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Dynamic Grooming Algorithm (DGA)

Input: A connection request c and a network state

function U .

Output: Returns true if c was satisfied and false

otherwise. If it was satisfied, U and S(c) reflect

the new network state.

S(c) ← ∅1

s ← (L(c),min{R(c), L(c) + r})2

while L(s) &= R(s) do3

if U(s) < C then4

// s is available to be used by c

U(s)++5

let S(c) contain s6

s ← (R(s),min{R(c), R(s) + r})7

else8

// a conflict occurs with s

s ← (L(s), R(s) − 1)9

end10

end11

return R(s) == R(c) // true iff connection12

is successfully satisfied
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virtual topology traffic grooming









Writer Thread Reader Thread

enqueue(...);

dequeue();
May writes in enqueue be 

read by other threads in 

dequeue?

What code may communicate across threads?

✔enqueue dequeue

enqueue render✘

Code-Communication Specifications
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Dual- 

Voltage 

Core

VDDH

VDDL

Compiler

ld    0x04 r1

ld    0x08 r2

add.a r1   r2  r3

st.a  0x0c r3



Precise Approximate

✗

✓
references

jump targets

JPEG header

pixel data

neuron weights

audio samples

video frames

Safety by isolation
[PLDI 2011]



✓
✗

int a = ...;

int p = ...;

@Approx

@Precise

p = a;

a = p;

EnerJ type qualifiers
[PLDI 2011]
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int a = ...;

int p = ...;

@Approx

@Precise

p + p;

p + a;

a + a;

Operator overloading 
for approximate computation

precise addition

approximate addition



初心









Approximate

Program

CPU Accelerator



Approximate

Program

Code with

Annotations

quality

metric

d(y, y0)+

qualifiers for C & C++

interactive feedback

analysis & optimization

FPGA accelerator

auto-tuning



for (int k = k1; k < k2; k++) {

  APPROX float distance =

    dist(points->p[k],

         points->p[0]);

  ...

}

EnerJ type qualifiers 
for the Clang compiler



Optimization feedback loop

$ accept log

loop at streamcluster.cpp:651

can offload to NPU

$ 

for (int k = k1; k < k2; k++) {

  APPROX float distance =

    dist(points->p[k],

         points->p[0]);

  ...

}

analysis library finds coarse-grain,

safe-to-approximate regions

client optimizations use analysis

to relax approximable code 

reports tell developers where annotations 

are preventing optimization



Neural acceleration 
on a commercial FPGA



Annotated Program
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Auto-tuning for optimal trade-offs
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ACCEPT speedup 
over precise execution

0x

1x

2x

3x

4x

5x

canneal fluidanimate streamcluster x264 sobel blackscholes inversek2j sobel activityrec mean
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x86 ARM + FPGA
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………

Benchmarks are 2.9× faster on average 

with quality loss under 10%













int m1[512][512];

int m2[512][512];

int prod[512][512];

for (int i = 0; i < 512; i++) {

  for (int j = 0; j < 512; j++) {

    int sum = 0;

    for (int k = 0; k < 512; k++) {

      #pragma HLS UNROLL factor=3

      sum += m1[i][k] * m2[k][j];

    }

    prod[i][j] = sum;

  }

}

#pragma HLS ARRAY_PARTITION variable=m1 factor=3

#pragma HLS ARRAY_PARTITION variable=m2 factor=3

#pragma HLS ARRAY_PARTITION variable=prod factor=3



Area–Performance Trade-Offs in Unrolling











AlexNet (2024) PyTorch: 35 linesAlexNet (2012)
CUDA: 12k lines

Python: 2k lines

C++: 1k lines



assembly : CUDA:: :



assembly : HDLs:: :

Accelerator 

Design 

Languages



assembly : HDLs:: :

Academic ADLs

Spatial

Dahlia

[Koeplinger et al., PLDI 2018]

[Lai et al., FPGA 2019]

[Durst et al., PLDI 2020]

[Nigam et al., PLDI 2020]



assembly : HDLs:: :

rethinking the system stack 

for reconfigurable hardware (FPGAs)
[Vega et al., PLDI 2021]

debuggers 

profilers 

module systems

[Berlstein et al., ASPLOS 2023]

type systems for 

modular reasoning
[Nigam et al., PLDI 2023]




