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Parallel Processing 
Interconnect Architectures

• Static
• Architectures
• Network Characteristics
• Scalability

• Dynamic
• Architectures
• Scalability



K. Hwang, " Advanced Computer Architecture: Parallelism, 

Scalability, Programmability," Boston, MA: McGraw-Hill, 1992.

STATIC INTERCONNECT ARCHITECTURES



K. Hwang, " Advanced Computer Architecture: Parallelism, 

Scalability, Programmability," Boston, MA: McGraw-Hill, 1992.

STATIC INTERCONNECT ARCHITECTURES



J. Wunderlich Neural Network Processor 1992

PPTX-w/audio PDF MP4 YouTube

STATIC INTERCONNECT ARCHITECTURES

http://users.etown.edu/w/wunderjt/PACKET%2011%20BOOKSTORE%20433%20Lecture%209%20Dr%20W%20%20Machine%20Learning%20Hardware%20Book%20Chapter.pptx
http://users.etown.edu/w/wunderjt/PACKET%2011%20BOOKSTORE%20433%20Lecture%209%20Dr%20W%20%20Machine%20Learning%20Hardware%20Book%20Chapter.pdf
http://users.etown.edu/w/wunderjt/PACKET%2011%20BOOKSTORE%20433%20Lecture%209%20Dr%20W%20%20Machine%20Learning%20Hardware%20Book%20Chapter.mp4
https://www.youtube.com/channel/UC_kM_k93zreIu40CVwuHQzg


Elizabethtown College Network 
from a couple years ago
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K. Hwang, " Advanced Computer Architecture: Parallelism, 

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

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

Scalability, Programmability," Boston, MA: McGraw-Hill, 1992.
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STATIC INTERCONNECT ARCHITECTURES 
CHARACTERISTICS

D = 4

D = 3
D = 4



Recall PARALLEL (Combinational)
and SERIAL (Sequential)

Digital Design

From Prerequisite EGR/CS332 Digitqal Design I (before Spring 2022) 
or EGR330 Digital & Embedded Systems (after Spring 2022)

STATIC INTERCONNECT ARCHITECTURES 
CHARACTERISTICS

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


PARALLEL (Combinational) Digital Design
For COMMUNICATION with external device via INTERUPTS

STATIC INTERCONNECT ARCHITECTURES

From Prerequisite EGR/CS332 Digitqal Design I (before Spring 2022) 
or EGR330 Digital & Embedded Systems (after Spring 2022)

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


From EGR/CS333 Digital Design II, Assembly Language, & Interfacing (before 2022) or
EGR433/430 Advanced-Computer-Engineering/Parallel-Procewsing (after 2022)

COMMUNICATION with external devices via INTERUPTS

Software “TRAP”                 vs.           Hardware “INTERUPT”

http://users.etown.edu/w/wunderjt/syllabi/CS332%20Wunderlich,Joseph.pdf
http://users.etown.edu/w/wunderjt/syllabi/CS433%20Wunderlich,Joseph.pdf


PARALLEL (Combinational) Digital Design
For COMMUNICATION with external device

SERIAL (Sequential) Digital Design
for IPC (Inter-Processor Communication) BETWEEN PROCESSORS/CORES

STATIC INTERCONNECT ARCHITECTURES 
CHARACTERISTICS
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http://users.etown.edu/w/wunderjt/syllabi/CS332%20Wunderlich,Joseph.pdf
http://users.etown.edu/w/wunderjt/syllabi/EGR330%20Wunderlich,Joseph.pdf


From EGR/CS230 Computer Architecture or other lower division courses

Sometimes PACKETIZED

SERIAL IPC (Inter-Processor Communication) BETWEEN PROCESSORS/CORES

STATIC INTERCONNECT ARCHITECTURES 
CHARACTERISTICS

http://users.etown.edu/w/wunderjt/syllabi/CS230%20Wunderlich,Joseph.pdf


From EGR/CS434 Robotics & Machine Intelligence

NOTE: PACKETIZED SERIAL COMMUNICATION between Systems 
also in Robotics

For communication with other autonomous 
ground vehicles, like military tanks on 

Battlefield

http://users.etown.edu/w/wunderjt/syllabi/CS230%20Wunderlich,Joseph.pdf


Implementation and integration of the most 

recent Wunderbot systems:

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 theory and design 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

Navigation

NOTE: PACKETIZED SERIAL COMMUNICATION between Systems 
also in Robotics

From EGR/CS434 Robotics & Machine Intelligence

http://www2.etown.edu/wunderbot/mainVI_tutorial.htm
http://www2.etown.edu/wunderbot/GPS_tutorial.htm
http://www2.etown.edu/wunderbot/ladar_tutorial.htm
http://www2.etown.edu/wunderbot/JAUS_tutorial.htm
http://www2.etown.edu/wunderbot/Vision_tutorial.htm
http://www2.etown.edu/wunderbot/MotorControl_tutorial.htm
http://www2.etown.edu/wunderbot/Compass_tutorial.htm
http://www2.etown.edu/wunderbot/MCglobal08_tutorial.htm
http://www2.etown.edu/wunderbot/nanoLC_Simulation.htm
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
http://users.etown.edu/w/wunderjt/ITALY_2009/PUBLICATION_O3.pdf
http://users.etown.edu/w/wunderjt/ITALY_2009/REPORT_Jeremy_Crouse_w4_JAUS_EGR494report.pdf
http://users.etown.edu/w/wunderjt/syllabi/CS230%20Wunderlich,Joseph.pdf


See evolution 1999:

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

http://users.etown.edu/w/wunderjt/Weblab_archive.htm

Wunderbot 2 

prototype

Wunderbot  3 

Wunderbot 

4

Wunderbot 0

Wunderbot 1

All recent Wunderbots 
share website:
http://www2.etown.edu/w
underbot/

NOTE: PACKETIZED SERIAL COMMUNICATION between Systems 
also in Robotics

From EGR/CS434 Robotics & Machine Intelligence

http://users.etown.edu/w/wunderjt/home_researchMINE.html
http://users.etown.edu/w/wunderjt/Weblab_archive.htm
http://www2.etown.edu/wunderbot/
http://users.etown.edu/w/wunderjt/syllabi/CS230%20Wunderlich,Joseph.pdf


STATIC INTERCONNECT ARCHITECTURES
SCALABILITY

K. Hwang, " Advanced Computer Architecture: Parallelism, 

Scalability, Programmability," Boston, MA: McGraw-Hill, 1992.



DYNAMIC INTERCONNECT ARCHITECTURES
BUS

K. Hwang, " Advanced Computer Architecture: Parallelism, 

Scalability, Programmability," Boston, MA: McGraw-Hill, 1992.



DYNAMIC INTERCONNECT ARCHITECTURES

PC (Personal Computer) BUS’s

From EGR/CS230 Computer Architecture 

http://users.etown.edu/w/wunderjt/syllabi/CS230%20Wunderlich,Joseph.pdf


DYNAMIC INTERCONNECT ARCHITECTURES

BUS’s

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

Microprocessors have several 

Cache’s between CPU and 

“Memory”

DYNAMIC INTERCONNECT ARCHITECTURES

BUS’s

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


Microprocessors

Microprocessors have several 

Cache’s between CPU and 

“Memory”

DYNAMIC INTERCONNECT ARCHITECTURES

BUS’s

In PC’s: Back-Side Bus, Front-Side-Bus (FSB)

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


From Lecture on “Design a PC” 
PDF PPTX-w/audio MP4 YouTube

in EGR/CS230 Computer Architecture 

DYNAMIC INTERCONNECT ARCHITECTURES

PC (Personal Computer) BUS’s

http://users.etown.edu/w/wunderjt/EGR_CS230/PACKET%2016%20BOOKSTORE%20How%20to%20design%20a%20PC%20Part%201.pdf
http://users.etown.edu/w/wunderjt/EGR_CS230/PACKET%2016%20BOOKSTORE%20How%20to%20design%20a%20PC%20Part%201.pptx
http://users.etown.edu/w/wunderjt/EGR_CS230/PACKET%2016%20BOOKSTORE%20How%20to%20design%20a%20PC%20Part%201.mp4
https://www.youtube.com/channel/UC_kM_k93zreIu40CVwuHQzg
http://users.etown.edu/w/wunderjt/syllabi/CS230%20Wunderlich,Joseph.pdf


From Lecture on “Design a PC” 
PDF PPTX-w/audio MP4 YouTube

in EGR/CS230 Computer Architecture 
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PC (Personal Computer) BUS’s

http://users.etown.edu/w/wunderjt/EGR_CS230/PACKET%2016%20BOOKSTORE%20How%20to%20design%20a%20PC%20Part%201.pdf
http://users.etown.edu/w/wunderjt/EGR_CS230/PACKET%2016%20BOOKSTORE%20How%20to%20design%20a%20PC%20Part%201.pptx
http://users.etown.edu/w/wunderjt/EGR_CS230/PACKET%2016%20BOOKSTORE%20How%20to%20design%20a%20PC%20Part%201.mp4
https://www.youtube.com/channel/UC_kM_k93zreIu40CVwuHQzg
http://users.etown.edu/w/wunderjt/syllabi/CS230%20Wunderlich,Joseph.pdf


DYNAMIC INTERCONNECT ARCHITECTURES

PC (Personal Computer) BUS’s

From Lecture on “Design a PC” 
PDF PPTX-w/audio MP4 YouTube

in EGR/CS230 Computer Architecture 

http://users.etown.edu/w/wunderjt/EGR_CS230/PACKET%2016%20BOOKSTORE%20How%20to%20design%20a%20PC%20Part%201.pdf
http://users.etown.edu/w/wunderjt/EGR_CS230/PACKET%2016%20BOOKSTORE%20How%20to%20design%20a%20PC%20Part%201.pptx
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http://users.etown.edu/w/wunderjt/syllabi/CS230%20Wunderlich,Joseph.pdf


DYNAMIC INTERCONNECT ARCHITECTURES

PC (Personal Computer) BUS’s

From Lecture on “Design a PC” 
PDF PPTX-w/audio MP4 YouTube
in EGR/CS230 Computer Architecture 

http://users.etown.edu/w/wunderjt/EGR_CS230/PACKET%2016%20BOOKSTORE%20How%20to%20design%20a%20PC%20Part%201.pdf
http://users.etown.edu/w/wunderjt/EGR_CS230/PACKET%2016%20BOOKSTORE%20How%20to%20design%20a%20PC%20Part%201.pptx
http://users.etown.edu/w/wunderjt/EGR_CS230/PACKET%2016%20BOOKSTORE%20How%20to%20design%20a%20PC%20Part%201.mp4
https://www.youtube.com/channel/UC_kM_k93zreIu40CVwuHQzg
http://users.etown.edu/w/wunderjt/syllabi/CS230%20Wunderlich,Joseph.pdf


DYNAMIC INTERCONNECT ARCHITECTURES
BUS

Design-Lab of a SERIAL BUS
in EGR/CS333 Digital Design II, Assembly Language, & Interfacing

Create a Serial BUS and your own communication protocol (like packetized TCP/IP, 

but simpler) to connect previous lab projects.

Review Course Lecture: http://users.etown.edu/w/wunderjt/Communications.pdf

And our custom Lab Manuals:

2018 IC's, Circuit Trainer, and Power Supply
2019 Relays
2019 NanoLC PLC(Programmable Logic Controller)
2019 Rasberry Pi and ARM Microcontroller
2019 Intel 8051 Microcontroller (2015, 2014, Pre-2013)
2019 AXIOLINE PLC
2021 PLC-NEXT (in development during this course)

REAL-TIME

1. Make a NanolineLC (or PLC NEXT or Axioline PLC,) implement shifting in a nibble; 

And, shifting out a nibble; shift it in, store it, and then shift it back back out of PLC. Deal 

with the parity of bits coming into, or leaving PLC (i.e., do error-detection/parity-check)

2. Using tri-state buffers and appropriate relays between devices (Phoenix 

Contact, Arduino, or others located in lab), and needed control lines communicating 

within and between devices, create a BIDIRECTIONAL SINGLE 

WIRE SERIAL communication DATA BUS shared by one circuit trainer (with circuits 

from a previous lab) and the PLC. You can have as many control lines as you wish, but 

only one shared bidirectional serial single-wire data bus.

3. Demonstrate bidirectional serial communication with parity checking

4. Use your circuit trainer clock generator to see how fast you can communicate to the PLC 

(i.e., if you can communicate as fast as the fastest clock generator available)

SIMULATION

1. Create a complete simulation in Logisim of everything above including forced error in 

data transmission, clock generators, and a logic facsimile of what your PLC is actually 

doing (i.e., translate your PLC logical decisions and actions into equivalent logic gates 

in Logisim)

2. Demonstrate simulated versions of control schemes of other devices when available in 

development system (e.g., NanoLC)

3. Simulate all above communications in 8051 Assembly Language (just some 

approximation of functionality)

GRADE: (75%) 8 to 10 minute (total) video of all Simulation and Real-Time Circuits; (25%) 

Lab Report PER SYLLABUS SPECIFICATIONS!) of entire Design process Just one 

person submit both of these, and the same grade will be given to each team member.

http://users.etown.edu/w/wunderjt/syllabi/CS332%20Wunderlich,Joseph.pdf
http://users.etown.edu/w/wunderjt/Communications.pdf
http://users.etown.edu/w/wunderjt/Chips_PSU_Trainer_Lab%20Manual%20Flores_Csongradi_Schick_Wunderlich%20VERSION%201.2.pdf
http://users.etown.edu/w/wunderjt/LAB%20MANUALS%20post-2018/2019%20MANUAL%20Relays.pdf
http://users.etown.edu/w/wunderjt/LAB%20MANUALS%20post-2018/2019%20MANUAL%20NanoLC%20PLC.pdf
http://users.etown.edu/w/wunderjt/LAB%20MANUALS%20post-2018/2019%20MANUAL%20Raspberry%20Pi%20v.2.pdf
http://users.etown.edu/w/wunderjt/LAB%20MANUALS%20post-2018/2019%20MANUAL%208051Microcontroller%20Simulator.pdf
http://users.etown.edu/w/wunderjt/8051%20manual_Amir_Buxton_Combined%20v1.0.pdf
http://users.etown.edu/w/wunderjt/8051%20Manual%20v%201.0%20Kelly%20and%20Cain.pdf
http://users.etown.edu/w/wunderjt/Instructions%20on%2080251%20Microcontroller%20Board%20and%20Software%20-%20SP11WEB2.htm
http://users.etown.edu/w/wunderjt/LAB%20MANUALS%20post-2018/2019%20MANUAL%20AXC%20PLC%20v0.0.6.pdf
https://www.youtube.com/watch?v=Z3TgmxUfE0c
http://users.etown.edu/w/wunderjt/syllabi/CS333%20Wunderlich,Joseph.pdf


DYNAMIC INTERCONNECT ARCHITECTURES
BUS

https://www.youtube.com/watch?v=2csorAkpjyg

Design-Lab of a SERIAL BUS
in EGR/CS333 Digital Design II, Assembly Language, & Interfacing

https://www.youtube.com/watch?v=2csorAkpjyg
http://users.etown.edu/w/wunderjt/syllabi/CS332%20Wunderlich,Joseph.pdf


DYNAMIC INTERCONNECT ARCHITECTURES
BUS

https://www.computer.org/csdl/magazine/mi/1999/02/m2012/13rRUNvyaq0

IBM S/390 of 1990’s 
(IBM Z-Series 2000 to 2020’s)

J Wunderlich PhD.
Advisory-Level Engineer, & Researcher

https://www.computer.org/csdl/magazine/mi/1999/02/m2012/13rRUNvyaq0


DYNAMIC INTERCONNECT ARCHITECTURES
BUS
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IBM S/390 of 1990’s (IBM Z-Series 2000 to 2020’s)

J Wunderlich PhD.
Advisory-Level Engineer, & Researcher

http://users.etown.edu/w/wunderjt/home_IBM.html
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IBM S/390 of 1990’s (IBM Z-Series 2000 to 2020’s)

J Wunderlich PhD.
Advisory-Level Engineer, & Researcher

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


DYNAMIC INTERCONNECT ARCHITECTURES
BUS

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

IBM S/390 of 1990’s (IBM Z-Series 2000 to 2020’s)

J Wunderlich PhD.
Advisory-Level Engineer, & Researcher

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


DYNAMIC INTERCONNECT ARCHITECTURES
MULTISTAGE INTERCONNECTION NETWORK

K. Hwang, " Advanced Computer Architecture: Parallelism, 

Scalability, Programmability," Boston, MA: McGraw-Hill, 1992.



DYNAMIC INTERCONNECT ARCHITECTURES
OMEGA NETWORK

K. Hwang, " Advanced Computer Architecture: Parallelism, 

Scalability, Programmability," Boston, MA: McGraw-Hill, 1992.



DYNAMIC INTERCONNECT ARCHITECTURES
BASELINE NETWORK

K. Hwang, " Advanced Computer Architecture: Parallelism, 

Scalability, Programmability," Boston, MA: McGraw-Hill, 1992.



DYNAMIC INTERCONNECT ARCHITECTURES 
CROSSBAR SWITCH

K. Hwang, " Advanced Computer Architecture: Parallelism, 

Scalability, Programmability," Boston, MA: McGraw-Hill, 1992.



DYNAMIC INTERCONNECT ARCHITECTURES
CROSSBAR SWITCH

IBM PARALLEL SYSPLEX 1990’s to 2020’s

https://www.ibm.com/downloads/cas/W54PP4LN

https://www.redbooks.ibm.com/redbooks/pdfs/sg245639.pdf

https://www.ibm.com/downloads/cas/W54PP4LN
https://www.redbooks.ibm.com/redbooks/pdfs/sg245639.pdf


DYNAMIC INTERCONNECT ARCHITECTURES
CROSSBAR SWITCH IBM PARALLELL SYSPLEX 1990’s to 2020’s



DYNAMIC INTERCONNECT ARCHITECTURES (“TOPOLOGIES”)
SCALABILITY

K. Hwang, " Advanced Computer Architecture: Parallelism, 

Scalability, Programmability," Boston, MA: McGraw-Hill, 1992.

IBM S/390,
Z--Series

IBM Parallel 
Sysplex


