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Demo sessions

Some topic will have a demo session.
The code will be available at:

http://bondmachine.fisica.unipg.it
Requirements:
Linux Workstation

Vivado
Zedboard
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Current challenges in computing

Von Neumann Bottleneck:
New computational problems show that current architectural models has to be
improved or changed to address future payloads.
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Current challenges in computing

Von Neumann Bottleneck:
New computational problems show that current architectural models has to be
improved or changed to address future payloads.

Energy Efficient computation:
Not wasting "resources" (silicon, time, energy, instructions).
Using the right resource for the specific case

Edge/Fog/Cloud Computing:

Making the computation where it make sense
Avoiding the transfer of unnecessary data

Creating consistent interfaces for distributed systems
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FPGA

A field programmable gate array (FPGA) is an integrated
circuit whose logic is re-programmable.

Parallel computing
Highly specialized
Energy e [cieht

Array of programmable logic blocks

Logic blocks configurable

to perform complex functions

The configuration is specified

with the hardware description language

( FIRMWARE )+
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FPGA

Use in computing

The use of FPGA in computing is growing due several reasons:

can potentially deliver great performance via massive
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Use in computing

The use of FPGA in computing is growing due several reasons:
can potentially deliver great performance via massive

can address payloads which are not performing well on uniprocessors (Neural
Networks, Deep Learning)
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FPGA

Use in computing

The use of FPGA in computing is growing due several reasons:
can potentially deliver great performance via massive

can address payloads which are not performing well on uniprocessors (Neural
Networks, Deep Learning)

can handle efficiently non-standard data types
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Integration of neural networks on FPGA

FPGAs are playing an increasingly important role in the industry sampling and data

processing.
(intel)’“

n
€ XILINX Deep Learning TR

AMD

In the industrial field In the scientific field
Intelligent vision; Real time deep learning in particle
Financial services; physics;
Scientific simulations; Hardware trigger of LHC experiments;
Life science and medical data analysis; And many others ...
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FPGA

Challenges in computing

On the other hand the adoption on FPGA poses several challenges:

Porting of legacy code is usually hard.
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FPGA

Challenges in computing

On the other hand the adoption on FPGA poses several challenges:

Porting of legacy code is usually hard.

Interoperability with standard applications is problematic.
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Firmware generation

Many projects have the goal of abstracting the firmware generation and use process.

W XILINX

u hls 4 ml PYNQ . VITIS.

VIVADO HLS

N
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Computer Architectures
Multi-core and Heterogeneous

ICTP-IAEA School on FPGA-based SoC 22

Today's computer architecture are:

The BondMachine Project



Computer Architectures
Multi-core and Heterogeneous

Today's computer architecture are:

,Two or more independent actual processing units execute multiple
instructions at the same time.

ICTP-IAEA School on FPGA-based SoC 22 The BondMachine Project



Computer Architectures
Multi-core and Heterogeneous

Today's computer architecture are:

,Two or more independent actual processing units execute multiple
instructions at the same time.
The power is given by the of cores.

ICTP-IAEA School on FPGA-based SoC 22 The BondMachine Project



Computer Architectures
Multi-core and Heterogeneous

Today's computer architecture are:

,Two or more independent actual processing units execute multiple
instructions at the same time.

The power is given by the of cores.
Parallelism has to be addressed.

ICTP-IAEA School on FPGA-based SoC 22 The BondMachine Project



Computer Architectures
Multi-core and Heterogeneous

Today's computer architecture are:

,Two or more independent actual processing units execute multiple
instructions at the same time.

The power is given by the of cores.
Parallelism has to be addressed.

, different types of processing units.

ICTP-IAEA School on FPGA-based SoC 22 The BondMachine Project



Computer Architectures
Multi-core and Heterogeneous

Today's computer architecture are:

,Two or more independent actual processing units execute multiple
instructions at the same time.
The power is given by the of cores.
Parallelism has to be addressed.
, different types of processing units.
Cell, GPU, Parallela, TPU.

ICTP-IAEA School on FPGA-based SoC 22 The BondMachine Project



Computer Architectures
Multi-core and Heterogeneous

Today's computer architecture are:

,Two or more independent actual processing units execute multiple
instructions at the same time.
The power is given by the of cores.
Parallelism has to be addressed.
, different types of processing units.

Cell, GPU, Parallela, TPU.
The power is given by the

ICTP-IAEA School on FPGA-based SoC 22 The BondMachine Project



Computer Architectures
Multi-core and Heterogeneous

Today's computer architecture are:

,Two or more independent actual processing units execute multiple
instructions at the same time.
The power is given by the of cores.
Parallelism has to be addressed.
, different types of processing units.

Cell, GPU, Parallela, TPU.
The power is given by the
The units data transfer has to be addressed

ICTP-IAEA School on FPGA-based SoC 22 The BondMachine Project



Computer Architectures
Multi-core and Heterogeneous

Today's computer architecture are:

,Two or more independent actual processing units execute multiple
instructions at the same time.
The power is given by the of cores.
Parallelism has to be addressed.
, different types of processing units.

Cell, GPU, Parallela, TPU.
The power is given by the
The units data transfer has to be addressed

ICTP-IAEA School on FPGA-based SoC 22 The BondMachine Project



Computer Architectures
Multi-core and Heterogeneous

Today's computer architecture are:

,Two or more independent actual processing units execute multiple
instructions at the same time.
The power is given by the of cores.
Parallelism has to be addressed.
, different types of processing units.

Cell, GPU, Parallela, TPU.

The power is given by the

The units data transfer has to be addressed
The payloads scheduling has to be addressed.
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The BondMachine

First idea
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The BondMachine

First idea

B
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Layer, Abstractions and Interfaces

A Computing system is a matter of abstraction and interfaces. A lower layer exposes its
functionalities (via interfaces) to the above layer hiding (abstraction) its inner details.

The quality of a computing system is determined by how abstractions are simple and
how interfaces are clean.
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, and Interfaces
An example

‘ Programming language

‘ User mode

‘ Kernel mode

‘ Processor

‘ Transistors
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' and Interfaces
An example

‘ Programming language ‘

‘ User mode ‘

‘ Kernel mode ‘

Kernel

‘ Processor ‘

Register Machine ‘—I

‘ Transistors ‘
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' and Interfaces
An example

‘ Programming language ‘

‘ User mode ‘

Standard Library

‘ Kernel mode ‘

Kl System cale—]

‘ Processor ‘

Register Machine ‘—I

‘ Transistors ‘
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Kl System cale—]
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Register Machine ‘—I
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ICTP-IAEA School on FPGA-based SoC 22 The BondMachine Project



: and Interfaces
An example

‘ Programming language ‘

Compiler/Interpreter ‘—I

‘ User mode ‘

Standard Library Stl calls ‘—I

‘ Kernel mode ‘

Kl System cale—]

‘ Processor ‘

Register Machine ‘—I

‘ Transistors ‘

ICTP-IAEA School on FPGA-based SoC 22 The BondMachine Project



: and Interfaces
An example
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, and Interfaces
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An example

and Interfaces

Programming language ]

>

Conmpiler/Interpreter 4_

User mode

dard Library Stl calls [«~—

Kernel mode

Generalization)

System calls
y

I

Processor

Register Machine '—

L]

A4 A4

Transistors
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An example

and Interfaces
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Interpreter

User mode
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Kernel
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Kernel mode
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An example

and Interfaces

Programming language |

Compiler

Interpreter “/\/\’I@

User mode

t
| Renal}- S

Library —\/\/\/‘ Stl call

Kernel mode

dly

[User frien

Processor

Generalization

L

Software

Register Machine ™ Opcodes
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Layers, Abstractions and Interfaces
The second idea

Build a computing system with a decreased
number of layers resulting in a minor gap
between HW and SW but keeping an user

friendly way of programming it.
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‘The BondMachine project|

2 The BondMachine project
Architectures handling
Architectures molding
Bondgo
Basm
API
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Introducing the BondMachine (BM)

The BondMachine is a software ecosystem for the dynamic generation of computer
architectures that:
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Introducing the BondMachine (BM)

The BondMachine is a software ecosystem for the dynamic generation of computer
architectures that:

Are composed by many, possibly hundreds, computing cores.

Have very small cores and not necessarily of the same type (different ISA and ABI).
Have a not fixed way of interconnecting cores.

May have some elements shared among cores (for example channels and shared
memories).
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The BondMachine

An example
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Connecting Processor (CP)
The computational unit of the BM
The atomic computational unit of a BM is the “connecting processor’ (CP) and has:
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Connecting Processor (CP)
The computational unit of the BM
The atomic computational unit of a BM is the “connecting processor” (CP) and has:

Some general purpose registers of size Rsize.

General purpose registers
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Connecting Processor (CP)
The computational unit of the BM
The atomic computational unit of a BM is the “connecting processor” (CP) and has:

Some |/0O dedicated registers of size Rsize.

I/0 specialized registers
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Connecting Processor (CP)
The computational unit of the BM
The atomic computational unit of a BM is the “connecting processor” (CP) and has:

A set of implemented opcodes chosen among many available.

Full set of possible opcodes
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Connecting Processor (CP)
The computational unit of the BM
The atomic computational unit of a BM is the “connecting processor” (CP) and has:

Dedicated ROM and RAM.

RAM and ROM
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Connecting Processor (CP)
The computational unit of the BM
The atomic computational unit of a BM is the “connecting processor” (CP) and has:

Three possible operating modes.

Operating modes
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Shared Objects (SO)

The non-computational element of the BM

Alongside CPs, BondMachines include non-computing units called “Shared Objects”
(SO).
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Shared Objects (SO)

The non-computational element of the BM

Alongside CPs, BondMachines include non-computing units called “Shared Objects”
(SO).

Examples of their purposes are:

Data storage (Memories).
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The non-computational element of the BM

Alongside CPs, BondMachines include non-computing units called “Shared Objects”
(SO).

Examples of their purposes are:

Data storage (Memories).

Message passing.
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Shared Objects (SO)

The non-computational element of the BM

Alongside CPs, BondMachines include non-computing units called “Shared Objects”

(S0).

Examples of their purposes are:

Data storage (Memories).
Message passing.
CP synchronization.
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Alongside CPs, BondMachines include non-computing units called “Shared Objects”
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A single SO can be shared among different CPs. To use it CPs have special instructions
(opcodes) oriented to the specific SO.
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Shared Objects (SO)

The non-computational element of the BM

Alongside CPs, BondMachines include non-computing units called “Shared Objects”
(SO).

Examples of their purposes are:
Data storage (Memories).

Message passing.

CP synchronization.

A single SO can be shared among different CPs. To use it CPs have special instructions
(opcodes) oriented to the specific SO.

Four kind of SO have been developed so far: the Channel, the Shared Memory, the
Barrier and a Pseudo Random Numbers Generator.
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Channel

The Channel SO is an hardware implementation of the CSP (communicating sequential
processes) channel.
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Channel

The Channel SO is an hardware implementation of the CSP (communicating sequential
processes) channel.

It is a model for inter-core communication and synchronization via message passing.
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Channel

The Channel SO is an hardware implementation of the CSP (communicating sequential
processes) channel.

It is a model for inter-core communication and synchronization via message passing.

CPs use channels via 4 opcodes
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Shared Memory

The Shared Memory SO is a RAM block accessible from more than one CP.
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Shared Memory

The Shared Memory SO is a RAM block accessible from more than one CP.

Different Shared Memories can be used by different CP and not necessarily by all of
them.
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Shared Memory

The Shared Memory SO is a RAM block accessible from more than one CP.

Different Shared Memories can be used by different CP and not necessarily by all of
them.

CPs use shared memories via 2 opcodes
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Barrier

The Barrier SO is used to make CPs act synchronously.
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Barrier

The Barrier SO is used to make CPs act synchronously.

When a CP hits a barrier, the execution stop until all the CPs that share the same
barrier hit it.
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Barrier

The Barrier SO is used to make CPs act synchronously.

When a CP hits a barrier, the execution stop until all the CPs that share the same
barrier hit it.

CPs use barriers via 1 opcode
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Multicore and Heterogeneous
First idea on the BondMachine

The idea was:

Having a multi-core architecture completely heterogeneous both in cores types and interconnections

The BondMachine may have many cores,
eventually all di Lerknt, arbitrarily interconnected
and sharing non computing elements.
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Handle BM computer architectures

The BM computer architecture is managed by a set of tools to:
build a specify architecture
modify a pre-existing architecture
simulate or emulate the behavior

generate the Hardware Description Language Code (HDL)
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Handle BM computer architectures

The BM computer architecture is managed by a set of tools to:
build a specify architecture
modify a pre-existing architecture
simulate or emulate the behavior

generate the Hardware Description Language Code (HDL)

Processor Builder

Selects the single pro-
cessor, assembles and
disassembles, saves on
disk as JSON, creates
the HDL code of a CP
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Handle BM computer architectures

The BM computer architecture is managed by a set of tools to:
build a specify architecture
modify a pre-existing architecture
simulate or emulate the behavior

generate the Hardware Description Language Code (HDL)

BondMachine Builder

Processor Builder
Connects CPs and SOs

Selects the single pro- | |together in  custom
cessor, assembles and | |topologies, loads and
disassembles, saves on | |saves on disk as JSON,
disk as JSON, creates | | create BM's HDL code
the HDL code of a CP
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Handle BM computer architectures

build a specify architecture
modify a pre-existing architecture

simulate or emulate the behavior

The BM computer architecture is managed by a set of tools to:

generate the Hardware Description Language Code (HDL)

BondMachine Builder

Processor Builder
Connects CPs and SOs

Selects the single pro- | |together in  custom
cessor, assembles and | |topologies, loads and
disassembles, saves on | |saves on disk as JSON,
disk as JSON, creates | | create BM's HDL code

Simulation Framework

Simulates  the be-
haviour, emulates a BM
on a standard Linux
workstation

the HDL code of a CP
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Processor Builder

Procbuilder is the CP manipulation tool.

CP Creation

Examples
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Processor Builder

Procbuilder is the CP manipulation tool.

CP Load/Save

SENES
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Processor Builder

Procbuilder is the CP manipulation tool.

CP Assembler/Disassembler

Examples
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Processor Builder

Procbuilder is the CP manipulation tool.

CP HDL

Examples
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Procbuilder demo
Demo N.1

It will be shown how:

To create a simple processor
To assemble and disassemble code for it

To produce its HDL code
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BondMachine Builder

Bondmachinds the tool that compose CP and SO to form BondMachines.

BM CP insert and remove

(Add a processor)

bondmachine -add-domains proc.json ... ; ... -add-processor 0

(Remove a processor)

bondmachine -bondmachine- le bmach.json -del-processor n

ICTP-IAEA School on FPGA-based SoC 22 The BondMachine Project
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BondMachine Builder

Bondmachinds the tool that compose CP and SO to form BondMachines.

BM SO insert and remove

(Add a Shared Object)
bondmachine -add-shared-objects specs ...

(Connect an SO to a processor)

bondmachine -connect-processor-shared-object ...
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BondMachine Builder

Bondmachinds the tool that compose CP and SO to form BondMachines.

BM Inputs and Outputs

(Adding inputs or outputs)
bondmachine -add-inputs ... ; bondmachine -add-outputs ...
(Removing inputs or outputs)

bondmachine -del-input ... ; bondmachine -del-output ...

ICTP-IAEA School on FPGA-based SoC 22 The BondMachine Project
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BondMachine Builder

Bondmachinds the tool that compose CP and SO to form BondMachines.

BM Bonding Processors and/or 10

(Bonding processor)

bondmachine -add-bond p0i2,pl04 ...

(Bonding 10)

bondmachine -add-bond i2,p0i6 ...

ICTP-IAEA School on FPGA-based SoC 22 The BondMachine Project
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BondMachine Builder

Bondmachine is the tool that compose CP and SO to form BondMachines.

BM Visualizing or HDL

Examples
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BondMachine demo
Demo N.2

It will be shown how:

To create a single-core BondMachine
To attach an external output

To produce its HDL code
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Toolchains

A set of toolchains allow the build and the direct deploy to a target device of
BondMachines

Bondgo Toolchain main targets
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BondMachine demo
Demo N.3

It will be shown how:

To explore the toolchain

To flash the board with the code from the previous example
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BondMachine demo
Demo N.4

It will be shown how:

To build a BondMachine with a processor and a shared object

To flash the board

ICTP-IAEA School on FPGA-based SoC 22 The BondMachine Project
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BondMachine demo
Demo N.5

It will be shown how:

To build a dual-core BondMachine
To connect cores

To flash the board

ICTP-IAEA School on FPGA-based SoC 22 The BondMachine Project
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BondMachine web front-end

Operations on BondMachines can also be performed via an under development web
framework

- 1/0 and Bonds Shared Objects

ISEES

8ping

Ping Pong

Endpoint 1 Name. Endpoint 2 Name

PO ifputs

. o0 |
Projects
EX—

Test S E&
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Simulation

An important feature of the tools is the possibility of simulating BondMachine behavior.
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https://www.youtube.com/watch?v=Cc1Qzioh2Ng

Simulation

An important feature of the tools is the possibility of simulating BondMachine behavior.

An event input file describes how BondMachines elements has to change during the
simulation timespan and which one has to be be reported.
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Simulation

An important feature of the tools is the possibility of simulating BondMachine behavior.

An event input file describes how BondMachines elements has to change during the
simulation timespan and which one has to be be reported.

The simulator can produce results in the form of:
Activity log of the BM internal.
Graphical representation of the simulation.

Report file with quantitative data. Useful to construct metrics

Graphical simulation in action
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Simulation demo
Demo N.6

It will be shown how:

To show the simulation capabilities of the framework

ICTP-IAEA School on FPGA-based SoC 22 The BondMachine Project
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Emulation

The simulation facility is not necessarily used for debug purposes, it can be used also to
run payloads without having a real FPGA.

The same engine that simulate BondMachines can be used as emulator.

Through the emulator BondMachines can be used on Linux workstations.
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Molding the BondMachine

As stated before BondMachines are not general purpose architectures, and to be
effective have to be shaped according the specific problem.
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Several methods (apart from writing in assembly and building a BondMachine from
scratch) have been developed to do that:
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Several methods (apart from writing in assembly and building a BondMachine from
scratch) have been developed to do that:

bondgo: A new type of compiler that create not only the CPs assembly but also
the architecture itself.

basm: The BondMachine Assembler.
A set of API to create BondMachine to fit a specific computational problems.

An Evolutionary Computation framework to “grow” BondMachines according some
fitness function via simulation.
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Molding the BondMachine

As stated before BondMachines are not general purpose architectures, and to be
effective have to be shaped according the specific problem.

Several methods (apart from writing in assembly and building a BondMachine from
scratch) have been developed to do that:

bondgo: A new type of compiler that create not only the CPs assembly but also
the architecture itself.

basm: The BondMachine Assembler.
A set of API to create BondMachine to fit a specific computational problems.

An Evolutionary Computation framework to “grow” BondMachines according some
fitness function via simulation.

A set of tools to use BondMachine in Machine Learning.
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Use the BM computer architecture

’ Mapping specific computational problems to BMs
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Use the BM computer architecture

’ Mapping specific computational problems to BMs

Symbond

Map symbolic
mathematical
expressions to BM
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Use the BM computer architecture

’ Mapping specific computational problems to BMs

Symbond Boolbond
Map symbolic Map boolean systems
mathematical to BM

expressions to BM
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Use the BM computer architecture

’ Mapping speci ¢ computational problems to BMs

Symbond

Map symbolic
mathematical
expressions to BM

Boolbond

Map boolean systemg
to BM
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Use the BM computer architecture

’ Mapping speci ¢ computational problems to BMs

Symbond

Map symbolic
mathematical
expressions to BM

Basm

The BondMachine
assembler

Matrixwork
Boolbond . .
Basic matrix
Map boolean systemg computation
to BM
Bondgo

The architecture
compiler
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Use the BM computer architecture

|

Mapping speci ¢ computational problems to BMs

Symbond

Map symbolic
mathematical
expressions to BM

Boolbond

Map boolean systemg

to BM

Matrixwork

Basic matrix
computation

Basm

The BondMachine
assembler

Bondgo

The architecture
compiler

ML tools

Map computational
graphs to BM

ICTP-IAEA School on FPGA-based SoC 22

The BondMachine Project

more about these tools




Bondgo

The major innovation of the BondMachine Project is its compiler.

Bondgo is the name chosen for the compiler developed for the BondMachine.

The compiler source language is Go as the name suggest.
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Bondgo

This is the standard ow when building computer programs
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Bondgo

Bondgodoes something di erent from standard compilers ...
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Bondgo

Bondgodoes something di erent from standard compilers ...
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Arch generating
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Bondgo

Bondgodoes something di erent from standard compilers ...

high level GO sour#e

Arch generating

assembly |

Assembling

machine codé
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Bondgo

Bondgodoes something di erent from standard compilers ...

high level GO sour#e

assembly |

Assembling

machine cod% ’ Processor implementatiqn
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Bondgo

Bondgodoes something di erent from standard compilers ...

high level GO sour#e

assembly |

Assembling

@—»’ Processor implementatiqn
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Bondgo work ow example

counter go source
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Bondgo work ow example

counter go source

bondgo input- le counter.go
-mpm

BM JSON rapresentation
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Bondgo work ow example

counter go source
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| BM JSON rapresentation |

|

bondmachine tool |
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Bondgo work ow example

counter go source
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| BM JSON rapresentation |

|

bondmachine tool |

|

BM HDL code |
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Bondgo work ow example

counter go source bondgo input- le counter.go

-mpm

counter asm

| BM JSON rapresentation |

|

| bondmachine tool |

|

| BM HDL code |

FPGA
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Bondgo work ow example

counter go source bondgo input- le counter.go

-mpm

counter asm

| BM JSON rapresentation |

|

| bondmachine tool |

|

| BM HDL code |

/

| procbuilder tool |

FPGA

ICTP-IAEA School on FPGA-based SoC 22 The BondMachine Project



Bondgo workflow example

counter go source bondgo —input-file counter.go

-mpm

counter asm

| BM JSON rapresentation |

|

| bondmachine tool |

|

| BM HDL code |

/

| procbuilder tool |

N\
——
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Bondgo workflow example

counter go source bondgo —input-file counter.go

-mpm

counter asm

| BM JSON rapresentation |

|

| bondmachine tool |

|

| BM HDL code |

/

| procbuilder tool |

N\
——
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Bondgo

... bondgo may not only create the binaries, but also the CP architecture, and ...
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Bondgo demo
Demo N.7

It will be shown how:

To create a BondMachine from a Go source file
To build the architecture
To build the program

To create the firmware and flash it to the board
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Bondgo

. it can do even much more interesting things when compiling concurrent programs.
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Bondgo

. it can do even much more interesting things when compiling concurrent programs.

‘ high level GO source

Compilin

‘ assembly CP 1 ‘

‘Iassembly CP ‘

‘ assembly CP N ‘
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Bondgo

. it can do even much more interesting things when compiling concurrent programs.

‘ high level GO source‘

Compilin Archs generating
‘assembly CP1 ‘ CP 1 specs
| = cP2|  |cCP4]
‘assembly CP ‘ ‘CP3‘ ‘CP ‘

‘ assembly CP N ‘
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Bondgo

. it can do even much more interesting things when compiling concurrent programs.

high level GO source

Compilin rchs generating

‘assembly CP1 } CP 1 specs

‘ cP2| |CP4]
L\ﬁcm\ |CP .|
assembly CP N
‘ ‘ Asm and Binaries *’

‘ assembly CP ...
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Bondgo

. it can do even much more interesting things when compiling concurrent programs.

high level GO source

Compilin rchs generating

’assembly CP 1|

|
i [CP 2 ——|CP 4]
—————————[cP3HJcP ]

assembly CP N |
’ ‘ Asm and Binaries *'

Interconnections

’ assembly CP ...
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Bondgo

. it can do even much more interesting things when compiling concurrent programs.

high level GO source‘

Compilin \&chs generating

‘ assembly CP 1 } | CP 1 specs

| = | CP 2 CP 4|
‘ ~
assembly CP ...
| : L\—ﬂcmcp...
assembly CP N
‘ ‘ Asm and Binaries

BondMachine
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Bondgo

A multi-core example

multi-core counter
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Bondgo

A multi-core example

Compiling the code with the bondgo compiler:
bondgo -input-file ds.go -mpm

The toolchain perform the following steps:
Map the two goroutines to two hardware cores.
Creates two types of core, each one optimized to execute the assigned goroutine.
Creates the two binaries.
Connected the two core as inferred from the source code, using special 10 registers.

The result is a multicore BondMachine:
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Bondgo

A multi-core example

[

ICTP-1AEA School on FPGA-based SoC 22

Op i .
-

Opcodes:

r2o, rset

The BondMachine Project

i2r ro i0
r2o r0 o0
jo

i2r ro i0
rset rl 1
add r@ rl
r2o r0 o0
joe
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Compiling Architectures

One of the most important result
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The BondMachine Project
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Simulation demo
Demo N.8

It will be shown how:

To use bondgo to create a chain of interconnected processors

To flash the firmware to the board

ICTP-IAEA School on FPGA-based SoC 22 The BondMachine Project
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Bondgo

Go in hardware

Bondgo implements a sort of “Go in hardware”.

High level Go source code is directly mapped to interconnected processors without
Operating Systems or runtimes.
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Bondgo

Go in hardware

Bondgo implements a sort of “Go in hardware”.

High level Go source code is directly mapped to interconnected processors without
Operating Systems or runtimes.

Goroutines Cores
Channels Channel SOs
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Bondgo

Go in hardware

Bondgo implements a sort of “Go in hardware”.

High level Go source code is directly mapped to interconnected processors without
Operating Systems or runtimes.

Goroutines Cores
Channels Channel SOs

Variables (local)
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Go in hardware

Bondgo implements a sort of “Go in hardware”.
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Channels Channel SOs

Variables (local) —»’ CP RAM segments‘
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Bondgo

Go in hardware

Bondgo implements a sort of “Go in hardware”.

High level Go source code is directly mapped to interconnected processors without
Operating Systems or runtimes.

Goroutines

Cores

Channels

Channel SOs

Variables (local)

—»’ CP RAM segments‘

Variables (by val)

—»’ CH messages or |10 regs‘

Variables (by ref)

—»’ Shared RAM segments‘
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Go in hardware
Second idea on the BondMachine

The idea was:
Build a computing system with a decreased number of layers resulting in a lower HW/SW gap.

This would raise the overall performances yet keeping an user friendly way of programming.

Between HW and SW there is only the processor
abstraction, no Operating System nor runtimes.
Despite that programming is done at high level.
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and Interfaces

and BondMachines

‘ Programming language , |,

Language
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’ Registier Machine ‘

Software
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Bondgo

An example

bondgo stream processing example

. some a and b values fill

The compilation of this example results in the creation of a 257 CPs where 256 are the stream processors executing the code
in the function called streamprocessor, and one is the coordinating CP. Each stream processor is optimized and capable
only to make additions since it is the only operation requested by the source code. The three slices created on the main
function are passed by reference to the Goroutines then a shared RAM is created by the Bondgo compiler available to the
generated CPs.
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Basm

The BondMachine assembler Basm is the compiler complementary tools.

The BondMachine "fluid" nature gives the assembler some unique features:
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Basm

The BondMachine assembler Basm is the compiler complementary tools.

The BondMachine "fluid" nature gives the assembler some unique features:
Support for template based assembly code
Combining and rewriting fragments of assembly code
Building hardware from assembly

Software/Hardware rearrange capabilities
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Abstract Assembly

The Assembly language for the BM has been kept as independent as possible from the
particular CP.

Given a specific piece of assembly code Bondgo has the ability to compute the
“minimum CP" that can execute that code.

i2r r0 i0
i2r rl il
add ro rl
r2o r0 o0
jo

These are Building Blocks for complex BondMachines.
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Builders API

With these Building Blocks

Several libraries have been developed to map specific problems on BondMachines:

more about these tools
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Builders API

With these Building Blocks

Several libraries have been developed to map specific problems on BondMachines:

, to handle mathematical expression.

more about these tools
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Builders API

With these Building Blocks

Several libraries have been developed to map specific problems on BondMachines:

, to handle mathematical expression.

, to map boolean expression.

more about these tools
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Builders API

With these Building Blocks

Several libraries have been developed to map specific problems on BondMachines:

, to handle mathematical expression.
, to map boolean expression.

, to perform matrices operations.

ICTP-IAEA School on FPGA-based SoC 22 The BondMachine Project
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Builders API

Symbond

A mathematical expression, or a system can be converted to a BondMachine:
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Builders API

Symbond

A mathematical expression, or a system can be converted to a BondMachine:

sum(var(x),const(2))
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Builders API
Symbond

A mathematical expression, or a system can be converted to a BondMachine:
sum(var(x),const(2))

Boolbond

Resulting in:
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Builders API
Symbond
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Builders API

Boolbond

A system of boolean equations, input and output variables are expressed as in the
example file:
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Builders API

Boolbond

A system of boolean equations, input and output variables are expressed as in the
example file:

var(z)=or(var(x),not(var(y)))
var(t)=or(and(var(x),var(y)),var(z))
var(l)=and(xor(var(x),var(y)),var(t))
ivar(x)

i:var(y)

o:var(z)

o:var(t)

o:var(l)
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Builders API

Boolbond

A system of boolean equations, input and output variables are expressed as in the
example file:

var(z)=or(var(x),not(var(y)))
var(t)=or(and(var(x),var(y)),var(z))
var(l)=and(xor(var(x),var(y)),var(t))
ivar(x)

i:var(y)

o:var(z)

o:var(t)

o:var(l)

Boolbond

Resulting in:
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Builders API

Boolbond
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Boolbond demo
Demo N.9

It will be shown how:

To create complex multi-cores from boolean expressions

ICTP-IAEA School on FPGA-based SoC 22 The BondMachine Project

3F



Builders API

Matrixwork

Matrix multiplication
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Evolutionary BondMachine
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Evolutionary BondMachine

Find an architecture that solve
a problem

Framework

[ Simulation }
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Evolutionary BondMachine

Find an architecture that solve
a problem

Framework

[ Simulation }

Metrics to check
how well a BM
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Evolutionary BondMachine

Find an architecture that solve
a problem

Simulation Building Blocks of
Framework the BM

Metrics to check
how well a BM
solve a problem
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Evolutionary BondMachine

Find an architecture that solve
a problem

Simulation Building Blocks of
Framework the BM

Metrics to check Population of
how well a BM BondMachines
solve a problem
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Evolutionary BondMachine

Find an architecture that solve
a problem

Simulation Building Blocks of
Framework the BM

Metrics to check Population of
how well a BM BondMachines

solve a problem /

Genetically Evolved
Architectures
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3 Clustering
An example

Video
Distributed architecture
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Clustering |

The BondMachine Project
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BondMachine Clustering

So far we saw:
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BondMachine Clustering

So far we saw:

An user friendly approach to create processors (single core).

ICTP-IAEA School on FPGA-based SoC 22 The BondMachine Project

43



BondMachine Clustering

So far we saw:

An user friendly approach to create processors (single core).

Optimizing a single device to support intricate computational work-flows
(multi-cores) over an heterogeneous layer.
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BondMachine Clustering

So far we saw:

An user friendly approach to create processors (single core).

Optimizing a single device to support intricate computational work-flows
(multi-cores) over an heterogeneous layer.

Interconnected BondMachines
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BondMachine Clustering

The same logic existing among CP have been extended among different BondMachines
organized in clusters.
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BondMachine Clustering

The same logic existing among CP have been extended among different BondMachines
organized in clusters.

Protocols, one ethernet called etherbond and one using UDP called udpbond have been
created for the purpose.

ICTP-IAEA School on FPGA-based SoC 22 The BondMachine Project

44



BondMachine Clustering
The same logic existing among CP have been extended among different BondMachines
organized in clusters.

Protocols, one ethernet called etherbond and one using UDP called udpbond have been
created for the purpose.

FPGA based BondMachines, standard Linux Workstations, Emulated BondMachines
might join a cluster an contribute to a single distributed computational problem.
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BondMachine Clustering
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BondMachine Clustering
A distributed example

distributed counter
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BondMachine Clustering
A distributed example
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BondMachine Clustering
A distributed example

See it working:
https://youtube.com/embed/g9xYHKOzca4

A general result

ICTP-IAEA School on FPGA-based SoC 22 The BondMachine Project
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BondMachine Clustering

Results

Results
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BondMachine Clustering

Results

Results
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4 Accelerators

Hardware
Software
Tests
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Benchmark
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Specs

Workstations
Dell Precision Tower 3620
Intel(R) Xeon(R) CPU E3-1270 v5 @

FPGA 3.60GHz
Digilent Zedboard 16GB Ram
Soc: Zynq XC7Z020-CLG484-1 Golang 1.18.1
512 MB DDR3

Vivado 2020.2
Intel(R) CPU 15-8500 v5 @ 3GHz

16GB Ram
GCC with -00
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The whole system overview

FPGA

PS (arm)

Linux based OS

Custom Interconnection w ( Kernel
desngn firmware J L module

Wires

Userspace
library

App

Char
device

API
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The Accelerator IP

[Hardware Description Language)

0][1],A1[1][0],A1[1][1]}
[0],B1[0](1],B1[1][0],B1[1][1]}

s1(1][0],Res1[1][1]} = 32'de;

= Res1[i][j] + (AL[i][k] * B1[KI[j]);
0][1],Res1[1][0] ,Res1[1][1]};
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The Accelerator IP

(Hardware Description Language) (High Level Synthesisj

N

<
void mmult

T, int DIM>
hw(T A[DIM][DIM], T B[DIM][DIM], T C[DIM][DIM])

(int ia = 0; ia < DIM; ++ia)
(int ib = 0; ib < DIM; ++ib)
T sum = 03
L3: (int id = 0; id < DIM; ++id)

{
sum += A[ia][id] * B[id][ib];

}
C[ial[ib] = sum;
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The Accelerator IP

BondMachine
/
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The Accelerator IP

g
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Interconnection firmware
The input and output buses are the endpoints that we would like
to have on the linux system.

Custom
HW
design

<=| Output
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Interconnection firmware

The input and output buses are the endpoints that we would like
to have on the linux system.
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Interconnection firmware

The input and output buses are the endpoints that we would like
to have on the linux system.

p
Memory mapped
registers using
The AXI protocol
.
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The Advanced eXtensible Interface Protocol

AXl is a communication bus protocol defined by ARM as part
of the Advanced Microcontroller Bus Architecture (AMBA) standard.

There are 3 types of AXI Interfaces:
AXI Full: for high-performance memory-mapped requirements.

AXI Lite: for low-throughput memory-mapped communication.

AXI Stream: for high-speed streaming data.
( ste anc Package New 1P o x \

A

o] ) cancet
(S v
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Block Design

ext_reset,
au_resel_in peripheral_reset(0.0]
mb_debug_sys_rst  interconnect_aresetn(0:0)
dem locked peripheral_ aresetn[0.0]

slowest_syne._clk mb_reset

bus_stnuct_resel[0:0)

Processor System Resel

processing_system?_0

1RQ_F2P(00]

M_AXLGPO_ACLK

ooR D oor
FIXED 10 +
USBIND_0 +
- M_AXLGPO + i
ZYNQ TTCO_WAVEO_OUT
~ Trcowaver our o meseny msom
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FPGA
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module
Char
device| ':>I
Userspace
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App

\ ux based 0S  /
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Linux

Now that we have a custom accelerated hardware, we need a Linux
distro to run on it.

Common Features

Complete system build from source

Allow choice of kernel and bootloader

Support for modifying packages with patches or custom configuration files
Can build cross-toolchains for development

Convenient support for read-only root filesystems

Support offline builds

The build configuration files integrate well with SCM tools

Yocto

Convenient sharing of build configuration among similar projects (meta-layers)
Larger community (Linux Foundation project)

Can build a toolchain that runs on the target

A package management system

Buildroot

Simple Makefile approach, easier to understand how the build system works
Reduced resource requirements on the build machine

Very easy to customize the final root filesystem (overlays)

Credits: https://jumpnowtek.com/linux/Choosing-an-embedded-linux-build-system.html
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Ingredients to build the distro

Kernel config

Data structure

describing

Linux kernel hardware
configuration components

[Boot Loader configj Used by:

Kernel
U-boot Boot loader
Boot loader
configuration Created by:
Vivado + GCC

[Bitstream (firmware)]

File describing
Cells and routing
of the FPGA

Used by
Boot loader

to programm
FPGA

Created by:
Vivado
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kernel module

The accelerator endpoints are exposed via AXI
memory-mapped as memory location of the arm processor
running Linux.

To properly use the accelerator from user space, the kernel
has to handle the accelerator endpoints and make them
available to user space.

We developed a kernel module for our accelerators. It
manages 3 data flows:

Kernel User space
Kernel Firmware
Kernel Firmware

ICTP-IAEA School on FPGA-based SoC 22 The BondMachine Project

Custom
HW
design

8=

Interconnect
firmware

Kernel
module

Char
device| —— I

Userspace
library

API r:>I

App

B

\ Linux based 0S  /
PS (arm)|

FPGA







	Introduction
	Challenges
	FPGA
	Architectures
	Abstractions

	The BondMachine project
	Architectures handling
	Architectures molding
	Bondgo
	Basm
	API

	Clustering
	An example
	Video
	Distributed architecture

	Accelerators
	Hardware
	Software
	Tests
	Benchmark

	Misc
	Project timeline
	Supported boards
	Use cases

	Machine Learning
	Train
	BondMachine creation
	Simulation
	Accelerator
	Benchmark

	Optimizations
	Softmax example
	Results
	Fragments compositions

	Conclusions and Future directions
	Conclusions
	Ongoing
	Future


