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LRI

ATRFEESR | REHEES|ZEE CPU R FILRAERSEEME F I Kernel, LR
P REENELIEIRETT | AFHHE< RO RIEERE , 1871 Kernel RYFITIERE.

. > JIAG o ~ ARM P > \bl[age

) scan | | processor | regulator [* |
System controller | S
| N 5 L EBL J— MAIN_TRANSPOSE_E12
‘_> L << £ lv{sram . st1 {v20.8h, v21.8h, v22.8h, v23.8h}, [x0], #64
Koo e st1 {v24.8h, v25.8h, v26.8h, v27.8h}, [x0], #64
Brmmon Dt bridge ; . [ stl {v28.8h, v29.8h, v30.8h, v31.8h}, [x0], #64
Prog. Int. Timer | |« > L—
: i . ] 181y 59 74
AR E‘-’ham&mm brogame <> sub x5, x5, #8
<ﬁ<_.,__, cmp x5, #8
- - bge Body_LooplL8
1P| (O Ethernet MAC < >|€ > CAN gl hand
<« [ Usarroa « >« > USBdevice  [#b [€+> cbz x5, Body_LoopLEnd
« 72" SPI : >|e > PWM Cul "2‘ > . Body_LoopLExtra:
| | Twowirelnerface |« >le »  Synchro Serial Cirl 4| |4+ MAIN_TRANSPOSE_E12
| | ADCO-7 < >le > TimerCounter0-2 || [€> cmp x5, #7 // if x5 <7

blt Body_LoopLEx6 // jump to Body_LoopLEx6
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LRI

ATRFEESR | REHEES|ZEE CPU R FILRAERSEEME F I Kernel, LR
P REENELIEIRETT | AFHHE< RO RIEERE , 1871 Kernel RYFITIERE.

. > JIAG o ~ ARM P > \bl[age

) scan | | processor | regulator [* |
System controller —_
e 5 [ EBL J¢—»
n= =
Pl <<C g lsran .macro MAIN_TRANSPOSE_E12 mov x9, #2
s (=]
I E RC Osc , ; mul x7, x11, x7
e "ﬁ:ﬁ‘;:“‘ g 1d1 {ve.8h}, [x1], x6 mul x8, x9, x8
Power O Reset < (| Flash ld1 {vi.8h}, [x1], add x0, x0, x7
e T e e 2y 50 I
< RealTimeTlfnsr Peripheral Flash - 0 U mov X2, #0
ERTORINTRLL m4_’|dalaal)mmllm' Programmer > 1d1 {V4.8h}, [Xl] ’
PID Cul. =W ldr w2, [X3, #0] // e
- N 1d1 {v5.8h}, [x1],
oge 1d1 {v6.8h}, [x1], Bod
— = 1d1 {v7.8h}, [x1l, ody:
| | EhemaMaC e >|e > CAN e |«
: 1d1 {v8.8h}, [x1], cmp w2, #12 // eP
> [ USART0-1 « >l > USB device > e+ 1d1 {v9.8h}, [x1], x6 blt E8
< 72" SPI “ > > PWM Cul "2‘ > 1d1 {v10.8h}, [x1], x6 cmp x5, #8
| [¢» TwoWirelnerface [« >« »|  Synchro Serial Cirl |4 |€¢+> 1d1 {V11.8h}, [Xl], X6 blt Body_LoopLExtra
> | ADCO-7 < »le > Timer/Counter 02 |[€b| |¢1» Body_LooplL8:

— — TRANSPOSE_8x8 v20, v12, v23, v13 mov x2, x1
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BFEEHRITE

BT ( Loop Unrolling )
B IR (loop tiling )
1EIAEEHE (loop Reorder )
1EIAEEE (loop Fusion )
&¥4R/45 (loop Split )

A=, ( Vector)

sKk&=1t, ( Tensor )

I3FZEIR ( Latency Hiding )
ZF(E5SEC ( Memory Allocation )
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1EIMIUY ( Loop Optimization )

55U ( Instructions Optimization )

ZFHEUY ( Memory Optimization )
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TR EFF Loop Unrolling

MR TR | LMESRENZRERIIERE | (F£5— Tt ERY K g% LR A ggmR
wWitE., EkEd , SENEQINFLZHASEMSBINPUFSTE: | RINAKENER., &
INEF AfmIEER R TIE O EE R R T ERNZE,
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TEIEFH Loop Unrolling

for j = 1,2 % n
for i = 1,m
A(j) = A(j) + B(i)
endfor
endfor

# After Unrolling

for j = 1,2 % n by 2
for i = 1,m
A(j) = A(j) + B(i)
A(j+1) = A(j+1) + B(i)
endfor
endfor

Huawei Confidential. Ascend & MindSpore
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B IR Loop tiling

RTAFEZEER |, AEEIRISIREEI K , TE—XIERAEENEIREINERIREANTF
TR HREEERMUEENPU cache ERNIHFREER , MESIRFBERML.
R ORI ABTINEMEIA | SIRIMTENTEFAEFEEME | RN SERFR—EER |, 7L

REMKERIRE,

11 Huawei Confidential. Ascend & MindSpore
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B IR Loop tiling

Loop Tiling BIBRIZEHER— Cache FEM I LAS | [EEEFRIRHEE{BSATE cache A,

SEIRERER : Y— \HRHIEUEE T EIE cache BT , IBREUES—M tile EifiE , ©F
/™ tile EBAJLA#E Cache

B . ‘E—ERNEEIART L outer loop * inner loop, A outer loop #BEIEINEE , M
MR inner loop —EBERE Cache

12 Huawei Confidential. Ascend & MindSpore
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Ali, ) access pattern
after blocking

B(i, j) access pattern
after blocking
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B IR Loop tiling

v for j =0, n
v for i =
A(i) += B(j)
endfor
endfor

for j_i = j_o, j_o + T:
A[i] += BI[j_il
endfor
endfor
endfor

14 Huawei Confidential. Ascend & MindSpore
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TEIREHE Loop Reorder

RIMNEEIRERE , HETRFEERE | ARAREEMASINEFRNEYE. MNERH TEFHET
, RKIZER DS S FHRLAIERI S AFEFHISIEFERIUNIST.
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TEIREHE Loop Reorder

for 1 =1, n
for j =1, m
A(i,j) = B(i, j) * C(i, j)
endfor
endfor

# After Reorder

for j=1, m
for 1 =1, n
A(i, j) = B(i, j) * C(i, j)
endfor
endfor

16 Huawei Confidential. Ascend & MindSpore
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& RS Loop Fusion

B S HEESHR E R ERREIR ST , A R ERFF RIS B E B S
m/KE , EURGSHMINYEFREREEIN.
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&R EE Loop Fusion

for i = 0, n
A(i) = a(i) + b(i);
c(i) = 2 % a(i);
endfor
for i=1, n -1
D(i) = c(i) + a(i);
endfor

# After fusion

A(0) = a(0) + b(0);
c(0) = 2 x a(0);
A(n - 1) =a(n -1) + b(n - 1);
c(n - 1) =2 % a(n - 1);
for i=1, n -1

A(i) = a(i) + b(i)

c(i) = 2 x a(1i)

= c(i) + a(i)

endfor

18 Huawei Confidential. Ascend & MindSpore
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&R Loop Split

D EBERRFEADT RS MER , AILMEBRANEASER | o ATFHEAISFEEEA
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&R Loop Split

for i =0, n
A(i) = a(i) + b(i)
c(i) = 2 % a(i)
if(temp[i] > data)
d(i) = a(i)
endfor

# After Split

for i =0, n
A(i) = a(i) + b(i)
c(i) = 2 % a(i)
endfor
for 1 =0, n
if(temp[i] > data)
d(i) = a(i)
endfor
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EEM

MNN AUFHEIRE R O] AT PR ERE LR | A HEEFAVHRITIRD /9 onResize F1 onExecute
N ERD , EFUEIRSIESIT onResize , FEHEIRIITEHH1T onExecute , 28 GPU By AP
ZitARE , ATUAARERREWE AR R,
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EEM
S35 {EN AZF5[E1E

ommon | I
| meews |

Backend

RRAREHS <48 %P: CommandBuffer
#HX A IR: Const Buffer,
Descriptor, Sampler, Image &

Backend
onExecuteBegin * Bl SESP RESSED
P enmmxmE | | iGkemeipm | | meowmens® | | &m |
-, -
\onExecute | = 3 #iTKernel BRSEP
onExecute . E ) H{TKernel RESSES
: Vulkan B85 LB PI H A
- : WREE (1-2 ms)

www.hiascend.com
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HEMES

XJF OpenCL , ATLUR> Kernel Z24UR7E |, HiTE R IR EFUHEETES ;
XJTF Vulkan , AJH—ZE SR PHICIE S ERERRIFUEERS |, &/IVURETR |
XJTF Metal , AlH—ZRE(Ra SRR ;
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