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The GoAhead Tool
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The GoAhead Tool

The tool knows virtually all architectural details of most Xilinx FPGAs
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The GoAhead Tool

The tool knows virtually all architectural details of most Xilinx FPGAs
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The GoAhead Tool

OpenBinFPGE FileName="xcovsx475t1ff1759-1L.binFPGA" PrintProgress=False;

IfExists Variable=Working Directory Then="NOP;" Else="Set Variable=Working Directory Value=.;";
IfExists Variable=VHDL signals Then="NOP;" Else="Set Variable=VHDL signals Value=GoAhead signals.yhd;";

# clear files from previous runs (we are then using "Append=True" in the rest of the script)
PrintToFile Text="" FileName="%Working Directory%\%VHDL signals%" kppend=False CreateBackupFile=True;

¥y
coordinate system
# 0-—->Xx

# There are two select commands in GoRhead:

# AddToSelectionXY for accessing the fine-grained XDL grid
# hddBlockToSelection for accessing the interconnection tile grid (CLB grid)
# define user selections for all four guadrants

ClearsSelection;

# AddToSelectionXY UpperLeftX=193 UpperlLefty=1 LowerRightX=336 LowerRight¥Y=83;
AddBlockToSelection UpperLeftTile=INT X78Y359% LowerRightTile=BRAM X137Y280;
ExpandSelection;

StoreCurrentSelectionfs UserSelectionType=0Q1;

» GoAhead comes with an easy-learnable scripting engine
»= Does not really need programming, can use Command Trace
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The GoAhead Tool

OpenBinFPGRA FileName="R:\2.0\Devices\xcku3deg-sbvad4fi-l-e\xckuldeg-sbvad4B4-l1l-e\Wire Model 2 .binFPGA";

set ProhibitPorts [list EE1 E BEGO EEl E BEGl EEl E BEG2 EEl E BEG3 EEl E BEG4 EEl E BEGS5 EEl E BEG6

# specify the pattern of ports to be removed
set UsedPorts NN1

# define a selection in which we will remove UsedPorts

ClearSelection;
AddBlockToSelection UpperLeftTile=INT X0Y127 LowerRightTile=INT X12Y51;
ExpandSelection:
for {set k 0} {5k < [llength SProhibitPorts]} {incr k} {
set ProhibitPort [lindex SProhibitPorts 5k]
if { [regexp SUsedPorts SProhibitPort] } |

ExcludePortsFromBlockingInSelection
PortName=5FrohibitPort
CheckForExistence=False

IncludeRllPorts=True;

= |t has a TCL interface in its latest version
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GoAhead Command Reference
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AddSingleInstantiationBvSlice AddSinglelnstantiationBy Tile AddSlice AddTemplateConfig AddToSelectionByRegexp AddToSelectionLoc AddToSelection® ¥ AddToUserSelection AddUserButton AddUserMenu
Add¥DLLibrarvElement AnnotateSignalNames Beep Bitstream ToNetlist BlockSelection BuildlslandStyleModule BuildIslandStyleModuleRunBatch BuildlslandStyleStaticSystem BuildIslandStvieSystem
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PrintExampleFiles PrintExpectedPorts PrintGoAheadInternals PrintInstantiations PrintInterfaceCSVFromVHDL PrintInterfaceCSVFromXDL Netlist PrintLibrary PrintLocationConstraint PrintlocationConstraints
Printl ocationConstraintsForSelection PrintMaxXTileKey PrinthMax¥ TileKey PrintModuleSelectionPackage PrintPortAdjacencyCSV PrintPrimitivesInSelection PrintProfile PrintProhibitStatement
PrntProhibitStatementsForSelection PrintRelative AddToSelectionX Y PrintResourceConsumption PrintSelection PrintStatistics PrintToFile PrintTotalProfile PrintUncommentedCommandNames PrintUnionInterface
PrintUnroutedMNets PrintVersion PrintWVHDL Instantiation Primt VHDLWrapper PrintVHDLWrapperInstantiation PrintWireDeclarationForSignalMapping PrintWireList PrintWrappedCommands ProfileAll
ProfilePeakMemoryConsumption ProposelslandPlacement ReadWireStatements ReadX{DL RemoveArcs RemoveDirectory RemoveLibraryElement RemoveNets RemovePinsOnNoneExistingPrimitives RenameNet
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SaveLibraryElement SaveLibrarvElementInstantiation SaveSelectionAsModule SaveXDLLibraryElementAsBinaryLibrarvElement SelectAll SelectAlIWithFilter SelectAreaForModule
SelectFenceAroundUserSelection SelectUserSelection Set SetAddToSelectionAnchorl oc SetAddToSelectionAnchorXY SetAddToSelectionByldentifierDefaultPrefices SetBRAMIdentifierRegexp
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AddAlias

lS}mopsis_
|Create an alias for which upon call the semicolon seperated commands are executed

|2Ex,a.m1_11e

AddAlias AliasName= DoNotBlockDouble\RestBegm

Commands="ExcludePortsFromBlockingInSelection PortName=WW2B{ CheckForExistence=False IncludeAllPorts=True;
ExcludePortsFromBlockingInSelection PortName="WW2B1 CheckForExistence=False Include AllPorts=True;
ExcludePortsFromBlockingInSelection PortName=WW2E2 CheckForExistence=False IncludeAlIPorts—TruE'
Exr:ludePonsFromBlockmEInSeiechon PortName=WW2EBE3 CheckForExistence=False Include AllPorts=True;"

‘—‘de —Ulas AhasNa_me DoNotBlockDouble“estEnd

Commands="ExcludePortsFromBlockingInSelection PortName=WW?2E( CheckForExistence=False IncludeAllPorts=True;
ExcludePortsFromBlockingInSelection PortName=WW2E] CheckForExistence=False Include AllPorts=True;
ExcludePortsFromBlockingInSelection PortName=WW?2E2 CheckForExistence=False Include AllPorts=True;
ExcludePortsFromBlockmEInSelacnon PortName=WW2E3 CheckForExistence=False Include AllPorts=True;"”

-‘de -les .-\hasNa.me DoNotBlockDouble'\\ st Commands="DaoN giBlockDouble‘L\ estBegin; DoNotBlockDoubleWestEnd:";
|Pa rameter Name |T}'pe |Descriptiun




Altera/Xilinx PR Design Flow

Let’'s implement a “HELLO WORLD” example:

Step 1: Implement a static design; contains /O and all
non-reconfigurable logic (e.g., CPU, memory citrl.)
(people call this shell in these days)

I, < 5
- <> A

T | - -
- -

T 5 - -
- <> B




Altera/Xilinx PR Design Flow

Let’'s implement a “HELLO WORLD” example:

Step 2:  Define reconfigurable regions

Step 3:  Add communication anchor points
(LUTs in route-through mode or just wires)

r & &
S A
[]
T . S 2 [] o>
[] []
> >
[] []
T ; o B >
] 0
o> O B




Altera/Xilinx PR Design Flow

Let’'s implement this example reconfigurable:

Step 4: Physical implementation of the static design
- No static logic in the Reconfigurable regions
- Routing cannot be constrained

I, &— &
- > A
3 .
I, L A A Result:
] ] static
- ] - bt t
itstream
13 G l;. [] o>
]
- > B
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Altera/Xilinx PR Design Flow

Let’'s implement a “HELLO WORLD” example:

Step 5: Copying the static design project to individual
partial module projects

(one project per region and module instance)
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Altera/Xilinx PR Design Flow

Let’'s implement this example reconfigurable:

Step 6: Individual module implementation as an
increment of the static design

Step 7.  Create a differential bitstream

R ;
eSl.Jlt - 5;
partial 0
bitstream T - A
Il & r. = -
]
i - Sg:l <
]
13 G [] o>
rl%i L ]
- > B
T, ¢ ¢
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Altera/Xilinx PR Design Flow

= Great:

FPGA vendor tools allow us to implement PR systems
(works pretty well in Vivado for basic tasks)

= But only with restrictions:

= No module relocation (not even within the same system)
= No multi module instantiation

= For M modules and R reconf. regions, we have to run
P&R and bitstream generation for M x R times

* Changes in the static design demand module rerouting!

» Partial modules cannot be physically implemented before
or independently to the static system

Short message:

The PR designh method is not scaling! .




GoAhead PR Design Flow

GoAhead overcomes these limitations by:

* Bind PR module interface signals to dedicated wires
(these wires act like a socket/plug on a PCB)

= Restrict PR region crossing of static signals
(either prohibited or bound to specific allocated set of wires)

I, o &
S > A
[ ] N .
I < A Result:
i B 3 B static
- -
(] (] bitstream
T o -
3 i 7]
> > B
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GoAhead PR Design Flow

= Altera/Xilinx provide sufficient Placement and timing constraints
* For Xilinx, routing is constrained with the help of blocker macros
= Occupy all (or a defined set) routing resources within a region

» Generated by GoAhead and automatically integrated into
place and route :

o
T




GoAhead PR Design Flow

= Blocking can be used to create streaming channels within a
PR region

= |mplemented by leaving tunnels inside the blocker macros

T é— —éBO
0 0
- -

]

T < —<>0
1 (] 1
o <>
]

I, < —<>0
2 m 2
=
<o <>
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GoAhead PR Design Flow (Modules)

= Separate partial module implementation
= No proxy logic or bus macro overhead
Routing constraints are implemented with blockers

Timing can be constrained
(assign slack individually for static system and partial modules)

. i

17



Dynamic Stream Processing

= Build library with SQL operators

= Compose optimized datapath at run-time

o — — — — — — — — — — — — — — — — — — — — — —

|
I
sort :
I

in | >»| >| >|join| +| sort out

static design: PCle, memory, filesystem,
management, reconfiguration

e
§&
£




*ZUCL (running OpenCL on Zynq UltraScale+, FSP’18)

Mgyl

*https:llglthub comlkhoaphamlfos

Il

|
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Resource Elastic Virtualization

= Resource Elastic Virtualization for FPGAs for OpenCL
» Using aggressive reconfiguration to keep utilization

B 2siots B 4slots
B 8slots W 16 slots

high in a more dynamic scenario 80
= Virtualization in the space-domain
(time-domain fallback, if needed) 60

Module Slot 1 Task C

40

Module Slot 2

Speed up (%)

Module Slot 3 20

Module Slot 4

task A,c0 task B,60 task 0130 NS vs PRES CCS vs PRES
X K >
' ' : compute load

&8
-
X

—————

uuuuuu

slot
AW

slot =
=MNWh
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*FOS - an FPGA Operating System

Single User / Static
Accelerators

Single User / Multiple
PR Accelerators

Multiple Individual Users /
Dynamic Accelerators

Pong Lib

Cyng Lib

Petalinux Kernel
+ Ubuntu

Zyng FPGA

*https:/Igithub.com/khoapham/fos

Daemon

FPGA Drivers

Data Manager

Xilinx FPGA
Manager

21



Live Migration

Application

REV Master

Resource Elasticity
In a networked system

Sytem keeps track
about input data and
committed results

Implements a distributed

checkpointing scheme
(tailored to OpenCL)
—resilience

Also useful for
maintenance/updates

REV Slave Node

Data Manager Master Slave
Comm.

REV Scheduler*

OP?HC*L PR driver*
driver

FPGA Fabric

Operating System

User Execution

Call & Input Data Output Data

REV Master :
Virtual OpenCL:

/Nevice

REV Slave REV Slave

REV Slave







FPGASs for Datacenters (12020 EcoscaLE)

ECOSCALE demonstrator fully-populated 1u blade with
32 x Zynq UltraScale+ (ZU9EG with 16GB/node or 512 GBIbIade)

WWW .ecoscale.eu




FPGASs for Datacenters (H2020 EuroEXA)

i E& / MACHE : s ( Sorereamputing \[:’.%;FUHTH - g Eilelrtlce ﬂTechnuiogy
(AR 6ICE0TOPE arm SYNELIxIs Neurasmus
” MAXERER - e s P —

zﬂﬁ“ Tecnhnolofies umec @ s &~ ECMWF 7"' Fraunhofer

» 2-D integr. chips with custom ASIC (64b-ARM) and 2xVU9P FPGAs
* 300+ VU9Ps WWW . euroexa.eu 25



IDF TMR and Partial Reconfiguration

System Overview

Video haI .
Background — :
Generator Reconfiguration
Vid o
8E0 Majority
Background
| Voter
Generator
-
: Channel 3
Background ——||Medule Medul Quality
Generator Assurance Unit

This TMR design is implemented on ZedBoard o6
with the Xilinx XC7Z020 FPGA 26



IDF TMR and Partial Reconfiguration
Module Design

=  Floorplanning with

physical fences § Blocker
= |dentical trusted c 5 macros
communication interfaces = ¢ 3
(connection macros) - =
= Fixed clock nets E é E
Q.
=  No routing violation S i |
(blocker hard-macros or i Partial
prohibit by GoAhead [15]) _ i — module
e » =
- ) | =
= H —
{ ,
H
) |
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IDF TMR and Partial Reconfiguration

Module Design

I

il

¥

Dl i

pri =
Le i
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ta vl
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IDF TMR and Partial Reconfiguration
Self-Testing Scheme

Channel 1
Scheme M1 | M2 | M3 =
i
Channel 2 —
1| 2] 3] 4 Maijorit
Background [— — Jorty 1,
Remapping ) M1 | M2 | M3 | = Voter Result
Modules X
Y Channel 3 %
1 [ 213714
Background >
M1 |m2|m3| =
Output Mismatch?
’ v . v —
- —
- \ —
1] 2] 3] 4 1] 23] 4 1] 2] 3] 4
N = | m1| M2| M3 M1| = | M2 | M3 M1 | mM2| = | M3
End

Reconfiguration Sequence

Y

30



FrameBuffer

Tool — *BitMAN

» Bitstream manipulation tool

Y (CLB granularity)—»

works together with GoAhead . — [
= For all offline and online e e T l T
bitstream manipulation tasks
*https://github.com/khoapham/fos a4 Bian Tool and AP e
High-level APIs Functionality Commands
T e N e pamy oy Replace/duplicate a rectangular

Yo, X1, Y1, X2, Y3) FPGA region bounded by
0 ! ! 2 2 bottom-left (Xg, Yg) and —l ‘
top-right (X1,Y71) to a new —]

duplicate FPGA_region (Xo, | region which starts at (X2, Y2).
YO Iz Xl r Yl r X2 r Y2 )

Replace will clear configuration
data in the old region.

reroute_wire (X, Y, Change configuration data of ==
input, output) switch box/clock multiplexer (X, liimmiititi iimiii

Y) to connect input to output. i =
reroute_clock (X, Y, IR “
input, output) :
change_LUT_content (X, Y, Change the content of LUT T
LUT, new_config) (LUT)/BRAM (X, Y) to the

new_config data. HCLK_L_X32Y78/HCLK_CK_OUTIN_L7

HCLK_LEAF CLK B_TOPL
change_BRAM_ content (X, ;Bmlcm et _CLK_B_TOPL5

Y, new_confiqg) Frame 01 : 00 08 09 B3 00 00 00 00




FPGA Devices — Embedded FPGASs

Test chip:

» RISC-V with embedded FPGA (~500 LUTSs)
* Tapeout this July (TSMC 180nm)
= Supported by EPSRC Programme Grant FORTE (where we

develop new kind of reconfigurable chips based on memristor technology) ;,



FPGA Devices — Embedded FPGASs

i i | {OPado
- — 10
: | i N Qo
N\
| o _— i {OPadt
H rimitive ! N |} D 11
£ !
: 1S : N Q1 vE
18 ' N\
' g e < S : - ODP"?% ’
] h | ]
i = switc © N i N >_‘ Q2
N\
i e Mmatrix e Mmatrix ' Pad0
! ! 03 13
N
) o ) Q i >_‘ I] \
] \_ Q3
- > ' N\
J
LI}
| 1

West_terminate

cQ

lo-| lo-| [»-] [>-]

O:‘
@) (@] o | > 1>
(3} (3]
V. V. V. /

DQ

* Framework for embedded FPGAs
* Modelling, optimizing, mapping applications
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FPGA Devices — Embedded FPGASs

fabric description fimitive librar user Verilog
(layout & wires) P y (benchmark)

&l s

FABulous Yosys and ABC
(synthesis & mapping) (synthesis & mapping)
physical statistics (utilization, routability, etc.) o
optimi- fabric architecture optimisation C (mapped netlist)
sation

model nextpnr

cost, performance

ASIC RTL
& contraints

)

I

ASIC backend
(Cadence)

implementation

ASIC

1

Fab
(TSMC)

timing

(architect. graph)

FPGA RTL
& contraints

)

1L

FPGA backend
(Xilinx / Intel)

(FPGA emulator
(

netlist & bitstream

)

1 8

user design optimization

(place & route)

I

FASM

(routed netlist)

)

1

BitMan

(bitstream asembly)

I

( user bitfile

)
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run-time (ARM) design-time (PC)
E F CAD ( ) Xilinx Vivado
Vusler (not running on
erilog | ARM)
= EFCAD - an Embedded L " i |
Y d ABC ( . R
FPGA CAD Tool Flow Eynitesis.t tol device
mapping) description
for On-chip 1 ) 1 ’
Self-Compilation C json | GoAhead
(mapped netlist) | (model generation)
= Open-source Verilog " i | L
i H nextpnr model
to partlal bitstream (place & route) H(architect. graph) J
= Embedds into recent I e e —
FASM
open-source ecosystem (routed netist) ZUCL OS Shell
= No Xilinx tools involved 4
BitMan
= Supports Zynq UltraScale+(bitstream asembly)
» Embedded in GoAhead 4
partial bitfile

*https:llgithub.comlkhoaphamlefcéd
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GoAhead for Space Applications

ReCoBus-Builder E| @| EI

FPGA  Export Record Options Help

— Bus-Manager Logic View ]XDL View | Output

- hae=stions

Ressouce Slot Width

| Tite:View | Bus View | Block Selecti

| [ Dedicated Read [ Shared Write [ Shared Read [ Dedicated Write

2
From Row  to Row

%
s
3

J

Family Virtex2P |Device 2vp50ff1148[Tiles 10296|CLE 5904)RAM 928 |Selected Tiles 124|Selected CLBs 124|Selected RAMs 0|

T e

= Dirk Koch, University of Manchester, dirk.koch@manchester.ac.uk
» https://asap2020.cs.manchester.ac.uk/index.html

ASAP deadline: March 27th (abstracts)

= Thanks to H2020 ECOSCALE (H2020-ICT-671632), EuroEXA(H2020-754337),
EPSRC FORTE (EP/R024642/1) and RISE rFAS (4212204 / RFA 15971) 37



