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FPGA

Field Programmable Gate Array

(Fine Grained Reconfigurable Array)

20250419
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Stereo matching
Object detection

20250419
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Search location where small window has minimum difference
Stereo matching 20250419
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SAD (Sum of Absolute Difference)
 around 21x21 pixels in 320x240 image
 Each pixel has RGB0 (word-aligned 8bits*4)

How to measure difference 20250419
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Calculate distance from far-side to near-side
Windows with edges are important

Focus on far-side Focus on mid-side Focus on near-side

20250419

7



Windows with edges are important

Edge_info

Each window has edge and minimum SAD
⇒ distance found !

Pixel

Edge_info

Pixel

L

R

20250419
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Static allocation of pixels and huge number of ALUs
Calculation by FPGA

Shift left every cycle

Shift right every cycle

Edge_info
Pixel

Edge_info
Pixel

L
R

SAD of 4bit-red and 4bit-green requires
(2-subtractor + 2-xor + 1-adder) x 320sets

(SAD of 16pixels) x 8sets requires 34-adders
x 38sets to cover horizontal 320pixels

20250419
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Hardware for simultaneous processing of 16lines
Calculation by FPGA

640-subtractor + 640-xor + 320 adder
x 16lines

Results from previous page
x 16lines

Total:
8bit-register 11520
Subtractor 10240
Xor 10240
Adder 5120

16x16 SADs

Compare with saved minimum SAD

Edge_info

Depth_info = latest shift amount
Depth_info of one line is 
updated every cycle

20250419
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Let’s assume SSE2 can calculate SAD instruction in 1 cycle.
 8,000,000,000pixels/second (2GHz)

Estimation of Performance

FPGA can calculate 81920 (320x16x16) SAD in 1 cycle.
 2,700,000,000,000pixels/second (33MHz)
 320times faster than SSE2 with 1/60 frequency

Performance of FPGA: 600frame/seconds

20250419
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Sample platform 20250419
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Bridge

High-end FPGAs have PCI-e interface

CPU

M
ain M

em
ory PCI-e On Board

Memory

Many ALUs

Registers
FPGA Board

20250419
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mmap() system call maps on-board memory to user memory space
How to access memories on FPGA board

Get result Dl,Dr from on-board memory

Write Bl, Br, El, Er to on-board memory

Start FPGA

20250419
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Hard-soft interface from CPU
mmap() system call maps on-board memory to user memory space

Control registers for FPGA

Pixel memory for FPGA

Sync

Sync

20250419
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Burst data transmission for high-performance 20250419
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Hard-soft interface from FPGA

/* Reset hardware */
/* Get command from CPU */

/* Read Bl, Br, El, Er */

/* SAD body */

refer next page

/* Write to Dl Dr */

/* Report to CPU */

20250419
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Kernel of SAD in FPGA
/* Calculate Dl */

/* Calculate Dr */

/* Finalize */

/* shift L/R pixels */

/* if El=0 or El and Er have edge, update minimum SAD */

/* if Er=0 or El and Er have edge, update minimum SAD */

/* if El and Er have edge, store current “depth” to Dl */

/* if El and Er have edge, store current “depth” to Dr */

/* if El=0, copy neighbor Dl */

/* if Er=0, copy neighbor Dl */

/* if current SAD is minimum */

/* if current SAD is minimum */

20250419
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RTL Simulation

1600μsec/frame

1 line
width=320

20250419
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RTL Simulation

30 nanosec
81920 SAD/cycle

20250419
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Synthesis

Map to Lookup tables

20250419
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ARM core

Place and Route 20250419
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Place and Route 20250419
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Place and Route 20250419
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Place and Route 20250419
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CGRA

Coarse Grained Reconfigurable Array

20250419
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Coarse Grained Reconfigurable Array
Other name: Reconfigurable Data Path (ＲＤＰ)

Von Neumann computers have many traffic signals
CGRA is highway Non-stop execution

CGRA is similar to stream of water 20250419
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LSSD(Low-power cores, Spatial
architecture, Scratchpad, and DMA)

DPU(Dataflow Processing Unit)
Wave Computing 2017

●2nd generation: ALU + external memory … wide memory bus
●3rd generation: Network of near-memory ALUs … narrow memory bus

TPU(Tensor Processing Unit)
Google 2016 AXI bus

Systolic type DSA(Domain Specific Architecture) is emerging
20250419
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Insn.1

Insn.2

Insn.3

Insn.4

Insn.5

Insn.6

Insn.7

Insn.8 80-loops

ALUALU

I-Cache

ALUALU

D-Cache

Registers

I-Cache

ALUALU

D-Cache

Regs.Regs.

D-Cache

Insn.1

Insn.2

Insn.3

Insn.4

Insn.5

Insn.6

Insn.7

Insn.8

All instructions are executed.

I-Cache

ALUALU

D-Cache

Registers

29

Vect.Insn.1

Vect.Insn.2

Vect.Insn.3

Vect.Insn.4

Vect.Insn.5

Vect.Insn.6

Vect.Insn.7

Vect.Insn.8

Vector
Registers

Register
File

Basic Idea of CGRA
20250419
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Instr.１

Instr.2

Instr.３

Instr.４

Instr.５

Instr.６

Instr.７

Instr.８

演

演

演

演

演

演

演

演

LM

LM

Main Memory

Basic structure of CGRA
20250419
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メディアンフィルタの考え方

Input
pixels

Load

Sort

Select center

Output

4bytes

4bytes

Median filter with CGRA 20250419
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メディアンフィルタのための専用命令

v-sort v-sort v-sort v-sorth-sorth-sorth-sort

Select max/mid/min value from three 8bits
Select max/min value from two 8bits

Special instruction for median filter 20250419
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Unlike VLIW, all instructions are executed simultaneously

VLIW format instructions 20250419
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Connecting operations to local memory

LM
LM

LM

LM

Main
Memory

PREFETCH

DRAIN

LM
LM

20250419
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2008 LAPP: VLIW compatible (no compiler for CGRA)
20250419
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Microsoft Game DVR

xterm@cad109.naist.jp





Main
Memory

SIMD/SIMT CGRA

PE

Cache

Cache

Cache

Cache

PREFETCH

DRAIN

ALU

ALU

ALU

ALU

Pipeline processing is performed like running water.

Cache

Cache

Cache

Cache

Cache

Cache

Cache

Cache

Cache

Cache

Cache

Cache

20250419
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Example: Typical Convolutional Neural Network
for (ic=0; ic<IC; ic++) { /* set input channel */
ip0 = &in[ic*M*M]; /* top of input */
for (row=1; row<M-1; row++) { /* image loop */

for (col=1; col<M-1; col++) {
for (oc=0; oc<OC; oc++) { /* set output channel */
op = &out0[oc*M*M+row*M+col]; /* top of output */
kp = &ker[(oc*IC+ic)*K*K];
kidx = 0;
for (y=-((K-1)/2); y<=(K-1)/2; y++) { /* kernel loop */

for (x=-((K-1)/2); x<=(K-1)/2; x++) {
if (ic == 0 && kidx == 0)

*(float*)&*op  = *(float*)&ip0[(row+y)*M+col+x] * *(float*)&kp[kidx];
else

*(float*)&*op += *(float*)&ip0[(row+y)*M+col+x] * *(float*)&kp[kidx];
kidx++;

} } } } } } In-ch#0,1,2

Out-ch

row

In-ch#3,4,5

In-ch#6,7,8

In-ch#9,A,B

20250419
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GPU: unpack and matrix-multiplication (x9 memory space)
1 -1-1-1 1 -1-1-1 1 1 -1-1-1 1 -1-1-1 1

0.0 0.1 0.2

1.0 1.1 1.2

2.0 2.1 2.2

0.3 … 0.27

1.3 … 1.27

2.3 … 2.27

: : :

: : :

27.0 27.1 27.2

: …

: : :

27.3 … 27:27

unpack_patch2col

1.0 1.1

1.1 1.2

1.2 1.3

1.0 1.1 …

1.1 1.2 :

1.2 1.3 …

1:25 2.0 2.1

1.26 2.1 2.2

1.27 2.2 2.3

… 1.25 25.0

:… 1.26 25.1

… 1.27 25.2

25.1 … 25.25

25.2 … 25.26

25.3 … 25.27

… 2.25 26.0

: 2.26 26.1

… 2.27 26.2

26.1 … 26.25

26.2 : 26.26

26.3 … 26:27

: : :

2.2 2.3 …

: : :

2.27 3.4 3.5

: : :

… 3.27 27.2

: : :

27.3 … 27:27

3x3

26x2628

28

…

…

…

…

:

…

: : : : 4.5 4.274.4

x100
x100

copy

0.0 0.1 … 0.25

0.1 0.2 … 0.26

0.27…0.30.2

1 -1 -1
-1 1 -1
-1-1 1

C

M&A

Convolution on CPU/GPU 20250419
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0.0 0.1 0.2

1.0 1.1 1.2

2.0 2.1 2.2

0.3 … 0.27

1.3 … 1.27

2.3 … 2.27

: : :

: : :

27.0 27.1 27.2

: …

: : :

27.3 … 27:27

…

…

…

…

:

…

: : : : 4.5 4.274.4

0.2

1.0 1.1 1.2

2.0 2.1 2.2

0.3 … 0.27

1.3 … 1.27

2.3 … 2.27

: : : : …

…

…

…

…

0.0 0.1 0.2

1.0 1.1 1.2

2.0 2.1 2.2

0.3 … 0.27

1.3 … 1.27

2.3 … 2.27

: : : : …

…

…

…

…

0.0 0.1 0.2

1.0 1.1 1.2

2.0 2.1 2.2

0.3 … 0.27

1.3 … 1.27

2.3 … 2.27

: : : : …

…

…

…

…

-1 -1

1 -1 1

1 1 -1

-1 … 1

-1 … 1

1 … 1

: : : : …

…

…

…

…

1 -1

1 -1 1

1 1 -1

-1 … 1

-1 … 1

1 … 1

: : : : …

…

…

…

…

1 -1 -1

1 -1 1

1 1 -1

-1 …

-1 … 1

1 … 1

: : : : …

…

…

…

…

0.0 0.1

-1

1

OCH#0
OCH#1
OCH#2

OCH#0
OCH#1
OCH#2

OCH#0
OCH#1
OCH#2

0.0 0.1 0.2

1.0 1.1 1.2

0.25

1.25

: : :

…

…

…

0.0 0.1 0.2

1.0 1.1 1.2

0.25

1.25

: : :

…

…

…

0.0 0.1 0.2

1.0 1.1 1.2

0.25

1.25

: : :

…

…

…

0.0 0.1 0.2

1.0 1.1 1.2

0.25

1.25

: : :

…

…

…

１ -１ -１

-１ １ -１

-１ -１ １

１ -１ -１

-１ １ -１

-１ -１ １

１ -１ -１

-１ １ -１

-１ -１ １

１ -１ -１

-１ １ -１

-１ -１ １

１ -１ -１

-１ １ -１

-１ -１ １

１ -１ -１

-１ １ -１

-１ -１ １

１ -１ -１

-１ １ -１

-１ -１ １

１ -１ -１

-１ １ -１

-１ -１ １

１ -１ -１

-１ １ -１

-１ -１ １

１ -１ -１

-１ １ -１

-１ -１ １

１ -１ -１

-１ １ -１

-１ -１ １

１ -１ -１

-１ １ -１

-１ -１ １

１ -１ -１

-１ １ -１

-１ -１ １

１ -１ -１

-１ １ -１

-１ -１ １

１ -１ -１

-１ １ -１

-１ -１ １

１ -１ -１

-１ １ -１

-１ -１ １

0.0 0.1 0.2

1.0 1.1 1.2

2.0 2.1 2.2

0.3 … 0.27

1.3 … 1.27

2.3 … 2.27

: : :

: : :

27.0 27.1 27.2

: …

: : :

27.3 … 27:27

…

…

…

…

:

…

: : : : 4.5 4.274.4

0.0 0.1 0.2

1.0 1.1 1.2

2.0 2.1 2.2

0.3 … 0.27

1.3 … 1.27

2.3 … 2.27

: : :

: : :

27.0 27.1 27.2

: …

: : :

27.3 … 27:27

…

…

…

…

:

…

: : : : 4.5 4.274.4

0.0 0.1 0.2

1.0 1.1 1.2

2.0 2.1 2.2

0.3 … 0.27

1.3 … 1.27

2.3 … 2.27

: : :

: : :

27.0 27.1 27.2

: …

: : :

27.3 … 27:27

…

…

…

…

:

…

: : : : 4.5 4.274.4

ICH#0

ICH#0
ICH#1
ICH#2
ICH#3

ICH#0
ICH#1
ICH#2
ICH#3

OCH#0

OCH#1

1

1

FMUL

FMA

ICH#1

ICH#5

54 units

Kernel bcast

ICH#0 bcast

ICH#1 bcast

Drain

4 columns

Convolution on CGRA (hardware unpacking)
20250419
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(conv_backward(nhidden, Ki2h, g_Ki2h, ninput, ksize, kstride, tmp_col, tmp_dst))
unpack_patch2col(tmp_col:25x[100x24x24] <-- ninput:■100x28x28, ksize, kstride)
reshape           nhidden:100x[8x24x24] --> tmp_dst:8x[100x24x24]
multiply_float2D(▲g_Ki2h:8x25          <-- tmp_dst:8x[100x24x24], tmp_col:25x[100x24x24]^T)
multiply_float2D(tmp_col:25x[100x24x24] <-- Ki2h:8x25^T, tmp_dst:8x[100x24x24])
pack_col2patch(ninput:■100x28x28       <-- tmp_col:25x[100x24x24], 5, 1)

0.0 0.1 0.2

1.0 1.1 1.2

2.0 2.1 2.2

0.3 … 0.27

1.3 … 1.27

2.3 … 2.27

: : :

: : :

27.0 27.1 27.2

: …

: : :

27.3 … 27:27

unpack_patch2col

0.0 0.1 …

: : …

0.4 0.5 …

0.23 1.0 1.1

: : :

0:27 1.4 1.5

1.0 1.1 …

: : :

1.4 1.5 …

1:23 2.0 2.1

: : :

1.27 2.4 2.5

… 1.23 23.0

:… : :

… 1.27 23.4

23.1 … 23.23

: … :

23.5 … 23.27

… 2.23 24.0

: : :

… 2.27 24.4

24.1 … 24.23

: : :

24.5 … 24:27

: : :

4.4 4.5 …

: : :

4.27 5.4 5.5

: : :

… 5.27 27.4

: : :

27.5 … 27:27

5x5
xIC

24x2428

28

…

…

…

…

:

…

: : : : 4.5 4.274.4

pack_col2patch

x100
xICx100

copy

merge

0.0 0.1 0.2 0.3 0.23

0.1 0.2 0.3 0.24…

… 0.270.4

ninput tmp_col

Back propagation on CPU/GPU
20250419
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unpack_patch2col(tmp_col:25x[100x24x24] <-- ninput:■100x28x28, ksize, kstride)
reshape           nhidden:100x[8x24x24] --> tmp_dst:8x[100x24x24]

(C1)multiply_float2D(▲g_Ki2h:8x25          <-- tmp_dst:8x[100x24x24], tmp_col:25x[100x24x24]^T)
(C2)multiply_float2D(tmp_col:25x[100x24x24] <-- Ki2h:8x25^T, tmp_dst:8x[100x24x24])

pack_col2patch(ninput:■100x28x28       <-- tmp_col:25x[100x24x24], 5, 1)

0.0 0.1 0.2

1.0 1.1 1.2

2.0 2.1 2.2

… … 0.27

… … 1.27

… … 2.27

: : :

: : :

27.0 27.1 27.2

… …

: : :

27.3 … 27:27

28

28

0:23

1:23

2:23

:

:

…

23:0 23:1 23:2 … … 4.2723.23

xICx100

24

24

x100x8tmp_dst

ninput
(original)

g_Ki2h

(C1)

0.0 0.1 0.2

1.0 1.1 1.2

2.0 2.1 2.2

0.23

1.23

2.23

: : :

23.0 23.1 23.2

:

23.23

…

…

…

…

…

0.0 0.1 0.2

1.0 1.1 1.2

2.0 2.1 2.2

0.3

1.3

2.3

: : : :

0.4

1.4

2.4

:

: : : : 4.4

0.0 0.1 0.2

1.0 1.1 1.2

2.0 2.1 2.2

0.3

1.3

2.3

: : : :

0.4

1.4

2.4

:

: : : : 4.4

0.0 0.1 0.2

1.0 1.1 1.2

2.0 2.1 2.2

0.3

1.3

2.3

: : : :

0.4

1.4

2.4

:

: : : : 4.4

0.0 0.1 0.2

1.0 1.1 1.2

2.0 2.1 2.2

0.3

1.3

2.3

: : : :

0.4

1.4

2.4

:

: : : : 4.4

0.0 0.1 …

: : …

0.4 0.5 …

0.23 1.0 1.1

: : :

0:27 1.4 1.5

1.0 1.1 …

: : :

1.4 1.5 …

1:23 2.0 2.1

: : :

1.27 2.4 2.5

… 1.23 23.0

:… : :

… 1.27 23.4

23.1 … 23.23

: … :

23.5 … 23.27

… 2.23 24.0

: : :

… 2.27 24.4

24.1 … 24.23

: : :

24.5 … 24:27

: : :

4.4 4.5 …

: : :

4.27 5.4 5.5

: : :

… 5.27 27.4

: : :

27.5 … 27:27

5x5
xIC

24x24
x100

tmp_col
(reshaped for GPU)

copy

5x5xICx8
nhidden 24 x8x100

g_Ki2h on CGRA
20250419
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unpack_patch2col(tmp_col:25x[100x24x24] <-- ninput:■100x28x28, ksize, kstride)
reshape           nhidden:100x[8x24x24] --> tmp_dst:8x[100x24x24]

(C1)multiply_float2D(▲g_Ki2h:8x25          <-- tmp_dst:8x[100x24x24], tmp_col:25x[100x24x24]^T)
(C2)multiply_float2D(tmp_col:25x[100x24x24] <-- Ki2h:8x25^T, tmp_dst:8x[100x24x24])

pack_col2patch(ninput:■100x28x28       <-- tmp_col:25x[100x24x24], 5, 1)

24

24

x8x100nhiddenKi2h

ninput

(C2)

0.0 0.1 0.2

1.0 1.1 1.2

2.0 2.1 2.2

0.3

1.3

2.3

: : : :

0.4

1.4

2.4

:

: : : : 4.4

0.0 0.1 0.2

1.0 1.1 1.2

2.0 2.1 2.2

0.3

1.3

2.3

: : : :

0.4

1.4

2.4

:

: : : : 4.4

0.0 0.1 0.2

1.0 1.1 1.2

2.0 2.1 2.2

0.3

1.3

2.3

: : : :

0.4

1.4

2.4

:

: : : : 4.4

0.2

1.0 1.1 1.2

2.0 2.1 2.2

0.3

1.3

2.3

: : : :

0.4

1.4

2.4

:

: : : : 4.4

0.0 0.1
0.0 0.2

1.0 1.1 1.2

2.0 2.1 2.2

… … 0.27

… … 1.27

… … 2.27

: : :

: : :

27.0 27.1 27.2

… …

: : :

27.3 … 27:27

28

28

0:23

1:23

2:23

:

:

…

23:0 23:1 23:2 … … 4.2723.23

xICx100

0.0 0.1 0.2

1.0 1.1 1.2

2.0 2.1 2.2

0.23

1.23

2.23

: : :

:23.0 23.1 23.2

:

23.23

…

…

…

…

…

0.0 0.1 0.2

1.0 1.1 1.2

2.0 2.1 2.2

0.23

1.23

2.23

: : :

:23.0 23.1 23.2

:

23.23

…

…

…

…

…

0.0 0.1 0.2

1.0 1.1 1.2

2.0 2.1 2.2

0.23

1.23

2.23

: : :

:23.0 23.1 23.2

:

23.23

…

…

…

…

…

0.1 0.2

1.0 1.1 1.2

2.0 2.1 2.2

0.23

1.23

2.23

: : :

23.0 23.1 23.2

:

23.23

…

…

…

…

…

0.0

0.0 0.1 …

: …

0.4 0.5 …

0.23 1.0 1.1

: 1.1 :

0:27 1.4 1.5

1.0 1.1 …

1.1 : :

1.4 1.5 …

1:23 2.0 2.1

: : :

1.27 2.4 2.5

… 1.23 23.0

:… : :

… 1.27 23.4

23.1 … 23.23

: … :

23.5 … 23.27

… 2.23 24.0

: : :

… 2.27 24.4

24.1 … 24.23

: : :

24.5 … 24:27

: : :

4.4 4.5 …

: : :

4.27 5.4 5.5

: : :

… 5.27 27.4

: : :

27.5 … 27:27

5x5
xIC

24x24
x100

contribution

of pixel/ninput

:

merge

5x5xICx8

Integration
of OC(8)

0.1

tmp_col
(reshaped for GPU)

ninput on CGRA
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Case of Ggml

Heavy 
function

20bytes

20bytes
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Case of Ggml

Gernerate Double-Stride AddressSD   LOAD (F32) LOAD (I4x8)
FML3  FML3  FML3  FML3 (F32x8)WD LOAD (F32) LOAD (I4x8)
FML3  FML3  FML3  FML3 (F32x8)
FML    FML    FML    FML    (F32x8)SD   LOAD (F32) LOAD (I4x8)
FML3  FML3  FML3  FML3 (F32x8)WD LOAD (F32) LOAD (I4x8)
FML3  FML3  FML3  FML3 (F32x8)
FMA   FMA FMA   FMA (F32x8)SD   LOAD (F32) LOAD (I4x8)

WD LOAD (F32) LOAD (I4x8)
FML3  FML3  FML3  FML3 (F32x8)
FMA   FMA FMA   FMA (F32x8)SD   LOAD (F32) LOAD (I4x8)

WD LOAD (F32) LOAD (I4x8)
FML3  FML3  FML3  FML3 (F32x8)
FMA   FMA FMA   FMA (F32x8)

FML3  FML3  FML3  FML3 (F32x8)

FML3  FML3  FML3  FML3 (F32x8)

FAD    FAD (F32x4)
FAD      (F32x2)

FAD -> OUT0      (F32x1)

Control of Double Loop

The first set

The second set

The third set

Separate OUT0 and OUT1

OUT0  LOAD+FAD+ST (F32)
OUT1  LOAD+FAD+ST (F32)
OUT2  LOAD+FAD+ST (F32)

Merge OUT0 and OUT1

I4 I4 I4 I4 I4 I4 I4 I4F32 I4 I4 I4 I4 I4 I4 I4 I4 I4 I4 I4 I4 I4 I4 I4 I4 I4 I4 I4 I4 I4 I4 I4 I4

I4 I4 I4 I4 I4 I4 I4 I4F32 I4 I4 I4 I4 I4 I4 I4 I4 I4 I4 I4 I4 I4 I4 I4 I4 I4 I4 I4 I4 I4 I4 I4 I4
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Case of llama（ggml+LLM）

34byte load
Unaligned!

34byte load
Unaligned!
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exe(OP_SML8, &dst, src1, B5410, src2, B5410, …)

SML8/AD24: New operation for quad I8*I8
mop(OP_LDR, 1, &src2, ATOP, offset, mask, top, len, …)

mop(OP_LDR, 1, &src3, BTOP, offset, mask, top, len, …)
I8 I8 I8 I8 I8 I8 I8 I8

I8 I8 I8 I8 I8 I8 I8 I8

I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8
I8 I8 I8 I8 I8 I8 I8 I8

exe(OP_SML8, &dst, src1, B7632, src2, B7632, OP_AD24, dst, …)
I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8

I8 I8 I8 I8

I24 I24

I8 I8 I8 I8

I24 I24
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I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8

I8 I8 I8 I8 I8 I8 I8 I8

I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8

I8 I8 I8 I8

I24 I24

I8 I8 I8 I8

I24 I24

I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8

I8 I8 I8 I8 I8 I8 I8 I8

I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8

I8 I8 I8 I8

I24 I24

I8 I8 I8 I8

I24 I24

I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8

I8 I8 I8 I8 I8 I8 I8 I8

I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8

I8 I8 I8 I8

I24 I24

I8 I8 I8 I8

I24 I24

I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8

I8 I8 I8 I8 I8 I8 I8 I8

I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8

I8 I8 I8 I8

I24 I24

I8 I8 I8 I8

I24 I24

exe(OP_AD24, &dst, src1, 
H3210, src2, H3210, …)I24 I24 I24 I24

I24 24

I24
exe(OP_AD24, &dst, src1, 
H3232, src1, H1010, …)F16 F16

F16⇒F32 I16⇒F32
F32 F32 F32F32

UPDATE

I8 I8 I8 I8 I8 I8 I8 I8F16 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8

I8 I8 I8 I8 I8 I8 I8 I8F16 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8 I8

Llama mul_mat_Q80（8bit MAC）

12unit x4

Output of the 
CGRA compiler
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Llama mul_mat_Q3K（1+2,2+4,8bit MAC）
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Important feature for large-scale data processing is:
memory bandwidth (not peak performance of ALU)

The only way to improve performance 
with limited bandwidth is:

to keep reusable data in local memory as many as possible

Summary
20250419
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That’s all for today
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