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MN-Core series
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MN-Core MN-Core 2

MN-Core™ Series
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MN-Core

% —1 X MN-Core

e« TSMC 12nm

« 500MHz / 500W

Flops GFlops/W
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HEE 131 T 260
e 524 T 1000
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MN-Core 2
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« MN-Core® 4
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« MN-Core® 4
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MN-Core Accelerates World’s Most Efficient Supercomputer
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2020/06 2020/11 2021/06 2021/11 2022/06
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Our MN-3 supercomputer is certified as the world’s most
efficient supercomputer (Green500 List Nov. 2021).

Important effort towards achieving carbon neutral Al

datacenter
18
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o RERICEFEZHEZILITES
o ALUTIXEHEFEZNER 6
n  $EE S TIEReLUA®Block FloatZE {7z &
o PEMR 64bit SIMDt.%H 5
m double: 64x1
m float: 32x2
m half: 16x4
o fK{SAMD SRAMIZ&YIBREENATIVS
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MAB

MAU

MAB (Matrix Arithmetic Block)
O 4DMPE&L. 1D MMAU(Matrix Arithmetic Unit) TSN TLVS,

O MAUIZPEADAAT—REZITIY, FB/NIRBEHEZITL., PEICR
ER
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E=HDITINZEREFT B,

B THILORAL2EH S D T, 175D double-bufferinghH3al
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L1B
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L1B Memory L1B Reduction Unit
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L2B

L2B Memory L2B Reduction Unit

P Referred



[
3

o

S
?
2
=

MN-Core series Architecture Blockdiagram

Chip

L1B

O
I

Die to Die Interconnect

7}
=
(<)
=
(¥H]
©
s
©
o

o] o o] o]

o o
[ ]
O]
O

o
1 o
[
I

P Referred

25



MN-CoreD#E4t

« MN-Core® 4
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for(int y = 0;y < ih;y++){
for(int x = 0;x < iw;x++){
auto acc = 0; lj_au_lg‘:t':d-_

for(int yk = 0;yk < kh;yk++){

for(int xk = 0;xk < kw;xk++){ 9‘_}’{F-GE;$*L

FpU)
SIMD’

L1/Texs |

acc 1= inagelyillankl *  NENPITENT R IR (S '
) ’ TEHSND BMLTF | EEOREETER/IN
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MN-Core 2

— R F B MN-Core Architecture
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MN-Core 2

— R F B MN-Core Architecture
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1. AEZEfE AR LI=Near Memory Architecture
2. IN—Fz7ELTORIEHBEEEF>TUVEN
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1. AEZEfE AR LI=Near Memory Architecture

2.
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AEYZMAMIILTLVSELITE

MAB L1B Chip
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AEYZEMMAIIILTLNSHELSTE

MEMEMEMEMEMEMEMEMEM 28
ABABANRABNABRANRARARARNA
BB B B B||B B B||B B
L1B L1B L1B L1B L1B L1B L1B L1B
" 1B Reduction Unit

L2B Memory L2B Reduction Unit

PENERRITEEZTI=MHIZIX.
DRAM-> L2B -> L1B -> PE

EVSIT—REAEZEITODELHD
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Near-memory Computing Architecture

. BEBEBEOBREAT)DERENEICLET—FT7 5%

‘/ GRFO, GRF1: 2KB/unit 1 read 1 write / cycle = 32Byte / cycle

/ LMO, LM1: 16KB/unit 1 read or 1 write / cycle = 16Byte / cycle

MN-Core 2/ R8—K

EES
384MF x 1024 L1 L2 DRAM
=&5393TF/s [ 64Kx64 [ 1MB x 8 (16GB)
144MBA—AIL = 4MB = 8MB
AE

< >

SRAM (156MB)
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Near-memory Computing Architecture
o HEBRIABOATRUNBEKRIZL, FHEIZESVLSIEELHD?
o DRAMAD TV tREHZMNTHIENTES
s AEYFERVIDTIIr—2 a0 OtkieE R LS ES5TEEEAH S

s Temporal Blocking
o DRAMIZT—4Z%RET LD TG B ELTT—2ZEENT S
s BETEZHV-MN-Core[+a> /(S D Exi#E1kE
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N—F 7 ELTOFEBEZRFoTLVEL

e MN-Core series Architecture Blockdiagram
MAB L1B Chip
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Data Engine
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MN-CorelZH[TAaSEIE?

MN-CorelZHITAHm T EIXLULTDEIIZERZINTLD

(@]

(@]

(@]

(@]

(@]

PEf &

MAU# %

L1B #xi%dn5(L1B <=> MABRIEREdn 57)

L2B #5655 (L2B <=> L1BREGE D)

DRAM / PDM #5% & 5(DRAM <=> L2BRl#rE @i 5)

NL(E, TARTREICEITIAENTESD

PE#R & MAU® 4 | L1BERi%Ed 4 | L2BE5%dnSy | DRAMER £ S
\_ %
~

Very Long Instruction Word
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MN-CoreZfEL N\ FTHRAM

BHBRAEQOERGAE)ICONIT—2EFET HH

MN-Core 27:R—F
bl ot 2. L DRraw
144M§39)—3;fﬁ;-—c aMB = BB (16GB)
) SRAM (156MB) ;
PN —
VLIW x SIMDD &S ZE LA ZERFE I B H
PE& S MAU# £ L1BERiE@m4 | L2BEniE@< | DRAMEREMG S
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MN-CoreZfEL N\ FTHRAM

BHBRAEQOERGAE)ICONIT—2EFET HH

MN-Core 27R—FK
;TEZ%Z%% L1 L2 RAM
e H  e4kx64 | 1MBx8 [—
4444444 NILAE = 4MB = 8MB (16GB)
Ul

N—FOzT7 &R KENERILT H-6HD
VLIW YIRDITRAAYIONERIZCEE !
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MN-Core Software Stack

/ MN-Core Software stack \

-
-

-
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MN-Core Software Stack

/ MN-Core Software stack \

— o o o o o o E—

-
-
A
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MN-Core MLSDK

o MLSDK(Machine Learning Software Development Kit)
o MN-Core CPyTorch@®a—KZ&i{ES & 5= DSDK
o UTDLOMLEREIND
s Compiler
s Python Interface

s Visualization tool
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MN-Core MLSDK

zzzzzzzzzzzzz

Pchgrch» @ T/M %"'i'

L3IR: DNN op level, SIMD parallelism strategy, ......

Global Layout ] [ Re-computation ]

[ MNGraph / MNNode / MNValue ] [ Planner Scheduler

L2IR/Generic Conv: ndarray op level, optimized DNN op impl|, ......

Generic Generic
| Conv Impl I [MMNI@M] [ EEM@QQL] [ Move Impl ]

L1IR: MN-core op level, memory allocation, scheduling, optimization, ......

[ Layer Impl ] [ L1level instruction ] [ L1IR Scheduling ]
4 merger Graph
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MN-Core MLSDK

Python Interface

o GPUTEHNTLVEPyTorch®a—k
% . Fx/MNBR D ZEE TMN-Corel ZrR—TF«
DY TEDIIFETSNTLND

context.registerld
tensor.to(“mncore”)

EKRY D

context.compileldk
torch.compilelZfE 24

48

model.train()

def step(model, optimizer, data, target):
optimizer.zero_grad()
output = model(data)
loss = F.nll_loss(output, target)
loss.backward()
optimizer.step()
return loss

model = context.register(model)
optimizer = context.register(optimizer)
compiled_step = context.compile(step)

for (i, (d, t)) 1in enumerate(train_loader):

loss = compiled_step(model, optimizer, d, t)
if i % 1000 == 0O:
print(f”loss = {loss.cpu()}”)
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MN-Core Software Stack

-~

MN-Core Software stack

— o . o o o o E—

-
-
-
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MN-Core HPCSDK

o« HPCSDK(High-Performance Computing Software Development Kit)
o MN-Core THBFE LIS DR AMGETEZITI1-HDSDK
o UTDLOMLEREIND
= MNCL
= MNACC
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HPCSDK - MNCL

MNCL&EIXZRITAH ?

o MN-Core [AllFLow-levelZzZ’A%

Device Memory
Handler

-

User Application

<

MNCL Host runtime

Device Memory
Relocator

<

MN-Core runtime

Device Program
Handler

L3
-

—

N

= | .mncl

TR
o OpenCLOEEREY T VD ELIIIRDHES

void loop_copy(double*
restrict x, double* restrict

out) {

for (inti=0; i< COUNT,
+4i)
3 outfi] = xfil;

51

Clang(LLVM)

4
preds = %2, %4
%5 = phi 320, %2 [ %9, %4 ]

%6 = getelementplr inbounds double,

pir %0, 132 %5
%7 = load double, ptr %6, align
4, Mbaa 16

%8 = getelementplr inbounds double,

pir %1, 132 %5
slore double %7, pir %8, align
4, Mbaa 16
%9 = acd nuw nsw 132 %5, 1
%10 = icmp eq i32 %9, 10
bri1 %610, label %3,
labe! %64, livm.loop 110

Translator

Ipassa Sim0v it
maskm 0b11000
Ipassa $i Sim2v; nointr
mask 0

nop

mvnop

Ipassa Simdv Sit
maskm 0b11000
Ipassa $i SimOv; nointr
mask 0

nop

nop

munop
Ipassa SimBv Siti

maskm 0b11000

Ipassa $I5 Sim10v; naintr
mask 0

nop

nep

munop
End

-

-
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HPCSDK - MNCL

e MNCL Host runtime
o OpenCL&EIZIZBLCAPITT /N R%E /N

VRILTEAHIEHEA .
User Application
=
° K ey Device Memory Handler Device gy' Relocator Device Program Handler
o OpenCLEiL\T::&b§5éjft5s MN-Core runtime
- g -
MN-CoreZBMBEIKSI_EMNTED -
-
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HPCSDK - MNCL

MNCL Device Translator

.mncl

A%EC

void Ioop_copy(dwble'
restrict x, double* restrict
out) {

for (inti = 0; i < COUNT;

++)
3 outli] = x{il;

53

RETEE

Clang(LLVM)

C/C++ DaA—FM 5, MN-CoreD 7> JY)aA—kRE4E/KT 5
LLVM-IRD\oO—F4E R ZERIEEIZT 5

LOAZAESIMD, Y47V ARSIMDZB ELI-a—F £ R

Builtin function|Z & ARE B & T — %8515

Translator

maskm 0b11000
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HPCSDK - MNACC

e MNACCLIE?

(@]

(@]

Pragma TR TEHIHNTOT IV IRE
MN-Core [F]I7OpenACCOH T vk

#pragma goose parallel for loopcounter(i,j) result(cli])
for(i=0;i<ni;i++) {

c[i] = 0.0;

for(j=0sj<nj;j++) {

\ clil+=a[i][i]"bfl;

54
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MN-Core benchmark

e MN-Core 'V )—XD1&EEIE ?

MN-Core 2

A100

GCN(PFN 5.41TF(FP32) 3.17TF
internal use)

ResNet50 77TTF(FP16) 33.2TF(BF16)
training

ResNet50 154TF(FP16) | 33.7TF(BF16)
Inference

HIMENO 9.03TF(FP32) 0.634TF
benchmark

OpenFDTD 0.655TF(FP32) 0.488TF

55
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Himeno Benchmark

4.8 TB/s

GH200 MN-Core 2

#9 500 GB/s

66.9 TFlops

12.28 TFlops

1.24 TFlops

9.025 TFlops

1.8 %

73.4 %

56

5 di<imax-1 ; ++i

&
&y
3+

SS =

gosa

wrk2[1][J][k] = p[i1[3I[k] + omega * ss;

5 j<jmax-1 ; ++j

5 k<kmax-1 ; ++k
a[i][j1[k1[e] * p[i+1][]
a[i][31[k][1] *
a[iJ[j1[k1[2] * p[i 1I[J
b[i][j1[k][e] * ( p[i+1][

- p[i-1][
b[i][j1[kI[21] * ( p[i ]I

- bl 1L
b[i1[JI[k1[2] * ( p[i+1][

- p[i+1][
c[i][31[k][e] * p[i-11[3
c[i][j1[kI[1] * p[i T[J-
c[i][j1[k1[2] * p[i 1I[J
wrk1[i][J1[k];

( se * a[i][j1[k1[3] - p[

= gosa + ss*ss;

1k 1

pli 1[3+1][k ]

1[k+1]
J+ilfk ]
J+i1k ]
J+1][k+1]
j+1][k-1]
3 1[k+1]
3 10k-1]
[k 1

k
11k 1]
k-1]

[
10

MN-Core 2 @ Near-memory Computing Architecture hA3E&E 2/ <> 7=4

pIi+1][3-11[Kk ]
pLi-11(3-1][k 1)

iJ[310k] ) * bnd[i][3I1[Kk1;
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¢ Himeno Benchmark

o MN-Core 2 ® Near-memory Computing Architecture h IE&E 12/ <> 7=45

for(i=1 ; i<imax-1 ; ++i
for(j=1 ; j<jmax-1 ; ++j
for(k=1 ; k<kmax-1 ; ++k

s0 = a[i][j1[K][e] * p[i+11[] 1k ]
+ a[i1[310KI0L] * pli 1[3+11[k ]
- + a[i1[31KI[2] * p[i 1[5 1lk+i]
GH200 MN-Core 2 + b[A1[JIKI[O] * ( P[i+1][3+11[k ] - p[i+1]1[3-11[k ]
- p[i-1][3+11[k ] + p[i-1][3-11(k 1)
| ] i | 4 2 TR/ | 41 500 GRJs + BLAI[FIKIL] * ( p[i 1[3+11[ke1] - p[i 1[3-11[k+1]

-1][k-1] )

1[k+1]
1k-1] )

MN-Core IZRIWTWESH T I r—iar %
izt -<SAFETELTLEL

wrk2[1][J][k] = p[i1[3I[k] + omega * ss;

N Preferred
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MN-Core O E~D R B
e MN-Core IOV ATLEED=HDHA

MN-Core #i5& % #1 MN-Core Challange

Rules [3) Problems tandings  </> Codetest [ SOM @ Tips

BHI5E

> SDMICRRRD LS v ¥ —5 (RHEEH: 2024/09/06)

> 2024/09/13 BRADEH

»2024/09/13 ADEKEFRICOWT

»2024/09/12 L1BM, L2BMDZ v 7757 REIfFICOWT
> 2024/09/12 Tips®Y > S EIE
» 2024/09/06 SDMEH & FEE~— I\ DRFADH
»2024/09/03 TransposeDF A k7 —ADEE
»BEOBRASE

e

© V7R MAMIE 2024/8/28 13:00:00 (ST) 75 2024/9/24 0:00:00 (ST) T
* 2024/9/23 0:00:00 (ST) Liks, IEMIEARIES W& T,

- BAORETH. BRICOWTEREPEERSNE T,

» AVFAMETHSBEEARTIH, RERIATICREKRESNE A

» AVFAMHBERNS D 3 MOKBMECHBTEET,

SNS - A= Discord FQOFAICDOVT
AV F R MEERIC. SNSBETIY TR M ORS-IDLY
fefe L. EBRBRICEIL TR - 37 - % /L ATRETT.
Ny Y2870 LUNCore % TR EE W,

TMN-Core #3% Discord) MIICT, MN-Core Challenge D#&15 € DEMPCERINISH EE WL LETS, -

RUTWERWTHOREAR, V-2 — FPH#ERBET 2R EOERENBRY /LR IEHBEE W,

D, FozBmMEEL,

Klrefe rred
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SROBEEDTFE

PFNEFOCUSHRIZL, 518 MN-Core 2/ EALI-EE S HRITHELTLKFETY

e ZE_[a MNACCAFi#m
o 2025/1/31(F 7€)

e 5 =[a] Deeplearning on MN-Core({ix&&)
o 2025/3RA®(FiE)

MN-Core CCAREEZEE LN CALT TV 7r—2aV BB ZRIY =L EWSEELNHN I EKEEIC PENIZE
TOERWEFFET EENTT !

59 2 RNSWERS



=EO

MN-Core ) —XD7—FTIF v &, ARREBIZDWVTIT®RBELELT =,
FOCUSHRIZTIN XY EHRICTERW=ETAZEEREINLLENET,
FTOBLZFEWMEIL TV ETAIEEFE > TOAERA !

A

AFEFRTTHIT LT= MN-Core 2 [ZNEDO ([E SZAFFEBHFE A AT =1 /L % — « PEEH AT A B 7% O L7t ( JPNP16007) O
FEREONTLOTT. i, RRERIL, SCHRHFE [RGB AR DAL ) FEOREZ T 2D T,
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Making the real world computable



