Computer Architecture

A DRIVE-BY ..




Fundamentals

Yes, you know what a computer is ... but how well and at what level?

Understanding the basics of how things work relate to why we make certain architectural
choices

Main components
° CPU

° Memory
o Storage
° Bus



Where it began ...

Charles Babbage and Ada Lovelace (circa 1800s)

) Babbage devises his ‘analytic engine’. A
mechanical computer with an Arithmetic
Control Unit, Flow control, Branching,
Loops, Memory...
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) Ada Lovelace contributed the ideas and
concepts which became a general
programming language for the analytic

engine. (Ever heard of the programming
language ‘Ada’??)

All analog and mechanical; no electronic
components!




Ancestry.computer ...

ENIAC: The first electronic computer.
, : _ , Completed in 1946 at the University
e W - 2 | of Pennsylvania.
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Figure 1.1 A von Neumann machine

J. Baer, Computer Systems Architecture, Computer Science Press, p. 5, 1980




Ancestry.computer ... for OS

Steve Jobs
visits PARC
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The evolution

Computers did not always look the way they do now

» In fact they were once base-10, not base-2

» EBCDIC was used instead of ASCII

» The original goal was just crunch numbers (math) very very fast (e.g. Alan Turing’s Enigma project)
The standard today, is binary, high density chips, multiprocessing

The future?

- Quantum Computing (https://www.ibm.com/quantum-computing/learn/what-is-quantum-
computing)

- Neuromorphic Computing (R. A. Nawrocki, R. M. Voyles and S. E. Shaheen, "A Mini Review of
Neuromorphic Architectures and Implementations," in IEEE Transactions on Electron Devices, vol. 63,
no. 10, pp. 3819-3829, Oct. 2016, doi: 10.1109/TED.2016.2598413)


https://www.ibm.com/quantum-computing/learn/what-is-quantum-computing
https://www.ibm.com/quantum-computing/learn/what-is-quantum-computing

BCD — Binary Coded Decimal
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History of Punched Cards: https://homepage.divms.uiowa.edu/~jones/cards/codes.html



https://homepage.divms.uiowa.edu/~jones/cards/codes.html

EBCDIC vs ASCI]
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But today: Your software on a computer
... looks like this

Application i

OS/ Drivers
ST o

Circuits/ Devices



From code to
CPU

8085 programming item

Description

Registers

These are 8 bit general purpose registers such as
B,C,D,E,H,L as mentioned.

We all know that CPUs run
architecture specific
instruction sets

Compilers take programming
languages and convert to
assembly and then binary

X86, ARM, PowerPC all use
different instruction sets
(with similar behavior)

Accumulator

It is a 8 bit register used to store the result as
well as intermediate operations of the
mathematical operation.

Flags

These are five flags , set and reset according to
certain arithmetic and logical conditions.

Program Counter(PC)

It is 16 bit in size. The microprocessor uses this
register to sequence the executions of the
instructions. It is also used as memory pointer. It
holds memory address from where next byte is
to be fetched. It basically points to the assembly
codes stored in the form of opcodes. When a
byte is fetched , PCis incremented by 1 to point
to the next memory location.

Stack Pointer (SP)

It is 16 bit in size. It points to the memory
location in R/W memory known as stack. The
beginning of stack is defined by loading 16 bit
address in the SP.




From code to CPU

x86 examples

MVI D, 8CH MVI A, 40H

MVI C, 6EH RLC

MOV A, C RLC

ADD D RLC

OUT PORT1 OUT PORT1

HLT HLT
What does this do? What does this do?
Adds x8C and x6E = xFA (250) Multiply by 8 (shift is x2)



From there ...

CPUs are circuitry What is a logic gate?
AND, NAND, OR, NOR, NOT, XOR ...

Transistors are the foundation of circuitry

Computers are digital logic; logic gates built
from transistors

CPUs are made of millions of (transistors/ logic A AB 2 AB
gtes ) S T

Binary instructions operate on these logic AND Gates
gates

Logic Gates




Concept behind Logic ... truth tables
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What is the Software statement that corresponds to the logic gate diagram for output AB?
if (A&&B){..}

What is the Software statement that corresponds to the logic gate diagram for output  AB
if  (A&&B){...}



All math operations subset to digital logic

Half Adder Using NAND Gates
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): AB Sum = AB + AB =A®B
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) CarrysA=BEA8

To subtract binary number B (the subtrahend) from binary number A (the minuend).
eAdd the 2's complement of B to A

ve)

Subtraction is also addition in digital logic
eSubtraction

o|f there is a final carry bit, discard it and the result is positive.

o|f B greater than A there will be no carry bit and the result will be the 2's complement of the sum and is negative.



A simple ‘if” statement

if (a == 0 and b != 9)

(MOSTLY CORRECT) ASSEMBLY CODE
&a = 0x5100; & b = 0x5200

LDA 0x5100
CMP O
JZ SKIP
LDA 0x5200

JZ SKIP
BLAH, BLAH Roughly 8 transistors (2-5 per gate)

Converted to digital logic, 2 logic gates

SKIP: OTHER STUFF One simple line of code needs 8 transistors

Linux (just the kernel) has 10,000,000 lines of code




Reading material

Digital Logic:

https://mpoweruk.com/digital logic.htm

Digital logic gates simulator:

https://www.kolls.net/gatesim/



https://mpoweruk.com/digital_logic.htm
https://mpoweruk.com/digital_logic.htm
https://www.kolls.net/gatesim/
https://www.kolls.net/gatesim/

And this is why Moore’s [aw is important!

1950s 1960s 1970s 1980s 1990s 2000s 2010s
Silicon TTL 8-bit 32-bit 32-bit 64-bit 3072-Core
Microprocessor Microprocessor Microprocessor GPU

Transistor Quad Gate
Fv . ﬂ I

‘;:."7: » N\ !
n L —

16 4500 275,000 3,100,000 592,000,000 8,000,000,000
Transistor Transistors Transistors Transistors Transistors Transistors Transistors

-y

Always know your history so you can build the future



WHAT WAS THE THE CLOUD WAS A LOT | | THERE WAS NO MEMORY PROTECTION. IF
INTERNET LIKE IN | | SMALLER. IT LAS CALLED | | YOU WANTED TO URITE To AN ADDRESS,
THE OLDEN DAYS, | | A “MAINFRAME® AND IT | | YOU WOULD CALL AROUND TO ASK

FoR ADEVELOPER? | | LAS NEAR SACRAMENTO, | | WHETHER ANYONE ELSE WRS USING IT.

oH THINGS | | IT WAS ON THE STATE. | | OFTEN BILL GATES WoULD SAY HE U,
VERE VERY | | LANDUINE, 50 THE \WJHOLE | | EVEN WHEN HE WASNT, THAT'S HOW
DIFFERENT. | | NDUSTRY PAUSED WHEN | | MICROSOFT GoT TS EARLY FOOTHOLD:
THE GOVERNOR HAD TO

%?W%'%i

‘GIT" WAS ORIGINALLY A VAN THAT CIRCLED BEFORE TERMINALS, WE ALL USED
AROUND GATHERING DATA TAPES TO COPY AND | | PUNCH CARDS, WHICH WERE ORIGINALLY
DISTRBUTE. WE ALL TOO’( TURNS DRIVING IT | | DEVELOPED TO CONTROL LOOMS.

WHEN YOU SAW IT COMING YoU'D BLOW AN EARLY MAINFRAMES LIOULD\ PRODUCE A
AR HORN T0 REQUEST THAT IT PULL OVER. | | SUEATER EACH TIME YOU RAN ‘YOUR CODE.

THAT'S UHERE "PULL EVENTUALLY \JE GOT THEM TO STOP
REQUEST" CAME FROM. \E HAD ENOUGH SWJEATERS.

? )
OH, NEAT!

e k ? ?
https://xkcd.com/2324/



https://xkcd.com/2324/

