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XDNA Al Engine Overview

' ' An array of VLIW SIMD high-performance processors
AIE Tile AIE Tile AIE Tile AIE Tile that deliver up to 8X silicon compute density at 50% the
power consumption of traditional programmable logic
| | solutions.
AIE Tile AIE Tile AIE Tile AIE Tile
— ' ' — XDNA 1
AIE Tile | AIE Tile | AIE Tile | AIE Tile 5x4 array of AIE tiles

10 TOPS on array (INT8, 1 GHz)

. . — 256 INT8 MACs / AlE tile
AIE Tile AlE Tile AIE Tile AIE Tile 512 KB/ MEM tile

MEM Tile MEM Tile MEM Tile MEM Tile
: - - ) XDNA 2
N . . [— 8x4 array of AIE tiles
| SHIM Tile | SHIM Tile | SHIM Tile | SHIM Tile 512 INT8 MACs / AIE tile

512 KB / MEM tile

32 TOPS on array (INT8, 1 GHz), up to 50+ TOPS
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XDNA Al Engine Overview

' ' How to program?
AIE Tile AlE Tile AIE Tile AIE Tile . e ;
I I I I Needs an initial boot PDI (Programmable Device
| | Image)
AIE Tile AIE Tile AIE Tile AIE Tile Can contain initial configuration (routes, locks...), which can
i i i i be generated
——— ' ' ——— Generate AIE Core code to perform the desired
AIE Tile AIE Tile AIE Tile AIE Tile computation on that tile (ELF)
) ) ) ) Generate control code for the microcontroller to drive
| | |
the AIE array data movement
AIE Tile AIE Tile AIE Tile AIE Tile
[ | | | |
MEM Tile MEM Tile MEM Tile MEM Tile
| | | | | |
SHIM Tile SHIM Tile SHIM Tile SHIM Tile
Microcontroller
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XDNA Al Engine Overview

P—— | | P——
AlE Tile AIE Tile AIE Tile AlE Tile
P—— | | P——
AlE Tile AlE Tile AIE Tile AIE Tile
P—— | | P——
AIE Tile AIE Tile AIE Tile AlIE Tile
| | P——
AIE Tile AIE Tile AlE Tile AIE Tile
\4 m
—— | . P——
MEM Tile MEM Tile MEM Tile MEM Tile
L | L
. . + .
SHIM Tile SHIM Tile SHIM Tile SHIM Tile

Microcontroller

How to program?

Needs an initial boot PDI (Programmable Device
Image)
Can contain initial configuration (routes, locks...), which can
be generated

Generate AIE Core code to perform the desired
computation on that tile (ELF)

Generate control code for the microcontroller to drive
the AIE array data movement
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XDNA Al Engine Overview

—————— 1 | | —————— 1
AlIE Tile AIE Tile AIE Tile AlIE Tile
4 4 [ ] >@
P | | P
AIE Tile AIE Tile AIE Tile AIE Tile
4 4 [ ] >®
P | | P
AIE Tile AIE Tile AIE Tile AIE Tile
4 4 [ ] >®
1 1 1
AIE Tile AIE Tile AIE Tile AIE Tile
= O >Q®
—————— 1 | | P
MEM Tile MEM Tile MEM Tile MEM Tile
P | | P
SHIM Tile SHIM Tile SHIM Tile SHIM Tile

Microcontroller

How to program?

Needs an initial boot PDI (Programmable Device
Image)
Can contain initial configuration (routes, locks...), which can
be generated

Generate AIE Core code to perform the desired
computation on that tile (ELF)

Generate control code for the microcontroller to drive
the AIE array data movement
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XDNA Al Engine Overview

[ 1 | [
AlE Tile AIE Tile AIE Tile AIE Tile
—— | | P——
AlE Tile AlE Tile AIE Tile AIE Tile
P—— | | P—
AIE Tile AIE Tile AIE Tile AlIE Tile
| | 1
AIE Tile AIE Tile AIE Tile AIE Tile
— | . —
MEM Tile MEM Tile MEM Tile MEM Tile
P— | . —
SHIM Tile SHIM Tile SHIM Tile SHIM Tile

Microcontroller

How to program?

Needs an initial boot PDI (Programmable Device
Image)
Can contain initial configuration (routes, locks...), which can
be generated

Generate AIE Core code to perform the desired
computation on that tile (ELF)

Generate control code for the microcontroller to drive
the AIE array data movement
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XDNA Al Engine Overview

[ | | [
AIE Tile AIE Tile AIE Tile AIE Tile
— | | —
AIE Tile AIE Tile AIE Tile AIE Tile
— | | —
AIE Tile AIE Tile AIE Tile AIE Tile
1 1 | |
AIE Tile AIE Tile AIE Tile AIE Tile
— | . —
MEM Tile MEM Tile MEM Tile MEM Tile
— | . —
SHIM Tile SHIM Tile SHIM Tile SHIM Tile

Microcontroller

How to program?

Needs an initial boot PDI (Programmable Device
Image)
Can contain initial configuration (routes, locks...), which can
be generated

Generate AIE Core code to perform the desired
computation on that tile (ELF)

Generate control code for the microcontroller to drive
the AIE array data movement
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Al Engine Core

l

[ Interconnect

4 x 32-bit East
4 x 32-bit West

A

6 x 32-bit
North

4 x 32-bit
South

Mem I/F
o
Q
Q

Scalar
processor

l «—» : AXI Stream

. AXI MM
+—» : Cascade Stream

A VLIW SIMD processor

A scalar RISC processor

64KB of data memory

16KB of program memory

2 MM2S and 2 S2MM DMAs

32-bit stream and memory AXI interconnect
Stream switches with broadcasting capability
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Al Engine Memory Tile

l

[ Interconnect |4

4 x 32-bit East
4 x 32-bit West

6 x 32-bit
North

4 x 32-bit
South

A

A

v

6 x S2ZMM DMA 6 Xx MM2S DMA

Memory

<+—>» : AXI Stream
. AXI MM

14

512KB data memory

6 stream-to-memory and 6 memory-to-stream
DMAs

Each DMA has a 128-bit memory and 32-bit
stream interface

32-bit stream and memory AXI interconnect
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Al Engine DMA

l

>

Interconnect

A

v

S2MM DMA

MM2S DMA
va

Stream to memory and memory to stream

Usually, 32-bit stream interface and 128-bit
memory interface

Supports multi-dimensional data addressing
S2MM Example:

Strides = [18, 6, 1]

Sizes = [3, 2, 4]
MM2S Example:

Strides = [36, 6, 1]

Sizes = [2, 4, 4]
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Data Packing through DMA

[ Interconnect ¢ 7N
A
|
v
MM2S DMA S2MM DMA
\ 4

%0 = memref.alloc () memref<4xoxi32> E
%1 = memref.alloc () memref<2x2x2x3xi32, 1> E
iree linalg ext.pack %0 :
inner dims pos = [0, 1] inner tiles = [2, 3] E
into %1 (memref<4x6xi32, strided<[6, 17, \
offset: ?>> memref<2x2x2x3x132, 1>) i
%0 = memref.alloc() : memref<4x6xi32> ]
$1 = memref.alloc() memref<2x2x2x3xi32, 1> :
amdaie.dma cpy nd ( i
$1[0] [24] [1] ]
%0[(o, o, 0, 01 (2, 2, 2, 3] [12, 3, 6, 1] !

) |
%0 = memref.alloc () : memref<dx6xi32> E
%1 = memref.alloc () : memref<2x2x2x3xi32, 1> :
amdaie.dma cpy nd ( i
1[0, 0, O, 0] [2, 2, 2, 3] [12, 3, 6, 1] ]
50[0] [24] [1] :

) |
AMDA
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MxKxXN GEMM Tiling Problem

N

| | P | r— 1

AIE Tile AIE Tile AIE Tile AIE Tile
| | P | 1

AIE Tile AIE Tile AIE Tile AIE Tile
| | | |

AIE Tile AIE Tile AIE Tile AIE Tile
1 1 1

AIE Tile AIE Tile AIE Tile AIE Tile
r— 1 r— 1 P | P
MEM Tile MEM Tile MEM Tile MEM Tile
1 1 P | P
SHIM Tile SHIM Tile SHIM Tile SHIM Tile

Microcontroller
AMDZ\
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MxKxXN GEMM Tiling Problem

\
Bl B2

K
Al Cl1 C12
AV C21 C22

18

P |
e C12- AIE Tile AIE Tile
| — — 1
C21: C22- AIE Tile AIE Tile
| | | |
AIE Tile AIE Tile AIE Tile AIE Tile
— 1 — 1
AIE Tile AIE Tile AIE Tile AIE Tile
P | P | — 1
MEM Tile MEM Tile MEM Tile MEM Tile
1 — 1 1
SHIM Tile SHIM Tile SHIM Tile SHIM Tile
Microcontroller
AMDA
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MxKxXN GEMM Tiling Problem

\

Bl B2
Al Cl1* C12*
A2 C21* C22*

19

Gl1* @il 2 AIE Tile AIE Tile
| — — 1

c21* C22* AIE Tile AIE Tile
| | | |

AIE Tile AIE Tile AIE Tile AIE Tile
AIE Tile AIE Tile AIE Tile AIE Tile
MEM Tile MEM Tile MEM Tile MEM Tile
SHIM Tile SHIM Tile SHIM Tile SHIM Tile

Microcontroller
AMDA
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MxKxXN GEMM Tiling Problem

\
B1l B21
K
B12 B22
K
All A12 Cl1 C12
A21 A22 C21 C22

@d ik @il 2 AIE Tile AIE Tile
3 v __
C11e C12- AIE Tile AIE Tile
@21* C22% AIE Tile AIE Tile
—LF 2
{ Q21e C22- AIE Tile AIE Tile
MEM Tile MEM Tile MEM Tile MEM Tile
SHIM Tile SHIM Tile SHIM Tile SHIM Tile
Microcontroller
AMDA
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MxKxXN GEMM Tiling Problem

N

Bl B2 B3 B4

Al
A2
M | A3
A4

Cl1* C12* C13* C14*
C21* C22* C23* C24*
C31* C32* C33* C34*

C41* C42* C43* C44*

21

| | P | r— 1

AIE Tile AIE Tile AIE Tile AIE Tile
| | P | 1

AIE Tile AIE Tile AIE Tile AIE Tile
| | | |

AIE Tile AIE Tile AIE Tile AIE Tile
1 1 1

AIE Tile AIE Tile AIE Tile AIE Tile
r— 1 r— 1 P | P
MEM Tile MEM Tile MEM Tile MEM Tile
1 1 P | P
SHIM Tile SHIM Tile SHIM Tile SHIM Tile

Microcontroller
AMDZ\
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Parallelization: Matmul Unicast

| | 50 = memref.alloc() : memref<d4x1x32x64xi8, 1> |
E%l = memref.alloc() : memref<lx4x04x32xi8, 1> |
AIE Tile AIE Tile 5%2 = memref.alloc() : memref<lx1lx32x64x1i8, 2> E
| $3 = memref.alloc() : memref<lxlx64x32xi8, 2> i
A2 B2 Ad B4 ' scf.forall ( , ) in (2, 2) { :
| | : :
! dma cpy nd(%$2[0, 0..].., %0[%4, 0..]..) :
AIE Tile AIE Tile i dma_cpy nd(%$3[0, 0..]., $1[0, %4.]..) !
| linalg.matmul (%2, %3, ..) i
Al Bl A3 B3 '} {mapping = [#core<y>, #core<x>]} |
| ] )
' 16 GB/s bandwidth needed into each column (1GHz)
MEM Tile MEM Tile
Al A3 Bl B3
1 A2 A4 1 B2 B4
v - I 3

AMDZU
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Remember the bandwidth available:

l

[ Interconnect

4 x 32-bit East
4 x 32-bit West

A

6 x 32-bit
North

4 x 32-bit
South

Scalar
processor

l «—» : AXI Stream

. AXI MM
+—» : Cascade Stream

Assuming 1Ghz:
24GB/s North
16GB/s South

AMDZU
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Parallelization: Matmul Double Broadcast

AIE Tile

A2 B2

AIE|Tile

Al B2

AIE Tile
|FA2Y | B1
AIE Tile
| ALY [B1
MEM Tile
Al
| A2

MEM Tile

Bl
B2

T 1
T3

T 1
T3

%0 = memref.alloc() : memref<2x1x32x64xi8, 1>
%1 = memref.alloc () : memref<lx2x64x32xi8, 1>
%2 = memref.alloc () : memref<lxlx32x64xi8, 2>
%3 = memref.alloc() : memref<lx1lx64x32xi8, >

i scf.forall ( , ) in (2, 2) A E
E dma cpy nd(%2[0, 0..].., %0[ , 0..1..) :
' dma cpy nd(s3[0, 0..].., %1 E
E linalg.matmul (%2, %3, ..) E

} {mapping = [#core<y>, #core<x>]}

8 GB/s bandwidth needed into each column (1GHz)

AMDZU
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Parallelization: Matmul Full A Broadcast

25

| | E%O = memref.alloc() : memref<4xlx32x64xi8, 1> i

'3l = memref.alloc() : memref<lx4x64x32x18, 1> |

AIE Tile AIE Tile 5%2 = memref.alloc() : memref<lx1lx32x64x1i8, 2> E

| $3 = memref.alloc() : memref<lxlx64x32xi8, 2> i

Al B2 Al B4 | scf.forall ( , ) in (2, 2) { i
| | : l

! dma cpy nd(%$2[0, 0..].., %0[0, O0..]..) :

AIE Tile AIE Tile | dma cpy nd(%3[0, 0.]., %1[0, %4.].) |

| linalg.matmul (%2, %3, ..) i

Al Bl Al B3 . } {mapping = [#core<y>, #core<x>]} |

MEM Tile MEM Tile
Al Bl B3
B2 B4 10 GB/s bandwidth needed into each column on
T T T T average (1GHz)
v oy I AMDZ
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Adding Dimensions

%0 = memref.alloc() : memref<d4xlx32x64xi8, 1>

l l l l %1 = memref.alloc () : memref<lx2x64x32xi8, 1>

AIE Tile AIE Tile AIE Tile AIE Tile %2 = memref.alloc () : memref<lxlx32x64xi8, 2>

%3 = memref.alloc() : memref<lxlx64x32xi8, 2>

A2 Bl A2 B2 A4d Bl A4 B2 scf.forall ( ’ , ) in (2, 2, 2)
] ] ] ] {

AIE Tile AIE Tile AIE Tile AIE Tile dma_cpy_nd (520, 0..].., 50054, 0.]..)
dma cpy nd(%3[0, 0..].., 1[0, v ])
1] 1lg. tmul (%2, %3, ..
AlB1| || A2 B2 | || A3 B1| || A3 B2 roalg.matmil | )
~ ~ ~ - } {mapping = [#core<y>, #core<xl>,

#fcore<x2>]}

e o o o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e =

| ] | |
MEM Tile MEM Tile MEM Tile MEM Tile
Al Bl A3
11 A2 | B2 1T A4 | 6GB/s bandwidth needed into each column on average
T T T T T T T f (1GHz), but higher horizontal bandwidth
e AMDE
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AIE Tile AIE Tile AIE Tile AIE Tile
Al B2 A2 B2 A3 B2 A4 B2
| | | |
AIE(Tile AIE[Tile AlIE[Tile AIE[Tile
Al Bl A2 Bl A3 Bl A4 Bl
| | | |
MEM Tile MEM Tile MEM Tile MEM Tile
Bl Al A3
B2 A2 A4

T 1
T3

T 1
T3

T 1
T3

T 1T
T

Achieving the same BW needs without adding Dimensions

dma cpy nd(s3[0, 0..].., %
linalg.matmul (%2, %3, ..)
} {mapping = [#core<y>, #core<x>]}

1 50 = memref.alloc() : memref<4x1x32x64xi8, 1>
E%l = memref.alloc() : memref<lx2x64x32xi8, 1>

1 $2 = memref.alloc() : memref<lxlx32x64x18, 2>

1 %3 = memref.alloc() : memref<lx1x64x32xi8, 2> |
i scf.forall ( , ) in (2, 4) |
E dma cpy nd(%2[0, 0..].., %0[ , 0..1..) i
i 110, 1) i

6GB/s bandwidth needed into each column on average
(1GHz)

AMDZU
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Parallelization: Adding Blocks

AIE Tile AIE Tile AIE Tile AIE Tile
A2 Bl A2 B2 A2 B3 A2 B4
| | | |
AIE Tile AIE Tile AIE Tile AIE Tile
Al Bl Al B2 Al B3 Al B4
| | | |
MEM Tile MEM Tile MEM Tile MEM Tile
Al Bl Al B3
A2 B2 A2 B4

T 1
T3

T 1
T3

T 1
T3

T 1T
T

memref.

= memref.

memref.
memref.

scf.forall (
scf.forall

}

dma cpy
dma cpy
linalg.matmul (%2, %3, ..

{mapping

} {mapping =

arg0) in (2)
( /

nd (%210,
nd (330,

0.7y
0.7y

= [#core<y>,
[#block<x>]}

{

) in (2, 2) |

#fcore<x>]}

: memref<2x1x32x64xi8, 1>
: memref<lx4x64x32xi8, 1>
: memref<lx1x32x04xi8, 2>
: memref<lxlx64x32xi8, 2>

8GB/s bandwidth needed into each column (1GHz)
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Partitioning

P P
AlE Tile AIE Tile

— [ —
AIE Tile AlE Tile

[ — | [ —
AlE Tile AIE Tile

AIE Tile AIE Tile
— —

AIE Tile AlE Tile
— J—

AIE Tile AlE Tile

AlE Tile

AIE Tile

AlE Tile

AlE Tile

| ——
AIE Tile AlE Tile AIE Tile

| —
AlE Tile AIE Tile AIE Tile

1 —
AlE Tile AIE Tile AIE Tile

[ —

AIE Tile

[ —

AIE Tile

| —

AIE Tile

 —

AIE Tile

 E—

AIE Tile

AIE Tile

AlE Tile

Memory & NOC

Realtime Video

Realtime Audio

)

Content Creation
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Recap

We're targeting an array of VLIW SIMD processors,
generating core code, routing and DMA configurations for
a (fused) computation.

We use 'iree linalg ext.pack to describe data
packing while moving/copying data through DMAs

We use ‘core’ mapping to describe parallelization AND to
discover data broadcasting opportunities

All open source at: https://github.com/nod-ai/iree-amd-aie
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https://github.com/nod-ai/iree-amd-aie
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