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2 KBMACAR R EFRERESHKE

2 KR C RN R IR B EPRERKE
» NEIGPUM Mt REHER K
» BMER— K, ZRWERHtEIED, SHMESEIEAERK
» E—HHRBET—REBEEARHBEBITRERS, HEHBrRE.
> KGPU]” RETAZRMF & MH K ERE G T Akernel fEBARH = M E#%DALU R ST F F R A #8id 40%,
EFBRMFF L KHAE B R pE sk Akernel £ CHRA ™= G L 7 A R R8T 50%.
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7 GRiZiaRy
» Grid-Block-Thread

» Memory Hierarchy

2 ZEHIRTEE
2 MR
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MXMACAIEF4514

I

MXMACAZRIZTELR

Memory Objects

|

}C[ld] =alid] " blid];

Command Queues

In Order

Queue

Programs Kernels
dp_mul
ki | void !
Hpirr?}eugéli:)bal c%nst ﬂ%at *a, pr%ga"gfng—r;"“'
st float *b,
Slobalfioat*c) arg[0] value
{ dp_mul
intid = get_global_id(0); GPU program binary arg[l] value

arg[2] value

GPU

Compile Code
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Create Data & Arguments
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Send to Execution
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2 — NHAIFIMXMACATEF MXMACA C/C++i2f MXMACA C/C+ +RiEF&
SCHURFZN EE N EAYRT
> HIEMCPUR 7732 DL Z

CPU Platform

|/O between CPU and GPU \\

Y

Serial Code

GPUW@ Parallel Code
» B FZ R FTGPUREHY
HARFITAIE
> G #EMGPUR 152 Ser e
CPURAE

Parallel Code

I/O between CPU and GPU

Serial Code » CPU Platform

Y
0
o
=
-
=,
o
=
3
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Grid-Block-Thread
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(CUDAIMXMACAZRR | | MA@ #R - (7

Grid
éﬂ%i“zﬂ% Block T1{EH
%1z Thread T{EIn

ZFER  Warp/Wave IER

CUDA thread CUDA core
CUDA streaming
CUDA thread block Multiprocessor(SM)

b m

CUDA-capable GPU

CUDA kernel grid

RR\E| - s a
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Block2B B Ry = #E 2544, X &2 kernel -
Workgroup HERRZIITH LIEMES |
Work-Iltem EZHELRRTT -
Wave SRS HITRIR/NEIT

— 2 |

. GPU work-group GPU work-item J =]
GPU device (1-++N blocks) (1 thread)

(1-+M grids) — J J



EHAERNITERAM: Warp/Wave
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2 Warp represent the smallest unit of work that can be

scheduled

» All threads in a warp execute in lockstep

2 SPMD (Single Program Multiple Data) :

» All warps within a Grid execute the same instruction

stream.

2 SIMT (Single Instruction Multiple Thread):
» Instructions are issued by the hardware at the warp level.

» Multiple warps can occupy the same hardware for better

utilization
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Current

instruction |

nstruction 1
nstruction 2
nstruction 3
»|nstruction 4
Instruction 5

Instruction n V

64 Threads




X Impact of Warp/Wave Size
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2 Warp/Wave Shuffle BB E [E32M6489 X 3
» MACA: 64 threads

» CUDA: 32 threads
<unsigned int blockSize>

2 float __shfl down_sync(int mask, float sum, int __device _ forceinline _ float warpReduceSum(float sum){
(blockSize >= 64) sum +=
width=warpSize) __shfl_down_sync(exffFFFFFFFFFEFfff,sum,32);
(blockSize >= 32) sum +=
2 B EHEFEA_ reduce_add_sync(mask, sum) Fmaca el Gl iititiiiiiniizd eI

(blockSize >= 16) sum +=
__shfl_down_sync(exffffffffffffffff,sum,8);

builtin function

(blockSize >= 8) sum +=
__shfl_down_sync(exffffffffffffffff,sum,4);
(blockSize >= 4) sum +=
__shfl_down_sync(exffffffffffffffff,sum,2);
(blockSize >= 2) sum +=
__shfl_down_sync(exffffffffffffffff,sum,1);
sum;

< blockSize>

_ warpReduceSum( sum) {
if(blockSize 32)sum += ___shfl_down_sync(@xffffffff,sum,16)
if(blockSize 16)sum += __shfl_down_sync(exffffffff,sum,8);
if(blockSize 8)sum += __shfl_down_sync(@xffffffff,sum,4);

if(blockSize 4)sum += __shfl_down_sync(@xffffffff,sum,2);
if(blockSize 2)sum += __shfl_down_sync(@xffffffff,sum,1);
return sum;

MACA
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%
0

MetaX CRFIFEGPUM REIER B T HER

BENSER S8, .s16, .s32, .s64
BENFEES .u8, .ulb, .u32, .ué4s
A=) 16, .f16x2, .bf16, .bf16x2 .f32, .f64

Eb4sF (KA b8, .bl6, .b32, .b64, .b128, .b256
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2 MXMACA C++ extensionB{EF5E X

> A EXRE.
tech.com/api/client/document/preview/1175/split_files

[c_YE8Y%AFYADYE8%A8%80%E6%89%A9%ES%

https://developer.metax-

B1%95.html#n6vriba27bh81

tech.com/api/client/document/preview/1175/split_files
[c_Y%E8%AFY%ADY%E8%A8%80%E6%89%A9%ES5%

https://developer.metax-

B1%95.html#n8bnvtwqg7pwyl
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https://developer.metax-tech.com/api/client/document/preview/1175/split_files/c_%E8%AF%AD%E8%A8%80%E6%89%A9%E5%B1%95.html#n6vrjba27bh81
https://developer.metax-tech.com/api/client/document/preview/1175/split_files/c_%E8%AF%AD%E8%A8%80%E6%89%A9%E5%B1%95.html#n8bnvtwg7pwy1
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GPUFRE T RGERM

2INVHARE=E181Z (Memory) , EE GPUREF RS E2 4 (Memory Subsystem)

=ZRicizZiRE! GPUTRtE T RS R

RRAAT

I

TRCIZX

|

SHAICIZX

SRAM

. BE/N

- EER

- [ERSFEETE
R ESRAM

DRAM

. BB

- HEIE

- ZHDRAMIZ
F49rDRAM
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(AP) Block x,y = 0,0
Register Register

(AP) Block x,y = m,n
Register Register

MXMACA APP

Thread(0,0) Thread(l,k) Thread(0,0) Thread(l,k)

Private Private
Memory Memory

Private Private
Memory Memory

MXMACA Runtime API

Work-group Shared
Resources

Work-group Shared
Resources

SMEM L1 Cache SMEM L1 Cache

A J \ 4

L2 Cache (SRAM)

< Global Memory / Constant Memory (HBM)

System Memory

(Host) MXMACA APP (Device) Kernel Grid
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7 FigtEE

2 BT
> (RREERITSEL
> EHSH
> SR

» ST TaXIEh

7 MEetiAL
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APZRINSH M=TA

=
PEUO PEU1 PEU2 PEU3 THOlRETEIE Rk EARGPU

#SM/AP (1) 108 104
ERERTET I BT T | FREHITEIT/AP N/A 1
(MMA) (MMA)
[ EHITEITT/AP 64 64

mEHhTHT | mEhiaex | rEhaax | mEhTa Jm o —
REFERE | nE2FesE || nEsesit (| nRSEsit FP32[a=/AP 128 Al @I MR RS
MTREG MTREG =P

( ) ( ) (MTREG) (MTREG) EP324E /AP N/A JgES &t

SR N TS| | FP16(BFLE)FEME/AP 2048
L1 Cache
(ISU) W BT (STE) INT8%E[%E/AP 4096

INT4ZE[%E/AP 8192 N/A
GVM (BSM) (LDU) = X
SV BB AP
256KB 512KB

TRANIEES(AP)
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X_RMEFRG (BB
| |[REIRoPU (MERRTR

E1F 80GB 64GB ; MTREG STREG
1 (Multi-Thread Registerfile) (Single-Thread Registerfile)
L2 40MB 8MB ! 2048*64*4B 800*4B
ﬁ%%ﬁ ! 128 Blcycle 64 Blcycle
/AP :
— ZoiElNlE 202 gl Shared Memory (Vec\t{JII’_I:Ie\(/:eIa-::ggche) Level-1 Constant Cache
HERNE 0-164KB 64KB | s
' 32KB
L1D 16~192KB 32KB* >
4096 B/cycle, full duplex
L1C 8KB (vector) 8KB (Scalar)
Level-2 Cache
fr=37F Unknow 800 * 4B "
ZZHE/AP  (uniform)
< PCle/MetaXLink/DMA 1843 GB/s, half duplex
. HAMRE RIS R TR L1DAstreaming Global Memory
cache 64GB
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—REFRG BiLHR)

ERER B=ER
GPU P !

N , MTREG STREG
i%gD)RAM_LZ 1950 1843 1 (Multi-Thread Registerfile) (Single-Thread Registerfile)
S 1
! 2048*64*4B 800*4B
L2-L1 (Byte/cycle) 5120 4096 !
, 128 Bicycle 64 Bicycle
L1-MTREG 128 64* ;
(Byte/cycle) ; Shared Memory (Vec\tﬁlr‘se\iﬁfggche) Level-1 Constant Cache
Shared-MTREG 128 128 64K a0k
(Byte/cycle)
Host-HBM (% r':TJ 32 64 4096 B/cycle, full duplex
GBI/s) Level-2 Cache
8MB
< PCle/MetaXLink/DMA | 1843 GB/s, half duplex
. HAMEEIREE S S5 S L1D Astreaming Global Memory
cache 64GB
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—REGFRG (L) ——

?BEEE~8M L2 hit/missBE/NMFEEERGPU A_40/A_80/B_PCIE

2B =REF M L1is streaming cache. No L1 Cache hit. Memory coalescing @ L1.

700
—+— GPUA 40
600 - —— GPUA 80
—+— GPU B_PCIE -

500 - —— BAX~Mm

latency, cycles

= N w ~
o o o o
o o o o

1 1 [ 1

(@)

\&

A
»\6 'L‘?) ,Lc)b

A2 \" % \")
& @1\ ,LQ&‘\ Q&‘\ ,L%wl\
chain data volume, kB
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2 URigigR X JJ "
2 BEMIRILEL ) JJ it
2 Rt EHJ \ = L
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MEREEMERTTE

2 M FEFHEE Tprofile, TME, BHKL

2 EEEITEM AR, XBEFRFZESERIL10 GPU kernels, #E{fFAmdahl £
» R EEFE SR E
> 1% E < H M BEAR N
> I e =R RE R TT
» XtEb o A hE {1 BE
» T2 A0 gE i A 451
» MUHITEE
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MEREEMERTTE

2 WM sE R 1R BT AT R B RIIEIR
2 Max

» Kernel Launch, Complete Signal, Cache Flush
» PCle, read + write, latency

» RM(wave/thread launching speed)

» HBM read + write

» Vector/Scaler ALU throughput

» GlobalMem Load throughput Latency

» SharedMem throughput and latency

»ETFIRPIEE (BhH/AE) MEFRISY, &
— NEEEEEBER

| iREEIERZE R} | MetaX Confidential | All Rights Reserved | THBEE. —5

Find Limiter

m=1a>Ce

N\

Latency
Memory bound Compute bound bound
Compare to peak Compare to peak configuration
GBI/s inst/s optimization
Memory Instruction
optimization optimization

20
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2 Occupancy
» Case 1: Active Block
» Case 2: Active Warp

» Case 3: Private Memory Spill

2 Coalescing

» Case 4: Global Memory Access Coalescing

» Case 5: Partial Write

2 Bank Conflict
» Case 6: Shared Memory Bank Conflict

2 Latency Hiding
» Case 7: Latency Hiding
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XOccupancy

m=T8><E

AiRRE MetaX CZ 5 F3 iR BRI X i i R R

FhwarpiIZ&iz

BPMAPHIwarp

B APRIblock#

BMAPHEZNEFRE

FblockAN T2 H
BIMAPHRIZE S FRA=
BN &ENEEFFHRY
BPMAPARES FREE

| iRBEIERE R | MetaX Confidential | All Rights Reserved |

64
& %32 warp (20481~%:%%)
B %532/ block
64KB
F 1 blocki %1024/ %12

2048464 X 32-bit[a|EF 75

B %5 256/N32-bitZ 1735

B %8001 32-bitFH 1725

XHER: —RK

PR& &R RHIFHITLRIZH
PR F1Tblockay ¥ &
BiZZEsBlocki =
S IR ER TR A
HiZEsNActive Warpgi#i =
HiZE=NActive Warpgi#i =
HiEglnActive Warppy# £

22



X Case 1: Active Block

m=1a>Ce

> Rig— PN AENAPEIGPUREE T HY384x384x 128K GEMM #HR{EFTRENRI BRI THATIH X -

2 XHRgrid size = INBIBHITHEAN, B MHTHEETAEHIER 2 RHRgrid size = 18MHEHITHREAN, EMHERETAELIER

128*128*128 128*64*128,
2 APFIRE LBRAT5% 2 APFIFIZE _LBR790%
g § § 2 2 § 2 §
B 15 0 4 8 B 1&: ol 4| 8l|l2] 1
1 5 2 1l s || 9|l 23] 17
O|1] 2 = ol1f2]3]|4]|s5 | S| — L
2 6 = 2 || 6 ||10]| 24 _
A 314 |5 |3 o = A 6|7|8]|9|w0]12]|3 [ 2ol
3 7 : 3 ([ 7 |[12(] 15 E
6 4 8 : 12|13|14|15(16|17
128 384 | > 78 “ " >
384
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XOccupancy
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2 GPURYOccupancyfERI—MNAPHIStatic Active WarpBI B 51ZzAPER KX Fwarp#
EZEtb. B

2 Occupancy = P AP_LStatic Active WarpB 2 | APRKIFHFHWarpH =

2 Active Warpis I BAP LRI #AEHITIIWarp. Active WarpBEBEIERE T &R
EREIHR

2 fmiERMER -resource-usage, BEHE—PMERENSTHFESERAE, NMitEZKRStatic
active warp ¥ =

| iKBE N ERE R} | MetaX Confidential | All Rights Reserved | SO . 4 24



XCase 2: Active Warp
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2 A3{1128x128x 161 gELL 64X 128X 16 B E ?

2 Active Warp per SMAJ#Z

-std=c++17 -02 -g TN l-Lineinfo -gencode arch=compute_ 80,cd
~725sgemm_128x128x16_16x16_f41iiPTS_S_

nvcc
maca 1info Function properties for
0 bytes stack frame
maca 1info Used 152 MTregisters, 20 STregisters, 8192 bytes shared mem
maca 1info staticMaxWarps/PEU : 3
-std=c++17 -02 -g --resource-usage -lineinfo -gencode arch=compute_88,code=sm_80 -c sge
info : © bytes gmem
info : Compiling entry function '_Z25sgemm_128x128x16_16x16_f4iiiPfS_S_ ' for 'sm_80'
info : Function properties for _725sgemm_128x128x16_16x16_f4iiiPfS_S_
bytes stack frame, © bytes spill stores, @ bytes spill loads
info : Used 128 registers, 8192 bytes smem, 392 bytes cmem[8]

» Occupancy

GFLOPS

GFLOPS vs Matrix Size

18000 A
16000 A
14000 -
12000 A
10000 A .
—— sgemm_3_loop_interchange_64x128x16_8x16_f4
—— sgemm_3_loop_interchange_128x128x16_16x16_f4

8000 - —— sgemm_x_cublas

1000 1500 2000 2500 3000 3500 4000

Matrix Size

B O

Occupancy is the ratio of the number of active warps per multiprocessor to the maximum number of possible active warps. Another way to view occupancy is the percentage of the hardware's ability to
process warps that is actively in use. Higher occupancy does not always result in higher performance, however, low occupancy always reduces the ability to hide latencies, resulting in overall
performance degradation. Large discrepancies between the theoretical and the achieved occupancy during execution typically indicates highly imbalanced workloads.

Theoretical Occupancy [%)] 12.50

Block Limit Registers [block]

Theoretical Active Warps per SM [warp] 8 Block Limit Shared Mem [block]

12.49
7.99

Achieved Occupancy [%]
Achieved Active Warps Per SM [warp]

| SRBE IR EHR} | MetaX Confidential | All Rights Reserved | SO . 4

Block Limit Warps [block]
Block Limit SM [block]
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XCase 3: Private Memory

2 &Eprivate memory{EFAEI S E

» RI4RIFIZIT “--resource-usage”

» &F “bytes stack frame size”

# A% private memory B3R %

» Function Call: Caller & Callee {®7FiE R INiA,
EBEAESH

) ﬁ%lu\EﬁlﬁIlE—lj & Bj]lu\EFllﬁ.I.lE—l.l
» HiEasm
» L= {F A Volatile
» XRRKEA—LER R
2 Private memoryf4 gz

» 1 private memory: 20% perf Loss

| iABEEAERE R | MetaX Confidential | All Rights Reserved |

JOREA L

SR

%

Private
Memory

Private
Memory

m=TA><
LDG(BSM=1)
LDG(BSM=1) ,\72;2?3/
LDS
LDP .
Register
STP
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XCase 3: Private Memory

2 Function Call
> EHERERInline/_ forceinline_
> [EEAR%RA BRI
» EAinlinemELESITE, FIRE: HIFHFIEM, FEFEFaH

2 BSHIEEISHIEKREE

> HH, EMEREBRIAMEprivate memory, (RIFSRSHEITHL , MURINE

= TEEASBRBAHTFRB(IERMIRIET KRN
= HtRIFFFIERARN K TR IR
> FARENAIAL SRR

> HETE/memiyEAFR

= ROTERIER AR

= RO BRI E /AR RR

2 reg spill
> BFFEATELS

SHEET R, PRRNHERNEER

launch boundiZ & ~ &3 (512blocksizeR[fE 156 mtreg, 1024blocksize {128 mtreg)

) o
» RIARFXEBTZ
» inlinesEET X

| iREEIERZE R} | MetaX Confidential | All Rights Reserved | THBEE. —5
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¥Case 3: Private Memory -- BI85 |

pill

BRI B

runtime address

__global__ void test(int* res, int n, int t){

int a[1ee@];
int id;
if(n>t){

id = 1;
}else {

id = 2;

}
a[id]

20;

res[n]= a[1];

__global__ void test(int* res, int n, int t){

int2 a[1ee];

for(int i = @; i<100; i++){
afi].x = 1i;
a[i].y = o;

}

imE falg
if(n>t){

id = 1;
telse {

id = 2;
}

res[n] = a[id].x;

|

| iRBEIERE R | MetaX Confidential | All Rights Reserved |

int a[1ee@];

//int id;
if(n>t){
//id = 1;
a[1] = 20;
}else {
//id = 2;
a[2] = 20;
}
//a[id] =20;

res[n]= a[1];

AU Fih

GiEA e

__global_ _ void test(int* res, int n, int t){

k:private memory

__global__ void test(int* res, int n, int t){

¥

int2 a[1ee];

for(int 1 = @; i<1e@; i++){

alil.x = i;

a[il.y = e;
}
//int id;
int templ, temp2;
if(n>t){

//id = 1;

templ = a[1].x;
telse {

//id = 2;

temp2 = af[2].x;
¥

//res[n] = a[id].x;

res[n] = n>t? templ :

temp2;

MHER: ZRK

BRI RE S AN 22 P e private memory

m=1a>Ce
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X Case 4: Global Memory Access Coalescing p——

2 Stride Accesses to Coalesced Access
? hFERERBcache-lineKEHITHE, HERHEMNZRFRNERBER/NENSERT TR

2 AoS (Array of Structures) 5SoA (Structure of Arrays)

typedef struct { typedef struct {
floatx, y, z; float* x, *y, *z;

} Point3D; } Point3D; | | |

__global__ void example(Point3D*idata, float* odata) » {_global_ void example(Point3D idata, float* odata)

{ int xid = (blockldx.x*blockDim.x + threadldx.x)*stride; int xid = (blockldx.x*blockDim.x + threadldx.x)*stride;
odata[xid] = idata[xid].x; } odata[xid] = idata.x[xid];

}

warp thread warp thread

HEEEEEEE

TEZ B FFhSLBRiA ) A9 B SN A 1/3 Coalesced Access

| SRBE IR EHR} | MetaX Confidential | All Rights Reserved | SO . 4



¥Case 5: Partial WritepF{EHBME & .

m=1a>Ce

> %

\ A

MetaX CRIIFE~mFF/BHBM ECCJ5, kernelEglobaldi®& private PEVEIERT, AR BXI55E]64B, &
X B64BEH, LSS TEMATE4FAIHCAIE)RE .

P
» FEFsmMiXHFIECCE, R T EEEHA
2 BRFFE

» AFIHEIEH, AFEHEEHE, FBlZEIShared MemoryBFEHLE

> ERR
» HBM Channel = &% [X + FE[X., {RigE~mA32 Channel, FHT2MFHFLEMNHO
» Partial Write: Bl4§ EFERIRETERZEETEHO, ER—BENERNIRE—NATULSE
» ECCEZEHBM controllerffiRead-Modify-Write, ItETA TSR ITH R Fi2(E, PAERLLIGENEK

| iREEIERZE R} | MetaX Confidential | All Rights Reserved | THBEE. —5
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XCase 6: Shared Memory Bank Conflict

m=1a>Ce

72 BEEMGPU=mAIShared MemoryE 324 Bank, F1bank 4Byte®, SH#HALRE N bankaLiE+5E—R,
2 Shared Memory& - B3hEH 2 gEBRSS— T Warp,
2 MNBIMB—1MRE M threadilEia Byte$hiE, BFrEIER&Ebank conflict, BBLARIEE1L (2) M EALAFAA LUSEREIE K,

2 W82 (4) 1threadFBiAiRI—1bankfbank conflict, MEE 2 (4) MFEhERA, Elshared  SEIE{ERF

No Bank Conflicts 2-way Bank Conflict

T T T2 T3 T4 TS5 T6 T7 T8 T9 TI0 T30 T31 0 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T30 T-31
Byte-address: 0 4 8 12 16§ 20] 244 28] 32 38] 4 44 12p 124 128
y Y Byte-address: 0 8 12 16 20 2 28 32 38 4 44 12 12 128
0 1 2 3 4 5 6 7 8 9 | 10 30 | 31
32 | 33 0 1 2 3 4 5 6 7 8 9 10 30 | 31
32 |"33
A~ —
Bank-0 Bank-1 Bank-31 W eee W_}
Bank-0 Bank-1 Bank-31

| iREEIERZE R} | MetaX Confidential | All Rights Reserved | THBEE. —5



XCase 6: Shared Memory Bank Conflict

=T

bank0 bank1 bank2 bank31 bank0
bank0 bankl bank2 bank31
t0 0 1 2 3 30 a1 /
t0 0 1 2 3 30 31
" t1 bagkl 32 63 /
== [r=1
2| = - o Lo e
f— i 64 1
IR . % shared Memory
g) o 96 /
(@) %
/
163 2016 /
163 2016 2047
; TP SREZBITIEE]. BN E K thTebank hZE
ﬁ/ﬂgﬁlﬁﬁlﬁlﬁl, BREL 321K MREFiHITIANG, BRXEZYHEL P
bank:H3 . o0
. , Swizzle: BIMEEEHRSI, iLE— wave AAREZFZHB)A shared memory it 5376 E A ERY bank £
t t2 t 162
bankO bankl bank2 bank31 t0 t2 t4 t61
o o 108 15 108 bank0 bankl bank2 bank31 bank0 bankl bank2 bank31
c 0 1 2 3 30 31 © 1 2 3 30 31
9 1 65
:é @ - - 33 32 35 34 63 62
£ ,
5 66 67 64 65 %2 93
8 64
(O]
o t1 t3 t5 t63 % 99
o 32 % 160 2016
©
(a)
2016 2047 Ay ‘ 2016
63 2047 S
R ESHITIE, BXESH T TbankHsR index=rowxn+(colé®(row mod n))
%ﬁ?&%ﬁﬂﬁﬁﬁﬁbankﬁlﬁa&
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XCase 7: Latency Hiding
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XCase 7: Latency Hiding

m=1a>Ce

2 FArrival Rate(8fDeparture Rate)B _L#BAR _max,

2 % ELatency,MRx = If_max —
- ' Z X Te

HEHNE, FEhide latencyRifE
E, APERHTE R THME REHA

confilict and delay

HEAHES, SMEOHTERE T ARUE
MEBRNES, FEFH{Tstall

|

| SRBE IR EHR} | MetaX Confidential | All Rights Reserved | SO . 4

34



| iRBEIERE R | MetaX Confidential | All Rights Reserved |

m=1A>{a

MHER: —RK

35



DISCLAIMER & ATTRIBUTION

M=T>C

This presentation may contain privileged and confidential information and is intended only for MetaX Integrated Circuits
(Shanghai) Co., Ltd. and/or its affiliates (hereinafter collectively referred to as “MetaX”). The information presented in this

presentation should be kept strictly confidential and should not be allowed to make available to others without written consent
from MetaX.

The information presented in this presentation is for informational purposes only and may contain technical inaccuracies,
omissions and typographical errors. MetaX makes no representation or warranty of any kind, express or implied, regarding
the reliability, availability or completeness of any information on the Slides.

MetaX is the owner of the presentation and all portions thereof. Except as expressly provided, you are prohibited from
copying, modifying, distributing, displaying or transmitting any of the contents of the Slides for any purposes.

MetaX, iAB&, the MetaX logo and combinations thereof are trademarks of MetaX. Other product and company names used in
this presentation are for identification purposes only and may be trademarks or trade names of their respective owners.

http://www.metax-tech.com/
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