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Computer Architectures
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Large network dedicated to a single task
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Ethernet, Internet, 

Intranet, etc. 



K. Hwang, " Advanced Computer Architecture: Parallelism, Scalability, Programmability," Boston, MA: McGraw-Hill, 1992. 



INTERCONNECT ARCHITECTURES of Supercomputers & Parallel Systems

K. Hwang, " Advanced Computer Architecture: Parallelism, Scalability, Programmability," Boston, MA: McGraw-Hill, 1992. 



INTERCONNECT ARCHITECTURES of Supercomputers & Parallel Systems
Learn more in my Lecture on

“INTERCONNECT ARCHITECTURES OF CORES, PROCESSORS, AND NETWORKS” 

(PDF , MP4 ,YouTube)

http://users.etown.edu/w/wunderjt/PACKET%203%20BOOKSTORE%20433%20Lecture%202%20Part%202%20Interconnect%20Architectures.pdf
http://users.etown.edu/w/wunderjt/PACKET%203%20BOOKSTORE%20433%20Lecture%202%20Part%202%20Interconnect%20Architectures.pdf
http://users.etown.edu/w/wunderjt/PACKET%203%20BOOKSTORE%20433%20Lecture%202%20Part%202%20Interconnect%20Architectures.mp4
https://www.youtube.com/channel/UC_kM_k93zreIu40CVwuHQzg/playlists


INTERCONNECT ARCHITECTURES of Supercomputers & Parallel Systems
Learn more in my Lecture on

“INTERCONNECT ARCHITECTURES OF CORES, PROCESSORS, AND NETWORKS” 

PDF PPTX MP4 YouTube

http://users.etown.edu/w/wunderjt/PACKET%203%20BOOKSTORE%20433%20Lecture%202%20Part%202%20Interconnect%20Architectures.pdf
http://users.etown.edu/w/wunderjt/PACKET%203%20BOOKSTORE%20433%20Lecture%202%20Part%202%20Interconnect%20Architectures.pptx
http://users.etown.edu/w/wunderjt/PACKET%203%20BOOKSTORE%20433%20Lecture%202%20Part%202%20Interconnect%20Architectures.pdf
http://users.etown.edu/w/wunderjt/PACKET%203%20BOOKSTORE%20433%20Lecture%202%20Part%202%20Interconnect%20Architectures.mp4
https://www.youtube.com/channel/UC_kM_k93zreIu40CVwuHQzg/playlists


Levels of Computing 

1 Embedded

2 PC

3 PC Server or Workstation

4 Mini computer

5 SUPERCOMPUTER



LEVEL ARCHITECTURE

Embedded SMP, MPP, or Vector-Register

PC SMP

PC Server or

Workstation

SMP

Mini computer SMP

SUPERCOMPUTER 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

SUPERCOMPUTER 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 Usually cheap (but not always, like in some 

defense applications), small, and can be

extremely fast – but typically not.

May be hardened for industry, space, or 

defense

PC Faster than typical embedded, but otherwise 

relatively slow.

PC Server

or Workstation

Faster

Mini computer Very fast

SUPERCOMPUTER Extremely fast



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

SUPERCOMPUTER 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


IBM vs. AMDAHL vs. HITACHI

(HDS=Hitachi Data Systems)

NOTE: 

Hitachi 

Dependent 

on IBM !!



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


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


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: 23-bit MANTISSA (right of decimal point)

IEEE double precision (64-bit) BFP: 52-bit MANTISSA (right of decimal point)

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


Review of how Floating-Point Works

Taught in Introductory Computer Science Courses (e.g. CS/EGR 230)

“Number and Character Representations in Computing”

PDF PPTX-w/audio MP4 YouTube

“An example of IEEE Binary Floating-Point (BFP)”

PDF PPTX-w/audio MP4 YouTube

http://users.etown.edu/w/wunderjt/syllabi/CS230%20Wunderlich,Joseph.pdf
http://users.etown.edu/w/wunderjt/EGR_CS230/PACKET%2013%20BOOKSTORE%20Number%20Representations.pdf
http://users.etown.edu/w/wunderjt/EGR_CS230/PACKET%2013%20BOOKSTORE%20Number%20Representations.pptx
http://users.etown.edu/w/wunderjt/EGR_CS230/PACKET%2013%20BOOKSTORE%20Number%20Representations.mp4
https://www.youtube.com/channel/UC_kM_k93zreIu40CVwuHQzg/playlists
http://users.etown.edu/w/wunderjt/EGR_CS230/PACKET%2015%20BOOKSTORE%20IEEE%20Floating%20Point%20EXAMPLE.pdf
http://users.etown.edu/w/wunderjt/EGR_CS230/PACKET%2015%20BOOKSTORE%20IEEE%20Floating%20Point%20EXAMPLE.pptx
http://users.etown.edu/w/wunderjt/EGR_CS230/PACKET%2015%20BOOKSTORE%20IEEE%20Floating%20Point%20EXAMPLE.mp4
https://www.youtube.com/channel/UC_kM_k93zreIu40CVwuHQzg/playlists


Recall J. Wunderlich “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.

Taught in prerequisite Course EGR/CS332 or EGR330

http://users.etown.edu/w/wunderjt/ITALY_2009/PUBLICATION_ASEEPAPetown2.pdf
http://users.etown.edu/w/wunderjt/syllabi/CS332%20Wunderlich,Joseph.pdf
http://users.etown.edu/w/wunderjt/syllabi/EGR330%20Wunderlich,Joseph.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

Microprocessors have several 

Cache’s between CPU and 

“Memory”

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

Microprocessors have several 

Cache’s between CPU and 

“Memory”

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


Microprocessors and SUPERCOMPUTERS have several Cache’s between CPU’s/Cores and “Memories”

Learn more in my lecture(s) on CACHE, 

later in EGR/CS433 / EGR430): 

“CACHE DESIGN”  (PPTX-w/audio,PDF,MP4,YouTube)

http://users.etown.edu/w/wunderjt/syllabi/CS433%20Wunderlich,Joseph.pdf
http://users.etown.edu/w/wunderjt/PACKET%204%20BOOKSTORE%20433%20Lecture%203%20Part%201%20Memory%20and%20Cache.pptx
http://users.etown.edu/w/wunderjt/PACKET%204%20BOOKSTORE%20433%20Lecture%203%20Part%201%20Memory%20and%20Cache.pdf
http://users.etown.edu/w/wunderjt/PACKET%204%20BOOKSTORE%20433%20Lecture%203%20Part%201%20Memory%20and%20Cache.mp4
https://www.youtube.com/channel/UC_kM_k93zreIu40CVwuHQzg/playlists


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


Considering the time it takes to execute a segment of Machine 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


EXAMPLE for ROBOTICS and AEROSPACE/DEFENSE  

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



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


K. Hwang, " Advanced Computer Architecture: Parallelism, Scalability, Programmability," Boston, MA: McGraw-Hill, 1992. 



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.

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


The Program Status Word (PSW) is not just a “Status Register”!



PSW is not just a “Status Register”! – it CONFIGURES MACHINE !!

- Especially in Supercomputer's & Large-Scale Servers !!

See IBM S/390 (“Z/Architecture in this Millennium”) PSW:

https://www.researchgate.net/figure/RXE-instruction-format_fig1_224103149

https://www.researchgate.net/figure/RXE-instruction-format_fig1_224103149


CISC vs. RISC

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.

IBM S/390 (“Z/Architecture in this Millennium”) have approx. 2000 machine 

instructions, whereas microprocessors typically have approx. 800 instructions, and 

microcontrollers between 32 and ~250 instructions

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


CISC vs. RISC

Learn more in my lecture(s) on CISC vs. RISC, later in EGR/CS433 / EGR430):

“CISC vs. RISC INSTRUCTION SET DESIGN, PERFORMANCE & 

MULTIPROCESSOR SCALABILITY “

PPTX-w/audio PDF MP4 YouTube

http://users.etown.edu/w/wunderjt/syllabi/CS433%20Wunderlich,Joseph.pdf
http://users.etown.edu/w/wunderjt/PACKET%206%20BOOKSTORE%20433%20Lecture%204%20RISC%20vs%20CISC,%20Performance.pptx
http://users.etown.edu/w/wunderjt/PACKET%206%20BOOKSTORE%20433%20Lecture%204%20RISC%20vs%20CISC,%20Performance.pdf
http://users.etown.edu/w/wunderjt/PACKET%206%20BOOKSTORE%20433%20Lecture%204%20RISC%20vs%20CISC,%20Performance.mp4
https://www.youtube.com/channel/UC_kM_k93zreIu40CVwuHQzg/playlists


Also, Microprocessors and Supercomputers need VIRTUAL ADDRESSING 
i.e., CPU and all Software uses 64-bit Addresses’ (2^64 = 16 Billion Billion) even though 

Physical Memory much Smaller!! (e.g. 2^40cpu_pins_for_RAM = a Terabyte of RAM)

IBM S/390 (“Z/Architecture in this Millennium”)

https://www.researchgate.net/figure/RXE-instruction-format_fig1_224103149

https://www.researchgate.net/figure/RXE-instruction-format_fig1_224103149


Also, Microprocessors and Supercomputers need VIRTUAL ADDRESSING 
i.e., CPU and all Software uses 64-bit Addresses' 

even though Physical Memory much Smaller!! 

Learn more in my lecture(s) later in EGR/CS433 / EGR430):

“VIRTUAL MEMORY” (PPTX-w/audio,PDF,MP4,YouTube)

http://users.etown.edu/w/wunderjt/syllabi/CS433%20Wunderlich,Joseph.pdf
http://users.etown.edu/w/wunderjt/PACKET%205%20BOOKSTORE%20433%20Lecture%203%20Part%202%20Virtual%20Memory.pptx
http://users.etown.edu/w/wunderjt/PACKET%205%20BOOKSTORE%20433%20Lecture%203%20Part%202%20Virtual%20Memory.pdf
http://users.etown.edu/w/wunderjt/PACKET%205%20BOOKSTORE%20433%20Lecture%203%20Part%202%20Virtual%20Memory.mp4
https://www.youtube.com/channel/UC_kM_k93zreIu40CVwuHQzg/playlists


Review

Instruction PIPELINES (“Machine Cycles”) 

and INSTRUCTION FORMATS work

Taught in prerequisite Course(s) 

EGR/CS332 or EGR330

1. CPU Pipeline

2. CPU Design

http://users.etown.edu/w/wunderjt/syllabi/CS332%20Wunderlich,Joseph.pdf
http://users.etown.edu/w/wunderjt/syllabi/EGR330%20Wunderlich,Joseph.pdf
http://users.etown.edu/w/wunderjt/MicrocontrollerPaper_Highlited%203.pdf
https://users.etown.edu/w/wunderjt/CPU8.pdf


Parallel processing systems now need out of order execution, and optimized scheduling 

to avoid penalties where dependencies between data, I/O, and Control can cause 

delays when one part is waiting on another. 

Learn more in my later lecture(s) in EGR/CS433 / EGR430:

“PARALLEL PROCESSING FUNDAMENTALS”

PDF PPTX MP4 YouTube

http://users.etown.edu/w/wunderjt/syllabi/CS433%20Wunderlich,Joseph.pdf
http://users.etown.edu/w/wunderjt/PACKET%202%20BOOKSTORE%20433%20Lecture%202,%20Part%201%20Parallel%20Processing%20Fundamentals.pdf
http://users.etown.edu/w/wunderjt/PACKET%202%20BOOKSTORE%20433%20Lecture%202,%20Part%201%20Parallel%20Processing%20Fundamentals.pptx
http://users.etown.edu/w/wunderjt/PACKET%202%20BOOKSTORE%20433%20Lecture%202,%20Part%201%20Parallel%20Processing%20Fundamentals.mp4
https://www.youtube.com/channel/UC_kM_k93zreIu40CVwuHQzg/playlists


Introductory Lab Project

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
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https://www.youtube.com/watch?v=UgKWvLGx0ZM&list

=PLK3MJsXEYEQIGw3tmIkjsBfZ49rr_GAmv&index=11

https://www.youtube.com/watch?v=UgKWvLGx0ZM&list=PLK3MJsXEYEQIGw3tmIkjsBfZ49rr_GAmv&index=11
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More in my intro lecture(s) to EGR/CS433 / EGR430: 

“CPU’S, GPU’S, SUPERCOMPUTERS, & NEUROCOMPUTERS, AND MY IBM SUPERCOMPUTER RESEARCH, 

+ PREVIOUS NEURAL NETWORK PROCESSOR DESIGNS” PPTX-w/audio PDF MP4 YouTube

And on my CV:

http://users.etown.edu/w/wunderjt/Wunderlich,JoeCV.pdf

http://users.etown.edu/w/wunderjt/syllabi/CS433%20Wunderlich,Joseph.pdf
http://users.etown.edu/w/wunderjt/PACKET%207%20BOOKSTORE%20433%20Lecture%205%20Dr%20W%20%20IBM%20OVERVIEW.pptx
http://users.etown.edu/w/wunderjt/PACKET%207%20BOOKSTORE%20433%20Lecture%205%20Dr%20W%20%20IBM%20OVERVIEW.pdf
http://users.etown.edu/w/wunderjt/PACKET%207%20BOOKSTORE%20433%20Lecture%205%20Dr%20W%20%20IBM%20OVERVIEW.mp4
https://www.youtube.com/channel/UC_kM_k93zreIu40CVwuHQzg/playlists
http://users.etown.edu/w/wunderjt/Wunderlich,JoeCV.pdf

