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Motivation
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● Slow FPGA compilation

○ It takes more time for initial-compilation

○ Inc-compilation time is still long (place-

route-bitgen)

● Can we 
● use Initial-compile to set up the overlay 

(define DFX regions for target function in HLS 

code)?

● Only incrementally-compile the target 

function later for tuning and design space 

exploration?

● Incremental-compile should be much faster

Vitis Compile Time Breakdown: 

Initial Compile vs Incremental Compile
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HiPR (High-Level Partial Reconfiguration)

● Still start from latency insensitive computing 
model

● Define DFX C function instead of Verilog module
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HiPR tool flow: initial-compile

● Compile all-sub functions cpp to post-syn netlist
● Parse DFG, generate floorplan for target PR 

functions
● Initial overlay place&route
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HiPR tool flow: incremental-compile
● Generate abstract-shells for different pages
● Place&route all DFX functions in parallel
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(b) supported Stacked PR

HiPR tool flow: floorplanner

● No Stacked PR blocks within one clock region
● Gradually include more columns of 

different resources
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Operator CLBs BRAMs DSPs

a 1 2 1

b 2 2 1

c 7 2 0

d 8 2 1
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(a) Unsupported Stacked PR
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HiPR tool flow: floorplanner

7

Operator CLBs BRAMs DSPs

a 1 2 1

b 2 2 1

c 7 2 0

d 8 2 1

Place seq 1

1

2

3

4

Place seq 2

4

2

3

1

c

b

a d

top.c

e

DSPCLB BRAM
PR 

block

Invalid 

Region

clock

region

height

R0

R1

C0 C5 C10 C15 C20 C25

a b

c d

● No Stacked PR region within one clock region
● Gradually include more columns of 

different resource
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● Generate pblocks with seq 1 
● Could not fit LUTs requirements for operator d

● Generate pblocks with seq 2 
● Could fit LUTs requirements for all operators



HiPR tool flow: floorplanner
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● Use Simulated Annealing to swap the sequence of 2 
operators

● Cost Function

𝑈𝑝𝑑𝑎𝑡𝑒_𝑐𝑜𝑠𝑡() = 𝛼 ෍

𝑎𝑙𝑙 𝑓𝑢𝑐𝑡𝑖𝑜𝑛𝑠

𝑂𝑣𝑒𝑟𝑙𝑎𝑝𝑝𝑒𝑑 𝐴𝑟𝑒𝑎 + 𝛽 ෍

𝑎𝑙𝑙 𝑙𝑖𝑛𝑘𝑠

𝑆𝑞𝑢𝑎𝑟𝑒𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒(𝑠𝑟𝑐, 𝑑𝑒𝑠𝑡)
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Evaluation
● Floorplanner Time

● Take less than 1 second

● Unneglectable compared with P&R time
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PR# LUTs BRAM DSP Runtime

Rendering 6 5718 64 15 0.050s

Digit Rec 20 40758 320 0 0.006s

Spam Filter 15 11382 12 256 0.004s

Optical Flow 16 18489 84 330 0.086s

Face Detect 20 66654 169 100 0.050s

Binary NN 22 36950 1042 5 0.022s

Floorplan example for BNN



Evaluation
● Initial-compile Speedup

● Take more time to make 

the PR overlay

● Increase the overhead by 

15%-67%
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Vitis HiPR

Total Total Overhead

Rendering 4264 7152 67 %

Digit Rec 5173 6125 19 %

Spam Filter 3942 4541 15 %

Optical Flow 4139 6880 66 %

Face Detect 6288 8851 40 %

Binary NN 6584 9632 46 %

Vitis HiPR

Total Total speedup

Rendering 3278 908 3.6

Digit Rec 3927 695 5.6

Spam Filter 2865 692 4.1

Optical Flow 2918 657 4.4

Face Detect 4954 952 5.2

Binary NN 4154 1232 3.4

● Incremental-compile Speedup
● Maximum compile time for all the 

operators

● Speedup is 3.4-5.6X



Evaluation
● Incremental-compile Speedup

● Maximum compile time for all the operators

● Speedup is 3.4-10.5X
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Conclusion

● Define Partial Reconfigurable C-functions instead of 

Verilog modules

● Automate the overlay generation

● Decrease the in-compile time by 3.4-10.5X
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