exam will be created from selected parts of this document; At least 6 days before exam | will make a revised copy of this showing exactly which
questions are part of what will be selected; this document will be frequently updated until then

NAME:

EGR 430
Parallel Processing LECTURE & LAB
FINAL-EXAM(Comprehensive!)
J. Wunderlich, PhD

This is a closed-book, closed-notes, no-calculators exams. Write all answers on blank paper supplied to you. Write your name at the top of every page
BACKGROUND BASICS (XX points total)

SOURCE: Powers of 10 & 2

What power of 10 is Tera? ___ What approx. power of 2 is Tera? ___
What power of 10 is Giga? ___ What approx. power of 2 is Giga? ___
What power of 10 is Mega? ___ What approx. power of 2 is Mega? ___
What power of 10 is Kilo? ___ What approx. power of 2 is Kilo? ___

What power of 10 is Milli? ___
What power of 10 is Micro? ___
What power of 10 is Nano? ___
What power of 10 is Pico? ___
SOURCES: Throughout this course, and prerequisite courses
Define these acronyms in computing:

CPU GPU FSB

MPP SMP, LAN

IPC DOP DMA

CPI FLOPS

RISC CIsC

ISA HBM _Answer: High Bandwidth Memory  TC Tensor Core

FET MOS TSMC (hint, it's a company)

SUPERCOMPUTER FUNDAMENTALS PP1x PDF MP4-
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PARALLEL PROCESSING HARDWARE & SYSTEMS-LEVEL SOFTWARE OPTIMIZATION Pp1x-w/audio PDF MP4 YOUTUbE

Possibly do this exact problem on Test:

Ce——
Zd <

3) For this problem, grain packing on a multi-core system doesn’t make a difference since it’s such a
small computation, best done by a single Superscalar Processor; which is 4-Way here, however
even if it was only 2-Way, with therefore DOP = 8/5 = 1.6, and Speedup = 53/33 = 1.6 (i.e., 60% faster
than the worst case), superscalar is still better than the 2-processor case
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| May ask you a piece of this problem:

PARALLEL PROCESSING HARDWARE & SYSTEMS-LEVEL SOFTWARE OPTIMIZATION Pp1x-w/audio POF MP4 YOUTube Ay Ay By By Cu Co
[ ][5 a]-[& &
SOURCES: pp7x PDF MP4 YouTube AND PPTX-w/audio PDF MP4 YouTube > gams O 4l t g+

A.  Given the following MATRIX (i.e. Vectors), and SCALAR equations
Compare (with TABLE and CONCLUSION), SHOWING ALL CALCULATIONS for AVERAGE HARDWARE PARALLELISM (DOP), and SPEEDUP (SHOW SCHEDULES
WITH EXACT TIMINGS) on:
a)  Asingle processor (non-pipelined) (DRAW FINE-GRAIN GRAPH)
b)  An 8-core MPP (non-pipelined cores), using DMA'’s for IPC (USING SAME FINE-GRAIN GRAPH)
c)  Ad-core MPP (non-pipelined cores), using DMA's for IPC, and GRAIN-PACKING (DRAW COURSE-GRAIN GRAPH)
Assume 4 Fine-Grain Assembly Instructions for MULTIPLICATION-Grains (needing 101 “Clocks), and ADD-Grains (needing 8 “Clocks”), and IPC=212 "clocks”
... For DOP, assume one operation-Cycle per Fine-Grain (i.e., not “Clocks”), and also one operation-Cycle per Course-Grains after Grain-packing
HINT: draw this, draw thjs, calculate this, draw this, calculate these, draw this, draw this, calculate these, make this table, state this conclusion
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Same problem as above:
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SOURCES: PARALLEL PROCESSING HARDWARE & SYSTEMS-LEVEL SOFTWARE OPTIMIZATION pprx-wiaudio POF MP4 YOUTube
Create a 5 tiered picture showing the five er: levels of parallelism in program execution, from level 1 and 2 being fine grained, Level 3 and 4 being medium grain, and level 5 being coarse

grain... fill in the description of each of the levels include an arrow going from the top to the bottom saying something about IPC; additionally make a sketch of a matrix multiplication row
times column dot product next to the level 1
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Figure 2.5 Levels of parallelism in program execution on mgdern ¢
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ASSEMBLY LANGUAGE
SOURCE:https://users.etown.edu/w/wunderit/MicrocontrollerPaper_Highlited%203.pdf

Descnbe the dlfference between an OP CODE and an OPERAND

SOURCE: Wunderlich, J.T. (1999)."Focusing on the blur'ry distinction between microprocessors and microcontrollers."” In Proceedings of 1999 ASEE Annual Conference &
Exposmon Charlotte NC (sess:on 3547), [CD ROM] ASEE Pub//catlons PDF DOC

e  Whatis the function of a PROGRAM COUNTER (PC) in computer architectures, AND Why is it a counter?

SOURCE: PSW
Draw and describe all of the contents of the 8051 microcontroller STATUS REGISTER (Program Status Word), AND explain how two of the bits are used in controlling
Registers-Banks

yeu:—we;ld.
SOURCES: SLIDE #8 of PDF PPTX-w/audio MP4 YouTube
How is PCle different than PCl in the way bits are handled in digital communications; and why was this a major paradigm shift in simple computers a couple decades ago?
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NVIDIA ... SOURCES: PARALLEL PROCESSING HARDWARE & SYSTEMS-LEVEL SOFTWARE OPTIMIZATION pprx-wiaudio PDF MP4 YOUTube

CACHE DESIGN ppTx-w/audio PDF MP4 YOuTube

AND CACHE DESIGN ppr1x-w/audio PDF MP4 YOUTube

Write a very short essay (one page max) about what we discussed regarding the 2022 and 2025 export controls of NVIDIA chips including creating THREE graphs showing
the H800, H100, and H20 processors with COMPUTATIONL PERFORMANCE (FLOP’s) on the Y axis and INTERCONNECT BANDWIDTH on the X axis; clearly shade an
area on each graph showing the extent of the export controls for both 2022 and 2025. Include in your essay how creative deep learning distillation an optimization techniques
were used as a workaround to use certain processors to outperform more costly REASONING models in 2025.

HINTS:
s Oct 7th, 2022 Export Controls Jan 13, 2025 Export Controls
GPU's for Deep Learning: NVIDIA H100, H200 H20
——— U s (FLop/s)
January 2025 announcement by = ) n—N "“\ m\
Chinese Company “DeepSeek” A" RN
SR P 4 >
that it can perform Deep Learning ¢ L —aa 3 _WV*
at a very small fraction of the costs p R 2 S W \ —— % a0 A0 N0
. = e
4 A Overvew . — —— o]
DeepSeek’s abiity 1o buld powerfud Al systems inexpensively stems from its
i i ining techniques and efficient model design. They achieved
this by focusing on training only the most crucial parts of the moded, using
smart memory compression, and making efficient use of hardware rescurces,
according to Analytics Vidhya. Specifically, they employed a *mixture-of
experts’ approach, which allows the model to speciaize in different tasks and
only activate the necessary submodels, as axplained in a paper by Live
Science and The New York Times. :,\ H20 Added to Export

Controls on April 11, 2025,

Here's a more detailed breakdown:
Mixture of ExEru (MoE):
stead of training one massive mode

Zelarvanmart Bando
Bytary

~lats $ 0 ™ Mixture of Experts
pociakzing in a difer sk — e

models for a given task, reducing computation. @
Efficient Memory Compression: Sparse Model

Expert 1 Expert2

Sman Hardware Utilization: OOO OOO dé O‘

not activated activated

Multi-Token Prediction:

3] CHN IMprove BCCUBCY, SXCorEng 108 report by MIT Technology Review. # A

ocpsonk 50 s evbrcemer a0 Did DeepSeek Copy Off Of OpenAl?
oo soucomppenen N And What Is Distillation?

3 OPRN-3
ary have o

By Joho Wemer. Coraritutor. © 1am an MIT Senior Feliow & Lecture, Sx v

prog
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“Distillation is a technique designed to transfer knowdedge of a large pre-trained model (the
“teacher”) into a smaller model (the "student”), enabling the student model to achieve
comparable performance to the teacher model,” write Vishal Yadav and Nikhil Pandey. “This
technique sllows users to leverage the high quality of larger LLMs, while reducing inference

costs in a production environment, thanks to the smaller student model,”

Noohkrwn

Compare and contrast SRAM and DRAM
define both TEMPORAL and SPATIAL LOCALITY of REFERENCE
Explain what THRASHING is if using direct mapping in an SMP architecture
Explain why a cache line replacement algorithm is not needed for a cache miss if using direct mapping in an SMP architecture
How is a GPU cache different than a CPU cache?
State both the hit and miss operation including a cache-miss replacement policy
Fora Main Memory that has byte addressing, and a cache thatholds __ of _ blocks:
a. Fora MAPPED cache:
i.  Sketch and label the cache including cache-lines (for the cache blocks) in HEX
ii.  Show the calculation of the cache tag size
ji. ~ Re-sketch and label Main Memory to show how it is organized (“chunked”) into groups because of the size of the tag (if Direct or Set-Associative
Mapping, otherwise explain why that is not necessary - i.e., if fully associative mapping is asked for)
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QUALITY CONTROL / VERIFICATION _PDF PPT
Reflecting on 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. PPTX-w/audio PDF MP4 YouTube,

A.  Explain in detail your selection of your designed Machine Instructions (Scalar, Vector, And Neural Network) that you picked for PART A of your last lab project below,
and explain how they sufficiently tested the critical parts of the functionality of your design, in a minimal amount of TIME, and use of code stack memory SPACE
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Write an essay about NEURAL NETWORK PROCESSOR DESIGN (Vector-Register Parallel Processing) including:
A.  Inasentence or two, compare and contrast the two Neurocomputer chips developed by Dr W in the early 1990’s, in his draft book chapter
. J T Wunderlrch Deep Learnlng Book Chepter Draft & Neural Network Processor Designs PPTX-w/audio PDF MP4 YouTube

ied-Linear Unitinthe 2018 paper we it

C- Explain-Dr-W. Tano' r

D. W|th words and sketches descrrbe your neural network hardware (ISA, vector regrster unit, and neural network transfer function unit) in your last major laboratory
project, and reference some of:
. Wunderlich Intro to Neural Networks; Data, Training, Inference PPT PDF MP4 YouTube
e  Abdi, H., Valentin, D., Edelman, B. (1999), Neural Networks, Sage Publications. Deep-Learning Transformers
. Hertz J Krogh,A., Palmer, R. G. (1991), Introduction to the Theory of Neural Computation, Adison-Wesley

. J.T.Wunderlrch, Deep Learnmg Book Chapter Draft & Neural Network Processor Designs PPTX-w/audio PDF MP4 YouTube
. “Deep Learning using Rectified Linear Units (ReLU)” by A. Agarap — Neural Network Transfer Function Hardware
. 2024 “Benchmarking and Dissecting the Nvidia Hopper GPU Architecture ” by Weile Luo, et.al.
SOURCE: 2024 “Benchmarking and Dissecting the Nvidia Hopper GPU Architecture ” by Weile Luo, et.al.
What is a Tensor in Deep Learning?
Answer: a multidimensional array of matrices and vectors, mostly containing interneuron connection-WEIGHTS
What is a Tensor Core?
Answer: A functional unit within a GPU designed to accelerate matrix (i.e., Vector) operations

a) Units of a neural network b) With each unit value as a tensor
https://en.wikipedia.org/wikiTensor_%28machine_learning%29#/media/File:Tensor Units |

CISC vs. RISC INSTRUCTION SET DESIGN, PERFORMANCE & SCALABILITY PPTX-w/audio PDF MP4 YOouTube
1. SOURCE: “Simultac Fonton: A Fine-Grain Architecture for Extreme Performance beyond Moore’s Law” by M. Brodowicz and T. Sterling
Explain how you believe the “Fontons” in this supercomputer paper we discussed could be used for neurocomputations
Explain in words AMDAHL'’S LAW as applied to multiple processors or cores in an SMP Architecture.
Draw a graph of AMDAHL'’S LAW as applied to multiple processors or cores in an SMP Architecture, AND also graph the ideal case.
From reading & lecture on “BREAKING THE MULTICORE BOTTLENECK”, explain in words, AND graph, how it relates to Amdahl’'s Law
Other than the number and complexity of machine instructions, state 3 differences between RISC and CISC Give an example of when you may have given up too soon on
trying to solve a Lab problem. Answer: RISC has A hardwired control unit which makes it faster then the micro programmed cisc control unit, RISC has more general
purpose registers, the instruction format in RISC has fixed boundaries between thE Op code and operand fields in the Instruction Register which make it faster to
process fetched instructions

o~ wN
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http://users.etown.edu/w/wunderjt/ITALY_2009/PUBLICATION_CONTROLLED_RANDOMNESS_IBM.ppt
http://users.etown.edu/w/wunderjt/PACKET%208%20BOOKSTORE%20433%20Lecture%206%20Dr%20W%20%20IBM%20Supercomputer%20Verification%20Paper.pdf
http://users.etown.edu/w/wunderjt/PACKET%208%20BOOKSTORE%20433%20Lecture%206%20Dr%20W%20%20IBM%20Supercomputer%20Verification%20Paper.mp4
https://www.youtube.com/watch?v=Mk6Dbz-ti_s&list=PLK3MJsXEYEQIGw3tmIkjsBfZ49rr_GAmv&index=2
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/watch?v=A-sbygSrzYs&list=PLK3MJsXEYEQIGw3tmIkjsBfZ49rr_GAmv&index=31
https://users.etown.edu/w/wunderjt/PACKET%2013%20BOOKSTORE%20433%20Lecture%2011%202018%20Neural%20Network%20Paper%20with%20Rectified%20Linear%20Unit%20Transfer%20Function.pdf
http://users.etown.edu/w/wunderjt/EGR_CS230/PACKET%2034%20BOOKSTORE%20Symbolic%20AI%20vs%20Neural%20Networks.pptx
http://users.etown.edu/w/wunderjt/EGR_CS230/PACKET%2034%20BOOKSTORE%20Symbolic%20AI%20vs%20Neural%20Networks.pdf
http://users.etown.edu/w/wunderjt/EGR_CS230/PACKET%2034%20BOOKSTORE%20Symbolic%20AI%20vs%20Neural%20Networks.mp4
https://www.youtube.com/watch?v=XutqAnBNTI0&list=PLK3MJsXEYEQIGw3tmIkjsBfZ49rr_GAmv&index=43
https://users.etown.edu/w/wunderjt/Abdi%20Neural%20Networks.pdf
https://www.youtube.com/watch?v=wjZofJX0v4M
https://users.etown.edu/w/wunderjt/Hertz%20Theory%20of%20Neural%20Computation%20CH0%20COVER%20&%20Table%20of%20Contents.pdf
https://users.etown.edu/w/wunderjt/Hertz%20Theory%20of%20Neural%20Computation%20CH1%20Intro.pdf
https://users.etown.edu/w/wunderjt/Hertz%20Theory%20of%20Neural%20Computation%20CH2%20Hopfield.pdf
https://users.etown.edu/w/wunderjt/Hertz%20Theory%20of%20Neural%20Computation%20CH3%20Hopfield%20Extensions.pdf
https://users.etown.edu/w/wunderjt/Hertz%20Theory%20of%20Neural%20Computation%20CH4%20Optimization.pdf
https://users.etown.edu/w/wunderjt/Hertz%20Theory%20of%20Neural%20Computation%20CH5%20Perceptrons.pdf
https://users.etown.edu/w/wunderjt/Hertz%20Theory%20of%20Neural%20Computation%20CH6%20Backpropagation.pdf
https://users.etown.edu/w/wunderjt/
https://users.etown.edu/w/wunderjt/Hertz%20Theory%20of%20Neural%20Computation%20CH8%20Unsupervised%20Learning.pdf
https://users.etown.edu/w/wunderjt/Hertz%20Theory%20of%20Neural%20Computation%20CH9%20Unsupervised%20Competitive%20Learning.pdf
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/watch?v=A-sbygSrzYs&list=PLK3MJsXEYEQIGw3tmIkjsBfZ49rr_GAmv&index=31
https://users.etown.edu/w/wunderjt/PACKET%2013%20BOOKSTORE%20433%20Lecture%2011%202018%20Neural%20Network%20Paper%20with%20Rectified%20Linear%20Unit%20Transfer%20Function.pdf
https://arxiv.org/html/2402.13499v1
https://arxiv.org/html/2402.13499v1
https://en.wikipedia.org/wiki/Tensor_%28machine_learning%29#/media/File:Tensor_Units.jpg
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/watch?v=uj6G5J78Wos&list=PLK3MJsXEYEQIGw3tmIkjsBfZ49rr_GAmv&index=9
https://users.etown.edu/w/wunderjt/PACKET%2012%20BOOKSTORE%20433%20Lecture%2010%202017%20Supercomputer%20Paper.pdf

High Level Language vs Assembly Language 2 PDF PPTX-w/audio (MP4* YouTube*) -videos include #18 above (List 3 advantages and 3 disadvantages of assembly language)

SOURCE: poF2
What is the difference between a TRAP and an INTERRUPT
SOURCES:
e  Whyis VIRTUAL ADDRESSING needed to accommodate all the expectations of software development; i.e., explain the difference between hardware realities and
what we like to do when we program. Show explicitly with powers of two and magnitudes the difference between a virtual address and a real address ... i.e., Why have
there only been 40 pins for addressing memory coming out of the back of Pentium processors even though 64 bit computing has been around for three decades.

SOURCES: Atoms & Transistors
Draw the circuit symbols and label them for both CMOS and Bipolar Transistors, then write a sentence or two about how each of them functions differently

SOURCES: Moore's Law
State Moore’s law and why it must inevitably fail

SOURCES:
What is the approximate MINIMUM FEATURE SIZE that chips are being manufactured at this year, give a number and a Greek symbol for the dimension; then express it as
a multiple of atomic diameters (angstroms)

Summarize in one paragraph U.S. AMBASSADOR JOHN B. CRAIG, lecture on DESIGN AND DEVELOPMENT OF COMMERCIAL AIRCRAFT; from his experience as a Boeing
Vicepresident.

Describe your favorite team moment where everybody in your group was equally happy about solving some problem together. Describe the problem, why it was so puzzling initially, and
what made the solution so happy.

Recall this lab project, and sketch how you:
(a) Designed your MULTIPLEXER (clearly labeled block diagrams, and some narrative of what you needed to do to come up with the logic gates needed ... like cascaded bit-slices, two
smaller MUX’s cascaded, or maybe a method you used to simplify an 8 variable digital function.
(b) Designed your PLC flow-chart (s)

PLC Outputting either a 2-BIT up-count or down-count
Design and implement the circuits below in two ways: per user's MANUAL input selection into PLC
1. ALogisim circuit simulation using only FLIP-FLOP’s, INVERTORS, AND’s, OR’s, XOR'’s, and NAND's for all circuits
2. TTL SSI chips on circuit trainer using only FLIP-FLOP'’s, INVERTORS, AND'’s, OR’s, XOR's,and NAND's . -

INSTRUCTION SET: y i
OPCODE=00 Compare IR Operand to Circuit-Trainer UP-COUNTER e BN N
OPCODE=01 Compare IR Operand to Circuit-Trainer DOWN-COUNTER
OPCODE= 10 Compare IR Operand to I/O from PLC

OPCODE= 11 ERROR

INSTRUCTION REGISTER (IR) via Toggle-Switches Momentary-Switch #1  Momentary-Switch #2
OP Code  Operand 2-BIT UP-COUNTER 2-BIT DOWN-COUNTER
XX XX XX XX /o

—| MULTIPLEXER

ERROR
COMPARATOR

111

<+


http://users.etown.edu/w/wunderjt/EGR_CS230/PACKET%2018%20BOOKSTORE%20High%20Level%20Language%20vs%20Assembly%20Language%202.pdf
http://users.etown.edu/w/wunderjt/EGR_CS230/PACKET%2018%20BOOKSTORE%20High%20Level%20Language%20vs%20Assembly%20Language%202.pptx
http://users.etown.edu/w/wunderjt/EGR_CS230/PACKET%2017%20BOOKSTORE%20TEXTBOOK%20CHAPTER%20Reading%20RISC%20vs%20CISC,%20HLL%20vs%20Assembly%20CD2.20-P374493.mp4
https://www.youtube.com/channel/UC_kM_k93zreIu40CVwuHQzg
http://users.etown.edu/w/wunderjt/333%20Communications%20Fundamentals.pdf
http://users.etown.edu/w/wunderjt/EGR_CS230/PACKET%203%20BOOKSTORE%20Atoms_and_transistors%202.pdf
http://users.etown.edu/w/wunderjt/EGR_CS230/PACKET%204%20BOOKSTORE%20When%20will%20Moore's%20Law%20fail.pdf
https://en.wikipedia.org/wiki/John_B._Craig

Given the assembly language routine below,
A.  With the register transfer notation blanked out on your exam, fill in the Register Transfer Notation (RTN)
B.  Fillin the Memory Map with what it looks like at the end of a simulator program run (Just Write on Top of the “00”s.
; Intel 8051 Assembly Language Code to generate eleven numbers in a
; Fibonacci Series (00,01,01,02,03,05,08, 21,34,55,89) in Decimal
; Fibonacci Series (00,01,01,02,03,05,08,0D,15,22,37,59) in Hex
MOV R0,#30h  ;put ADDRESS 30hex of MEMORY location to store Series-Number, into REGISTER R0 RTN: RO <- 30h
MOV @RO0,#00h ;put DATA 01hex into MEMORY location pointed to by the address in REGISTER RO RTN:(R0)<- 00h
MOV R1,#31h  ;put ADDRESS 31hex of MEMORY location to store NEXT-Series-Number, into REGISTER R1  RTN: R1 <-31h
MOV @R1,#01h ;put DATA 01hex into MEMORY location pointed to by the address in REGISTER R1 RTN:(R1)<-01h

MOV R2,#0Bh  ;COUNTER to count down the 11 numbers in the Fibonacci Series, so put 0Bhex into R2 RTN: R2 <- 0Bh
MOV A#01h ;Using Accumulator to create number in series, initialize second number 01hex RTN: A<-01h
BACK: ADD A,@R0 ;Create next number in series by adding Accumulator contents to last number created RTN: A <- A+(R0)
INC RO ;Increment Pointer in RO to point at number just created in series, in memory RTN: RO <- R0+1
INCR1 ;increment Pointer in R1 to point where to put next number created in series RTN: R1 <-R1+1
MOV @R1,A ;... and store there, the next number in series just created in the Accumulator RTN:(R1)<- A
DJNZ R2,BACK ;Decrement COUNTER and loop back to LABEL "BACK" until count is down to Zero RTN: R2 <- R2-1, PC <- "BACK" address

RTN: PC <- "HERE" address
CMEF S AR AR B R BRIy R R0 BB G G- R B SR

HERE: SJMP HERE ;Just hang here

10
20
60
70
HINT (not given in Exam):

80 froe
registars

Recall this from both lecture and lab, and fill in the Register Transfer Notation (RTN):
Wounderlich, 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. PDF DOC
Example 8051 microcontroller program using 8-bit arithmetic to do a 16-bit task; Decrement the 8-bit general-purpose registers R1 and RO as one concatenated 16-bit
number until it reaches the 16-bit number made by concatenating the contents of the 8-bit general-purpose registers R3 and R2.

check: MOV A, RO ;put low-order byte in accumulator RTN:
CJNE A, 02h, dcrmnt ;conditional jump to "dcrmnt" if not equal to R2 contents RTN:
MOV A, R1 ;put high-order byte in accumulator RTN:
CJINE A, 03h, dcrmnt ;conditional jump to " dermnt " if not equal to R3 contents RTN:
SJMP done ;countdown finished, jump to "done" RTN:
dermnt: MOV A, RO ;put low-order byte in accumulator RTN:
CLRC ;must clear carry flag since used in subtraction RTN:
SUBB A, #01h ;decrement (and possibly set borrow) RTN:
MOV RO ,A ;stemporarily store new high-order byte in RO RTN:
MOV A, R1 ;put high-order byte in accumulator RTN:
SUBB A, #00h ;subtract borrow (i.e., carry bit is set if borrow at line #07) RTN:
MOV R1 A ;stemporarily store new high-order byte inR1 RTN:
SJIMP check ;jump to "check " RTN:
done: NOP ;program finished RTN:

Example 8051 microcontroller program using 8-bit arithmetic to do a 16-bit task; Decrement the 8-bit contents of internal RAM addresses 21h and 20h as one
concatenated 16-bit number until it reaches the 16-bit number made by concatenating the contents of the 8-bit general-purpose registers R3 and R2.

check: MOV A,20h ;get low-order byte from on-chip RAM RTN:
CJINE A,02h,dcrmnt ;conditional jump to "dermnt" if not equal to R2 contents RTN:
MOV A,21h ;get high-order byte from on-chip RAM RTN:
CJNE A,03h,dcrmnt ;conditional jump to " dermnt " if not equal to R3 contents RTN:
SJMP done ;countdown finished, jump to "done" RTN:
dcrmnt: - MOV A,20h ;get low-order byte from on-chip RAM for decrementing RTN:
CLRC ;must clear carry flag since it is used as a borrow RTN:
SUBB A #01h ;decrement (and possibly set borrow) RTN:
MOV 20h,A ;store new high-order byte in on-chip RAM RTN:
MOV A,21h ;get high-order byte from on-chip RAM for decrementing RTN:
SUBB A,#00h ;subtract borrow (i.e., carry bit is set if borrow at line #07) RTN:
MOV 21h,A ;store new low-order byte in on-chip RAM RTN:
SIMP check ;jump to "check " RTN:
Done: NOP ;program finished RTN:


http://users.etown.edu/w/wunderjt/PACKET%2018%20Blurry_Distinction.pdf
http://users.etown.edu/w/wunderjt/PACKET%2018%20Blurry_Distinction.doc

Example: Dynamic scheduling using TOMASULO’S ALGORITHM to facilitate out of order
machine instruction execution such that Add operation in the reservation station on the left
will be executed before the Divide instruction in the reservation station on the right even though
the divide operation is first in the instruction sequence. This is because the Divide operation

requires 40 clock cycles to execute whereas the Add instruction only requires 2 clock cycles .
=jyjE6NHtkiA
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http://users.etown.edu/w/wunderjt/Defining%20the%20Limits%20of%20Machine%20Intelligence;%20-%20Define%20Smart.mp4
https://www.youtube.com/channel/UC_kM_k93zreIu40CVwuHQzg
http://users.etown.edu/w/wunderjt/EGR_CS230/PACKET%2037%20HANDOUT%20CogSci%20HCI%20Lecture%202018.pdf
http://users.etown.edu/w/wunderjt/EGR_CS230/PACKET%2037%20HANDOUT%20CogSci%20HCI%20Lecture%202018.pptx
http://users.etown.edu/w/wunderjt/EGR_CS230/PACKET%2037%20HANDOUT%20CogSci%20HCI%20Lecture%202018%20original.mp4
https://www.youtube.com/watch?v=gPTGLjg3iO0&list=PLK3MJsXEYEQJTnhBd-lz6zdrLrk-CLifU&index=23&t=2598s
http://users.etown.edu/w/wunderjt/EGR_CS230/PACKET%2037%20HANDOUT%20CogSci%20HCI%20Lecture%202018.mp4
https://www.youtube.com/watch?v=gPTGLjg3iO0&list=PLK3MJsXEYEQJTnhBd-lz6zdrLrk-CLifU&index=23&t=2598s
https://users.etown.edu/w/wunderjt/21YEARS_RMI_PAST_PRESENT_FUTURE.pdf
https://users.etown.edu/w/wunderjt/21YEARS_RMI_PAST_PRESENT_FUTURE.pptx
http://users.etown.edu/w/wunderjt/21YEARS_RMI_PAST_PRESENT_FUTURE.mp4
https://www.youtube.com/watch?v=Jk3kZ8qyS2M&list=PLK3MJsXEYEQIGw3tmIkjsBfZ49rr_GAmv&index=1
https://www.youtube.com/watch?v=Jk3kZ8qyS2M&list=PLK3MJsXEYEQIGw3tmIkjsBfZ49rr_GAmv&index=1
https://www.youtube.com/watch?v=Jk3kZ8qyS2M&list=PLK3MJsXEYEQIGw3tmIkjsBfZ49rr_GAmv&index=1
http://users.etown.edu/w/wunderjt/Cyber_Security_Symposium%20QUESTIONS%20and%20PLAN%209_7_13%20version_6_REFLECTIONS.pdf

