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(57) Abstract: A system for processing encoded image components for artificial intelligence tasks. The system can include one or more
compute units, one or more controllers and memory. The one or more controllers can include one or more micro-op schedulers and one
or more channel switches. The one or more compute units can be configured to process components of the transformed domain 1mage

data according to one or more micro-operations for an artificial intelligence task. The one or more channel switches can be configured

to selectively control the transfer of the components of transformed domain 1mage data to the one or more compute units based on one
or more gating flags. The one or more channel switches can also be configured to selectively control generation of the one or more
micro- operations by the one or more micro-op schedulers based on the one or more gating flags.
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TECHNIQUES TO DYNAMICALLY GATE ENCODED IMAGE

.......................................................................................................................................................

COMPONENTS FOR ARTIFICIAL INTELLIGENCE TASKS

RELATED APPLICATIONS
10061} This application is related to LS. Patent Application No. . Filed

November 14, 2019, Atorney Docket No. BABA-AZ4876 and entitled “Techniques for
Determining Inmportance of Encoded Image Components for Antificial intelligence Tasks,”

UL, Patent Apphication Mo, . filed Novernber 14, 2019, Attorney Docket No.

BABA-AZ4R78 and entitled © Reconstructing Transformed Domain Information in Encoded
h ed November 14, {}-i'?},

Atoraey Docket No. BABA-AZ4879 and entitled “Using Selected Frequency Domain

Video Streams,” and 118, Patent Application No.

h ta b Ly Ly Ly Lo Le bt b Ly Ly Ly Ly Ly o Ly Ly Ly Ly Ly g

Componants of hoage Data i Artalicial Infelligence Tasks,” all of which are incorporated

hieretn in thedr entirety.

BACKGROUND OF THE INVENTION

iﬂliiiﬁ} Artificial | n-‘m?iiigﬂnce {AL, machine lear ning, m d:m?: 3 .imrni n;g; Are :'ufti}"ized for

llll

as ased hemm refers {o te L,}m wgues that enable devices 1o mumic lnuman ir.tft-@l?’iigﬁnﬁ:ﬁ;,; 1§.si_£§_g-

logie, if-then rules. decision trees, and the like, Machine garning eludes a subset of

artificial intelligence that includes abstruse statistical techniques that enable machines to

irprove at task with expersence. Deep learning tnclades a subset of machsne learning that
!ﬂblﬂd@‘? i.ligO I'Hhiﬂ\ [hai pgn‘ni; 50{{\1,3_3*{: I(}‘{ﬁuﬁ ﬂ‘*@if 13 Ptﬂ%‘f&ﬂiﬂ fdbk\ h‘e\ C\Pl'ﬁﬁiﬂg

mulittayered artificlal newral networks, recurrent neural networks (RNN), convodution

noural networks (CNN) or the like to vast amounts of data. For case of explanation artificial

intethigence, as used herein, also incluades machine learming, deep fearning and the hike.

Furthermore, as used herein the term images refers {0 pretures and viden,

[0003]  Reforring to FIG. L a method of image capture and processing for use in
mt:isami intelli aence tasks, according to the convention art, is shor wit, bmages are generally
captured in a given format, such as frames of Red, Green and Blue (RGB) pixel data,
referred to herein as the native format 110, The native format can comprise a relatively

large amount of data that consumes a refatively large amount of communicatinn bandwidth

and or a relatively large amount of memory space o transfer and or store the image data in
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the nattve format, Therefore, the nattve Tormat image data is typically converted o a

transformed domain data format 120, For example, RGH pixed data can be converted into
YObOr diserete cosine transform {DCTY encoded components for transmission and storage,
The transformed domai image data can then be transmitted and or stored 130 for

subsequent processing by artificial intelligence fasks. Antificial intelligence tasks. however,

tvpically process image data in a native format such as RGE pixel data. Therefore, the

transformed demain data format s typically converted back fo the native data format 144,

belore processing 1o arvtificial intelligence tasks 150,

[0004]  Referring now o FIG. 2, an exemplary method of converting native format

image data to transtormed domain image data 120 according to the conventional art is

shown, As Hlusirated, a frame of RGB image data 2180 can include an array of red pixel
vatues 212, an array of green pixel values 214 and an array of blue pixel values 216, Each
vaiue can be represented by eight bits.  For example, frames of pivel data in the Red, Green
and Blue (RGB) color space 210 can be converted 220 into frames of image data in the
NOBCr huma~chroma color space 230, The rame of YOBUr smage data 230 cany mclude a
Huma component 232, a bit*r.;w:fedi.ie'?‘ii-‘;:':rsmcs:-' chroma component 234 and a red-difference chroma

component 236, The frames of YCBCr image data 230 can be domain fransformed 240

ufitizing a Discrete Cosine Transtorm (DCT) into components of discrete cosing

fransformed YUDUy image data 25800 The diserete cosing transformed YOBCr image data

2530 can include a discrete cosine transformed huma component 252, a discrete cosine
transformed bive-difference chyoma conmponent 234, and g diserete cosine transformed red-
difference chroma component 256, The above exemplary -nwt_imd of converting native
ﬂ}tﬁmm image data to transformed domain image data is mevely for Husteativg 'pu;ﬁpﬁ;sm .Ist;

can be ;ziypi'iﬁd_

[0085]  Retorring now to FIG. 3, an exemplary method of converting transformed

domain image data 1o native format in age data 140 according to the convenlional arf s

shown. For example, discrete cosine transformed YChCr image data 310 can be inverse
dowmatn transformed 320 into frames YOOy mage data 330, The frames YObCy una.tu,

data 338 can be converted 3 mio frames of RGB image data 35340,

{006]  Image capture in a mative data format, conversion of the native formatiad
image data to a transformed domain forraat for transmission and storage, and then
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converston back to the native format for processing i artilicial intethigence tasks can also

Nt

o

consumse farge amount of communication and processing resources. The moreased

T

contmunication and processing toad can resalt in increased processing latency and or

o B Bt SRR . Y R

increased power consumption. Therefore, there is a continuing need for mproved image

capture and processing by Artificial Intelligence, machine leaming, or deep learming tasks.

SUEMMARY OF THE INVENTION
{O007]  The present technology may best be anderstood by referring to the following

description and accompanying drawings that are used to tHustrate ombodiments of the

present technology divected toward techniques to dynapnieally gate encoded image

components utilized in Artificial huelligence {Al) tasks.

[O008] In one embodiment, a method of computing an artificial intelligence task can

include recerving components of ransformed domain image data. The components of

fransformed domain vnage data can be processad in accordance with an artificial

intelligence task hased on one or more gating Hags. In one implementation, the one or more
pating Hags can be based on avarable computations resources,  [n another impiementation,
the one or more gating flags can be based on the importance of the components of
fransformed domain image data. In yet another implementation, the one or more gating
flags can be based on the combination of the importance of the componenis of franstormed

domain image data and the compuiations resources available for processing the components

of transformed doman image data.

JO00Y]  In another embodiment, ong or more computing device execulable istructions

stored i one or computing device readable media {e.z., memoryd that when executed by

GRS OF RIS compute unif (e.g.. processors) can perform a method of computing an artificial

N

intefligence task. The method can fnclude receiving components of trausformed domain

o

A

image data, The components :'::}ffjit;rms.f’{zfm*ﬁar;f::id' domain image data can be proves sed based {31
onc of more gating flags, The one or more gattng flags can be basced on one or morg
indications of an importance of the components of tran sformed domain image data, one op
move indications of computations resources available, or similar factors, and combinations

therent,

{010} This Sumumary s provided to infroduce a selectiom of concepts i a simplificd

form that are further described below in the Detaled Descoription. This Sanmmary 13 not
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intended o wdentify key teatures or essential teatures of the clavmed subject matter, nor s i

intended to be used to limit the scope of the claimed subjsct matter,

BRIVF DESCRIPTION OF THE DRAWINGS

0011} Embodiments of the esent tech nelogy are ilustrated by way of example and

not by way of limitation, in the figures of the accompanying drawings and in which hke

reference mumerals refer to sinular elements and in which:

FHG. 1 shows g method of image caplure and processing for use in artificial mtelligence

tasks, according fo the convention ait.

FIG. 2 shows an exemplary method of converting native format image data to transtonmed

domain imwm data accordi ng to the conventional art.

FiG 3 shows an exemplary method of converting transtormed domain image data {o aative

format image data sccording to the conventional art,

FIG. 4 shows a system for determining importance of encoded § wnage components for

artificial micigence tasks, 0 accordance with aspects of the present fochnology.

FIG. S shows an exemplary processor core, i accordance with aspects of the present

sechnalogy.

FIG. 6 shows g method of determining importance of encaded imaged components for

artiticial intelligence tasks, i accordance with aspects of the preseat technology.

G, 7 shows a ’«%’\lgm for determining importance of encoded buage components for

artificial intellic igence tasks, v accordance with aspects of the present technology.

aceordance with aspects o ff the present technotogy,

iilr‘mﬁgﬁfi-ﬂéﬁfﬁts in :as.‘:;.{:-f;rd.::iim‘: ;with aspacts of i:fh-;‘f present ii@f:-});twhs @y,

F1G. 10 shows a method of computing an atificial intelligence task, in sccordance with

v

aspects of the present technology.

FIG. 11 shows a processor for computing the artificial intelligencs task, in accordance with

aspocts of the present technology.
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DETAILED DESCRIPTION OF THE INVENTION
[0012]  Reference will now be made in detail 1o the embodiments of the present
technology, examples of which are Huostrated in the acx::at}mpma}yin g drawinzs, While the

present technology will be described o conjunction with these embodiments, it will be

A

'u"n:{ifﬁﬁ.rseimd. that they are not intended 1o Umit the invention 1o these embodimenis, On the
contrary, the invention is imended to cover alternatives, modifications and equivalents,
which y may be included within the scope of the invention as defined by the appended claims.
Furthermore, i the following detailed description of the present technology, numerous
specific details are set forth v order to provide a thovough undesstanding of the present
10 technology. However, it is understood that the present technology may be practiced without
these specifie details, In other instances, well-known methods, procedures, components,
and cironsts han not been described in detait as not to annecessarity obscure aspects ot the

present technology.

{H013]  Some embodiments of the present technology which follow are presented in
IS terms of routines, moduales, fogse blocks, and other symbolic representations of operattions
on gata witiun one or more electronie devices, The descripbons and representations are the
means used by those skilled 1o the ant to most effectively convey the substance of their work
fo others skilfed i the art, A roudine, module, togic hlock anddior the Bike, I8 heretn, and

generaliy, converved to be a setl-consistent sequence of processes or instructions feading to

20 g desived resuft. The processes are those inclading physical manipulations of physical

guantities. Usually, though not necessarily, these physical manipulations fake the form of
clectric o magnetic sipnals capable of heing stored, transferred, compared and otherwise
maripulated in an electronic device. For reasons of converdence, and with reference (o
contmon usage, these signals are referred to as data, bits, values, elements, symbals,

25 characters, terms, numbers, strings, and/or the hike with reference 1o smbodimenix of the

present technology.

[0014] It should be borne in mind, however, that all of these terms are to be
interpreted as referencing phyvsical manipulations and quantitios and are merely convenient

labets aud are to be interpreted further in view of terms commuoniy used in the art. Unless

30 specifically stated otherwise as apparent from the olowing discussion, U is understood that
through discusstons of the present technology, discussions utilizing the terms such as

“receiving,” and/or the fike, refer to the actions and processes of an electronic device such

m
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as an electronc computing device that marupulates and transforms data. The data s
represented as physical {e.g., electronic) quantities within the electronic device’s logic

cireuits, registers, memories and/or the like, and is transtormed into other data similarly

represented as physical gaantities within the electronic device.

[0015]  In this apphcation, the use of the disjunctive 1s intended 1o include the

conjunctive. The use of definite or indefinite articles is not intended o indicate cardinality.
in particular, a reference to “the™ object or "g” object s intended to denote glso one of 8

possible pluratity of such objects. s also to be understood that the phraseology and

ferminology used herein is for the purpose of description and should not be regarded as

g

D016} Referring now to FIG 4, a 3 Sysiem for determining Hnportance of encoded

image components for Artificial Intellivence (AD tasks, in accordance with aspects of the

present technology, is shown, The system can fnclude one or more image capture anits 402

af nage storage umits 404 and one or more processors 406 communicatively coupled by

OnS OF MOre comnunication interfaces 408-4 14, The one or more comniunication interface

e

4(8-41 4 can inctude one or more wired network conwnunication hinks, ong or more wireless

nebwork communication links, one or more data buses, or the hke, or combinations therenf.

[0017]  In one implementstion, the one or more image capture unis 402 can be a
cainera, video camera or the like for generating one or more frames of image datg in a
native format. The one or more image storage umits 404 can be a hard disk drive (HDD),
solid state storgge de vice (38D, random aceess memory {R AQMQ}; flash memory, network
attached storage {(NAS), or the Hke, or combinations thereof, for storing the components of
transformed domain image data. The one or more tmage caplure units 402 and or one of
more inage storage units 404 can include encoder circuitry 416 1o convert the image data in
the native format (o components of transformed domain image data. Alternatively or in
addition, the envoder civeuitry 416 can be separate from the one or more capture units 402
andd or the one or more image storage units 404, Ty ong mmplementation, the encoder
cirenitry 416 can include a diserete cosine transform eagine 418, a guantization engine 420

and an entropy coding engine 422, The discrete cosine transform engine 418, quantization

engine 420 and entropy coding engine 422 can be configured to convart native format

image data to a transformed domain data format. A detatled anderstanding of the discrete

cosine transform engine 418, the guantization engine 420 and the entropy coding engine

..... e

6
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422 are not necessary lor an understanding ol aspects of the present technology and

therefore will not be discussed farther herein.

[B018]  The one or more processors 406 can include one or more central Processing

units (CPUs), one or more cores of ong or more central processing undts {CPUS), one or

more graphics processing wuls {GPUS), one or more cores o one of more graphics

Progcess N o units ({i P iq ORE OF HIOTe Bew r;sﬂ PUOCESSING Wn m{ \F’Us} ONE OF DTS Cores of

MEMOrY ;31*&:#aeﬁs.ing un :it-‘sw, or the like, o c-s':n*ﬁ'i’a-i-r;.a.’ti ons thoreot.  Inone .i'n'miu nentation, the
OUO OF THOrR processors 400 can be one or move neural processing units, An neural

processing unit can include one or more communication interfaces, such as peripheral

component interface (PCled) 424 and inter- ;r;tu“s ated circuit (0 interface 426, an on-chip

cireust tester, such as a joint test action group (3 FAGY engine, 8 direct memory QUCCSS
engine 428, 4 command processor (CP) 4340, and one or more coves 432-438, The one or
more cores 432-438 can be coupled in a sin *‘l&*difﬁtiii}ﬂ rng bus configuration. The one or
more cores 432-438 can gxecute one o more sets of computing device execatable
nstractions to perform one or more functions, sach as entropy decoding 4440, componont
importance determining 442, arificial intelligence tasks 444 and or the like. One or more
functions can be performed an individual core 432-438, can distribnted across a plurality of
coras 432-428, can be performed along with one or more other functions on ong or mom

cores, and or the tike,

{019]  In one implementation, the one or more processors 406 can he implemented

one or move computing devices 446, The one or more computing devices 446 can be, but

are not Hmited to, cload computing platfonms, cdge compuling devices, sorvers,
workstations, personal computers (PCs).

[0020] Relerning now to FIGL 5, an exemplary processor core, in accordance with
aspects of the present tﬁfa:'}nmiﬁg}; is shown. In one implementation, the processing cove
300 can be a neuwral processing enit core The processing core 300 can include a tensor

engine {TE) 510, a pooling engine (PE) 315, a momory copy engine {ME) 520, a sequencer

(SE€3) 528, an instructions buffer (IB) 530, a local memory (LM p 335, and a constand budter

[( $3) $40. The local memory §35 can be pre-installed with model weights and can store in-

wse achivahions on-the-fly, The constant butior 340 can store constant ior hatch

FOTN §1s-_l5g tration, quantization and the like. The tensor engine 510 can be utilived w accelerate
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fused convolution and or matrix multiphcation. The pooling engine 3135 can suppost
poaoling, i‘nm:tjpt}iaﬁfi-.sfm;,_ region-of-interest and the like operations. The memory copy engine
320 can be configured for inter- gnd or intra-core data copy, matrix transposition and the

like, The tensor engine 10, pooling engine 315 and memory copy enging 520 can run in
naratiel. The sequencer S23 can orchestrate the operation of the tensor engine 310, the
poaling engine 513, the memaory copy engine 320, the focal memory 533, and the constam
hatter 340 gocor dm o 1o instructions froom the instruction batfer 530, The illﬁ*itili*ﬁiﬁ'l'_§3i‘60£3585i'i¥1g;
fused coarse gmin@d instractions for ‘ifi;,u:‘:ts:;iiiﬂns such as component iifmpﬂartﬁ,me defermn ing
4432, artificial intelligence tasks 444 and or the Hike. A detailed deseription of the exemplary
NEUral procassing unit core 300 is not necessary {0 an understanding of aspects of the

present fechnology, and therefore will not be described further beren,

{0021 The system for determiming the importance of encoded 1mage components for
artifiolal intelligence sk will be further explained with reference to FIG. 6, 4 fong with F 1G.
4 as deserbed above. FIG. 6 shows a method of deternuning the importance of encoded
imaged components. The method may be mmplemented as computing device~-executable
instractions (Q.g., compater program) that are stored in computing device-readable media
{¢.g., compuior memory’ and executed by a computing device (e.2., processar). The
method can include receiving components of ransformed domain § image data, at 610, The
components of transformed domain inage data can he received by the one or more
processors 400 from the one or more image capiure uts 402 or one or more storage uniis
404 across the one of more communication interfaces 408-414. In one | mplementation, the
components of transtormed domain inage data can be one or move frames of Diserete
Cosine Transform (DC 0y Chr intage data components. In other implementations, the
componert of irmnsformed domain image data can be components of freguency domain
image data, componenis of Fourter Transtorm (FT} image data, components of Wavelet
Transfornt image data, componends of Discrete Wavelet Transform (DWT) image data,

compongnts of Hadamard transform image data, or components of Walsh transform image

data, or the Hke. In one implementation, the received components of transformed domain
umd% data can be s:r.,«.nudmi rorn native format amfﬂ‘&. data as described above with

reference to FIG. 2.
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{0221 AL 620 the relative mmportance of the components of transtormed domam

image data can be deternuned by a component nportance determining function 442 on the

ONC OF more processors 406 for a given artificial intelizence tasks, As proviowsly stated,

the use of the term Artificial Intells SPEnCE heremn 1s intended to also includes machine

fearning, deep loarmdng and the ke, iy one implementation, ds...u,m‘mmw the relative
importance of the components of the fransformed domain image data can include gating the

componenis of the transformed domain image data to turn on select ones of the components

of the transformed domain mage data for inpg 1o 3 pr Neural Notwork (DNN3 (o

determine the relative importance of the component of the transtormed domain image data.

in anothor implementation, determining the relative importance of the components of the

transformed domain imag ge data can melude g gating the compenents of the transformed

domain iﬂ}f’&g}ﬁ data based on a cost unction to control select ones of the m?fxmponﬁnfits of the

the relative importance of the compuonent of the transformed df}mmn Hnage da.m Hor

example, the cost tunction can melade a fivst torm based on an ervor between a prediction

and a target value, and a second term based on the number of active chammels in accordance

with Eguation 1

{ast = ff}w(pm diction, target) + A#Pr opartion{active ~ channels) {i}

{n vet another implementation, determining the relative importance of the components of

the transformed domain image data can inclade gating the components of the transformed

less important components for input o a Deep Neural Ng m@riif\ff '{fDTN.N} t‘fs:s determing the

refative baportasce of the component of the transformed domain image data.

{023 AU63L, an indication of the relative importance of the components of the

transformed connaim | Hnage data can be oatpat. in one m“q H ‘mcmmwn ih indication of the
relative importance of the components of the fransformed domain Smage dats can be
provided {o the given artificial intelbgence task foruse in performing the artificrd

iniethigence task on the compouenis of the transfor ned domain image data,
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{24]  Refermnng now to FIG. 7, a syslem tor determimng importance of gneoded
image components for artificial t:t'ttdiu_t,nu: tasks, 1w accordance with aspects of the present
tgﬁ;:i‘i'nolﬂg}g i« shown, The system comprises 8 ;tsi:u}ﬁ;i"l ;ji}-‘ s:,,}j:i‘ 'neurai ,11-_»;?:&&@31*&5 702-71H0

......

components 712-720. in one imfpimnmﬂ.mm*t the transformed domain image data
components can inchude 64 discrete cosine transformied hong Y components, 64 discrete
cosine transformed blue-difference chroma Ch conpponents, and 64 discrete cosing

transformed blae-difference chroma Cr components.

{0231 The plurabity of neural networks 702-7 1) can be configured to predict i the

corresponding one of the plurality of transformed domain image data components 712-720

comprises an important component for an artificial intelligence task. If the transformed

domain bmage data component is an importeit component, the corresponding neural

network can gonerate a brst mdication. I the transtormed domasm data component 1s nol an

important component, the corresponding neural network can generate a seeond indication.
In one smplementation, the respective neural networks generate an ndication of *17 when
the correspondmg transformed domamn data component 18 important, and an mdication ot
' when the co rresponding transtformed domain data component is not important for &

civen artificial intellipence task.

{0026]  {he plurality of ransformed domam image data componenis 712-720 ¢an be

gated 722-730 i accordance with the cov r@xpomimv mdication generated by the

corvesponding neural network 702-710. In one implementation, the phlurality of transformed

domain image data components 712-720 can be gated 722-730 by mu lti;ﬁaiyfi’izg the
corresponding indication from the corresponding neoral networks 702-710. 1f the indication

s i ‘1,7 the received wansformed domain image data component 712, 718, 720 can he

provided as in important transformed domain image data component 732, 738, 740, [fthe

indication ix a 1.7 the received transformed domain image data component 714, 716 can be
blocked 734, 736. The indication of the ;mpw&ima of the transtormed domsin image data
components is hot Hmited to values of ® 1 and 0%, In other instances, the indication can be
a vatue between 0 and 1, whereln the higher the value the greater the importance of the

franstormied domain image data component,

{00271 Referving now to FIG. B, exemplary componenis of the transtormoed domain

image data, it accordance with aspects of the present technology, are Hlustrated, The

O
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exernplary components of ransformed domain image data may be based on the ImageNat
dataset. ImageNet inchades more than {4 moillion images in more than 20, i}{}i} categories
that have been annotated to indicate what objects are pictured, The neural network used to
determine the importance of the transformed domain Ymage data components can be the

M abzh,\ e;f::';;;__}‘.:j_}‘;;.a wh. i?’::-h 1% a ¢on -?sft.:‘}ifu‘i;iﬂﬁni nﬁfuml{ nehw af_n*’i%; i:};uzz.t‘j has been tran ;t) f:d OfF IMOTE ﬁ“-ﬁ.iiiﬂ{ a

transformed image data van include an €x¥ matrix of 64 channels. Simi mi}* the blue

difference chroma Ch components of discrete cosing transtormed image data can nclude an
$x8 mateix of 64 channels, and the red~-difference chroma Cr components of discrete cosine
fransformed image data can include an 8x8 matrix of 64 channels. A value of the relative
importance of the transformed domain image data components can be assigned to each
channel vatue, In the tlostrated example, channels G-3, B-11, 16-19 and 24-26 i the
discrete cosine transformed foma Y components can have importance values greater than

T Channels 0.1 and 8 in the disorete cosine transformed bl Lii.*diﬁut.l‘ﬁ&} chmm’i and

channels §, 1, 8 and ¥ in the discrete cosine franstormed red-difterence chivoma components

can have importance values greater than 0.7

[0028]  Referving now to FIG, 9, the relative tmportance of exemplary components of

the transtormed domain mage data, i accardance with aspects of the presomt fechnolagy,

5.

are iHlustrated. The active channels, in the Hlustrated exemplary components of the diserete
cosine transformad image data are mostly on luma Y channels 910, and partly on blue-
difference chroma Cb channels 920, and red-difference chroma Cr channels 930, Forthe
exeraplary components of transformed domain image data based on the Image eNet dataset
processed by the MobileNet w2, using all 102 channels bas been found to results in an
accuracy of approximately 70%. In comparison, using 22 channels that are determined to
be important can achieve an accuracy of approximately 69.3%, Accordingly, substautially

stmilar accuracy can be achieved, while reducing the number of processed channels by 179,

0829]  Referring now to FIG. 10, method of computing an artificial mtelh iwence lask,
in secordance with aspects of the prosent technology, is shown. The method of computing
an artificial intelligence task will be further explained with reference to FIG, 11, which
shows a processor for compuimg the arlibiorad mteligones task. In one moplementation, the

processor 1100 can be one or more central processing units (CPUS), one or move cores of

one or more central processing anits {CPLIsY, one or more graphics processing units {GPUS),

P
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one or prwe cores of ong or more graphics processing waix (GPUS), one or more artificial
inteHigence aceelorators, one O MO VECTOr Processars, Ohie OF INOLe MICINNY Processing
unis, or the ke, or combinations thereol, In one implementation, the processor 11080 can

inclode one or more compute units 1110, one or more controllers 1115, and integral

A

memory 11200 In other buplementations, the memory 1120 can be external to the processor

P00,

{030} The method can include receiving components of transformed domain imag
data, at 1010, The components of transformed domain fmage data can be received by the
mernory 1120 of the processor 110G, In oue implemmentation, the components of
Y transformed domain image data can be received from one or more image capture or stomge
anits. In one implementation, the received components of transformed domain image data
can be generated from native format tmage data as deseribed above with reference (o FIG.

. In ong ymplementation, the components of transformed domain image data can be one or
motre frames of Diserete Cosine Transform (DCTY YCHCr image data components. In other
IS implementations, the component of transtonned domain image data can be components of
frequency domain mmage dala, components of Fourter Transform (F “’”F} image dala,
components of Waselet Transtorm image data, components of Discrete Wavelet Transform
{DWTY mage data, components of Hadamard transtorm image data, of conponents of

Walsh trarsform imags data, or the like.

24 00311 AUIO20, an antificial intelligence task can he configured to process the
components of the transformed doman timage data based on one or more gating flags. In
O :mpii,mmhmsm the one oF more ﬂdtmﬂ tia 188 Cin he arranged in a vector of bits

OhE OF MO On compoanents aﬁi‘f the frans fbmﬁ;@{i domam image data and one or more off

25 conponents of the trunstormed domain image data. The veetor bits can be read to
accelerate hardware by reading and or processing turned on components of the transformed
domain image data and skapping tumed off components. in one implementation, the one or
‘more gating flags can be based on one or more ind ications of available computations

resources 1030, For example, when the current utilization of the processor 1100 is

38 relatively low (g, below a threshold) the one or more gating Hags can be configured for
processing a larger subset of the COMPONEDIS of transtormed domain image data by the

processor 1100, When the current utilization of the processor 100 is relatively high {e.g.,

N_ .
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above a threshold) the one or more gating Hags can be conhigured to {or processing a

smaller subset of the components of transformed domain image data. In another

nplementation, the one or more gating flags can be based on one or more indications of the

relative timportance of the components of transformed domain image data 1040, For

example, the gating flags can be configured for processing a subset of the transformed

donain image data components determined to be important by the processor 100 for the

given artificial intelligence task. in yet another ;impiit:rnf;;ﬁsn.t‘:‘aﬁ‘mn, the one or more gating

flags can be based on the one or more indications of the relative importance of the
components of transtformed domain image data 940 and the available computational
resources 038, For example, when the current utilization of the processor {100 s

relatively low {e.g., below a threshold), the ong or move gating flags can be conflgured for

processing a larger subsel of the mportand transiormed domain image data components.

When the current utitization of the processor 1H0 is relatively high (e, above a
threshold), the one or more gating flags can he configured for processing a smaller subset of
important transtormed domam inage data components. The one or more galing tags can
be dyvnanucally adjusted based on changes in the available computational resources and or

the importance of components of the transformed image data. Furthermore, the gating flags

arg not Hnited to representing avaitable computational resource and or the tmportance of

the transformed image data components. The gating Hlags can also represent any number of
ather factors related to the processing of the components of trapsformed domain tmage data

for an artificial intelligence task,

.

J]

{0321 o one implomentation, the contraller 113 can include one o more channel
switches 1125 and one or more micro-operation scheduler 1130, The one or more channel

switches 1123 can be configured to receive the one or more gating flags computed by one or

more compute units 1110, The one or more micro-operation controfiers 1130 can be

configured to receive instractions 1 140, such as convolution commands, and generate

coresponding micro-operations 1145 for execution by the one or more compute units 1110

to perform functions, such as convolution operations, for performing one or more artl ticial

intetligence tasks: The one or more micro~oparations schedulers 1030 can also be
configured to generate addvesses 1130 for transferring data, such as components of

franstormed domain image data 1155, into the moemory 1120, The obe or more micro-

operations scheduler 1130 can also be configured to generate addresses 1156 for
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fransferning data, such as components of transtormed domain bmage data 1133, for
correspondding micro-operations (o the one or more compuie units 1 1. The one or more
channel switches 1125 can be confipured to selectively control the generation of micro-
operations 11435 and addresses 1150 by the one or more micro~op schedulers 1134 based on

.t

the one or more gating am,. F1AS fromy the one or more compute anits 1110, Inone

A

implementation, the one or more channel switches 1123 can caose the ong Or more micro-op
scheduler T3 o generate micro-operations 1145 o mu Ilti;;:s by the state of a corvesponding
gating flag with a corresponding transformod domain image data component. For sxample,
i the corresponding gating flag is a “07 indicating that the component is not an important
1} component and or there s not encugh processing resources (o utilize the component, the
corresponding nuero-operation 1143 can z‘nuitipiv the U"I‘i"%p(mmi‘i“ ating 'ﬁdL with the
corvesponding transformed domain inage data component resalting in a corresponding
transformed domain image data {3{_113’1:[}{);{1{1‘!{1{ of all zerps, making su haf:q gent computations
.................. 1 that the component is

IS an important component ,-z—mdémf mm, m, em}u‘agh }T}ﬁt‘if}ﬁiﬁﬁ:ﬁi'I‘izi.i’.,' resources, the corresponding

ransformed domain image data component s fed to sebseguent computations unchanged.

fJ
5

Alternatively, the one or more channel switches 1125 can cause the one or more micro-~-op

schedulers 1130 1o skip the geperation of corresponding micro-operations 1148 and

addrosses 1150 whan the corresponding gating flag i3 a 7 such that the one or more

20 compute wts 1110 do not have to perform operations with respect to the corresponding

fransformed domain image data component, After iﬁeﬁfi’a:mn;i?ng the recetved instruchions
L1440, such as the convelution commands of a given artificial intetligence task, the processor

LU can output results of the avtificial intelligence task, at 1030,

[0033]  Accordingly, performing artificial intelligence tasks can he performed on a

25 subset of transformed domain imaze data components hassd on one or more factors such as

available computational resources, the importance of the componenis of the transformed

domain | u‘n..zuf data, and the like, Artificial intelli gence tasks can also be performed directiy
..... nponents of transformed domain image data, which can alse advantageously

reducs s;:.ammst‘aﬁtimmi workload, data transmission bandwidth, processing latency, power

30 consumiption and or the ke because the compouents of transtormed domain image data

does not need to be converted back to the native tmage data format betore performing the

artificial inteligence tasks. Performing artificial inteliigence tasks ondy on a subset of the

14
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components of transtormed domam anage data found to be morg important than other

components of the fransfonned domain image data can alse further reduce computational

workload, daty fransmission bandwidth, processing latenoy, power consumption and or the

ke, Porforming artificial intelligence tasks only on the subset of the components of

transtormed domain oage data found 1o be more im poriant than other components of the

compared to performing the artificial intelligence task on the native format image data.

{034]  The foregoing deseriptions of specific smbodiments of the present technology
have been presented for parposes of illustraton and deseription. They are not intended to
be exhaustive or to himit the invention to the precise forms disclosed, and obviousiy many

madifieations and vartations are possible in light of the above teaching. The smbodiments

were chosen and described i order to best explain the principles of the present technology
and its practical application, 1o thereby enabie others skilled i the art to best ubilize the

present technoloey and varfous embodiments with various modifications as are suited 1o the

particaiar use contemplated. It is intended that the seope of the invention be defined by the

clamns appended bereto and thesr equavalents,
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CLAIMS
What is claimed 187

. A method comprising:

recgiving components of transformed domain image data;

'!.}n.

processing the components of transformed domain un.—,ig ¢ data for an artificial
intetligence task based on one or mere gating flags; and

ouiputting results of the artificial infelligence task,

)

2. The method according to Claim 1, wherein the one or more gating flags are based
on one or more factors includimg avastability of one or more computational resources for
10 processing the components of the transtormed domain image diata for the artificial

intetligence task.

3. The method according to Claim 1, wherein the important cornponents of the
fransformed doman mmage dala are more hkely 1o be used than less important components

of the transformed domain image data based on the one or more gating tlags.

oY 4, The method according to Claim 1, further comprising:

.....

wherein the one or more gating Hags comprise a vector of bits indicating ong or
more on compaonents of the ranstormed domauan image data and one or more oft
components of the transformed domain image date; and

gecelerating hardware using the vector of bits to determine the components of the

20 transformed domain image data for processing by the avtificial intelligence task on the

hardwarg

5. The method according to Claim 1, wherein the one or more gating flags are based
on the contbination of one or niove indications of an importance of the components of

transformed domain image data and one or more indications of computations resources

{t
4

R

avatlable for j;:)‘f{}(:s::tsa'iﬂg the components of transformed domam mmage data for the artificial

intelligence task.

6. The method according to Clanm 1, wherein the components of transformed domain

image daty inchudes components of frequency domain image dita, components of Fourisr

FO
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Transforny (F1) image data, components of Diserete Cosine Transtorm (DOT ) image data,
components of Wavelet Transforn: image data, components of Discrete Wavelat Transform

{DWT imae data, components of Hadamard transform image data, or components of

Walsh transform image data.

L

7. The method according to Claim 6, wherein the components of transformed domain

image data comprises components of encoded Y UbUr color space image data.

8. The method according to Clann 0, whorem receiving componends of transformed
domain image data includes,
receiving ROB color space image data:
14 converting the RGEB color space image data to YOBCr color space tmage data; and
cncading the YOBCr color space image data into components of Discrete Cosine

Transform (DUTY YCBCy image data,

8, One or more computing device executable instructions stored one or computing
device readable media that when executed by one or more processors perforis a method of?
I8 receiving compouents of transformed domain image data
zating the components of transformed domain image data for processing by an
artificial inteliigence task based on one or more gating flags: and

autpetting results of the arttficial intethgence task.

du v

13, The one or more compuling device executable instructions stored ong or
20 conyputing device readable media that when executed by one or more compute anits
perform the method according o Claim 9, further comprising determining the one or more

gating flays based on ope or more factors inchude a computational resource for processing

by the artificial intelligence task.

P The one or more computing device executable mstroctions stored one or

i
UBY %

computing deviee readable moedia that when executed by one or nwe compaie units
porform the method aconrding to Claim 11, further comprising dotermining the one or more
gating flags wherein imporiant componenis of the transtornmed domain image data are more

likely to be used than fess mportant components of the transtormed domain image data,
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12, The one or more computiyg device executable nstructions stored one or

computing device readable media that when executed by one or more compute units

perform the method according to Clamm 9, whereing
the one or more gating Hags comprsse g vector of bty indscaling one o more on

components of the transtormed domain e se data and one or more off components of the

transformed domain image data; and

accelerating hardware using the veetor of Brits to determine the components of the
fransformed domain image data for processing by the artificial intelligence task on the

hardware.

P3, The one or more commpuimg device execuiable instruciions stored ong or

_-e,ompumw device readable media that when executed by one or more compute units

perform the method according to Claim 9, wherein the one or more processors comprise one

or more central processing anits ({CPLs), one or maore cores of ong or more central

processmg umits {CPUS), one or more graphies processing antts (GPLS), one or more cores

L

of one or more graphics processing units (GPLIs)Y, DN OF MOFE VECIHT ProCesstrs, or ong of

MOFe NEMOTY Processing units.

4. The one or more computing device executable instructions stored one or

computing device readable media that when executed by one or more compute units

perform the method according to Claim 9, whergin the one or more provessars comprise

one of more compute units configursd to process components of 'irszm:'s-.ﬁ‘;mmd

domain tmage data according 1o one or more micro-operations for an artifreial intelligence

task: and
ane or more controtlers including:
ong or more nuero-op schedulers; and
one or more channel switches configured o seleeh vely conirol g tran sfor of
the components of {ransformed domain image data to the one or more compute units based
of one o more gating tags, and to selectively control generation of the one oF More micro-

aperations by the one or more miero-op schedulers based on the one or more gating ags.

IS, The one or morg computing device execntable instructions stored one or

compuiing device readable media that when executed by one or more compute unii

parfornss the muthod according to Claim 9, wherein the one or more gating flags are based
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o the combination of one or more idications of an importance of the components of

fransformed dontain image data and available com ;}umim ns resourees for processing the

conpenents of transformed domain image data for an antificial intelligence task.

16, A devics comprising:
one of more compute units contigured to process components of ranstormed

domain buage data sccording o one O more micro-operations for an artificial intelligence

task; and

e or e controilers mcluding:
one ar more micro-op schedulers; and
ong or nwore channel switches configured o selectively control a transfer of
the components of transtormed domain image data to the one or more compute units based
on one of more gating flags, and to selectively control generation of the one or more micro-

operations by the one or more micro-op schedulers based on the one or more gating flags.

17, The device of Clatm 16, wherein the one or more gatmg flaes are based on one or
more indications of computations resources gvailable for processing the components of

transformed demain tnage dats for the artificial mﬁ_iiw e fask

18.  The device of Claim 16, wherein the ORe OF MOre ﬂatim ﬂm., are based on onge or

more idications of an ;z'nportanu, of the components of transtormed domain image data.

19, The device of Claym 16, wherein the one or more gating Hags are based on the
contbination of one or more indications of an importance of the components of transtormed

domain image data and one or mewe indications of computatious resources available for

processing the components of transformed doman image data for the artificial intelligence

2. The device of Clatm 16, wherein the components of transformed domain fngge

data received by the one or MOre processor CONMPISS oNe oF MOre componenis of { Discrete

Cosine Transform (DCT) YOO itage data.
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