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Upcoming Due Dates

❖ HW10/11 (J compiler) to be released soon

▪ HW10 & 11 make up a 2-part assignment that take a while to 
complete.

▪ Recitation for this assignment has been VERY helpful

▪ Can grant extensions on this, but there will be reduced office 
hours and Ed activity after a bit

▪ Took some students a long time in Fall 2021
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Lecture Outline

❖ Some History on Computer Systems

❖ Modern Processors & ISAs
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None of this is on 

the final exam or 

HW10/HW11
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Mathematical Tables

❖ Before non-human calculators, you’d look up the result of 
a computation in a table

❖ These were calculated by
“Human-Computers”

▪ Some tables (such as logarithm tables)
were prone to errors. Calculations were
complicated…
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Difference Engine

❖ Instead of calculating mathematical tables 
by hand, calculate them with an 
automatic mechanical calculator!

▪ The Difference Engine!

❖ This was the inspiration for Charles 
Babbage

❖ Funding was received by British 
government. Human Computers were 
time consuming and expensive

▪ This sounds a lot like the argument for 
automation today 7
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First “Computer”?

❖ Was Charles Babbage the first person to design 
mechanical “computers”?

❖ Antikythera mechanism 205-87 BC

❖ Adding machines

❖ Johann Helfrich von Müller

▪ First to come up with the idea of
calculating mathematical tables by
machine. (1786)

• Difference Engine

▪ Plan was never funded 8
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Analytical Engine

❖ The first proposed general-
purpose computer

▪ First described in 1837

▪ First Turing Complete computer!

▪ Never built 

❖ Babbage turned interest away 
from the Difference Engine

❖ British government stopped 
funding

▪ Was more interested in seeing the 
output of the engine, not the 
development of such machines 9
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Ada Lovelace

❖ Worked with Charles Babbage on the 
analytical engine

❖ Described an algorithm to computer 
Bernoulli numbers

❖ “First” programmer is disputed.

▪ Babbage already had some “programs”

▪ She is the first to publish a program

❖ Was first to see the potential of 
computers. As something that would 
act on more than numbers 10
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The Analytical Engine Influence

❖ Had basic architecture very similar to modern machines

▪ Instruction based

▪ Had an I/O unit

▪ Turing complete

❖ Would be unknown to the builders of computers in the 
1930’s and 1940’s

❖ First built general purpose computer
The Z3 in 1941

▪ Over 100 years since the analytical
engine was first described

11
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ENIAC

❖ Electronic Numerical Integrator and Computer

▪ First programmable, electronic, general-purpose digital computer

▪ Being entirely electronic instead of electro-mechanical made it 
~1000 times faster than other machines

❖ First used to calculate
feasibility of
thermonuclear weapons
and artillery trajectories

❖ Programmed “manually”
with switches.

❖ Original programmers were 6 women.
Did not get recognition until mid-1980s.
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Tangent: Terminology

❖ Another term for a D-flip-flop is “D master-slave flip-flop”

▪ Unsurprisingly, this term raises ethical concerns

❖ This term is/was used in multiple technological 
applications

▪ Typically used to convey the concept of a “free master that did no 
work, and a slave that followed the mater’s orders”

❖ Master-slave has been used as a term in technology since 
1904
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Tangent: Terminology

❖ Many new terms have been proposed (usage varies on 
context)

▪ Primary – Replica, Writer – Reader, Producer – Consumer, …

❖ Is it a problem in contexts where only “master” is used?

▪ E.g. a “Master” branch in git?

• In this context, Master could mean “Master Copy”

❖ Similar issues with “Whitelist” and “Blacklist”?

❖ Changing these terms is good… but we shouldn’t forget 
about other systemic issues
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Early Programming

❖ The first programs were not stored “in the computer”

▪ Often, programs were manually “set” with switches, wires, etc. 

❖ Kathleen Booth is credited with inventing assembly 
languages in 1947 while working on the ARC2

❖ Higher Level programming languages were developed 
around the 1950s

▪ FORTRAN in 1954 was the first widely used high-level general-
purpose programming language

❖ ASM and programming language developments were 
made to “lower the cost of programming” 16
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Lecture Outline

❖ Some History on Computer Systems

❖ Modern Processors & ISAs
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None of this is on 

the final exam or 

HW10/HW11
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Remember This?

18
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“Single Cycle”

❖ In the past I’ve been talking about processor with the 
term “Single Cycle”

▪ This means that one instruction is executed in one clock cycle.

▪ That means the length of the program is directly proportional to 
the number of instructions executed

❖ “Single Cycle” is a convenient way for programmers to 
think about the processor, but modern processors are not
like this

▪ LC4 stands for “Little Computer 4”, provides a nicer environment 
to get used to systems concepts

19
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Single Cycle Clock Speed 

❖ When we guarantee each instruction completes in one 
cycle, the clock period must be timed to make sure the 
longest instruction still completes in one clock cycle

▪ Instruction execution time is affected by the number of gates and 
the propagated gate delay

❖ Hypothetical Example:

▪ Most LC4 instructions take 1 ns to fully execute

▪ The longest instructions take 5 ns to fully execute

▪ Clock period must be at least longer than 5 ns for our single cycle 
processor

▪ In this case, most instructions will cause us to “waste” ~4ns of 
each clock cycle

20
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Component Usage

❖ Our computer at this point is made of many components

❖ Not all components are used at all times

▪ While an instruction is being fetched from memory only the 
program memory is being used

▪ While an instruction is still being decoded, the control signals 
haven’t been set properly and rest of the hardware is not being 
used for computation

▪ Some instructions don’t use all components

▪ Etc.
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Instruction Level Parallelism

❖ When multiple instructions are executed on hardware at 
the same point in time

❖ Many related concepts:

▪ Pipelining

▪ Superscalar execution

▪ Out of Order Execution

▪ Speculative Execution

▪ …

▪ More in CIS 4710 ☺
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Pipelining

❖ What if we broke an instruction into stages and did one 
stage per clock cycle?

▪ Example: Fetch -> Decode -> Compute -> Update Registers

❖ While one instruction is being fetched, another 
instruction is being decode, another is being computer, 
and another is updating registers

❖ We still complete one instruction per clock cycle, but are 
making progress on multiple instructions per clock cycle

▪ Clock can be faster since we only need to consider maximum gate 
delay for a single stage 

23
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Superscalar Processors

❖ What if we had multiple instruction decoders, ALU’s, and 
could fetch multiple instructions at a time?

▪ We could run multiple instructions at the same time!

❖ Superscalar (and pipelining) have dependency issues:

▪ Some instructions depend on the output of previous instructions, 
how do we know if we can execute two instructions at the same 
time and get the same output?

24

ADD R3, R2, R0

ADD R6, R7, R3

ADD R3, R2, R0

ADD R6, R7, R5

Additions are independent,

Could compute both at the same time

Second addition is dependent on first,

cannot run both in parallel
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Modern ISAs

❖ Hardware is designed to support or “implement” a 
specific instruction set

❖ You can’t really talk about modern processors without 
talking about modern Instruction set architectures

25
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Modern ISAs

❖ There are other ISAs but the three most popular ISAs are:

26
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I won’t go into details of writing ASM

❖ LC4 ASM will look similar (regarding syntax) to writing 
ASM in other languages. 

▪ This can be learned on your own

▪ Would take more than this lecture to cover it all…

❖ LC4 :

❖ ARM:

❖ RISC-V:

❖ x86:

27

ADD R0, R0, R1

ADDS R0, R0, R1

ADD x0, x0, x1

ADDQ %rdi, %rsi
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CISC and RISC

❖ Complex Instruction Set Computing (CISC): Adds 
elaborate and specialized instructions to the ISA

▪ This provides a lot of tools for programmers to use, but hardware
needs to be able to support these instructions

▪ Many of the complex instructions are not used frequently

▪ x86 is CISC

❖ Reduced Instruction Set Computing (RISC): Keep 
instructions relatively small and regular

▪ Easier to build fast on hardware

▪ Complex operations are composed of simpler operations

▪ ARM, RISC-V, MIPS, LC4, etc are RISC

28
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Instruction Complexity

❖ x86 is a CISC instruction set, has more complex 
instructions

❖ Example: (Move byte from string to string)
Does:

❖ Building hardware to support instructions like this is more 
complicated to do than implementing hardware that only 
needs to support RISC instructions.

▪ Hardware to support complex instructions could otherwise be 
used to make more common instructions faster

29

MOVSB

if (DF == 0)

*(byte*)DI++ = *(byte*)SI++;

else

*(byte*)DI-- = *(byte*)SI--;



CIS 240, Fall 2022L21: History, Modern Processors & ISAsUniversity of Pennsylvania

RISC vs CISC Memory Access

❖ In RISC, the only two types of instructions that can 
interact with memory are LDR and STR instructions

❖ CISC instructions can read/write memory in the same 
instruction as other operations

▪ Example:

▪ C pseudo-code: rdi += *rsi;

30

ADDQ %rdi, (%rsi)

rdi += *rsi;
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Instruction Length & Code Density

❖ x86 instructions are of variable length, longest ones being 
15 bytes (120 bits)

❖ ARM instructions will be a mix of 16 bits or 32 bits

❖ Decoding x86 instructions is more complicated but each 
instruction can contain more information.

▪ Programs can generally be written in fewer CISC instructions than
RISC instructions.

▪ Code density is useful when space to store the program is limited, 
also reduces time needed to go to memory to fetch an instruction

31
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x86 Micro operations

❖ With more complex instructions, it is a lot harder to 
perform instruction level parallelism

❖ To help with this the x86 decoder breaks up instructions 
into micro-operations that can then be fed through a 
pipeline that supports ILP

▪ These micro-operations end up being very “RISC” like

32
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Business Model & Politics

❖ How the "intellectual property" of the instruction set 
architecture also has significant influence over which is 
used.

▪ x86 is closed, only Intel and AMD can design and cell x86 CPUs

▪ ARM is closed, owned by the ARM company who license the ISA 
to companies like Apple who then use it.

▪ RISC-V is open, anybody can design and sell RISC-V processor. 
Those processors can be made open source or kept private.
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Further Studies

❖ In the 2020’s, it is unlikely you will have to write assembly 
once you graduate. 

❖ If you do want to learn more about modern assembly 
languages, RISC instruction sets like ARM, RISC-V or MIPS 
will be most similar to LC4.

❖ Do not write LC4 on your resume, it only exists here.
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