PCT/EP2022/065666

WO 2022/263280

1/18

VI 9I4

)
0l

¥0SSIO0Nd
YHOMLIN
Wb wgnan <™
Ll/\l' SOl Ll
y
(Ndd) JHOVO
] 40SS3I0Nd | V001 -~
(nd2) JHOVO
L] 40SST0Nd | V001 -~
0l vl |11y

JHOYO
M

JUYMINYI
40$$3008d

el

(SINOILONYLSNI
NYYO0Yd
319vav3ay
H3LNdNOD

0zl

N3LSAS
ONILYH3dO

8ll

(SINVYD0Nd
NOILYOITddY

9l

AHON3N
901

13 |

S30V443INI
ol

oLl

201 WALSAS H3LNdWOD

8€1

—

(SINOLLONYLSNI
NYEO0d
J1avavay ¥3LNdN0D

SAVEO0Hd [
19

(MSI@) 301A3a
JOVHOLS V1va

yel

JOV443INI
NJOMLIN

zel

(3AHa 3dvL “93)
30IA30 TYNY3LX3

o€l

80l |e

(TYNINY3L ¥3sn “93)
J0IA3A TYNY3LX3

o€l




WO 2022/263280 PCT/EP2022/065666

2/18
PROCESSOR
INSTRUCTION FETCH |~150 1zz
* NEURAL NETWORK
INSTRUCTION DECODE | 45, PROCESSING ASSSIST
OPERAND FETCH
+ 154 1zo
— = INSTRUCTION EXECUTE
TENSOR
156
Y
MEMORY ACCESS ~ |«a—— 160
% 158 S
- REGISTER(S)
WRITE BACK -

FIG. 1B



PCT/EP2022/065666

WO 2022/263280

3/18

51
E2' 32

Y

1

Mgyl
[
E

.y

FIG. 2A



WO 2022/263280 PCT/EP2022/065666

4/18

e2_limit = ceil(E2/32)* 32 |~ 252

el_limit = ceil(E1/64)* 64 |~ 254
edx=0 |~256

edx=0 |-262

266
264 §

N
@ O of ex=eax+1

YES
e2x=0 268

272
§ 270

e3x = e3x +1 NO w

YES
elx=0 p-274

FIG. 2B



WO 2022/263280

PCT/EP2022/065666

5/18

276

NO
@ e2x = e2x +1

YES

arr_pos = (E3 * e2_limit * e1_limit * e4x) + (e2_limit * e3x * 64)
+(e2x * 64) + (L& | * 62_limit * E3 * 64) + (e1x mod 64)

~ 282

NO

288
§ Y

284
YES

e2x>=E2
/

NO

286
elx >=E1

YES

A J

VALUE = E1PAD ~290

Y

VALUE = Input_Array[e4x][e3x][e2x][e1X]

292
§

VALUE = E2PAD

296
¢

elx=elx+1

L

y

OUTPUT TENSOR [arr_pos] = VALUE |~ 294

-t

FIG. 2C



WO 2022/263280

6/18

PCT/EP2022/065666

300

NEURAL NETWORK

PROCESSING ASSIST

OPCODE Frrrrring
(
302
FIG. 3A
GENERAL REGISTER 0
RESPONSE CODE | //// | EXCEPTION FLAGS 1] FUNCTION CODE
. ( <
310 312 314

FIG. 3B




WO 2022/263280

PCT/EP2022/065666

7/18
314
CODE | CODE | FUNCTION PARAMETER
(DEC) | (HEX) BLOCK SIZE
(BYTES)

0 0 | NNPA-QAF 256

16 10 | NNPA-ADD 4096

17 11 | NNPA-SUB 4096

18 12 | NNPA-MUL 4096

19 13 | NNPA-DIV 4096

20 14 | NNPA-MIN 4096

21 15 | NNPA-MAX 4096

32 20 | NNPA-LOG 4096

33 21 | NNPA-EXP 4096

49 31 | NNPA-RELU 4096

50 32 | NNPA- TANH 4096

51 33 | NNPA-SIGMOID 4096

52 34 | NNPA - SOFTMAX 4096

64 40 | NNPA - BATCHNORM 4096

80 50 | NNPA - MAXPOOL2D 4096

81 51 | NNPA - AVGPOOL2D 4096

9 60 | NNPA-LSTMACT 4096

97 61 | NNPA- GRUACT 4096
112 70 | NNPA - CONVOLUTION 4096
113 71 | NNPA - MATMUL-OP 4096
114 72 | NNPA - MATMUL-OP-BCAST23 4096

FIG. 3C




WO 2022/263280 PCT/EP2022/065666

8/18

GENERAL REGISTER 1

PARAMETER BLOCK ADDRESS

(
320

FIG. 3D

330
PARAMETER BLOCK - QUERY FUNCTION

INSTALLED FUNCTIONS VECTOR ~332
INSTALLED PARAMETER BLOCK FORMATS VECTOR ~ 334
336~~ INSTALLED DATATYPES INSTALLED DATA LAYOUT FORMATS ~ 338
MAXIMUM DIMENSION INDEX SIZE ~ 340
MAXIMUM TENSOR SIZE ~ 342
INSTALLED NNP-DATA-TYPE-1-CONVERSIONS VECTOR ~ 344

FIG. 3E



WO 2022/263280

9/18

PCT/EP2022/065666

350
PARAMETER BLOCK - NON-QUERY FUNCTIONS T
_1 PARAMETER BLOCK MODEL VERSION L
3521 'VERSION NUMBER NUMBER—_ 354 | CONTINUATIONFLAG  ~-356
FUNCTION-SPECIFIC-SAVE-AREA-ADDRESS 358
OUTPUT TENSOR DESCRIPTOR 1 360
OUTPUT TENSOR DESCRIPTOR 2
INPUT TENSOR DESCRIPTOR 1 365
INPUT TENSOR DESCRIPTOR 2
INPUT TENSOR DESCRIPTOR 3
FUNCTION-SPECIFIC-PARAMETER 1 | FUNCTION-SPECIFIC-PARAMETER 2 ~370
FUNCTION-SPECIFIC-PARAMETER 3 | FUNCTION-SPECIFIC-PARAMETER 4
FUNCTION-SPECIFIC-PARAMETER 5
CONTINUATION STATE BUFFER 375
FIG. 3F
360, 365
TENSOR DESCRIPTOR
382 DATA LAYOUT FORMAT DATA TYPE 384
DIMENSION-4 INDEX SIZE DIMENSION-3 INDEX SIZE 286
DIMENSION-2 INDEX SIZE DIMENSION-1 INDEX SIZE
TENSOR ADDRESS 388
FIG. 3G
NNP-DATA-TYPE-1 400
S EXPONENT + 31 FRACTION
{ ( (
402 404 406

FIG. 4



WO 2022/263280 PCT/EP2022/065666

—
[9\]
o | =~ | S L
= | o | O
o | o] © | K | K
w0 | O
o | O | oo
O | M~ © | O | M~
© | o] v | ©
N O
O
o | | B 8| 2|0 & i
o | D n O
L
< | ™M |
w | O | M~
-~} -
o
Ll
—
0w | S | ™M
P I = S I L
< | M | o
- | =] ™ | < | v
o« | =
o | N | <
- | o] o | = | v
®» | o] ™| =
S| m
O
oom%%gm“'
N | oo n O
L
M~ | © |
N [ | =
] -
o
Ll
—
M~ | O
o | =T | X L
,\LOLO
mi ~ | N
0 | =<
vmox—(\l
~N = ~ <
O
o | N =] [ v
; T " Y ME o
N L
© 4 o | o | 2
o
3 / v
() ON
LOu-O)< P

E3



PCT/EP2022/065666

WO 2022/263280

11/18

09 Old d9 9Old V9 Ol
avd | avd | avd | avd le-€ avd | avd | avd | avd le-€ avd | avd | avd | avd le-€
avd| 08| 6.| 8. 4 avd| €S| ¢5| Is 14 avd| 9t| &¢| ¢ 14
avd| LL| 9/| 6. ) avd| 0S| 6v| 8 | avd| €| <¢¢| I¢ |
avd| v.| ¢€L| 2L 0 avd| Lv| oF| ¢¥ 0 avd| 0c| 61| 8l 0
€901 ¢ 4 | 0 €90} ¢ 4 | 0 €901 ¢ 4 | 0
Xpi—ebed™ |8 Xpi—ebed~zs Xpi—ebed™ |8 xpi—ebedge Xpi—ebed™ |8 xpi—ebed—gs
839vd G 39vd ¢ 39vd
avd | avd | avd | avd €€ avd | avd | avd | avd €€ avd | avd | avd | avd le-€
avd| V.| 0L] 69 4 avd| wr| ev| o 4 avd| L[ 9| S§I 4
avd| 89| L9 99 ) avd| | ov| 6¢ | avd| v €| ¢l |
avd| 99| 9| €9 0 avd| 8¢l Le| 9¢ 0 avd| | o0l 6 0
€901 ¢ 4 | 0 €90} ¢ 4 | 0 €901 ¢ 4 | 0
Xpi—ebed™ | Xpi—ebed za Xpi—ebed™ | Xpi—ebed za Xpi—ebed™ | Xpi—ebed za
L 39vd ¥ 39vd | 39Vd
jwoo
avd | avd | avd | avd le-€ avd | avd | avd | avd le-€ 'avd | avd | avd | avd le-€
avd| 29| 19| 09 4 avd| Se| ¥e| ¢¢ 4 avd 8 L 9 4
avd| 6S| 8| S } avd| c¢e| e ot | avd g 1 €
avd| 9| S9| S 0 avd| 6¢| 8¢| /¢ 0 — avd 4 | 0
€901 ¢ 4 | 0 €90} ¢ 14 | 0 €901 ¢ 14 b, 0
Xpi—ebed™ |8 Xpi—ebed za Xpi—ebed™ |8 Xpi—ebed za Xpi—ebed™ |8 \ Xpi—ebed za
939vd € 39vd voo\ 039vd
€=93 ¢=73 909 l=¥3 009~

1)

¢09

J




WO 2022/263280 PCT/EP2022/065666

12/18

OBTAIN A TENSOR OF A FIRST SELECT DIMENSION ~—700

REFORMAT THE TENSOR TO PROVIDE ONE OR MORE SUB-TENSORS OF A SECOND
SELECT DIMENSION ~_ 702

DETERMINE A NUMBER OF SUB-TENSORS TO BE USED TO REPRESENT THE
TENSOR—~_704

CREATE THE NUMBER OF SUB-TENSORS, IN WHICH A SUB-TENSOR IS TO
START ON A BOUNDARY OF A MEMORY UNIT~_706

REARRANGE DATA OF THE TENSOR TO FIT WITHIN THE NUMBER OF
SUB-TENSORS ~_708

THE DETERMINING THE NUMBER OF SUB-TENSORS INCLUDES USING ONE OR MORE
CEIL FUNCTIONS BASED ON, AT LEAST, A NUMBER OF ELEMENT VALUES INCLUDED
IN THE TENSOR AND A SIZE OF THE MEMORY UNIT~_710

THE REARRANGING DATA FOR AT LEAST ONE SUB-TENSOR OF THE NUMBER OF
SUB-TENSORS INCLUDES PADDING THE AT LEAST ONE SUB-TENSOR OF THE
NUMBER OF SUB-TENSORS IN AT LEAST ONE DIMENSION TO COMPLETE THE AT
LEAST ONE SUB-TENSOR—~-712

THE REARRANGING DATA FOR A SELECTED SUB-TENSOR OF THE NUMBER OF
SUB-TENSORS INCLUDES ~_ 714

SELECTING DATA OF A SAME LOCATION IN A PLURALITY OF MATRICES
REPRESENTING THE TENSOR~-716

PLACING THE DATA THAT IS SELECTED IN ONE ROW OF THE SELECTED
SUB-TENSOR ~_-718

REPEATING THE SELECTING AND PLACING FOR A PLURALITY OF LOCATIONS
OF THE PLURALITY OF MATRICES ~_720
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THE REARRANGING DATA FURTHER INCLUDES

PADDING ONE OR MORE ROWS OF THE SELECTED SUB-TENSOR, BASED ON
THE ONE OR MORE ROWS HAVING LESS DATA THAN ACCOMMODATED BY A
SIZE OF THE SELECTED SUB-TENSOR ~—730

PADDING THE SELECTED SUB-TENSOR WITH ONE OR MORE ADDITIONAL
PADDED ROWS, BASED ON THE SELECTED SUB-TENSOR HAVING LESS ROWS
THAN ACCOMMODATED BY THE SIZE OF THE SELECTED SUB-TENSOR—~-732

THE MEMORY UNIT IS A MEMORY PAGE, AND THE BOUNDARY OF THE MEMORY UNIT
IS A PAGE BOUNDARY ~734

THE ONE OR MORE SUB-TENSORS ARE PROVIDED TO A PROCESSOR FOR USE IN
TENSOR COMPUTATIONS ~-740

THE PROVIDING THE ONE OR MORE SUB-TENSORS INCLUDES PROVIDING ADDRESS
INFORMATION AND INFORMATION RELATING TO THE SECOND SELECT DIMENSION
TO THE PROCESSOR TO BE USED TO STORE THE DATA OF THE ONE OR MORE
SUB-TENSORS IN ONE OPERATION ~-742

THE PROVIDING THE ONE OR MORE SUB-TENSORS INCLUDES PROVIDING ADDRESS
INFORMATION AND INFORMATION RELATING TO THE SECOND SELECT DIMENSION
TO THE PROCESSOR TO BE USED TO LOAD THE DATA OF THE ONE OR MORE
SUB-TENSORS IN ONE OPERATION~-744

THE FIRST SELECT DIMENSION IS 4-DIMENSIONS, AND THE SECOND SELECT
DIMENSION IS 2-DIMENSIONS, IN WHICH ONE OR MORE 2-DIMENSION SUB-TENSORS
REPRESENT ONE 4-DIMENSION TENSOR—~_750
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