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What does an FPGA look like?

Alveo V70
Versal Premium
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What does it look like under the lid?
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Where does it get used?
  AUTOMOTIVE

• Driver Assistance
• Surround Cameras & Radar
• Vehicle Infotainment

  INDUSTRIAL & VISION
• Industrial Robotics
• SmartGrid, Renewables & EV Charging
• SmartCity, SmartRetail & SmartFactory

  AEROSPACE & DEFENSE
• Commercial & Military Avionics
• Space & Military Satellite Communication
• Missiles & Munitions

  HEALTHCARE & SCIENCES
• Medical Imaging & Ultrasound
• Surgical Robotics
• Clinical Medical (Patient Monitor)

  DATA CENTER
• Live Video Transcoding at Cloud Scale
• Ultra Low Latency FinTech
• Board Management Controllers

  TEST & EMULATION
• Memory & PCIe Testers
• Emulation Platforms
• Prototyping Platforms

  WIRED COMMUNICATIONS
• Telecomm (Packet Networks, Cable Access)
• Network Security (Link Security & App Security) 
• Telco Acceleration

  PROAV & BROADCAST
• Video Walls, Projectors & Signage
• Pro Audio
• AV Routers/Switchers

  WIRELESS COMMUNICATIONS
• Remote Radio Units
• Beamforming & mMIMO
• xHaul & Connectivity

  CONSUMER
• Televisions
• Drones
• Printers (3D, Multi-function, Portable)
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FPGA CAD – Bird’s-eye 
view
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Placement in FPGA
o Layout Site Grid

o Columns of Configurable logic 
blocks, memory blocks, and DSP

o A CLB contains LUTs and Flops

o Cell Library
o LUT (Lookup Table)
o Flop
o Carry (Lookahead)
o DSP
o BRAM
o URAM



[Public]

Interconnect/Routing in FPGA
o WS:  Wire Segment (short/long)
o PIP:  Programmable Interconnect Points 
o SM:  Switch Matrix
o A routed path:  WS are connected if the PIP between them 

are configured as “on”.
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Physical Design Flow in FPGA vs ASIC
o Synthesis and Logic Optimization

o Different target mapping library:  LUT, Flop, Carry, BRAM, URAM, 
DSP. 

o Memory blocks resourcing is inferred, rather than explicitly 
specified

o Differences after technology mapping, especially in opt

o Placement
o Floorplanning

o Single die vs. multi die 

o Top level partitioning

o IO/Clocking
o Programmable clock tree,  no slew fixing, skew optimization

o Global and Detailed placement 
o Discrete, collimated site layout grid, clock region constraints 

o Physical Optimization
o Discrete optimization for WNS Improvement

o Routing  
o Multiple 3D layers vs. 2D segmented (short/medium/long) wires
o No DRC, rather PIP state transition rules

o Timing  
o Buffered delay model vs. RC networks
o No gate sizing or buffer insertion in opt 

o Design Flows  

o Custom flows per application domain:  Emulation flow (capacity), 
prototyping  (capacity/performance), HPC flows (performance),
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Connecting heterogenous components with NoC

o Data Flow
o Host (PCIe) reads/writes to DDR or PL
o PS reads/writes DDR, and controls PL & AIE
o PL accesses DDR and AIE
o AIE accesses DDR and PL 

o Traffic Source & Destination:
o Masters: PS, PCIe, PL, AIE Array
o Slaves: 4x DDR, PL, AIE Array

o NoC provides high-speed interconnect
o No PL resources consumed for Routing, Switching, and 

QoS
o Compiler to optimally route all communication
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VLSI CAD Problems in NoC
oApplication mapping (map tasks to core)
oFloorplanning/placement (within the network)
oRouting (of messages)
oBuffer sizing 
oTiming closure (link bandwidth, latency)
oSimulation (traffic/delay/power-modeling)
oOther NoC design problem (virtual channel, arbitration, flow control)
o Credit – Hongkong University of Science and Technology
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NoC design flow
Platform Creation

QoS & Memory Configuration

Simulation/Static traffic 
analysis

QoS?

NoC Placement and Routing

PL Synth/Place/Route Re-rout
e NOC

Bitstream generation

oAdditional constraints
o Deadlock avoidance
o Stall avoidance
o Priority arbitration
o Virtual Channel allocation
o Latency optimization
o Throughput optimization



[Public]

AI Engine
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AIE Mapper and Router – Objective

>> 13

• Min DMA 🡪 Lower Latency, Higher Throughput
• Min memory conflicts 🡪 Higher Throughput
• Min WL 🡪 Lower Latency, Better Routability
• Compile Time in minutes!

Map:
Kernels to AIE cores
Buffers to Memory Banks

Route:
        AIE Kernel to Kernel/PL Connections

DMA to DMA/PL Connections
Satisfy: 
        User constraints

• Very high core utilization
• Most designs have > 90% utilization

• Large number of memory buffers
• Impact on throughput due to DMA & conflicts

• Design and Architecture constraints
• Ping-pong buffers
• Data-split buffers
• Broadcasts, Splits & Merges

Problem:

Ideal Solution:

Challenges:
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AIE Mapper and Router– Implementation

>> 14
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AIE Mapper and Router– Implementation
Aim

• Reduce SDF into multiple sub-graphs
• Reduce device size

Approach
• Recursive bi-partitioning of SDF graph

Result
• Sub-graphs with designated device regions
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Partitionin
g

Placement

Routing



[Public]

>> 16

AIE Mapper and Router– Implementation
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AIE Mapper and Router– Implementation
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Bringing it all together
oEngineering fast, reliable and 

consistent solution for each 
computing sub-system and data 
movement

oManaging dependencies across 
the subsystems

oProviding incremental solution 
with stability
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