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1 Introduction
The Challenge
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Processors in FPGA
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It is a common practice to use FPGAs to implement
processors. Some processors are directly created by the FPGA
manufacturer, some are open-source, some are proprietary.

Now with the advent of the RISC-V architecture, it is clear
that this will be more and more used in the future.

This is the also the case of the BondMachine project but
with a different approach.

The BondMachine Project



The Challenge

FDF2024, 11/6/2024, CERN The BondMachine Project



The Challenge

FDF2024, 11/6/2024, CERN The BondMachine Project



The Challenge

F

FDF2024, 11/6/2024, CERN The BondMachine Project




The Challenge

e

FDF2024, 11/6/2024, CERN The BondMachine Project



The Challenge

e

FDF2024, 11/6/2024, CERN The BondMachine Project



[The BondMachine projectj

2 The BondMachine project
Architectures handling
An example
Architectures molding
Bondgo
Basm
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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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The BondMachine is a software ecosystem for the dynamic generation of computer
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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.
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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.

|/O specialized registers

FDF2024, 11/6/2024, CERN The BondMachine Project



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

The BondMachine Project
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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
|

FDF2024, 11/6/2024, CERN The BondMachine Project



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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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).
Message passing.

CP synchronization.
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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.
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Shared Objects (SO)

|

Currently implemented SOs

Shared Memory

A Memory shared
among CPs

Channel

A CSP style channel for
message passing

Barrier

A barrier for CP
synchronization

Shared Stack

A stack shared among
CPs

Shared Queue

A queue shared among
CPs

Pseudo Random
Number Generator

FDF2024, 11/6/2024, CERN

The BondMachine Project

more about these


http://bondmachine.fisica.unipg.it/docs

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

FDF2024, 11/6/2024, CERN The BondMachine Project



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)

Processor Builder

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

FDF2024, 11/6/2024, CERN

BondMachine Builder

Connects CPs and SOs
together in  custom
topologies, loads and
saves on disk as JSON,
create BM's HDL code

Simulation Framework

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

The BondMachine Project



Toolchain and helper tool

A BondMachine Project is a directory containing all the necessary files to build a
BondMachine.

A set of tools have been developed to simplify the creation and maintenance of the BM
Projects.

bmhelper Makefile NaziiiE

Kernel style
configuration

Project
manteinance tool

Project targets

FDF2024, 11/6/2024, CERN The BondMachine Project



A first example
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A first example

Bmhelper create --project_name Example

Project has been successfully created.
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A first example

Bmhelper create --project_name Example
Project has been successfully created.

cd Example
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A first example

Bmhelper(create --project_name Example

Project has been successfully created.
cd Exampie
cat <<EOF > cp@code.asm

clr ro
1fsr82r ro 1fsr8e
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A first example

Bmhelper(create --project_name Example

Project has been successfully created.
cd Exampie
cat <<EOF > cp@code.asm

clr ro
1fsr82r ro 1fsr8e

brocbuilder -register-size 8 -registers 2 -inputs @ -outputs 1 -opcodes clr,j,r2o, 1fsr82r -save-mach
ine cp@.json -input-assembly cp@code.asm -shared-constraints "1fsr8:34"
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A first example

Bmhelper(create --project_name Example

Project has been successfully created.
cd Exampie
cat <<EOF > cp@code.asm

clr ro
1fsr82r ro 1fsr8e

brocbuilder -register-size 8 -registers 2 -inputs @ -outputs 1 -opcodes clr,j,r2o, 1fsr82r -save-mach
ine cp@.json -input-assembly cp@code.asm -shared-constraints "1fsr8:34"

<<EOF > cplcode.asm

ro io
ro oo
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A first example

Bmhelper(create --project_name Example

Project has been successfully created.
cd Exampie
cat <<EOF > cp@code.asm

clr ro
1fsr82r ro 1fsr8e

brocbuilder -register-size 8 -registers 2 -inputs @ -outputs 1 -opcodes clr,j,r2o, 1fsr82r -save-mach
ine cp@.json -input-assembly cp@code.asm -shared-constraints "1fsr8:34"

<<EOF > cplcode.asm

ro io
ro oo

prochbuilder -register-size 8 -registers 2 -inputs 1 -outputs 1 -opcodes j,i2r,r2o -save-machine cp1l.
json -input-assembly cplcode.asm
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A first example

Bmhelper(create --project_name Example

Project has been successfully created.
cd Exampie
cat <<EOF > cp@code.asm

clr ro
1fsr82r ro 1fsr8e

brocbuilder -register-size 8 -registers 2 -inputs @ -outputs 1 -opcodes clr,j,r2o, 1fsr82r -save-mach
ine cp@.json -input-assembly cp@code.asm -shared-constraints "1fsr8:34"

<<EOF > cplcode.asm

ro io
ro oo

prochbuilder -register-size 8 -registers 2 -inputs 1 -outputs 1 -opcodes j,i2r,r2o -save-machine cp1l.
json -input-assembly cplcode.asm

bondmachine -bondmachine-file bondmachine.json
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A first example

clr ro
1fsr82r ro 1fsr8o

procbuilder -register-size 8 -registers 2 -inputs O -outputs 1 -opcodes clr,j,r2o, 1fsr82r -save-mach
cp0.json -input-assembly cpOcode.asm -shared-constraints "1fsr8:34"

<<EOF > cplcode.asm
ro ie
ro o0

procbuilder -register-size 8 -registers 2 -inputs 1 -outputs 1 -opcodes j,i2r,r2o -save-machine cpl.
json -input-assembly cplcode.asm

bondmachine -bondmachine-file bondmachine.json

bondmachine -bondmachine-file bondmachine.json -add-domains cp®.json
bondmachine -bondmachine-file bondmachine.json -add-processor 0
bondmachine -bondmachine-file bondmachine.json -add-domains cpil.json
bondmachine -bondmachine-file bondmachine.json -add-processor 1

successfully added
successfully added
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A first example

brocbuilder -register-size 8 -registers 2 -inputs 0 -outputs 1 -opcodes clr,j,r2o, 1fsr82r -save-mach
ine cp@.json -input-assembly cp@code.asm -shared-constraints "1fsr8:34"

cat <<EOF > cpilcode.asm

i2r ro ioe
ro oo

procbuilder -register-size 8 -registers 2 -inputs 1 -outputs 1 -opcodes j,i2r,r2o -save-machine cp1l.
json -input-assembly cplcode.asm

bondmachine -bondmachine-file bondmachine.json

bondmachine -bondmachine-file bondmachine.json -add-domains cp®.json
bondmachine -bondmachine-file bondmachine.json -add-processor 0
bondmachine -bondmachine-file bondmachine.json -add-domains cpl.json
bondmachine -bondmachine-file bondmachine.json -add-processor 1

Processor @ successfully added
Processor 1 successfully added

bondmachine -bondmachine-file bondmachine.json -add-outputs 1
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A first example

brocbuilder -register-size 8 -registers 2 -inputs 0 -outputs 1 -opcodes clr,j,r2o, 1fsr82r -save-mach
ine cp@.json -input-assembly cp@code.asm -shared-constraints "1fsr8:34"

<<EOF > cplcode.asm

ro ie
ro o0

procbuilder -register-size 8 -registers 2 -inputs 1 -outputs 1 -opcodes j,i2r,r2o -save-machine cp1l.
json -input-assembly cplcode.asm

bondmachine -bondmachine-file bondmachine.json

bondmachine -bondmachine-file bondmachine.json -add-domains cp®.json
bondmachine -bondmachine-file bondmachine.json -add-processor ©
bondmachine -bondmachine-file bondmachine.json -add-domains cpl.json
bondmachine -bondmachine-file bondmachine.json -add-processor 1

Processor 0 successfully added
Processor 1 successfully added

bondmachine -bondmachine-file bondmachine.json -add-outputs 1

bondmachine -bondmachine-file bondmachine.json -add-bond p@o®,p1io
bondmachine -bondmachine-file bondmachine.json -add-bond p100, 00
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A first example

<<EOF > cplcode.asm
ro ie
ro o0

brocbuilder -register-size 8 -registers 2 -inputs 1 -outputs 1 -opcodes j,i2r,r2o -save-machine cp1l.
json -input-assembly cplcode.asm

bondmachine -bondmachine-file bondmachine.json

bondmachine -bondmachine-file bondmachine.json -add-domains cp®.json
bondmachine -bondmachine-file bondmachine.json -add-processor ©
bondmachine -bondmachine-file bondmachine.json -add-domains cpl.json
bondmachine -bondmachine-file bondmachine.json -add-processor 1

Processor 0 successfully added
Processor 1 successfully added

bondmachine -bondmachine-file bondmachine.json -add-outputs 1

bondmachine -bondmachine-file bondmachine.json -add-bond p@o®,p1i@
bondmachine -bondmachine-file bondmachine.json -add-bond p100, 00

bondmachine -bondmachine-file bondmachine.json -add-shared-objects "1fsrg:34"
bondmachine -bondmachine-file bondmachine.json -connect-processor-shared-object 0,0
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A first example

clr ro

Opcodes: A 1fsr82r ro 1fsrge
clr, j, lfsr82r Registers: 4
20 r2o r@ od@

j1

izr ro ie
r20 ro o0
jo
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A first example
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A first example
[ bmhelper validate

No workflows could be identified based on the analyzed files
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A first example
[ bmhelper validate
No workflows could be identified based on the analyzed files

cat <<EOF > local.mk
WORKING_DIR=working_dir
CURRENT_DIR=$(shell pwd)
SOURCE_JSON=bondmachine. json
BOARD=icefun
MAPFILE=icefun_maps.json
BOARD_SLOW=1
BOARD_SLOW_FACTOR=19
IF_LEDS=1
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A first example

BOARD=icefun
MAPFILE=icefun_maps.json
BOARD_SLOW=1
[BOARD_SLOW_FACTOR=19
IF_LEDS=1

IF_LEDS_MAP=00

EOF

cat <<EOF > icefun.pcf
--warn-no-port
--warn-no-port
--warn-no-port
--warn-no-port
--warn-no-port
--warn-no-port
--warn-no-port
--warn-no-port
--warn-no-port
--warn-no-port
--warn-no-port
--warn-no-port
--warn-no-port
--warn-no-port

--warn-no-port
--warn-no-port
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A first example

--warn-no-port led1i
--warn-no-port led2
--warn-no-port led3
--warn-no-port led4
--warn-no-port led5
--warn-no-port ledé
--warn-no-port led7
--warn-no-port lcoll
--warn-no-port lcol2
--warn-no-port lcol3
--warn-no-port lcol4
--warn-no-port spkp
--warn-no-port spkm

--warn-no-port btn
--warn-no-port clk

cat <<EOF > icefun_maps.json

"Assoc" : {
"logic": "negative",
"elk" @ "clk”,
"reset" : "btn"
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A first example

--warn-no-port led6
--warn-no-port led7
--warn-no-port lcolil
--warn-no-port lcol2
--warn-no-port lcol3
--warn-no-port lcol4
--warn-no-port spkp
--warn-no-port spkm

--warn-no-port btn
--warn-no-port clk

cat <<EOF > icefun_maps.json

"Assoc" : {
"logic": "negative",
"elk" : "clk”,
"reset" : "btn"

3

3
EOF

bmhelper validate

Workflow detected: json.
Project has been successfully validate.

FDF2024, 11/6/2024, CERN The BondMachine Project




A first example

--warn-no-port lcol4
--warn-no-port spkp
--warn-no-port spkm

--warn-no-port btn
--warn-no-port clk

cat <<EOF > icefun_maps.json

"Assoc" : {
"logic": "negative",
"elk" @ "clk”,
"reset" : "btn"
}

}

EOF
bmhelper validate

Workflow detected: json.
Project has been successfully validate.

Workflow detected: json.
Project has been successfully initialized.
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A first example
"logic": "negative",

"elk" @ "clk”,
"reset" : "btn"

}
+
EOF
bmhelper validate

Workflow detected: json.
Project has been successfully validate.

Workflow detected: json.
Project has been successfully initialized.

make bondmachine
- Kk 2 i 1] - [Target: working_dir]

mkdir -p working_dir

- [Target: working_dir/bondmachine_target]

cp bondmachine.json working_dir/bondmachine.json
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A first example

make bondmachine

- [ t ] - [Target: working_dir]
mkdir -p working_dir

- - [Target: working_dir/bondmachine_target]
cp bondmachine.json working_dir/bondmachine.json

make hdl

- [ - [Target: working_dir/hd1l_target]
bondmachine -bondmachine-file working_dir/bondmachine.json -create-verilog -verilog-mapfile icefun_m
aps.json -verilog-flavor icefun -board-slow -board-slow-factor 19 -icefun-leds -icefun-leds-map
00
echo > working_dir/bondmachine.sv
for i in "1s *.v | sort -d° ; do cat $i >> working_dir/bondmachine.sv ; done
rm -f *.v
echo > working_dir/bondmachine.vhd
for i in “1s *.vhd | sort -d° ; do cat $i >> working_dir/bondmachine.vhd ; done
1s: cannot access '*.vhd': No such file or directory
rm -f *.vhd
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A first example
make hdl

- - [Target: working_dir/hd1l_target]
bondmachine -bondmachlne file working_dir/bondmachine.json -create-verilog -verilog-mapfile icefun_m
aps.json -verilog-flavor icefun -board-slow -board-slow-factor 19 -icefun-leds -icefun-leds-map
00
echo > working_dir/bondmachine.sv
“ls *.v | sort -d° ; do cat $i >> working_dir/bondmachine.sv ; done

echo > working_dir/bondmachine.vhd
i in “1s *.vhd | sort -d° ; do cat $i >> working_dir/bondmachine.vhd ; done
: cannot access '*.vhd': No such file or directory
rm -f *.vhd

make project

- [Target: working_dir/icefun.pcf

]
cp icefun.pcf working_dir

- [Target: working_dir/icestorm_c
reation]
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A first example

- - [Target: working_dir/hd1l_target]
bondmachine -bondmachine-file working_dir/bondmachine.json -create-verilog -verilog-mapfile icefun_m
aps.json -verilog-flavor icefun -board-slow -board-slow-factor 19 -icefun-leds -icefun-leds-map
00
echo > working_dir/bondmachine.sv
for i in "1s *.v | sort -d° ; do cat $i >> working_dir/bondmachine.sv ; done
rm -f *.v
echo > working_dir/bondmachine.vhd
for i in “1s *.vhd | sort -d° ; do cat $i >> working_dir/bondmachine.vhd ; done
1s: cannot access '*.vhd': No such file or directory
rm -f *.vhd

make project

- [Target: working_dir/icefun.pcf

]
cp icefun.pcf working_dir

- [Target: working_dir/icestorm_c
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A first example

Number of port bits:

Number of memories:

Number of memory bits:

Number of processes:

Number of cells:
$print 30
$scopeinfo 10
SB_CARRY 30
SB_DFF 20
SB_DFFE 16
SB_DFFER 24
SB_DFFR 16
SB_DFFSR 8
SB_LUT4 65

2.50. Executing CHECK pass (checking for obvious problems)
Checking module bondmachine_main...
Found and reported O problems.

2.51. Executing JSON backend.
Warnings: 3 unique messages, 3 total
End of script. Logfile hash: 6elabd25a9, CPU: user 0.81s system 0.04s, MEM: 24.88 MB peak

Yosys 0.41+108 (git shal 557968567, clang++ 14.0.0-1lubuntul.l1 -fPIC -0s)
[Time spent: 47% 21x read_verilog (0 sec), 10% 29x opt_expr (0 sec),
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A first example

Number of memory bits: 0

Number of processes: 0

Number of cells:
$print 30
$scopeinfo 10
SB_CARRY 30
SB_DFF 20
SB_DFFE 16
SB_DFFER 24
SB_DFFR 16
SB_DFFSR 8
SB_LUT4 65

2.50. Executing CHECK pass (checking for obvious problems)
Checking module bondmachine_main...
Found and reported © problems.

2.51. Executing JSON backend.
Warnings: 3 unique messages, 3 total
End of script. Logfile hash: 6elabd25a9, CPU: user 0.81s system 0.04s, MEM: 24.88 MB peak

Yosys 0.41+108 (git shal 557968567, clang++ 14.0.0-1ubuntul.l1 -fPIC -0s)
Time spent: 47% 21x read_verilog (0 sec), 10% 29x opt_expr (@ sec),

make implementation
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A first example
legend:

78692,
78851,
79010,
79169,
79328,
79487,
79646,
79805,
79964,
80123,
80282,
80441,
80600,
80759,
80918,
81077,
81236,
81395,
81554,

[ 81713,

* represents 1 endpoint(s)
+ represents [1,1) endpoint(s)

78851)
79010)
79169)
79328)
79487)
79646)
79805)
79964)
80123)
80282)
80441)
80600)
80759)
80918)
81077)
81236)
81395)
81554)
81713)
81872)

2 warnings, © errors

Info: Program finished
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normally.

The BondMachine Project




A first example

[ 78692, 78851) |***

[ 78851, 79010) |******x

[ 79010, 79169) |*****

[ 79169, 79328) |*

[ 79328, 79487) |***

[ 79487, 79646) |***

[ 79646, 79805) |*

[ 79805, 79964) [****xrxxxxxxrxrrxxrrxrarrs
[ 79964, 80123) |**

[ 80123, 80282) [*****vrwvss
[ 80282, 80441) |*****

[ 80441, 80600) |****

[ 80600, 80759) |****

[ 80750, BOO18) [*****rrxrrxxrxxrrxrrs
[ 80918, 81077) |******
[ 81077, 81236) |*****xx**
[ 81236, 81395) |****x*xx
[ 81395, 81554) |**
[ 81554, 81713)

BATAR, BABTZ) |HFRwHA N AR R RN R A H AN AR AR A

2 warnings, O errors

Info: Program finished normally.

make bitstream
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A first example

[ 79646, 79805) |*
[ 79805, 79964) [****xxxrsxksrksrrrrrris
[ 79964, 80123) |**

[ 80123, B80282) [****xrrxrx

[ 80282, 80441) |*****

[ 80441, 80600) |****

[ 80600, 80759) |****

[ 80750, BOOLS) [****x*xxrxxxxxxrrxrrs

[ 80918, 81077) |******

[ 81077, 81236) |***x#xx**

[ 81236, 81395) |***x*xxx

[ 81395, 81554) |**

[ 81554, 81713)

BAT13, BUBT2) | rd sk dr sk da kA kA XA XXX KA XK AR KA KRNI A R KA

2 warnings, 0 errors

Info: Program finished normally.

make bitstream

- [Target: working_dir/icestorm_bi
tstream]
icepack working_dir/bondmachine.asc working_dir/bondmachine.bin
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A first example

79964, 80123) |**

80123, 80282) |****rrrrrrs
80282, 80441) |*****
80441, 80600) |****

80600, 80759) |****

80750, BOO1B) | **FHAEAEERKFRKkARS
80918, 81077) |******
81077, 81236) |*x*x*xxxx
81236, 81395) |****xkxx
81395, 81554) |**

81554, 81713)

KRRk KRRk Rk KRk kR Rk Rk
81713, 81872) |

, 0 errors

Program finished normally.

make bitstream

- [Target: working_dir/icestorm_bi
tstream]
icepack working_dir/bondmachine.asc working_dir/bondmachine.bin

make program
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A first example

- [Target: working_dir/icestorm_progra

icefunprog /dev/ttyACMO working_dir/bondmachine.bin
Flash ID Ox1f 0x85 Ox1

Program length 135100

Erase pages 3

Erasing sector 0x00000

Erase sector response 0xb0o

Erasing sector 0x10000

Erase sector response 0xb0

Erasing sector 0x20000

Erase sector response 0xb0

Flash ok
Release response 0x0
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Molding the BondMachine

Main tools

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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Molding the BondMachine

Main tools

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 tools to use BondMachine in Machine Learning.

bmgsim: A quantum computer simulator.
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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 flow when building computer programs
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Bondgo

This is the standard flow when building computer programs

high level language source
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Bondgo

This is the standard flow when building computer programs

‘ high level language source ‘

Compiling

assembly file
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Bondgo

This is the standard flow when building computer programs

FDF2024, 11/6/2024, CERN

’ high level language source‘

Compiling
assembly file
Assembling

machine code

The BondMachine Project



Bondgo

Bondgo does something different from standard compilers ...
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Bondgo

Bondgo does something different from standard compilers ...

high level GO source
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Bondgo

Bondgo does something different from standard compilers ...

’ high level GO source

Compiling

assembly file
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Bondgo

Bondgo does something different from standard compilers ...

’ high level GO source‘

Compiling Arch generating

assembly file
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Bondgo

Bondgo does something different from standard compilers ...

high level GO source‘

Arch generating

assembly file

Assembling

machine code
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Bondgo

Bondgo does something different from standard compilers ...

high level GO source

assembly file

Assembling

machine code

Arch generating

CP specs

’ Processor implementation
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Bondgo

Bondgo does something different from standard compilers ...

high level GO source

assembly file

Assembling

Arch generating

CP specs

@l—»’ Processor implementation
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Bondgo workflow example

counter go source
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Bondgo workflow example

counter go source
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counter go source

FDF2024, 11/6/2024, CERN

bondgo —input-file counter.go
-mpm
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Bondgo workflow example

counter go source bondgo —input-file counter.go

-mpm

counter asm

| BM JSON rapresentation |

|

| bondmachine tool |
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Bondgo workflow example

counter go source bondgo —input-file counter.go

-mpm

| BM JSON rapresentation |

|

| bondmachine tool |

|

| BM HDL code |
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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 |

FPGA
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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 |

FPGA
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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 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

A multi-core example

multi-core counter
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Bondgo

A multi-core example

FDF2024, 11/6/2024, CERN
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Opcodes: : s
-

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




Compiling Architectures

One of the most important result
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Basm
The BondMachine assembler Basm is the compiler complementary tools.

It is a standard assembler that can be used to build code for the BondMachine. Given
the "fluid" nature of the BM architectures, BASM has some unique features:
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Basm
The BondMachine assembler Basm is the compiler complementary tools.

It is a standard assembler that can be used to build code for the BondMachine. Given
the "fluid" nature of the BM architectures, BASM has some unique features:

Support for code fragments

Support for template based assembly code
Fragments composition: combining and rewriting
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Basm
The BondMachine assembler Basm is the compiler complementary tools.

It is a standard assembler that can be used to build code for the BondMachine. Given
the "fluid" nature of the BM architectures, BASM has some unique features:

Support for code fragments

Support for template based assembly code
Fragments composition: combining and rewriting
Building hardware from assembly
Software/Hardware rearrange capabilities

LLVM IR import
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Basm
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 Basm has the ability to compute the “minimum
CP” that can execute that code.

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

These are Building Blocks for complex BondMachines.
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3 Machine Learning
ML with the BondMachine

CP as Neurons
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Machine Learning with BondMachine

Native Neural Network library
The tool neuralbond allow the creation of BM-based neural chips from an API go

interface.

Neurons are converted to BondMachine connecting processors.

Tensors are mapped to CP connections.

layers := [lint{2, 5, 2} 979‘

weights := make ([]neuralbond.Weight, 0) L = = = L =
B-oBod-EoEo8oEodols s

if *save_bondmachine != "' {

neuralbond.Build_MLP(layers, weights); ok

== nil { v ‘
if _, err := os.Stat(*save_bondmachine); E@i E?a t@a & E’i

os. IsNotExist (err) { - = = - = = = = . =
£, err := os.Create(*save_bondmachine) & & & & = &S ) ) & )
check (err)

| deter 1-Close0 SESEE e > @ b =
y <) <)
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BM inference: A first tentative idea

A neuron of a neural network

can be seen as Connecting Processor of BM

P8 inputs
@D G

P|7/essor B
Opcodes

inputs  hidden layer output layer outputs
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%ssection softmax .romtext iomode:sync

entry _start
_start:
mov r8, 070.0

%endsection

; Entry point

rams. inputs




From idea to implementation

Starting from High Level Code, a NN model trained with TensorFlow and exported in a
standard interpreted by neuralbond that converts nodes and weights of the network

into a set of heterogeneous processors.

L St (L) @ale ] +

J

neuralbond banknote. json neurons working_dir/bondmachine.basm
neuralbondconfig. json ; basm -o working_dir/bondmachine.json working_dir/bondmachine.basm neurons/*.basm

[ Firmware J
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Analysis and evaluation

A key aspect of the BondMachine inference engine is the high degree of configurability:
choose the desired trade-off between inference speed, accuracy and resource usage.

—$— 32bit precision

numerical precision: 35001 70 obit precision
floating, fixed point Bit | Luts | Regs 213 ke
or custom operator to 32 | 14306 | 9264 i
change arbitrary the 19 | 7202 | 5717 £
bit-width. 16 | 7738 | 5487 3
12 | 4133 | 5004 : T

hw/sw function I
swap: choose the ——
best trade-off Exponent

between hardware and Bit | Static-Power (W) | Dynamic-Power (W) | Time / Inf (s) | En. / Inf (J)

software. 32 0.037 0.055 6.84E-06 3.78E-07
19 0.013 0.022 6.44E-06 1.39E-07

architecture 16 0.017 0.024 6.21E-06 1.49E-07

optimization collapse, 12 0.020 0.012 6.76E-06 8.11E-08

prune or even

customize CPs based Many studies have been conducted to evaluate the performance of the BM

on the requirements. inference engine regarding power consumption, latency and resources usage.
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Quantum Computing

With all the capabilities of the BondMachine in terms of parallelism and speed, of
customizability of the instruction set and the numerical precision, it is a natural question
to ask whether the BondMachine could be used to simulate quantum computers.

BMO-sim

A quantum computer simulator called bmgsim has been developed and is available
within the BondMachine project.
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Quantum Circuit

The first ingredient for bmgsim is a quantum circuit. The quantum circuit is a sequence
of quantum gates represented by a sequence of matrices. the “program” is a .bmq file
that contains code similar to the Qasm code.

%block codel .sequential
gbits q0,ql
zero q0,ql
h qo
cX qo,ql

%endblock

%meta bmdef main:codel

bmq files

Basm style
parsing
engine

Independently of the backend, bmqgsim translates the .bmq file into N matrices.

FDF2024, 11/6/2024, CERN
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Backend: Hardcoded matrices sequence

This backend creates a hardware
that for each state of the quantum
register, it applies the sequence of
matrices.

For each matrix operation a
dedicated processor is used. Within
the processor, the matrix elements
of all the gates are hardcoded.

Quantum Gates {

a' b a’ v’
! dl] [(:2 dz}

(@
a|o>+ﬁ|1>7
(B ﬁ B)
l ﬂ
v #

) -
al -« b
a’ -« b?

bN. .

-

6 ’,CI'OZ\ (dl'/B\ gate 1
/3 62-a d2-ﬁ gate2

C

LHJ

el
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Validation

o v - B E -
"o — — - .
- =l B

The validation is done by comparing the results of the
simulation with the results of the same quantum circuit
simulated by a well-known quantum simulator. Random-
izing both the quantum circuit and the input state.
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FPGA Quantum Teleportation
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FPGA Quantum Teleportation

bmhelper create --project_name Example
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FPGA Quantum Teleportation

bmhelper create --project_name Example
cd Example
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FPGA Quantum Teleportation

bmhelper create --project_name Example
cd Example

source /tools/Xilinx/Vitis/2023.2/settings64.sh
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FPGA Quantum Teleportation

bmhelper create --project_name Example
cd Example

source /tools/Xilinx/Vitis/2023.2/settings64.sh

cat <<EOF > program.bmq

%block codel .sequential

gbits s,a,b

zero s,a,b

h

['¢

cX

h

6K

cz
sendblock

meta bmdef global main:codel
EOF
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FPGA Quantum Teleportation

meta bmdef global main:codel
EOF

Jmme
cat <<EOF > local.mk

WORKING_DIR=working_dir

CURRENT_DIR=$(shell pwd)

SOURCE_QUANTUM=program. bmq

QUANTUM_APP=working_dir/circuit.c

QUANTUM_ARGS=-build-matrix-seq-hardcoded -hw-flavor seq_hardcoded_complex -app-flavor cpp_opencl_com
plex -build-app -app-file $(QUANTUM_APP) -emit-bmapi-maps -bmapi-maps-file bmapi.json
BOARD=alveou55c

SHOWARGS=-dot-detail 5

SHOWRENDERER=dot -Txlib

[VERILOG_OPTIONS=-comment-verilog -bcof-file $(WORKING_DIR)/bondmachine.bcof

BMREQS=$ (WORKING_DIR)/requirements.json

HWOPTIMIZATIONS=onlydestregs,onlysrcregs

BASM_ARGS=-disable-dynamical-matching -bo $(WORKING_DIR)/bondmachine.bcof -chooser-min-word-size -ch
ooser-force-same-name -dump-requirements $(WORKING_DIR)/requirements.json
HDL_REGRESSION=bondmachine.sv

BM_REGRESSION=bondmachine.json

PLATFORM=xilinx_u55c_gen3x16_xdma_3_202210_1

MAPFILE=alveou55c_maps.json

include bmapi.mk

include deploy.mk

EOF
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FPGA Quantum Teleportation

SHOWARGS=-dot-detail 5

SHOWRENDERER=dot -Txlib

[VERILOG_OPTIONS=-comment-verilog -bcof-file $(WORKING_DIR)/bondmachine.bcof
BMREQS=$ (WORKING_DIR)/requirements.json
HWOPTIMIZATIONS=onlydestregs,onlysrcregs
BASM_ARGS=-disable-dynamical-matching -bo $(WORKING_DIR)/bondmachine.bcof -chooser-min-word-size -ch
ooser-force-same-name -dump-requirements $(WORKING_DIR)/requirements.json
HDL_REGRESSION=bondmachine.sv

BM_REGRESSION=bondmachine.json

PLATFORM=xilinx_u55c_gen3x16_xdma_3_202210_1

MAPFILE=alveou55c_maps.json

include bmapi.mk

include deploy.mk

EOF

cat <<EOF > bmapi.mk

USE_BMAPI=yes

BMAPI_LANGUAGE=python
BMAPI_FLAVOR=axist
BMAPI_FLAVOR_VERSION=basic
BMAPI_MAPFILE=bmapi.json
BMAPI_LIBOUTDIR=working_dir/bmapi
BMAPI_MODOUTDIR=working_dir/rt1_bondmachine
BMAPI_FRAMEWORK=pynq
BMAPI_GENERATE_EXAMPLE=notebook.ipynb
EOF
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FPGA Quantum Teleportation

PLATFORM=xilinx_u55c_gen3x16_xdma_3_202210_1
MAPFILE=alveou55c_maps.json

include bmapi.mk

include deploy.mk

EOF

cat <<EOF > bmapi.mk

USE_BMAPI=yes

BMAPI_LANGUAGE=python
BMAPI_FLAVOR=axist
BMAPI_FLAVOR_VERSION=basic
BMAPI_MAPFILE=bmapi.json
BMAPI_LIBOUTDIR=working_dir/bmapi
BMAPI_MODOUTDIR=working_dir/rt1_bondmachine
BMAPI_FRAMEWORK=pynq
BMAPI_GENERATE_EXAMPLE=notebook.ipynb
EOF

cat <<EOF > deploy.mk

DEPLOY_TYPE=local
DEPLOY_PATH=/home/mirko/alveoruns/$(PROJECT_NAME)
DEPLOY_CLONE=/home/mirko/alveoruns/template
DEPLOY_APP=working_dir/circuit.c
DEPLOY_OVERRIDE=true

DEPLOY_BITTYPE=xclbin

EOF
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FPGA Quantum Teleportation

BMAPI_MAPFILE=bmapi.json
BMAPI_LIBOUTDIR=working_dir/bmapi
BMAPI_MODOUTDIR=working_dir/rt1_bondmachine
BMAPI_FRAMEWORK=pynq
BMAPI_GENERATE_EXAMPLE=notebook.ipynb

EOF

cat <<EOF > deploy.mk

DEPLOY_TYPE=local
DEPLOY_PATH=/home/mirko/alveoruns/$(PROJECT_NAME)
DEPLOY_CLONE=/home/mirko/alveoruns/template
DEPLOY_APP=working_dir/circuit.c
DEPLOY_OVERRIDE=true

DEPLOY_BITTYPE=xclbin

EOF

bmhelper validate

Workflow detected: quantum.

Mandatory variable found SOURCE_QUANTUM
Mandatory variable found WORKING_DIR
Mandatory variable found MAPFILE
Optional variable found: SHOWARGS
Source file program.bmq found

Found target board: alveou55c

Project has been successfully validate.
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FPGA Quantum Teleportation

DEPLOY_APP=working_dir/circuit.c
DEPLOY_OVERRIDE=true
DEPLOY_BITTYPE=xclbin

EOF

bmhelper validate

Workflow detected: quantum.

Mandatory variable found SOURCE_QUANTUM
Mandatory variable found WORKING_DIR
Mandatory variable found MAPFILE
Optional variable found: SHOWARGS
Source file program.bmq found

Found target board: alveou55c

Project has been successfully validate.

bmhelper apply

Workflow detected: quantum.

Mandatory variable found SOURCE_QUANTUM
Mandatory variable found WORKING_DIR
Mandatory variable found MAPFILE

Optional variable found: SHOWARGS

Source file program.bmq found

Found target board: alveou55c

Project has been successfully initialized.
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tum Teleportation

Workflow detected: quantum.

Mandatory variable found SOURCE_QUANTUM
Mandatory variable found WORKING_DIR
Mandatory variable found MAPFILE

Optional variable found: SHOWARGS

Source file program.bmq found

Found target board: alveou55c

Project has been successfully initialized.

make bondmachine

- [Target: working_dir
mkdir -p working_dir

- - [Target: working_dir/bondmachine_target]

bmgsim -save-basm working_dir/bondmachine.basm -build-matrix-seq-hardcoded -hw-flavor seq_hardcoded

| complex -app-flavor cpp_opencl_complex -build-app -app-file working_dir/circuit.c -emit-bmapi-maps

-bmapi-maps-file bmapi.json program.bmq ; basm -disable-dynamical-matching -bo working_dir/bondmach

ine.bcof -chooser-min-word-size -chooser-force-same-name -dump-requirements working_dir/requirements
j -0 working_dir/bondmachine. json working_dir/bondmachine.basm
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FPGA Quantum Teleportation

bmgsim -save-basm working_dir/bondmachine.basm -build-matrix-seq-hardcoded -hw-flavor seq_hardcoded
| _complex -app-flavor cpp_opencl_complex -build-app -app-file working_dir/circuit.c -emit-bmapi-maps
-bmapi-maps-file bmapi.json program.bmq ; basm -disable-dynamical-matching -bo working_dir/bondmach
ine.bcof -chooser-min-word-size -chooser-force-same-name -dump-requirements working_dir/requirements
.json -o working_dir/bondmachine.json working_dir/bondmachine.basm

make hdl

- tior - [Target: working_dir/hdl_target]

bondmachine -bondmachine-file worklng dlr/bondmachlne json -create-verilog -verilog-mapfile alveou55
c_maps.json -verilog-flavor alveou55c -use-bmapi -bmapi-flavor axist -bmapi-language pyth
on -bmapi-mapfile bmapi.json -bmapi-liboutdir working_dir/bmapi -bmapi-framework pynq -bmapi-flavor-
version basic -bmapi-modoutdir working_dir/rtl_bondmachine -bmapi-generate-example notebook.ipynb -
comment-verilog -bcof-file working_dir/bondmachine.bcof -bmrequirements-file working_dir/requiremen
ts.json -hw-optimizations onlydestregs,onlysrcregs

echo > worklng dir/bondmachine.sv

i “1s *.v | sort -d* ; do cat $i >> working_dir/bondmachine.sv ; done

echo > working_dir/bondmachine.vhd

for 1 in “ls *.vhd | sort -d° ; do cat $i >> working_dir/bondmachine.vhd ; done
1s: cannot access '*.vhd': No such file or directory

rm -f *.vhd
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-0 working_dir/bondmachine.json working_dir/bondmachine.basm

make Fdl

- tion b - [Target: working_dir/hdl_target]
bondmachine -bondmachine-file worklng dir/bondmachine.json -create-verilog -verilog-mapfile alveou55
c_maps.json -verilog-flavor alveou55c -use-bmapi -bmapi-flavor axist -bmapi-language pyth
on -bmapi-mapfile bmapi.json -bmapi-liboutdir working_dir/bmapi -bmapi-framework pynq -bmapi-flavor-
version basic -bmapi-modoutdir working_dir/rtl_bondmachine -bmapi-generate-example notebook.ipynb -
comment-verilog -bcof-file working_dir/bondmachine.bcof -bmrequirements-file working_dir/requiremen
ts.json -hw-optimizations onlydestregs,onlysrcregs
echo > working_dir/bondmachine.sv
for 1 in 'ls *.v | sort -d' ; do cat $i >> working_dir/bondmachine.sv ; done
rm -f *.v
echo > working_dir/bondmachine.vhd
for 1 in ls *.vhd | sort -d' ; do cat $i >> working_dir/bondmachine.vhd ; done
1s: cannot access '*.vhd': No such file or directory
rm -f *.vhd
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INFO: [v++ 60-1306] Additional information associated with this v++ package can be found at:
Reports: /tmp/tmp577nekug/Example/working_dir/rt1_bondmachine/_x/reports/package
Log files: /tmp/tmp577nekug/Example/working_dir/rtl_bondmachine/_x/logs/package

Running Dispatch Server on port: 46409
INFO: [v++ 60-1548] Creating build summary session with primary output /tmp/tmp577nekug/Example/work
ing_dir/rtl_bondmachine/build_dir.hw.xilinx_u55c_gen3x16_xdma_3_202210_1/bondmachine.xclbin.package_
summary, at Wed Jun 5 20:23:31 2024
INFO: [v++ 60-1315] Creating rulecheck session with output '/tmp/tmp577nekug/Example/working_dir/rtl
| _bondmachine/_x/reports/package/v++_package_bondmachine_guidance.html', at Wed Jun 5 20:23:31 2024
INFO: [v++ 60-895] Target platform: /opt/xilinx/platforms/xilinx_u55c_gen3x16_xdma_3_202210_1/xili
nx_u55c_gen3x16_xdma_3_202210_1.xpfm
INFO: [v++ 60-1578] This platform contains Xilinx Shell Archive '/opt/xilinx/platforms/xilinx_u55c
| gen3x16_xdma_3_202210_1/hw/hw.xsa’
INFO: [v++ 74-78] Compiler Version string: 2023.2
INFO: [v++ 60-2256] Packaging for hardware
INFO: [v++ 60-2460] Successfully copied a temporary xclbin to the output xclbin: /tmp/tmp577nekug/Ex
ample/working_dir/rtl_bondmachine/./build_dir.hw.xilinx_u55c_gen3x16_xdma_3_202210_1/bondmachine.xcl
bin
INFO: [v++ 60-2343] Use the vitis_analyzer tool to visualize and navigate the relevant reports. Run
the following command.

vitis_analyzer /tmp/tmp577nekug/Example/working_dir/rt1_bondmachine/build_dir.hw.xilinx_u55c_gen
3x16_xdma_3_202210_1/bondmachine.xclbin.package_summary
INFO: [v++ 60-791] Total elapsed time: Oh Om 6s
INFO: [v++ 60-1653] Closing dispatch client.
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INFO: [v++ 74-78] Compiler Version string: 2023.2
INFO: [v++ 60-2256] Packaging for hardware
INFO: [v++ 60-2460] Successfully copied a temporary xclbin to the output xclbin: /tmp/tmp577nekug/Ex
ample/working_dir/rtl_bondmachine/./build_dir.hw.xilinx_u55c_gen3x16_xdma_3_202210_1/bondmachine.xcl
bin
INFO: [v++ 60-2343] Use the vitis_analyzer tool to visualize and navigate the relevant reports. Run
the following command.

vitis_analyzer /tmp/tmp577nekug/Example/working_dir/rt1_bondmachine/build_dir.hw.xilinx_u55c_gen
3x16_xdma_3_202210_1/bondmachine.xclbin.package_summary
INFO: [v++ 60-791] Total elapsed time: Oh Om 6s
INFO: [v++ 60-1653] Closing dispatch client.

make deploy_xclbin

- ine de - [Target: deploy_xclbin]
-d /home/mirko/alveoruns/Example 1; then rm -rf /home/mirko/alveoruns/Example; fi
-d /home/mirko/alveoruns/template ]; then cp -a /home/mirko/alveoruns/template /home/mirko/alve
oruns/Example; fi
cp working_dir/rtl_bondmachine/build_dir.hw.xilinx_u55c_gen3x16_xdma_3_202210_1/bondmachine.xclbin /
home/mirko/alveoruns/Example/firmware.xclbin
cp working_dir/circuit.c /home/mirko/alveoruns/Example/
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the following command.
vitis_analyzer /tmp/tmp577nekug/Example/working_dir/rt1_bondmachine/build_dir.hw.xilinx_u55c_gen
3x16_xdma_3_202210_1/bondmachine.xclbin.package_summary
INFO: [v++ 60-791] Total elapsed time: Oh Om 6s
INFO: [v++ 60-1653] Closing dispatch client.

make deploy_xclbin

- € - [Target: deploy_xclbin]
-d /home/mirko/alveoruns/Example ]; then rm -rf /home/mirko/alveoruns/Example; fi
-d /home/mirko/alveoruns/template ]; then cp -a /home/mirko/alveoruns/template /home/mirko/alve
oruns/Example; fi
cp working_dir/rtl_bondmachine/build_dir.hw.xilinx_u55c_gen3x16_xdma_3_202210_1/bondmachine.xclbin /
home/mirko/alveoruns/Example/firmware.xclbin
cp working_dir/circuit.c /home/mirko/alveoruns/Example/

bmgsim -software-simulation program.bmq

[{"Vector":[{"Real":0.49999997, "Imag":0},{"Real":0,"Inag":0},{"Real":0.49999997, "Imag":0},{"Real":0,
“Imag":0},{"Real":0.49999997, "Imag":0},{"Real”:0, "Imag":0},{"Real”:0.49999997, “Imag":0},{"Real":0,"I
mag":0}1}]
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INFO: [v++ 60-791] Total elapsed time: Oh Om 6s
INFO: [v++ 60-1653] Closing dispatch client.

make deploy_xclbin

= ne D ) - [Target: deploy_xclbin]

-d /home/mirko/alveoruns/Example 1; then rm -rf /home/mirko/alveoruns/Example; fi

-d /home/mirko/alveoruns/template ]; then cp -a /home/mirko/alveoruns/template /home/mirko/alve
oruns/Example; fi
cp working_dir/rtl_bondmachine/build_dir.hw.xilinx_u55c_gen3x16_xdma_3_202210_1/bondmachine.xclbin /
home/mirko/alveoruns/Example/firmware.xclbin
cp working_dir/circuit.c /home/mirko/alveoruns/Example/

bmgsim -software-simulation program.bmgq
[{"Vector":[{"Real":0.49999997,"Imag":0},{"Real":0,"Imag":0},{"Real":0.49999997, "Imag":0},{"Real":0,
"Imag":0},{"Real":0.49999997, "Imag":0},{"Real":0, "Imag":0},{"Real":0.49999997, "Imag":0},{"Real":0,"I
mag":0}]1}1]

cd /home/mirko/alveoruns/proj_alveou55c_teleport/
source /opt/xilinx/xrt/setup.sh

FDF2024, 11/6/2024, CERN The BondMachine Project




FPGA Quantum Teleportation

1s/Xilinx/Vitis/2023.2/gnu/microblaze/linux_toolchain/1in64_le/bin:/tools/Xilinx/Vitis/2023.2/gnu/aa
rch32/lin/gcc-arm-linux-gnueabi/bin:/tools/Xilinx/Vitis/2023.2/gnu/aarch32/1in/gcc-arm-none-eabi/bin
:/tools/Xilinx/Vitis/2023.2/gnu/aarch64/1lin/aarch64-1linux/bin:/tools/Xilinx/Vitis/2023.2/gnu/aarch64
/lin/aarch64-none/bin:/tools/Xilinx/Vitis/2023.2/gnu/armr5/1lin/gcc-arm-none-eabi/bin:/tools/Xilinx/V
1tis/2023.2/tps/1nx64/cmake-3.3.2/bin:/tools/Xilinx/Vitis/2023.2/aietools/bin:/tools/Xilinx/Vitis/20
23.2/gnu/riscv/lin/riscv64-unknown-elf/bin:/tools/Xilinx/Vivado/2023.2/bin:/tools/Xilinx/DocNav:/opt
/xilinx/xrt/bin:/tools/Xilinx/Vitis_HLS/2023.2/bin:/tools/Xilinx/Model_Composer/2023.2/bin:/tools/Xi
1inx/Vitis/2023.2/bin:/tools/Xilinx/Vitis/2023.2/gnu/microblaze/lin/bin:/tools/Xilinx/Vitis/2023.2/9g
nu/microblaze/linux_toolchain/1in64_le/bin:/tools/Xilinx/Vitis/2023.2/gnu/aarch32/1lin/gcc-arm-1linux-
gnueabi/bin:/tools/Xilinx/Vitis/2023.2/gnu/aarch32/lin/gcc-arm-none-eabi/bin:/tools/Xilinx/Vitis/202
3.2/gnu/aarch64/lin/aarch64-1linux/bin:/tools/Xilinx/Vitis/2023.2/gnu/aarch64/lin/aarch64-none/bin:/t
ools/Xilinx/Vitis/2023.2/gnu/armr5/1lin/gcc-arm-none-eabi/bin:/tools/Xilinx/Vitis/2023.2/tps/1nx64/cm
ake-3.3.2/bin:/tools/Xilinx/Vitis/2023.2/aietools/bin:/tools/Xilinx/Vitis/2023.2/gnu/riscv/lin/riscv
64 -unknown-elf/bin:/tools/Xilinx/Vivado/2023.2/bin:/tools/Xilinx/DocNav:/tools/Xilinx/Vitis_HLS/2023
.2/bin:/tools/Xilinx/Model_Composer/2023.2/bin:/tools/Xilinx/Vitis/2023.2/bin:/tools/Xilinx/Vitis/20
23.2/gnu/microblaze/lin/bin:/tools/Xilinx/Vitis/2023.2/gnu/microblaze/linux_toolchain/1in64_le/bin:/
tools/Xilinx/Vitis/2023.2/gnu/aarch32/1lin/gcc-arm-1linux-gnueabi/bin:/tools/Xilinx/Vitis/2023.2/gnu/a
arch32/lin/gcc-arm-none-eabi/bin:/tools/Xilinx/Vitis/2023.2/gnu/aarch64/1in/aarch64-1inux/bin:/tools
/Xilinx/Vitis/2023.2/gnu/aarch64/1lin/aarch64-none/bin:/tools/Xilinx/Vitis/2023.2/gnu/armr5/1in/gcc-a
rm-none-eabi/bin:/tools/Xilinx/Vitis/2023.2/tps/1nx64/cmake-3.3.2/bin:/tools/Xilinx/Vitis/2023.2/aie
tools/bin:/tools/Xilinx/Vitis/2023.2/gnu/riscv/lin/riscv64-unknown-elf/bin:/tools/Xilinx/Vivado/2023
.2/bin:/tools/Xilinx/DocNav:/usr/lib/xpra:/usr/local/sbin:/usr/local/bin:/usr/sbin:/usr/bin:/sbin:/b
in:/usr/games:/usr/local/games:/snap/bin:/home/mirko/.go/bin:/home/mirko/Workarea/Scripts:/usr/local
/go/bin

LD_LIBRARY_PATH 1 /opt/xilinx/xrt/lib:/opt/xilinx/xrt/1ib

PYTHONPATH 1 /opt/xilinx/xrt/python:/opt/xilinx/xrt/python
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1inx/Vitis/2023.2/bin:/tools/Xilinx/Vitis/2023.2/gnu/microblaze/lin/bin:/tools/Xilinx/Vitis/2023.2/g
nu/microblaze/linux_toolchain/1in64_le/bin:/tools/Xilinx/Vitis/2023.2/gnu/aarch32/1lin/gcc-arm-linux-
gnueabi/bin:/tools/Xilinx/Vitis/2023.2/gnu/aarch32/1lin/gcc-arm-none-eabi/bin:/tools/Xilinx/Vitis/202
3.2/gnu/aarch64/lin/aarch64-linux/bin:/tools/Xilinx/Vitis/2023.2/gnu/aarch64/lin/aarch64-none/bin:/t
ools/Xilinx/Vitis/2023.2/gnu/armr5/lin/gcc-arm-none-eabi/bin:/tools/Xilinx/Vitis/2023.2/tps/lnx64/cm
ake-3.3.2/bin:/tools/Xilinx/Vitis/2023.2/aietools/bin:/tools/Xilinx/Vitis/2023.2/gnu/riscv/lin/riscv
64 -unknown-elf/bin:/tools/Xilinx/Vivado/2023.2/bin:/tools/Xilinx/DocNav:/tools/Xilinx/Vitis_HLS/2023
.2/bin:/tools/Xilinx/Model_Composer/2023.2/bin:/tools/Xilinx/Vitis/2023.2/bin:/tools/Xilinx/Vitis/20
23.2/gnu/microblaze/lin/bin:/tools/Xilinx/Vitis/2023.2/gnu/microblaze/linux_toolchain/1in64_le/bin:/
tools/Xilinx/Vitis/2023.2/gnu/aarch32/lin/gcc-arm-1linux-gnueabi/bin:/tools/Xilinx/Vitis/2023.2/gnu/a
arch32/lin/gcc-arm-none-eabi/bin:/tools/Xilinx/Vitis/2023.2/gnu/aarch64/1lin/aarch64-1inux/bin:/tools
/Xilinx/Vitis/2023.2/gnu/aarch64/lin/aarch64-none/bin:/tools/Xilinx/Vitis/2023.2/gnu/armr5/1lin/gcc-a
rm-none-eabi/bin:/tools/Xilinx/Vitis/2023.2/tps/1nx64/cmake-3.3.2/bin:/tools/Xilinx/Vitis/2023.2/aie
tools/bin:/tools/Xilinx/Vitis/2023.2/gnu/riscv/lin/riscv64-unknown-elf/bin:/tools/Xilinx/Vivado/2023
.2/bin:/tools/Xilinx/DocNav:/usr/lib/xpra:/usr/local/sbin:/usr/local/bin:/usr/sbin:/usr/bin:/sbin:/b
in:/usr/games:/usr/local/games:/snap/bin:/home/mirko/.go/bin:/home/mirko/Workarea/Scripts:/usr/local
/g9o/bin
LD_LIBRARY_PATH : /opt/xilinx/xrt/lib:/opt/xilinx/xrt/1lib
PYTHONPATH : /opt/xilinx/xrt/python:/opt/xilinx/xrt/python

omr
make

g++ -0 circuit /home/mirko/Tests/Vitis_Accel_Examples/common/includes/xcl2/xcl2.cpp circuit.c -I/opt
/xilinx/xrt/include -I/tools/Xilinx/Vivado/2023.2/include -Wall -00 -g -std=c++ly -I/home/mirko/Test
s/Vitis_Accel_Examples/common/includes/xcl2 -fmessage-length=0 -L/opt/xilinx/xrt/1ib -pthread -10pen
CL -lrt -lstdc++
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CL -1rt -lstdc++
./circuit

Found Platform

Platform Name: Xilinx

INFO: Reading firmware.xclbin

Loading: 'firmware.xclbin'

Device[0]: program successful!

1.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
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Uses of the architectures

The BondMachine is a software
ecosystem for the dynamical
generation (from several HL types of
origin) of computer architectures that
can be synthesized of FPGA and

used as standalone devices,

as clustered devices,

and as firmware for computing
accelerators.

1- the user application
through the library sends
avalue to the accelerator

2- the user application
through the library read
the value from the
accelerator
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Fabrics

The HDL code for the BondMachine has been tested on these devices/system:

Digilent Basys3 - Xilinx Artix-7 - Vivado
Kintex7 Evaluation Board - Vivado
Digilent Zedboard and ebaz4205- Xilinx Zynq 7020 - Vivado
ZC702 - Xilinx Zynq 7020 - Vivado
Alveo boards - Xilinx - Vivado/Vitis
Linux - lverilog
ice40lplk icefun icebreaker icesugarnano - Lattice - lcestorm
Terasic DelOnano - Intel Cyclone V - Quartus
Arrow Max1000 - Intel Max10 - Quartus

Within the project other firmware have been written or tested:
Microchip ENC28J60 Ethernet interface controller.
Microchip ENC424J600 10/100 Base-T Ethernet interface controller.
ESP8266 Wi-Fi chip.
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Accelerators
Accelerators tests were done using the Zedboard and Alveo devices, in the near future we will use
facilities of the National supercomputing center (ICSC) also with other vendors devices, and to
explore clustering capabilities.

Xilinx Zyng-7000 SoC Alveo U55C FPGA cluster ICSC

National supercomputing center (ICSC)
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The Ecosystem in a nutshell
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Conclusions

The BondMachine is a new kind of computing device made possible in practice only by the
emerging of new re-programmable hardware technologies such as FPGA.

The result of this process is the construction of a computer architecture that is not anymore a
static constraint where computing occurs but its creation becomes a part of the computing
process, gaining computing power and flexibility.

Over this abstraction is it possible to create a full computing Ecosystem, ranging from small
interconnected loT devices to Machine Learning accelerators.
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