Building a Basic Processor:
The Components
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Source: https://en.wikipedia.org/wiki/
History_of_general-purpose_CPUs
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From Wednesday... Multiplexers

e “Hardware if-statements”
o Select between multiple inputs

« Example: choose the second operand reg
for add and addi I

reg2 ////////

Imm
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Chat with your neighbor(s)!

Build a two-input (1-bit selector)
MUX out of logic gates!
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NOT AND NAND XOR NOR




Build a Two-Input (1-bit selector) MUX!
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Outline

* Reintroducing the goals of a processor
 Overview of data path elements

* Constructing a data path
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Processor Goals

 Track the location of what to execute

* Fetch instructions from memory

* |nterpret instructions

We now have
Instructions and
methodology to do these
operations! Referred to
as a “decoder” unit

e EXxecute Instructions

 Maintain and update state
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Program Counter (PC)

e After each instruction, we need to know what to fetch next

 The program counter is a special purpose register (maintains state) to tell the
processor which instruction to fetch next

« How does the processor know what the next PC state should be?

e Demo!
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Instruction Memory

» Just like combinational logic units,
memory Is composed of transistors
(and capacitors)!

Instruction

* Takes address as input address——
Memory

Instruction

 Returns raw bytes of the instruction

* Over simplification for the sake of
basic processor! We will explore this
IN more detaill next module
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Processor Goals: Fetching Instructions

PC 4 ) 4 )
Fetch n bytes Increment the ~ ™\
from instruction program counter
memOry! by n! Both Of the PC and
OxffO4 u Y _ Y Instruction Memory are
storage components!
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Processor Goals: Execute Instructions

 What components do we need to execute instructions”? Remember how our
instructions can be defined!

* |nstructions refer to register/memory locations where data should be stored

* |nstructions refer to some functionality to manipulate data

Data Transfers Computations Control Logic
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Register File

* Jakes in four inputs: register addresses
to “get” (R1 and R2), any data to write, —
and the destination it should be written
to

* Registers composed of flip flops to store
the data

 Reading state happens on the “rising
edge” of the clock cycle whereas
updates to state happen on the “falling
edge” of the clock cycle

Register File
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Chat with your neighbor(s)!

Suppose a processor is executing the
Instruction add x1, x1, x1. How will this

be interpreted by the register file?
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Computational Units

* Arithmetic Logic Unit (ALU): a large combinational
logic unit for arithmetic operations

» Integer operands (inputs) passed to the ALU with oporamd operand
values to operate on v v
Status i i .
* Takes “opcode” as input to determine which opcodeﬁ\ . /Z’ Status
functionality to use where functionality is !
implemented as a “pure function” from Integer —

commons.wikimedia.org/w/

com bl natiOnaI IOg iC result index.php?curid=36975996

* Produces integer result; status output used to
detect overflows, exceptions, etc.
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Data Memory

read/write

 Much like instruction memory, data
memory is composed of transistors/

capacitors
 Data may be re_a_d or written, SO address

there Is an additional control signal

that this component uses as input Data Memory data out
e Data out only set if input signal is data in

set to read

 Data in only used if input signal is
set to write
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Takeaways

PC

 Track the location of what to execute

» Fetch instructions from memory address Instruction  ENGNTREET
| | Memory
* [nterpret instructions Decoder )
nteger
* EXecute instructions Opefnd
» Maintain and update state Statusi ¢
© Y

'

Integel
result

Data Memory

Register File

CS181CA-PO: Computer Architecture Fall 2025, Building a Basic Processor (Part 1)



Exit Ticket!

https://forms.cloud.microsoft/r/[ZpZnu9Mas
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