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The GoAhead Tool
Let’s implement a “HELLO WORLD” example:

Step 1: Implement a static design; contains I/O and all
non-reconfigurable logic (e.g., CPU, memory ctrl.)
(people call this shell in these days)
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The GoAhead Tool
The tool knows virtually all architectural details of most Xilinx FPGAs

 All tiles

 Most
primitives

 All wires
incl. detailed
timing model
(experimental)

 Complete
switch matrix
adjacency 
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The GoAhead Tool

 GoAhead comes with an easy-learnable scripting engine

 Does not really need programming, can use Command Trace
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The GoAhead Tool

 It has a TCL interface in its latest version
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Altera/Xilinx PR Design Flow
Let’s implement a “HELLO WORLD” example:

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

Result: 

static 

bitstream

Altera/Xilinx PR Design Flow
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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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Let’s implement this example reconfigurable:

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

Step 7: Create a differential bitstream

Result: 

partial 

bitstream

Altera/Xilinx PR Design Flow
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 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 

Altera/Xilinx PR Design Flow

Short message:
The PR design method is not scaling!
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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)

Result: 

static 

bitstream
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GoAhead PR Design Flow
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 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
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GoAhead PR Design Flow
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 Blocking can be used to create streaming channels within a 
PR region

 Implemented by leaving tunnels inside the blocker macros
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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)
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Dynamic Stream Processing
 Build library with SQL operators

 Compose optimized datapath at run-time

> + join sort mean

> +join sort>>in out

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



19

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

*https://github.com/khoapham/fos
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 Resource Elastic Virtualization for FPGAs for OpenCL
 Using aggressive reconfiguration to keep utilization 

high in a more dynamic scenario
 Virtualization in the space-domain  

(time-domain fallback, if needed)

Resource Elastic Virtualization
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*https://github.com/khoapham/fos

*FOS - an FPGA Operating System
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 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

Live Migration
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FPGAs for Datacenters (H2020 ECOSCALE)

ECOSCALE demonstrator fully-populated 1u blade with

32 x Zynq UltraScale+ (ZU9EG with 16GB/node or 512 GB/blade)

www.ecoscale.eu
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FPGAs for Datacenters (H2020 EuroEXA)

• 2-D integr. chips with custom ASIC (64b-ARM) and 2xVU9P FPGAs

• 300+ VU9Ps                                   www.euroexa.eu
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System Overview

26
This TMR design is implemented on ZedBoard

with the Xilinx XC7Z020 FPGA

IDF TMR and Partial Reconfiguration
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Module Design

27

 Floorplanning with 
physical fences

 Identical trusted 
communication interfaces 
(connection macros)

 Fixed clock nets

 No routing violation 
(blocker hard-macros or 
prohibit by GoAhead [15])

IDF TMR and Partial Reconfiguration
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Module Design

IDF TMR and Partial Reconfiguration
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Self-Testing Scheme

IDF TMR and Partial Reconfiguration



3131

Tool – *BitMAN

Bitstream manipulation tool 
works together with GoAhead

For all offline and online 
bitstream manipulation tasks

*https://github.com/khoapham/fos
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FPGA Devices – Embedded FPGAs

Test chip:

 RISC-V with embedded FPGA (~500 LUTs) 

 Tapeout this July (TSMC 180nm)

 Supported by EPSRC Programme Grant FORTE (where we 

develop new kind of reconfigurable chips based on memristor technology)
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FPGA Devices – Embedded FPGAs

 Framework for embedded FPGAs

 Modelling, optimizing, mapping applications 
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FPGA Devices – Embedded FPGAs
user Verilog
(benchmark)

Yosys and ABC
(synthesis & mapping)

json
(mapped netlist)

nextpnr
(place & route)

FASM
(routed netlist)

BitMan
(bitstream asembly)

user bitfile

model
(architect. graph)

fabric description
(layout & wires)

primitive library

FABulous
(synthesis & mapping)

ASIC RTL
& contraints

FPGA RTL
& contraints

ASIC backend
(Cadence)

FPGA backend
(Xilinx / Intel)

ASIC
implementation

FPGA emulator
(netlist & bitstream)

Fab
(TSMC)

timing
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EFCAD

 EFCAD – an Embedded 

FPGA CAD Tool Flow

for On-chip

Self-Compilation

 Open-source Verilog

to partial bitstream

 Embedds into recent

open-source ecosystem

 No Xilinx tools involved

 Supports Zynq UltraScale+

 Embedded in GoAhead

*https://github.com/khoapham/efcad
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Contributors

 Tuan La (rFAS, RISE) tuan.la@manchester.ac.uk
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 Nguyen Dao (FORTE, EPSRC) nguyen.dao@manchester.ac.uk

Memristor technology and ASIC design
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GoAhead support (tool for building reconfigurable systems)

 Khoa Pham (H2020: EuroEXA) khoa.pham@manchester.ac.uk

HLS support for PR and runtime management

 Anuj Vaishnav (UniMan) anuj.vaishnav@manchester.ac.uk

Resource elastic FPGA virtualization, FPGA cloud infrastructure

 Kristiyan Manev (UniMan) kristiyan.manev@postgrad.manchester.ac.uk

Resource elastic stream processing

 Babis Kritikakis (UniMan) babis_k4@hotmail.com

Dynamic Dataflow on Maxeler
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GoAhead for Space Applications

 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)


