
Building a Computer from Scratch

https://yurix.ch/blog

December 3, 2023

1 Abstract

Modern computers are truly a miracle. On an area of less than two by two
centimeters, they manage to pack billions of transistors connected up in a com-
plicated system able to aid in almost any computational task. Today, they play
an important role in almost every aspect of our life. This work aims to under-
stand and then build a computer from scratch out of electronic components.

It is of course not realistic to use billions of transistors for this purpose.
But computers have not always been this complicated. In the 1960s, it was not
uncommon to build computers from a few hundred logic chips implementing
logic gates, connected up by wires. The 1970s brought more advanced logic
chips implementing whole function units like counters in one package. Using
these technologies, it is still possible to build a simple computer today. Besides
building the computer hardware, an instruction set and electronic design for the
computer were created, as well as the tools required to program and interact
with it.

By modern standards is this computer not powerful, but by comparing its
specifications it should be roughly comparable to the Apollo Guidance Com-
puter, the computer used to land the first people on the moon. Additionally,
to visualize and teach about what is going on when the computer executes a
program, it includes LEDs to show the state of all major components.

While a homebrew computer like this lacks any practical applications, it
can still be used to demonstrate many principles found in computer design and
computer science.
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2 Introduction

Since the construction of the first computers in the 1940s, they have become
ever more powerful and capable. Today, they play an integral part in our lives
and will probably continue to increase in importance. Therefore, a basic un-
derstanding of how computers work can be beneficial. A common first step in
understanding how a computer works is to learn how to program one. Software
plays an important part, as it allows the usage of computers for various useful
tasks, but it cannot run without the underlying hardware.

The question of how the hardware works has interested me for a long time,
but the knowledge I acquired always stayed theoretical. When the matura
project approached, I took the chance to apply this interest to a project, and
the idea to build a computer formed in my head.

My goal was to build a computer. It is not to teach how a computer
works. This means the report focuses on the specifics of the computer I built
instead of generally explaining how computer hardware works. There are plenty
of books that do a better job of teaching this.

2.1 Prerequisites

Computer hardware is a huge topic, and this report cannot focus on explaining
all fundamentals. A few important terms are explained here, but this might
not be enough. In this case, I recommend the reader to do his own research.
Furthermore, some programming and electronic knowledge is recommended.

2.1.1 Logic Gates

Logic gates are the equivalent of operators like addition, multiplication, or di-
vision, but for binary signals. They are the basic building blocks out of which
a computer is constructed. Common logic gates are for example AND, which
outputs HIGH if all inputs are HIGH, or NOT, which turns LOW into HIGH
and HIGH into LOW.

2.1.2 Flip-Flops

A flip-flop is a circuit out of logic gates able to store a signal. They are in a
sense a 1-bit RAM cell and are used in the computer for temporary results.

2.1.3 Propagation Delay

No logic gate is perfect. When an input signal is changing, the outputs do not
flip immediately. Instead, there is a certain delay, the propagation delay, before
the signal propagates through a logic gate.
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2.1.4 Word

When computers perform arithmetic, they use fixed-width numbers. A fixed-
width number only has a certain fixed number of digits. Assuming a computer
can represent 4-digit decimal numbers, it can represent the numbers 0000 to
9999, but 10’000 cannot be represented since it doesn’t fit into 4 digits. A
computer using n bits is often called an n-bit computer, for example with 64
bits a 64-bit computer.

A word is the term used to refer to the kind of fixed-width number a computer
can use the most efficiently. The computer in this report is a 16-bit computer.
Therefore, the size of the words it uses is also 16 bits, and it operates the most
efficiently if all numbers fit within 16 bits.

2.1.5 ALU

ALU stands for arithmetic-logic unit and is the part of the computer that per-
forms mathematical and logical calculations.

3 Technology

3.1 Technology Choice

Producing a computer as an integrated circuit ”chip” is out of reach for a
matura-project, as the technology is financially out of reach for private cus-
tomers. Even ”cheap” IC manufacturing offers for prototyping, research and
education like those offered by Efabless Corporation costs from $10’000 up-
wards1.

However, looking at the history of computing, there have been other ways of
building computers. In the very early days computers were built out of discrete
transistors because manufacturing integrated circuits was not yet possible. Ad-
ditionally, in the 1970s and 1980s, there was a time when some computers were
made out of so-called glue-logic. This was a series of small and simple integrated
circuits implementing functions like logic gates that then can be combined to
build complete computers. It is still possible to build a computer out of tran-
sistors or out of glue logic today.

3.1.1 Option A: Transistors

Using transistors means going all the way down to the lowest level of what’s
happening in terms of electronics in a computer. This poses a few interesting
electronic engineering challenges, but the number of transistors required for
even the simplest processor is very high. For example, the Intel 4004 processor
from 1971 already has more than 1000 transistors despite being one of the
simplest computers possible2. Additionally, large parts like registers will be

1efabless.com: efabless, 11.4.2023
2Intel 4004, in: Wikipedia, 9.6.2023
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identically repeated next to each other over and over, so I suspect that when
building a computer out of transistors I will loose interest in the project while
soldering it together. For this reason, I decided against building a computer out
of transistors.

3.1.2 Option B: Glue-Logic

Glue-Logic is a bit like Lego: It is a family of integrated chips that can be
combined almost arbitrarily to form complex systems from simple parts. It's
relatively cheap, easily available and can be used on breadboards, allowing rapid
prototyping and experimentation. Because I never attempted an electronics
project of a comparable size, being able to change and iterate rapidly is im-
portant. But even more important, glue-logic o�ers an almost perfect level of
abstraction for this project: There are parts implementing logic gates, but also
more complex parts implementing whole registers or adders. One could argue
that registers or adders can be built from logic gates, but then we again run
into the trap of having to spend too much time and resources on assembling
the computer, like with transistors. Being able to avoid this trap with slightly
higher-level components is exactly what I'm searching for for this project. These
factors combined shaped my decision to use glue logic for the computer.

3.2 Glue-Logic: Building Logic Circuits Like Lego

While glue-logic is almost as simple as Lego, there are a few caveats to consider
when using it.

3.2.1 Glue-Logic-Chip-Families

First of all, multiple companies sell di�erent series of glue logic. The most
widespread, and the one I decided to go with, is the 74-series of integrated
circuits. First introduced in the 1960s, the 74-series has multiple sub-families
operating at di�erent speeds and using di�erent manufacturing technologies to
accommodate the advancement in manufacturing since then. Chips from di�er-
ent families aren't always electrically compatible with chips from other families,
so sticking with one family is advisable. My choice fell on the HC-family. Its
CMOS-based manufacturing technology o�ers low power consumptions at de-
cent speeds. While it isn't the fastest family anymore, it is easy to source, cheap
and has a very diverse range of chips covering all possible functions.

3.2.2 Data Topology

It is common that components conditionally need to receive inputs from di�erent
sources. This is a problem with the push-pull outputs of the 74HC family. When
outputting a logical LOW, they connect ground via a low resistance directly to
the output. Conversely, a logical HIGH means a low resistance connection from
the power supply to the output. If multiple outputs are directly connected, e.g.
to both send a signal to an input of another IC, it can happen that one output

6



input 1

input 2
input 3

input 4

output

Control 1
Control 2

Control 3

Figure 1: Multiplexer-tree reducing four inputs into one output. More stages
for more inputs can be added at the expense of propagation delay.

writes a logical HIGH while the other writes a logical LOW. This forms a low
resistance connection between the power supply rails, leading to a high current

ow through the ICs which damages them. Generally, there are two solutions
to this problem: multiplexers and tri-stated buses.

A multiplexer can be imagined like a selector switch between multiple posi-
tions: An input selection signal selects one of multiple inputs which is forwarded
to an output. This is perfectly safe, as at no time multiple outputs can be ac-
tive and cause a short. The disadvantage is that usually, the number of inputs
that can be reduced to one output by a single multiplexer is limited, usually
to something like 2:1 or 4:1. This can be solved by creating a tree of multi-
plexers (see �g. 1) at the expense of propagation delay, as the signal has to
travel through multiple multiplexers. Additionally, it makes the wiring more
challenging, as usually there aren't more than four 2:1 or two 4:1 multiplexers
on one chip. This means wires are more likely to need to connect to multiple
di�erent chips. Spread-out cables lead to more chaos in the wiring because they
can't be bundled together, each wire has to go individually. Also, the cables
are also more prone to fall out or lose contact, whereas a group of wires would
support each other mechanically.

Another solution is using a bus. In this context a bus is a term used to
describe multiple parallel wires with a similar purpose, for example carrying the
bits of a byte, that connect multiple things. It solves the problem of connecting
multiple outputs to a single input by using tri-state-bu�er outputs. Besides the
usual HIGH and LOW push-pull outputs, they have a third state, HIGH-Z. In
this state, the output is e�ectively disconnected, and other signals can be applied
without causing a short. As long as it is ensured that all except one tri-state
output is in HIGH-Z mode, multiple outputs can be connected to a bus without
a problem. Ensuring that only one output is in a push-pull mode can be done by
using a decoder. Another issue arises when all outputs are in HIGH-Z. In this
case, the bus is 
oating, meaning it has neither a HIGH nor a LOW level. These
in-between levels can damage CMOS logic gates because they activate a HIGH
and LOW level at the same time, creating a short. Despite these disadvantages,
a tri-state-bu�er-based system also o�ers a few advantages. Compared to a tree
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Figure 2: Tristate-based bus with 3 inputs. Only one control signal can be
active at a time without causing a short. The concept can be expanded to any
number of inputs, giving a linear propagation time regardless of input count.

of multiplexers, the propagation time of the signals connected to a bus remains
constant regardless of the number of signals. Additionally, wiring is easier since
a single tri-state bu�er can handle 8 bits at a time, making it possible to bundle
wires. An example of a tri-state-bus-based system can be seen in �gure 2.

3.2.3 Bus-Hold-Circuit

A tri-state-bu�er-based system is desirable due to its superior propagation delay
and wiring capabilities. The problem of only allowing one output to be active
at a time can easily be overcome by using a decoder to control the activations of
the bu�ers. However, especially with large buses the amount of bu�er outputs
and decoder outputs are most likely not equal, leaving some decoder states
unconnected. This can lead to a situation where no input is passed through
to the bus, creating a 
oating condition that potentially harms the subsequent
inputs.

The easiest solution is to add pull-up or pull-down resistors. This works
great for low frequencies, but at higher frequencies the capacitance of the wire
gets too large for the pull-down resistor to pull the bus to a valid level within
a clock cycle. There is a frequency range where reducing the resistance of the
push/pull resistor allows running at higher frequencies, but there is a limit to
how low you can go with the resistance, as the signal level quality decreases
while the power usage increases.

For the clock frequency of 1 MHz I targeted, pull-up/pull-down resistors
would still be more than enough even with a very conservative estimation of
breadboard capacitance. However, the chips used in this computer also have
rise and fall time requirements, meaning that a transition between HIGH and
LOW has to happen within a certain time. Achieving these times using pull-
down/pull-up resistors is impossible, as the resistance of the pull-up/pull-down
resistor would need to be unacceptably low.

One solution is to use a bus-hold-circuit3. In a bus hold circuit the bus is
connected to a bu�er that's always active. This way, it acts like an ampli�er. It
picks up the signal from the bus and outputs a clean version of it. This output

3Texas Instruments (Hg.): An Overview of Bus-Hold Circuit, S. 8
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100k

bus

Figure 3: Bus-Hold circuit

is through a resistor connected back to the bus. If no signal is written to the
bus, the output of the bu�er is fed back to its inputs, thus keeping the bus on
a well-de�ned level, and avoiding a 
oating bus. Once a new signal is written
to the bus, this signal is stronger than the bu�er's output since the bu�er's
output has to pass through a resistor �rst. Therefore, we have the new signal
on the bus and additionally, the bu�er starts to pick up the new signal as well.
This amounts to a bus that can transport data like without a bus-hold-circuit,
but it also keeps its old signal once no signal is applied to the bus, in this way
eliminating the issue of not having any signal on the bus. Figure 3 shows an
example of a bus-hold circuit.

A bus-hold-circuit also works at higher frequencies because even though the
output of the bu�er is connected through a high resistor to the bus, the bus
always already has the same level as the bu�er output. This means the bus-
hold-circuit never needs to pull the bus to an opposite state. For this reason,
the capacitance of the wires connected and the resistance of the resistors used
don't matter.

3.2.4 Memory

A fundamental problem in modern computers is the memory latency. With in-
creasing clock speeds in the gigahertz range the memory for instruction fetching
must get faster too. Since memory speeds haven't increased at the same rate
as processor clock speeds, modern processors include caches to prevent being
slowed down by memory. A cache is a small and fast memory containing a
copy of parts of the main memory. When the processor needs a certain value
from memory, it �rst looks in the fast cache before resorting to the slow main
memory. A cache has a limited capacity, so sometimes the processor still has to
load data from the slower main memory, but the overall number of slow reads
is greatly reduced. Bandwidth on the other hand is rarely a problem, as more
memory access lanes can be added.

When building this computer, I encountered the exact opposite. Memory
latency is no problem at all, the memory chips used in the computer are one of
the fastest components used in the whole processor. Bandwidth however is a
problem. The options for suitable memory chips, meaning memory chips with a
parallel interface and in a breadboard-mountable form factor, are very limited.
All of them have in common that they only have one eight-bit wide memory
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lane. This means we can either read or write 1 byte per clock cycle. This is
not a lot. For example, the modern RISC-V architecture consumes 4 bytes per
instruction 4. With the memory chips I used it would take 4 clock cycles just for
fetching the instruction.

As will be shown in later sections, these di�erences between modern com-
puters and the technology available for my project had a strong in
uence on
the design decisions.

4 Architecture

4.1 TTAs

This computer is based on a transport-triggered architecture, short TTA. Much
inspiration was taken from Douglas W. Jones' article onThe Ultimate RISC 5,
describing a simple TTA-based computer. The computer described here is a
very close relative to it.

TTAs di�er signi�cantly in how they work compared to a typical register or
accumulator machine. A register machine program speci�es operations that are
applied to data, for example, NEGATE R1 -> R2. It doesn't matter what R1or
R2mean in this example, the signi�cant part is that the instruction includes an
explicit action: NEGATE.

A TTA on the other hand speci�es data movements. A TTA instruction is
very similar to a move instruction in a register machine: MOVE source, destination .
However, TTAs only o�er this instruction and nothing else, while register ma-
chines also have other instructions.

Moving data between di�erent storage sites alone is not enough to perform
computations. TTA architectures solve this by performing computation as a
side-e�ect of the data movements. You can imagine this like a car washing
plant: While the car drives through it, it gets cleaned. While moving through,
an action was performed on the car. Something similar is done in a TTA with
data: While it is being moved around, it gets processed.

A TTA instruction is a movement, which can be de�ned as having a source
and a destination. This is also what a TTA instruction executed by the computer
represents: It contains a source and a destination for a data movement. An
action, like in a register-machine, can be omitted because only a single action,
MOVE, exists. It is therefore not necessary to explicitly say it is a move.

For the following sections, it can be assumed the movements happen mostly
within memory.

4.2 Connecting Technology and Architecture

Because the memory latency in the available technology is negligible and a
memory access can happen within one clock cycle, the computer is designed

4Waterman/Asanov��c: RISC-V Instruction Set, (2017) S.5
5Douglas W. Jones: The Ultimate RISC
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as a direct memory-memory architecture. This means that values don't have
to be loaded into registers before the processor can operate on them like in a
register-register architecture. In modern processors, having few fast registers is
faster than having the whole memory space available, because the latency of
accessing memory is much higher than the latency of accessing one of typically
32 registers. In the computer described here, we have a di�erent situation. The
memory latency is negligible compared to logic propagation times. It is faster
if we save the overhead of �rst loading a value from memory into a register and
directly operate on the values in memory.

Using a memory-memory architecture comes with other trade-o�s though.
For example, the instructions must be wider since we need to include a much
larger memory address instead of a register number. With a 64KB-address-
space like in my computer, this means we need a 16-bit address instead of a
5-bit register number like in a register machine with 32 registers. On the other
hand, we also save the OP-Code since we don't need to specify what action we
want to perform in a transport-triggered architecture. The operation to perform
is already included in the 16-bit memory address. In total we need two memory
addresses for a TTA instruction, a source and a destination, therefore giving us
a total instruction size of 32 bits. This is the same as in register machines like
RISC-V6 or ARM 7.

A disadvantage of this approach is that we need multiple cycles to fetch
a single instruction. The memory chips used here have a low bandwidth of
only one byte per clock cycle, meaning we'd need 4 cycles for a single 32-bit
wide instruction. Two memory chips are connected in parallel to overcome this
problem. The �rst memory chip holds the lower 8 of the 16 bits required for
a single memory address while the second chip holds the upper 8 bits. This
means half an instruction can be fetched per cycle. In total, we need two cycles
to fetch one instruction. By using two memory chips, the bandwidth problem
gets cut in half, but it isn't eliminated.

4.3 Micro-Architecture

The following section explains the details of how the computer executes instruc-
tions in hardware. This structure is often called the micro-architecture.

4.3.1 Execution Stages

After we load the instruction telling the computer what to do, we have to execute
the instruction. Since this computer employs a transport-triggered architecture,
executing an instruction means moving data around. Moving data around con-
sists of two stages: Getting the data, and then storing the data at the new
location.

The source of the data might be located in the memory. Therefore, we need
to plan with an additional memory cycle to be able to retrieve data from sources

6Waterman/Asanov��c: RISC-V Instruction Set, (2017) S.5
7ARM: ARM Architecture Reference Manual, About the Instruction Set
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in memory. The second part of executing the instruction is storing the data at
the destination, which might also be located in the memory. To be able to serve
these destinations, we need another memory cycle.

These four steps are already all the steps the CPU goes through:

1. load the source address (part 1 of an instruction)

2. load the destination address (part 2 of an instruction)

3. load the data to be moved located at the source address

4. store the data at the destination address

To know where in memory the source and destination are located, the com-
puter internally has a counter that counts up after each instruction is executed,
thus pointing to the next instruction to be executed. This counter is often
referred to as the instruction pointer since it points to the instruction to be
executed.

The pseudo-code to simulate this architecture is the following:

instruction_pointer = 0
while (true) {

// first stage: load source address
source_address = memory[instruction_pointer]
instruction_pointer += 1
// second stage
destination_address = memory[instruction_pointer]
instruction_pointer += 1
// third stage: load data
temporary_data = memory[source_address]
// fourth stage
memory[destination_address] = temporary_data

}

There is still one small optimization left to apply before we reach what is
implemented in hardware. It is desirable to reduce the number of di�erent
variables used in the pseudocode as much as possible, as each variable requires
one additional 
ip-
op. We have to apply a few transformations to do this:
Stage 3 only depends on inputs from stage 1. It doesn't matter if we execute
stage 2 or 3 �rst. We can therefore swap the order of these two stages.

instruction_pointer = 0
while (true) {

// first stage: load source address
source_address = memory[instruction_pointer]
instruction_pointer += 1
// second stage: load data
temporary_data = memory[source_address]
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// third stage
destination_address = memory[instruction_pointer]
instruction_pointer += 1
// fourth stage
memory[destination_address] = temporary_data

}

With this, we can reduce the number of variables. The source address is
used in stages 1 and 2 while the destination address is used in stages 3 and 4.
Their usages are therefore not overlapping and we can use one variable for both.
With this optimization, we get the following pseudo-code:

instruction_pointer = 0
while (true) {

// first stage: load source address
temporary_address = memory[instruction_pointer]
instruction_pointer += 1
// second stage: load data
temporary_data = memory[temporary_address]
// third stage
temporary_address = memory[instruction_pointer]
instruction_pointer += 1
// fourth stage
memory[temporary_address] = temporary_data

}

This algorithm is the core of the computer! It can be found implemented in
hardware on the right side of �gure 4. .

4.3.2 Memory-Mapped Computation

Until now, the computer is limited to moving around data in memory. This
is not enough to perform arithmetic operations like addition or subtraction.
Transport-triggered architectures solve this problem by performing computa-
tions using memory mapping. This is a technique where not all memory ad-
dresses are backed by actual memory. Rather, certain memory addresses are
connected to special registers that instead of storing data compute something
with the data.

I like to imagine memory mapping as a wall of mailboxes. Mailboxes are
almost like memory. You put a letter in and later you retrieve it. Most of
the mailboxes on this wall are normal mailboxes. A few of them are memory-
mapped and therefore special. While from the outside these special boxes look
the same as the other mailboxes next to them, "memory-mapped mailboxes"
have a machine built into them that opens your letter, reads it, and writes a
summary of the letter. When you open up this special mailbox, it gives you

9Abb. 4: Micro-Architecture-Core
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Figure 4: The core of the computer responsible for initiating movements9.
Control logic controls the computer, so it is doing the right thing at the right
time.

the summary of the letter instead of the normal letter. The mailbox takes in
data (the letter), computes something based on it and returns the result of the
computation instead of the original data.

In a computer, we don't want to summarize letters, but we want to for
example add numbers. Addition requires two operands. So to continue the
analogy of a wall of mailboxes, we have two mailboxes beside each other that
work together. You put one operand into each mailbox. They are connected
inside and work together to add up the two numbers you put into them. Next,
you open another connected mailbox next to them where you will �nd the
result of the addition. This is roughly how operations like addition work in the
computer described here.

Of course, instead of addresses with a street and city, the computer uses
memory addresses to identify a "mailbox".

We don't have mailboxes in hardware, but we have registers we can write
values to. Since most operations require multiple registers that work together,
a group of registers that form the interface for a computational unit is often
referred to as a function unit. A function unit always has one or more registers
to interface with and a task it performs, for example, addition.

In a sense, memory can be treated as a function unit as well. Memory doesn't
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behave di�erent than a function unit with many general-purpose registers that
store values and can be written to and read from. The di�erence is that adding
more than 65,000 register chips to a breadboard-based computer is not feasible
but adding 2 memory chips is.

Function units are one of the main reasons I decided to go with a transport-
triggered architecture approach. Since function units are one unit on their own
and have a simple interaction surface with the rest of the computer, they allow
for a great amount 
exibility. After the core responsible for the movements
between registers is built, it is possible to add and remove function units without
having to plan for them from the start. Each function unit is an independent
piece of hardware that doesn't depend on any other function unit. When I
started building the core, I had no idea how I would implement the SPI input-
output system, but it still allowed me to con�dently start building the core,
knowing I could add them later without giving too much thoughts back then.

4.3.3 Data Paths

When considering memory as a function unit, we are always moving data be-
tween function units. Therefore, the inputs and outputs of function units must
be connected. This is done by the so-called data bus. However, data isn't moved
directly: It �rst moves to either the temporary data or the temporary instruc-
tion register described in section 4.3.1 about execution stages. These temporary
registers can be found at the top of the data bus. Besides the data bus, two
more control lines are part of the data bus, controlling whether we are moving
a value from a function unit to these registers or the other way around.

There also needs to be a way for function units to know when to release or
accept data, as multiple function units talking at the same time leads to invalid
data. For this purpose, there is another bus parallel to the data bus controlling
the activation of function units. This so-called address-bus selects the function
unit we are reading from or writing to.

The content of the address bus has two sources depending on which execution
stage we are in. During the two instruction fetch stages (which load the source
and destination of the move operation) the address bus contains the instruction
pointer. Most of the time, the instruction pointer will point to memory, but in
theory it can execute from any function unit. In reality, only memory makes
sense though. As soon as we signal a read and have the instruction pointer
on the address bus, we begin loading the instruction on the data bus. At the
end of the execution stage this value is then saved in the temporary instruction
register. In the next execution stage we can swap the content of the address
bus to the just-updated temporary instruction register. As a consequence, we
are now reading or writing to the address speci�ed in the instruction, allowing
us to perform the move operation.

Both of these busses are visible in the computer as seen in �gure 6. The
data bus is built out of blue wire and spans almost the entire computer, from
the core to each function unit. The address bus is built out of white wire and
can mostly be found around the core which performs the movements.
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temporary data + instruction

function unit 1

function unit 2

function unit 3

data-bus

Figure 5: data-bus with three function units

4.3.4 Putting it together

This is everything required to understand how the computer works at its core.
To put everything together, we will step through one instruction using �gure 7 as
a visualization. Additionally, �gure 8 helps to visualize where in the computer
the actions are taking place. We will need to go through all four execution
stages.

The �rst stage is the source fetch stage. The computer loads the address of
the data to be moved. The source address usually resides somewhere in memory,
the exact location is speci�ed in the instruction pointer. For this reason, the
control logic instructs the instruction pointer to release its value onto the address
bus and informs all function units that we are reading data. Since the address
on the address bus is within the range of the memory function unit and we are
reading, it retrieves the value and releases it on the data bus. At the end of
the cycle, the temporary address register takes the value from the data bus and
stores it. Additionally, the instruction pointer is incremented by one.

The next stage is the data fetch stage. The computer loads the data to be
moved. As soon as we switch to this stage, the control logic stops instructing the
instruction pointer to output its value. Instead, it tells the temporary address

10 Fig. 6: Data Paths visualized
12 Fig. 8: All major parts and their function labeled
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Figure 6: The address and data bus visualized in the cpu.10

temporary address

temporary data

function unit 1

function unit 2

function unit 3

memory

instruction pointer

control logic

data-bus address-bus

Figure 7: Complete micro-architecture of the core of the computer put together
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