorial 

Wunderbot - MCglobal08 Subsystem Labview Tutorial 

nanoLC Robot Simulation 

 

And computer hardware and  software decisions here: 

[1]    Painter, J. and Wunderlich, J.T. (2008). Wunderbot IV: autonomous robot for international 

competition. In Proceedings of the 12th World Multi-Conference on Systemics, Cybernetics and 

Informatics: WMSCI 2008, Orlando, FL: (pp. 62-67).  And HERE  

[2]    Coleman, D. and Wunderlich, J.T. (2008). O3: an optimal and opportunistic path planner 

(with obstacle avoidance) using voronoi polygons. In Proceedings of IEEE the 10th international 

Workshop on Advanced Motion Control, Trento, Italy. vol. 1, (pp. 371-376). IEEE Press.  

[3]  JAUS wireless packetized communication by Jeremy Crouse 

http://www2.etown.edu/wunderbot/mainVI_tutorial.htm
http://www2.etown.edu/wunderbot/mainVI_tutorial.htm
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And the computer hardware and software schematics 

 for past Wunderbots at these links: 

Wunderbot 1 

“MultEbot 2” 

MultEbot 1, 2001 

“Wunderbot” 0 

NOTE: Students announced renaming of MultEbot 2 to “Wunderbot” 

             at 2001 annual symposium (i.e., not Dr. Wunderlich’s idea) 

Wunderbot 0 website: 
http://users.etown.edu/w/wunderjt/home_wunderbot0.html 

Wunderbot 1 website: 
http://users.etown.edu/w/wunderjt/StudentProjects/Wunderb

ot%202003/Wunderbot%20Webpage2003/Robot%20webfil

es/index.htm 

http://users.etown.edu/w/wunderjt/home_wunderbot0.html
http://users.etown.edu/w/wunderjt/StudentProjects/Wunderbot 2003/Wunderbot Webpage2003/Robot webfiles/index.htm
http://users.etown.edu/w/wunderjt/StudentProjects/Wunderbot 2003/Wunderbot Webpage2003/Robot webfiles/index.htm
http://users.etown.edu/w/wunderjt/StudentProjects/Wunderbot 2003/Wunderbot Webpage2003/Robot webfiles/index.htm


Simulation vs. Real-Time control 

Simulation Real-Time control 

Using good engineering and 

physics, create a model of a 

physical system (i.e., not just a 

cartoon) 

Establish stable closed loop control 

with a good model (“Plant”) that 

represents physical system being 

controlled 

Vary inputs to simulation to better 

understand model 

Fine tune PID control to better 

manipulation of physical system 

Use more complex computer 

hardware to enhance graphics and  

model complexity 

Intentionally simplify all hardware to 

yield fast, compact, fault-tolerant, real-

time responses 

Use more complex computer 

software to enhance graphics and 

minimize programming effort 

Intentionally simplify code to yield 

fast, compact, fault-tolerant, real-time 

responses. No operating system or a 

real-time OS may be best 

Interact with real-time code to 

improve physical model and build 

ENVIRONMENTAL MAPS 

Interact with simulation to obtain 

GLOBAL PATH-PLANNING rather 

than Local 



      Carsen, A., Rankin, J., Fuguson, D., and Stentz, A. (2007). Global path planning on 

board the mars exploration rovers. In Proceedings of the IEEE Aerospace Conference, 

2007. IEEE Press.  (available at http://marstech.jpl.nasa.gov/publications/z02_0102.pdf) 

 

         Coleman, D. and Wunderlich, J.T. (2008). O3: an optimal and opportunistic path 

planner (with obstacle avoidance) using voronoi polygons. In Proceedings of IEEE the 

10th international Workshop on Advanced Motion Control, Trento, Italy. vol. 1, (pp. 371-

376). IEEE Press. 

  

         Campos, D. and Wunderlich, J. T. (2002). Development of an interactive simulation 

with real-time robots for search and rescue. In Proceedings of IEEE/ASME 

International conference on Flexible Automation, Hiroshima, Japan: (session U-007). 

ASME Press.  

 

         Wunderlich, J.T. (2001). Simulation vs. real-time control; with applications to robotics 

and neural networks. In Proceedings of 2001 ASEE Annual Conference & Exposition, 

Albuquerque, NM: (session 2793), [CD-ROM]. ASEE Publications.  

  

Read more on Simulation vs. Real-time code, 

and Local vs. Global path-planning at: 

http://users.etown.edu/w/wunderjt/ITALY_2009/PUBLICATION_MARS_SPIRIT_GLOBAL_PATH_PLANNING_JPL.pdf
http://users.etown.edu/w/wunderjt/ITALY_2009/PUBLICATION_MARS_SPIRIT_GLOBAL_PATH_PLANNING_JPL.pdf
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http://marstech.jpl.nasa.gov/publications/z02_0102.pdf
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http://users.etown.edu/w/wunderjt/ITALY_2009/PUBLICATION14sim_vs_RT.pdf
http://users.etown.edu/w/wunderjt/ITALY_2009/PUBLICATION14sim_vs_RT.pdf
http://users.etown.edu/w/wunderjt/ITALY_2009/PUBLICATION14sim_vs_RT.pdf
http://users.etown.edu/w/wunderjt/ITALY_2009/PUBLICATION14sim_vs_RT.pdf


Quality Assurance 

 in Computer Design 

• Functional verification on simulated prototype 

machine 

• Digital & analog VLSI circuit simulation testing 

• Functional verification on VLSI circuit 

simulation 

• Functional verification on prototype hardware 

• Instruction-mix and performance benchmark 

testing 



J. Wunderlich was a researcher at IBM before joining 

Purdue University as an Assistant Professor 

His IBM research was on quality 

control of S/390 Multi-processor 

SMP supercomputers 

 

See more here: 

http://users.etown.edu/w/wunderjt/home_IBM.html 

 

http://users.etown.edu/w/wunderjt/home_IBM.html


Quality Assurance in Computer Design 

FROM:  Wunderlich, J.T. (2003). Functional verification of SMP, MPP, and vector-register supercomputers through controlled   randomness.  In 

               Proceedings of IEEE SoutheastCon, Ocho Rios, Jamaica, M. Curtis (Ed.): (pp. 117-122). IEEE Press. 

and:        Wunderlich, J.T. (1997). Random number generator macros for the system assurance kernel product assurance macro interface. Systems  

               Programmer's User Manual for IBM S/390 Systems Architecture Verification, Poughkeepsie, NY.  
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Read more here: 

    Wunderlich, J.T. (2003). Functional verification of SMP, MPP, and vector-

register supercomputers through controlled randomness. In Proceedings of 

IEEE SoutheastCon, Ocho Rios, Jamaica, M. Curtis (Ed.): (pp. 117-122). IEEE 

Press. 

 

     Wunderlich, J.T. (1997). Random number generator macros for the system 

assurance kernel product assurance macro interface. Systems Programmer's 

User Manual for IBM S/390 Systems Architecture Verification, Poughkeepsie, 

NY.  
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