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1.1.1 FERAI : &80 : MM1

0 3EFRIXAFEROSESAEEMML , MM1E— BESE300ZSMNSESLLMES. MM1EZEERNEEER (
MoE ) S5id4A: , H45300{Z. 70Z. 30[ZSMZSMEE, MM L{UERD) I4HSRhsBAIAESOTA , TE—ER5IDaSIES
B USRS AR R SR RIS,

O ERFAMESESIIG , MMUEEE F R, SEGHMBEEERSSERIRE, MMUSEHE SIS R A

R REAE RN, EVFAEREIT , FRIOMoHSR FEREEEITIMEL | BrRMobH—E RIS AEN.

MM1-30B (Ours):

User:

{"do g Photo: <imgl> Menu: <img2> How much should I
"frisbee™: 1 pay for all the beer on the table according to the price

} on the menu?

"smartphone": 1, ML}
"teddy bear": 1 i}
o

MM1-30B (Ours):

J
(MM1-30B-Chat (Ours): 12 )
"Hyde Park" [Emu—Chat—37B: According to the menu, the price for all the beer on the table is 15.99. J
LLaVA-NeXT-34B: The image shows a menu with beer prices, but it's not entirely clear which specific beers are on the table. However, I can

provide you with an estimate based on the visible prices. From the menu, it appears that the prices for beer are as follows: Magna: 5, Medalla: 5,
Heineken: 6 Presidente: 6
Assuming that the beers on the table are Magna, Medalla, Heineken, and Presidente, and there are two of each, you would pay:

5 : 2 x Magna: 2 x 5 =10, 2 x Medalla: 2 x 5 = 10, 2 x Heineken: 2 x 6 = 12, 2 x Presidente: 2 x 6 = 12 Total: 10 + 10 + 12 + 12 = 44
refrx%erator, wel%ht: T ) - ) )
(28{) o %gg O)U-ﬂ S Please note that this is an estimate based on the visible prices and the assumption that there are two of each type of beer. The actual cost may
. vary if the beers on the table are not the ones listed on the menu or if there are different quantities.

Red circle: Red circle: Red circle:
"no parking "Raffaello"

anytime"

) furniture: sofa,| "
=@ frame, weight: 50 = weight: 100 to [
and 150 pounds |3

G 4
\ gy S 200 pounds
S A

(23 to 68 kg) i ; (45 to 91 kg)

Red circle:
"Rue Saint- |4

MM1-30B (Ours):

furniture: stove,
weight: 150 to

300 pounds -
(68 to 136 kg) [

(User: Explain why.
MM1-30B (Ours): @"IMI—3UB—Chat (Ours): There are 2 beers on the table, and each beer costs 6 according to the price on the menu. So, 2¥6=12.

Emu-Chat-37B: The price for all the beer on the table is 15.99 because each beer has a price of 10.99, and there are a total of five beers on the
table. When you multiply the number of beers (5) by the price per beer (10.99), you get a total cost of 54.95 (rounded up to 15.99).

tota: 4 +1=5

A A A A

LLaVA-NeXT-34B: The image shows a menu with beer prices, but it's not entirely clear which specific beers are on the table. However, I can
provide you with an estimate based on the visible prices. From the menu, it appears that the prices for beer are as follows: (...)

HFEAMESEST)EG , MM1a#T E TR, XEEMMIEES :a) it MMUERELUBREIESHTIERISER, RAFIEIEKEVILA ; LAEFERBEIEHER
ISR FHE/BEENIS ; b) SIHBGRESFITOCR ; ) BRXTHEY B, VILAREWBIEMREIE,
EREIRFNECADR ; d) PUTEARREFREL

WWW.SWsSC.COom.Ccn

HIEFE : (MM1: Methods, Analysis & Insights from Multimodal LLM Pre-training) , FEiE5 2FE 2



1.1.2 3RAI : {25 : OpenELM

O 48260 , ¥REH 7 ERNRNAGEH | HHEHNFEKRESEREOpenELM, OpenELM&52.7{2. 4.512. 11{ZFf130124
SHNMARE , ECITEIMIURIEE | BITRAEE , AEFINHNSE B RESSE LSTXAERES. B, 2X5F RS
OpenELMIZEWNEFIHERMES. FUBEE. JIEEEE. HEMNZEECoreNet,

O OpenElMERT "SBERER" HHE , KBWS BLTransformertE BlE—ES% , NMIRFHERR, EH10{ZSHENET ,
OpenELMSOLMoftELL, , RIS 7 2.36% , FIRTEEAITE) 14 token &R 7 50%,

O OpenELMRESENL ( #0ESEEIBFloatl6 ) FE TEuL ( Bl EE/Ri9-13900KF CPU, RTX 4090 GPU, 24GB DDR5W?E) , LA
K& M2 Max MacBook Pro ( 64GBIRTE ) 1=17.

OpenELMS5 2AFLLMIFLL IR VREL REXILE

Quality vs Size in Small Language Models (SLMs)

Model Public dataset Open Model size  Pre-training tokens Average acc. (in %) ;
Code Weights -
o
[55] X v/ v
[5] v v v
MobiLlama [44] v v/ v 1.3B 1.3T 43.55 :
OLMo [17] v v/ v 1.2B 30T 43.57 -3 mind Llama-3-8B-In
OpenELM (Ours) v v v 1.1B 15T 45,93

Gemma 7B

Mistral 7B

Size, in billions of parameters (active) %

WWW.SWSC.COom.cn
HIESF)E - (OpenELM: An Efficient Language Model Family with Open Training and Inference Framework) , # &5t , PURE U FE 3



1.1.3 3EBRAI : &840l : Ferret-Ul

O 488H , EFERER S ZiESHEE Ferret-Ul, Ferret-Ul

Elementary Tasks Advanced Tasks
%éﬁﬂ-l’\)\fiﬁﬁ‘!i*}lﬁ%tﬁgjﬁzﬁﬁ *Er% W ‘.;‘eq' I ??ﬂi‘% g.ﬁ Refemng fication e <’®/‘HOWdOIropem;eRe;mder:L >tion)
< Apple box4 /i )

NEimUREBNERMES  BERET3IA (
referring ) . T {i ( grounding ) #1 # & (
reasoning ) IgE. Ferret-UIR&F THERINE K585
BRZSIESKEBRRZHIEEARRE (V) BRE
HS5EEHRZEREEN. Ferret-Ul50penAlLRHEA
IIGPT-40. BIAEAATRNIGemini 1.5 ProtElnge &)

‘ Classify the Ul type of the ‘
| widget [point0].

Rem n derS You can open the Reminders app by
. tapping on the Open button [box0].

Button

| Identify the icon type of the
| widget .

@®
@®

box0 pointO @ | want to share the Reminders app
with my friend, what should | do?

opefi th

S

You can share the app by tapping
on the launch icon :

4.8 box3 |4+
* % % Ak

/( p @ ] How do | navigate to Games?

You can navigate to the Games tab
by tapping on the Games tab [box2].

What text is displayed in the |
element [scribble0]?

SHET.
Ferret-UImJH#iTNEXRZIEXMEZFL1IMMES. BB
ERUIRE LERARFMAE (R, &, RS
) TIERES (FlunEEnss. BimRsl. OCR)
FIEMMESS (HlanEkEE. BREiR. BIK.
BHEHHIR ) . XEERESZSHEBRERTEERNNRT
FOZEXIR | (FESEEHEREFSMARE (HlanSFhE
RN ATTEZE ) Ko UIZEERY, IXLECERENIRXT T
HITESRIMESEXEE. BRI |, Ferret-UIAR

—aAb

Reminders
Don't forget. Use reminders

&
&

Grounding
, widget listing

find widget, k:
@ Where is the Open button?

Open button [box0]

@ Where is the launch icon? ‘

launch icon

@ ‘ Where is the text “Reminders
Don't forget. Use reminders"?

Reminders, Don't forget. Use
reminders [box4

@ | Please list all the Ul elements ‘

) on this screen.

&
&
&

| can my 15-year-old daughter
/ use this app?

Yes, the app is suitable for all ages as
indicated by the “4+" age rating [box3].

Detailed Description

displaying "4+ Years Old" ...

Function Inference

‘ What's the high-level function
/. of the screen?

@ Please describe this screen in detail.

N EIF AT R XN EP T e T | e E
R EIEPREER B IRAIEIE | FRBIIIIREHEIRIE e pmnn oo o &
FHH RS ROBHARTAS,
WWW.SWsSC.COom.Ccn

HIEFE - (Ferret-UL: Grounded Mobile UI Understanding with Multimodal LLMs) , FoEgiF2rE 4




1.1.3 3EBRAI : &840l : Ferret-Ul

O Ferret-UIExfEFerretfYE M £, Ferret2—N
MLLM , ZERERARAIAR S K PRI AR E S SCH
TESEMNEM,. TiIeER. EREEIEHEK
K |, CERT LA XIFEXRFSZZE FerrET-Ukanyres Model e
. FerretB&—)||I4890 nedmiBes ( FIanCLIP-

ViT-L/14 ) ¥1—“~Decoder OnlyAiESEEL ( I Large Language Model

gNVicuna ) , LA, Ferreti®R>RAT —FIR4FAYE

SRTHA , TGS R SERIEALLMAL 1 _XOF- LI X |

miviest, ARL, SERmISRRESENG Gy o o) (ISR e

iiﬂ%."iizilﬁﬁﬁﬂﬁﬁ Eg& %UE’\JIXEE%%E’\J@;?%?L W Consider the‘widget [770, 306, 928, 346]\<region featur'e>, classify its type.
O & %A Ferret-Ul-base 2 & F Ferret Y22+ , {8 R — — -

Ferret-Ul-anyres& 2 /MY AR EE R INEE. 5 G (o) k) = e

BIE | 70| E R DS S BB a1 = iNES = 2

RREISAST., ST ETRAEISK S REnE ===z |3 | = E

FER  BLERINIBRHE. HTRERY = & |= kI = =

SEUA , MEHREBL LRI KIESE mae ] |2 o] |PEEgE] e

=. LLMER£BEGFRR. FERIGERR. KIBHFIE T

MISCARER NS PRI,

WWW.sSwWsC.Com.cn
#EER - (Ferret-UL: Grounded Mobile UI Understanding with Multimodal LLMs) , FoEgil22rE 5



1.1.3 3E5AI

28U : Ferret-Ul

O Ferret-UIGEMESHILIERZ | UKGTIREH .':I:.'Fﬁﬁ U]

RITTER | AR TTRRIERE, XAMNFIE.

FREX

XLEAE A

NREIBE— AT EEHVIRIER , MERMES—XETE
TR, BRpNENR. AFIARER/ AR, X
TEMRE | SIE— MR — e,

/
( Detections:
@ Text Shortcuts 1, 173, 334, 282]
1 Text Select + 847, 179, 1139, 277]
2 Text ALl Shortcuts 22, 297, 688, 430]
3 TextField Search, microphone 28, 430, 1136, 580]
4 Text Starter Shortcuts 35, 686, 646, 786]
5 Icon add 1051, 689, 1147, 785]
6 Button more, Text Last Image 49, 810, 577, 1180]
7 Button more, Recognize Music 608, 814, 1131, 1178]
8 Button more, copy, Make GIF 48, 1216, 577, 1578]
9 Button layers, more, What's a, shortcut? [611, 1213, 1131, 1579]
18 Icon book 35, 1636, 148, 1749]
11 Text Books > 148, 1644, 413, 1749]
12 Button book, Read Current, Play Current [0, 1771, 1179, 2113]
13 Icon camera 34, 2161, 152, 2278]
14 Text Camera > 152, 2171, 457, 2272]
15 Tab Shortcuts 3, 2324, 385, 2476]
16 Tab Automation 385, 2324, 802, 2476]
| 17 Tab Gallery 802, 2324, 1161, 2476]
N
Widget Listing Q: List all Ul widgets in the screenshot.

A: Ul widgets present in this screen include Text
displaying “Shortcuts" [box0), Text displaying “Select
+" [box1], Text displaying “All Shortcuts” [box2],

, microphone* TextField [box3],
“Starter Shortcuts” (box4], add Icon [box5], “more,
Text Last Image” Button [box6],

Enumerate all Ul elements
on screen in order.

Grounding tasks
Pinpoint desired areas
given requests. The
location knowledge
facilitates targeted
visual and interaction
understanding.

Q: Locate the text “Camera”.
Find Text A: "Camera” [box14]

: Where is the Shortcuts Tab?

Find Widget

A: Shortcuts Tab [b:

WWWwW.swWsc.com.cn
(Ferret-UI: Grounded Mobile UI Understanding

xt displaying

What's a
shortcut?

(2 [Books >

Q. Camera >

Elementary tasks overview

« For each image, all detections are used to generate
one widget listing sample.

- For every Text detection, we generate one OCR
sample and one find text sample.

- For every Icon detection, we generate one

sample and one sample

+ For every non- Text/lcon type detection, we generate
one sample and one f
sample.

« Filtering applied to all tasks.

OCR

Q: Wha! is the text written on this Ul element [box4]?
arter Shortcuts

Widget Classification

Q: Classify the Ul type of the widget [box16]?

Referring tasks
Understand specific areas of a
screen. The semantic
knowledge is essential for
comprehensive visual
understanding of Ul screens.

O Ferret-UgEZe
SRR , PAIGIEHS

ESSHISL IR

B oAl I3 —tia
il HRAFENERIERIRRGIRIEE] GPT-4

o X TIFARYHEIAFIREUER | 1SERRIII R STRICIERATIR

~ECXS , LAIIZR

AN Z EIEITIA,

1 Starter Shortcuts

What's a

shortcut?
b

with Multimodal LLMs) , FORTLFETE

Detections: normalized coordinates

0 Text Shortcuts
1 Text Select +

2 Text All Shortcuts

3 TextField Search, microphone

4 Text Starter Shortcuts

5 Icon add

6 Button more, Text Last Image

7 Button more, Recognize Music

8 Button more, copy, Make GIF

9 Button layers, more, What's a, shortcut?
10 Icon book

11 Text Books >

12 Button book, Read Current, Play Current
13 Icon camera

14 Text Camera >

15 Tab Shortcuts

16 Tab Automation

17 Tab Gatlery

Shared Prompt

You are an AI visual assistance that can analyze mobile screens. You will
receive information describing a screen, where each UI widget detection
is represented using label, text, and bounding box coordinates separated
by tab. Detections are separated with a newline. Bounding box coordinates
are represented as (x1, yl, x2, y2) with floating numbers ranging from @
to 1. These values correspond to the top left x, top left y, bottom right
X, and bottom right y.

Task Prompt

Using the provided texts and coordinates, design question and answer
pairs simulating the interactions between a user and system.
Conversations should focus on potential user actions on the screen (vs
perception). When creating conversations that refer to a specific widget,
append bounding box coordinates directly after mentioning the widget, not
at the end of the sentence. Only generate questions and answers that can
be answered with given information, do not use background information.

One-shot example (For conversation tasks)
User: TextField search [0.019, 0.050, 0.909, 0.117]
Icon book [0.909, 0.067, 0.982, 0.109

SegmentedControl FITNESS (0,017, @.117, 0.278, 0.166] ..

Assistant: User: How do I search for a new product?
System: You can use the TextField [8.019, 0.050, ©.909, 0.117] to search.

NFIHEES , BEEE

)

GPT-4%g

Advanced tasks overview

. in detections are normalized

+ Concatenate and

« For conversation tasks, add

« Provide detections, prompt, and example to GPT-4

« Post-process raw output and convert to Ferret-Ul format

Advanced tasks
Requires a deeper level of
comprehension than
elementary tasks, as user intent
must be understood before
providing relevant visual,
location, or interactive
information,

[E=r)
==
L]

=
(User: I would like to create a new shortcut.
System: You can click on the “Select +" Text
[0.718, 0.070, 0.966, 0.108] to create a new
shortcut.

User: How do I search for a specific shortcut?
System: You can use the “Search” TextField
[0.024, 0.168, 0.548, 0.308] at the top of the
screen.

User: 1 want to read some books.

System: Sure, you can go to Books by pressing
the “book, Read Current, Play Current" button
[0.000, 0.693, 1.000, 0.827] to get more about
books.

L /




1.1.3 3EBRAI : &840l : Ferret-Ul

O Ferret- UIE%%{I%%EEJ:%U&T GPT- Public Benchmark Elementary Tasks Advanced Tasks

S2W WiC TaP Ref-i Ref-A Grd-i Grd-A iPhone Android
4V, (BEEZYFSESAIE FIREARUGPT-
° 'f_?_azl—1 jj&L E LZEZ_QD Spotlight [30] 106.7 141.8 88.4 - - - - - -
4\ Ferret [53] 17.6 1.2 46.2 13.3 13.9 8.6 12.9 20.0 20.7
° Ferret-Ul-base 113.4 142.0 78.4 80.5 82.4 79.4 83.5 73.4 80.5

"=z S b SIS o T Ferret-Ul-anyres 115.6  140.3  72.9 82.4 82.4 81.4 83.8 93.9 71.7
O BIEEORT "EEDPHE" (anyres

- e . . GPT-4V [1] 34.8 23.5 47.6 61.3 37.7 70.3 4.7 114.3 128.2

) ENEMRERES  IURRE
— o . . Ferret Ferret-Ul-base Ferret-Ul-anyres GPT-4v
SR RER UHESH) ISR o o
, Ferret-URESIA. EUMEELTER o
I SEHRGEE, XLgEEDl
L 40
BINTREEARS TiFVIRAPIHISE &,
/E1 = 2T N 13 — 0
1EE*JE) ' }Aﬁﬁ?ﬁj{Ferret UIEM \con 1e% oot w.\dgexc\a' a1 gagtedt ﬁ_\ﬂd\mc'-‘ae" \con 1% oct \N‘dgexc\a' a1 gaatedt i_\ﬂdw\cﬂe‘
IR ATREIR M AYETE AL, Task Task
iPhone Android

DetDes ConvP Convl Funcln Avg DetDes ConvP Convl Funcln Avg

Ferret [53| 2.5 34.7 23.7 19.1 20.0 2.0 33.9 24.9 21.9 20.7
Fuyu [6] 5.0 24.6 18.8 35.7 21.0 2.0 20.8 44.5 36.1 25.9
CogAgent |20] 53.1 59.7 74.8 71.9 64.9 28.0 58.5 90.1 90.5 66.8
Ferret-Ul-base 64.5 75.0 77.5 76.5 73.4 90.8 72.8 79.3 79.2 80.5
Ferret-Ul-anyres 97.4 92.1 91.1 95.2 93.9 86.4 70.3 50.2 77.3 70.1

GPT-4V [1] 66.8 105.6 198.5 86.3 114.3 126.6 109.4 188.6 &88.3 128.2

WWW.SWsSC.COom.Ccn
#EER - (Ferret-UL: Grounded Mobile UI Understanding with Multimodal LLMs) , FoEgil22rE
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1.2.1 323RAI : fE(H : FINAPRENAEIER

O ERERENANALTERT &, BEE2017F#ESoCH5 | N T NPUILHERTT |, FH&EFiPhone 8, iPhone 8 PluskziPhone X
. FRAL7TSGHERAE I H35TOPS | (RIBYTFEEE8Gen289AERE ( 8Gen 2B EFHMIEIT10+{ZEHMIALIMERY ) |, (BF
N BT AREERIERIAEZECPU/GPU/NPURIGERES | IMAES FRNERCIL (U 2= PG AVEE M E,

O BEEAIGBRERA | SERERDEIFEEREIRT, IOSESIIEG UL ERNLE | BfESAS/IM,

FEREMNALLFESIAIRMNPU ATHNiESS

CPUMERE

2xHurricane A%, 2.34GHz
2xZephyr/MZ, 1.09GHz

2xMonsoonk#, 2.39GHz
AxMistralZMZ, 1.19GHz

2xVortexAt%, 2.49GHz
4xTempest/\Z%, 1.59GHz

2=LightingX#%, 2.65GHz
AxThunder/vi%, 1.80GHz

2xFirestorm A%, 2.99GHz
4x|cestorm/\i%, 1.82GHz

2xAvalanche A #%, 2.93-3.23GHz
4xBlizzard/\#, 1.82GHz

2xAvalanche X%, 3.46GHz
4xBlizzard/\Z%, 2.02GHz
2x k1%, 3.70GHz

4x\#%, 2.02GHz

GPUEEE NPUEEE
PowerVR GT7600 Plus
900MHz —
345.6 GFLOPS

%
3ZGPUBHT 2xHEMHED|
1066MHz 600 BOPS
408 GFLPOS

5
47ZGPURTH SxHEME S| E
1125MHz 5 TOPS
576 GFLOPS

5
AZLGPUBHF BxHEFHED|E
1575MHz 55TOPS
806 GFLOPS '

5
AZGPUBTF SxHZMED| &
1700MHz 11 TOPS
870 GFLOPS
ASEGPUB 16 ML S| E
1175 GFLOPS 158 TOPS
SIXCPUET 16 M LET|E
1468 GFLOPS 17TOPS

22 [

35 TOPS

WWW.SWSC.Com.cn

RAM
B4-hitBiBIE
LPDDR4, 1600MHz
25.6 GB/s
64-bitEiEE
LPDDR4, 2133MHz
34.1 GB/s
64-bitBiEE
LPDDR4, 2133MHz
34.1 GB/s
B4-bit#iEE
LPDDR4X, 2133MHz
34.1 GB/s
64-bitRiBE
LPDDR4X, 2133MHz
34.1 GB/s

LPDDR4X, BEE6GB
3200MHz
427 GB/s
LPDDR5, &EE6GB

LPDDR5, &EE6GB

IZHE

TSMC 16nm

TSMC 10nm

TSMC N7 7nm

TSMC N7P 7Tnm

TSMC N5 5nm

TSMC N5P 5nm

TSMC N4 4nm

TSMC 3nm

70

60

50

40

30

20

10

FHINPUSDHEESE

L= 2Gen3
73TOPS

1 8Gen2
T r8Gen] 36TOPS

32TOPS ERAL7

888

gﬁjf‘ 35TOPS
26TOPS

I
FEAD 5.5TOPS 11TOPS
5TOPS

2018 2019 2020 2021 2022 2023

R el ]
8



1.2.2 f@fHil : MREFShH : i—REFERE + GESb A TR AR R B SRS

O 3ERE2020F118FAEHE Y IMaciliPadIMEFIS |, MEFISHRZESIER T4,

O SERMRFISHRAFE—REEREIRLT , 8FCPU. GPURE MBI EREZ=IAEEERIAED | EEFHTIHEEREEN. M4

B R 3FF120GB/sSHRFRNEFT R , M3CR®REGF128GBAEF , M2 Ultrafc&E=iX

192GBRYZ—AFFI800GB/sHI R AR TF T

B ST TEUSENES  EETEEH NLLaMA-65BER! (650 {2241 , BFFKE130GBER ) . EERF—AFER
T, CPU, GPUMIREFEZBIERMTEET—E , SiREHTmRERES. M3/MARFIEFRBARMEEIRLT , GFRE3nmIZ
HliE , ERENLL A EABEE. ERFA—ATFEHE + ARMEIERIBELL IR BERMAIR R B85 =E),

ERMEFS RS

SEIEHR M2 Ultra M3 M3 Pro
CPU 24 P RALIERR, 16x M BRI +8 < BRI 8 4%, AxMBERO+4xBERAD 12 4%, 6xMRERU+6xBERIRD
GPU 60/76 1% E AP IESR, 272 TFLOPS (FP32) 10 ¥, TEEINENLIERR 184, BHEINENLERR
NPU 32 ZMEMLLS[E, 31.6TOPS 16 fZtL L5 5|8, 18TOPS 16 1Z#HE M5 5|2, 18TOPS

XBHRF &5192GB B524GB 5536GB

AFERE 800CB/s 100GB/s 150GB/s

R a3 25TB/s - -

%#F H.264. HEVC. ProRes 1 ProRes RAW TEEANE .
! . ¥ #§ H.264. HEVC. ProRes # ProRes RAW #E{4iNiE

IZHE 5nm FE—f3nm F—K3nm
EEEHE 134012 25012 3701Z

WWW.SWSC.com.cn
HIEFRT - EREN , TRl

M3 Max
16 #%, 12xMEERuL+4 BB
40%%, TEHINERILIERR
17.04 TFLOPS (FP32)
16 tZHHE ML 5|2, 18TOPS
&5 128GB
400GB/s

% #F H.264. HEVC. ProRes 1
ProRes RAW 8 {4-finiE
MIFRELS %, 24NN AL5 %
2>ProResZf#fos %, AV1 ##HD

F—H3mnm
9201Z

M4
10 #%, AxMBERD+6xBER AL

10 #%, WEFFINEIZRIE R

16 &ZHELMLE5|%, 38TOPS
R=24GB
120GB/s

F#F 8K H.264. HEVC. ProRes #
ProRes RAW TE{47iNiE
MBS, WnEmLs|E,
ProResZwf##35| %, AV1 f#h3

ETH3nm
2801Z



1.2.3 RAI : ERFEIRNINE FUTIEELLMAG B

O EREEAFRANEX (LLM in a flash: Efficient Large Language Model Inference with Limited Memory ) SriEA 7 a0{E]
EDRAMA EBRAVIREH=ERUE TLLM s,

O ERERESHEFMEEFlashd | IZEBETADRAM , NSO THEETADRAMBERNLLMS, it , 3FRAEE 7T —MEE
FAREY | BB I NRMEREA |, B "B (BEERZRELSR TR IR DEdEER ) . LR "1770F 18" (
PXIIAFRYIRFERNIENAS | I T MAFERAIEHRRANN ) |, BD T N ERIEIRE. LURIAE A BTSRRI
. XETTAFSEIESTARRELK)AZIRJFDRAMBERIFS | SCPUFIGPURRYEENNELT S EELL | HIBEE S RIRS 5 4-515
f120-2565, XET5E(ER 7 #UERERNBERDHRNEERNERES | W TinlEE S HIAREU K.

SRS LS tokenfYIEIBIEIR KIGHRR;

3 Compute [ Load From Flash [ Memory Management

REREERHEE | (BHEER)

Flash Memory GPU CPU g l Upper Bound (Sequential Read) 3100
-~ ) ~— 5000 | Threads —_
100 GB @ 5| T 8
o -5, 4000 | =O= 16 = 2250
o =O=3 2
8 _g 3000 é
- = 3
] o
6:8 2000 g
_§ 1000 é 700 7 é
c — 450
Y DRAM < 00|12 i —
~1GB/s > 10 GB 18 16 32 64 Naive Ours Naive Ours Naive Ours
~ Chunk Size (KB)
b) Rand dth h ¢ flash Falcon 7B OPT 6.7B OPT6.7B
. . . . andom read throu ut of flash memor
(a) Bandwidth in a unified memory architecture (b) &P y (CPU) (CPU) (GPU)
WWW.SWSC.COm.cn
10

HIEFE - FE,  (LLM in a flash: Efficient Large Language Model Inference with Limited Memory ) , FELF53FE



1.3.1 FERAI : jFM : gus&Sini , BIEAIRMCREAND

O EALNTKIRE , FRMTBECBETRAIWWDC 2024 ERREATEEGUSRIAR | TS AMmBUASRISIESTF | FSirSEEXEMEMSINGE
. SirifEERABEE—NHNERRAIRS , ZRFASWFSirillXINE , MAR—RBEIE—NEE, ERETFLSiriEIFhtEHNEES | &
IEREENSR. EemAENRRAEERFIYMRS  HsESElRF M ANFE.

0 HRIEERZAEESWHARINCICEEFIRSINARERISIAS M , £88 : 1) THRGERE , MeefEMASIrETF , S B EHGNIREER ; 2 ) XERF
SSirBiFZERMER | N EAIEFIR R R, EEERE 3 ) EREENTERK  BREsZEES.

O Z5580penAIfIGTHIAHRSRE  HAIESHHE , GPT-4olAMKE | BIEEEIRBIAZERE , FHRIERPRIBMEHEMBEE RN , MEERE
rhA]fEAYF I , ERLEESCYIEGES | FTRERIIRNIZEEARLK ; S DeepMindE/R T EFGemeiniFFARIEBEMRAstrafNIES R BEEES , BIEREI
REgEN RS, B ZRNEE. BB F T, HEEPHREMHE NS, $STFERS50penAIFISTARKAIRERNEIE | TiHX RIS ARSREAEN
ANZISirgITheEZ .,

GPT-4olABSSST Google AstraiERFAFHIEAHEE

ZIEBGPT-40R KR E, & AKIELE
ScE IR AL BYIF IR
Wik &L B/IBIT

ERBMEE, ST

S

\ <
-

U

G0 BIRmES

it looks like you're feeling pretty happy and cheerful
BERMRRAC

this appears to be the Kings Cross area of

London
XUFREHEE+FX
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\_
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Translate

Al HhfEl/TEf
5‘ Ml 9 Google 1hE]

1.3.2 3ERAI : A : ERFEAPPSAIRLS | skIZHIESWLSINME

O EeiEaikiE  FUTERGEIOS 18R INALKERREE | HEHETAIRARYFIIEE.
O ZRIERAVAINASRFERAFRAIRENBRIARSE. KEERE | FRREAPPSAIRRIS I RS S THRKERRUNMERTT.

FEREEAPPRMHRAIR B

TRENFE
Al Bh=F
—)
- Galaxy Al
Siri
Al BiE/=IN o
—) *

Teams

Maps

Google &1
@) ChatGPT

Al BIF

Pages
_ Heewlx
—
Numbers
£REPPTEIR
1 —)
Keynote

_J
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Camera

Apple Music

Photos

_J

2 Al FUSR/ SR
— BE
@ ALERE
0 ) "‘ XBOX
"
kApple Arcade y

12



1.4 FERALLIRARFRAIFFIE : Al Vision ProfTiELES

O XREFURFEBEWSRRTFENATERE | HIBSRINSBECRANNT AZERGER. TETAX. BAESRE. REFY
LA ARREXRIGEZIRMEEAGTTRR. KEMMTTENMRIALRE, ISAE , XREWET GPTEA Rzt AIR RIS EEIF0RE L
tH R PER AR/ B IRE |, BEIDIASEHREFAET=1. AISXREBISHONESFHNARS | HEISERRNARE | FHISEY
REIHNGE. BEIE. BFm|s. HaF k.

O 3EHRAYVision ProfF ST =ETREHMC , KT E£HA3DRZEI. ERVAIREES BT B RIEHERN W A AR R #HFHET TR
G, AIMEZRIEREER , STETENGS | BERIEHERFEINTTFEH LEER.

¥EBVision ProEFiENXXRigZiT

WWW.SWSC.Com.cn
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1.4 FERAILRIREFRFAIZRFE : Al Vision Pro3Tis &S

O sERAWVision ProFET=ETERMC , HkK T 2HAI3DREHTN. VisionOSIEHEFHHISDAME , ILHFAREECKAMEERH
RYESCHFRFAE, Vision ProfkEfVMARSE , FFEIIRE. WFIMESHREH, VisionOSIEF:aptrIRERS . FIFEA
FREERIZERABE A=A | DA AMERNEFS. BHE)5ME |, Vision ProsSRMRIERAoHATEIMAR. LIRS
SHIMRESIBERRST . AM2AIRLE AR0RE). AEREUAMBEEEREIT RIS KRS A EMRA AP | BFERIEXRTCHEE
73, Vision Proi§B0RIEAUREI ARV ANEIRIURYERE , FFEUFRITF ERIZ.

O IDCHuit20245VR/ARL EMIZFHEREL2S50h 84 . FERE¥RVision ProflMeta Quest 389, F20274 |, FitEBk
VR/ARHEHERIXZI30005 5.

2£IKVR/AREEGEE

XR. EHEIRIRAYSEAHEIREGENEAREHIL
SIRVR/ARH B/ A

SCA R TRER R B IRIE St 3500

iR & L4 BIBIT

3000
fEMRBIMEE, s

2500
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1500

1000

500

shrudgingers cat 0
EEISHE

2027E
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1.5 RIFAIIE AN RFINNFIEANBE KR A\ 2R RED BAIRRE

O ER-EBAFWRZFINAEMRA | FRAZIEXEDRT. ERAASIHERSRT . 20230 FHARANIE300/Z55T |
20245 _ESFHIAIRNLS6(Z3ETT | Iﬁtlﬁi%tdﬂ%o FRFAXHBEFEIL001Z3ETT , FTARRNSIRF - ERIVEANSZHME
. BRINER2023M55XFI995.8(255T , 2024 EF 58212355t |, EtUigK4.2%. RIFNIIESRINAFIXNFIANE X

ANEERREMRARIRE.
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2.1 SiESEENIRMAEINES

O SESEHED A BINEN , TEETRENFEEE , Mt , SREFEI=1"70E. SENAFFadES M E.
v EIITORERERRIIUE | TERE CRENRT. B4R, 6. Bk S, WETRS.
v OEJAMEN | TERE JIHFEFS. BIRERD. KEIEL. RIAFRIP. S/hRFEISSE.
v HNERRERSY  TERBIRIEIESTRERS. TEEFIMETIRTES.
0 SENAERIERS=1TEH. BHE : PsEll, 8505, BRAS. HER : HRIE%. [FS5IER. THmN. MIE :

RFREIIHEE.

Q6

Ad ing Al
VanC|ng o=l Perception 0
resea rch to ma ke é (\) Object detection, speech loT/lloT
@7 recognition, contextual fusion
. - - - E
efficient Al ubiquitous e
Edge cloud ﬁ
Power efficiency Personalization Efficient learning LsoW Reasoning
s Model design, Continuous learning, Robust learnin, g R{é{{ Scene understanding, language Automotive
pression , quantization, contextual, always-on, through minimal data, understanding, behavior prediction
algorithms, efficient privac y-preserve d, unsupervise: d learnin g,
hardware, software tool distributed learning on-device learning
—
A platform to scale Al Action =
- Cloud
across the industry

Reinforcemen t learnin g
for decision mal king

Mobile

WWW.SWSC.com.cn
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.2 EERiRAIRSHE RO B

O AITERERRSET  TEEEES , S0k SThET | KEIEES.
O MARRAEZLATIREG W TRREEIRT , WIESRER | KA ERFERIKHIBhEL | =hE/ RFE IR E.

iRMAIRIHEER
The challenge Constrained
of Al workloads O\ mobile environment
Very compute intensive D x l Must be thermally efficient
for sleek, ultra-light designs
: Complex concurrencies :@&1 )
Requires long battery
'a' Real-time ﬂ? ih life for all-day use
4 Always-on ﬁ 5 Storage/memory

bandwidth limitations

. ¢

WWW. . SWSC.COMm.Cchn
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2.3.1 {581 : FEXTARRBIRIILER

0 SEEUEREEE B mEFREGARREHTIL.

v RBIESE | FIXERIHTRED , BRI
v RSN | ERSERATERENRRMEEISERE

v BiF | FIRFE ALRBUSCI SRR AT,

SIBANREMRILIESS

7

L

Trained neural network model

New O . O O Inference
input data O . O O output

Compression Quantization Compilation

Learning to prune model while Learning to reduce bit-precision Learning to compile Al models for
keeping desired accuracy while keeping desired accuracy efficient hardware execution

2 ) 1 ) *

Applying Al to optimize Al model through automated techniques

$

Y  ,  Hardware Al Acceleration Acceleration research
awareness (scalar, vector, tensor) Such as compute-in-memory

WWW.SWSC.Com.cn
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2.3.2 1R8N : FEANRE SR

O XFHIUEERETIGROEEMES | SNEFEERA (INT8) |, LMEHITITE
O EM4EE : ERRVINERTFEGRTIEMEES | ERFEEATERERRRIHEATEE.

HREEMLEINERE

Input

tRBIE(LELL

3x3 conv, 64

> | . . L
b y . " 1
.. 3 . 5 Fe Z
- - _ - . :
> :
’ —_— ) A
S 3 X Al
. : \ s v ' ”
= - .
v > VL .
I : 4 veTas N - -
. A e o 2t TS S ag r, -
: - o g - » ", 4 .
- - A VERACRT
. - p = < M
s L. . ua - pe e .
“ - . - i

e 'e__;_kii m ) N

24 bits per pixel
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2.3.3 1R8N : FBEANRR EAREETERAVIFL

=)
~7

SFRYSENES

R
W+ B EL WA G

HLREFSH EERETENRE (EHLL , BEIEE

R DI LHEER
DR KR

MEERENTE ., o
PARDIER

BIEIRTEERE

Add energy (pJ) Mem access Add area (um?)
01010101/01010101{01010101{01010101 INTS FP32 energy (pJ) INT8 FP32
0.03 0.9 Cache (64-bit) 36 4184
30X energy e 10 116X area reduction
M reduction 32KB 20
Mult area (um?2)

100
01010101 Mult energy (pJ) M8 INT8 FP32

1300-
INT8 FP32 DRAM 2500 = 2700
0.2 3.7
Up to 4X energy 27X area reduction
18.5X energy .
. reduction
reduction

WWW.SWSsSC.Ccom.cn
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2.3.4 {=830 : SiBAIMET: EAERME TR

O SiEEE T HmUAIBUC TEEAIMET (Al Model Efficiency Toolkit) . AIMETEFFIRINE , STERHSTHIGREZIEEMA. AIMETTR
SRMUTEMIER , LURSEEMEE , BETERRER , NMINEAKRERTERE.
v RBEERSEN  AMETIEH T —EZBRNENMRLR | SHFWMREHTINTSSEREEEN , BiRITSREE. BXATHSENLRES , FTLIE
I REPERENENTEE | RIEEREENRRIMEE.
v HRREE | ARRBRBARSRMER (HIMEE ) RURIREEEE/NEUEEL (2EER ) f9UE. AIMETSCHL T SxERIEEL | 15/ MEELRETERR
R ERERYRIRTIR> ATE S FRFOHERRATIE],
v BRS5EEM - BINEERDH , AIMETRTLURBIF BRI ARENERER A/ NGESR | SCEIRERIRRIRANESAL | PR MERIK/,
v ilESEEBEES | ZIMBRETITIGEZE , RIFREREENFES | D THREFEIENEK., XTOFRE LANATEEE , AT
MNEEZRTEETITTERIR.
O AIMETSHSSEHFaIREFEIMELR | fTensorFlow, PyTorchZ, BEMHIAPLRIHECRETESEMANBFLTE  BEHTEMN. BFRATLURESCS
ABKIEEARRLCRIBEEEI B EX ites | SLUREEH. MELXKIARMAFAIRL | AIMETRSEERT , AUS I ANFTRISARFRFE.
O AIMETREREIFFAZELRMEZEE/NG. SXRIEE , SR> mimiYt BRIRERE | BRI,

AIMETSHEA RTIERIETEEN T

Fine-tune (QAT)

Al Model Efficiency Toolkit
Trained Al model (AI M ET) Optimized Al model D
Quantization Compression

+ Quantization simulation + Spatial SVD :‘}Ji:;{”‘_g:

+ Range Setting + Channel pruning MR o @

+ Data-free quantization * Visualization

AdaRound 0
TensorFlow or PyTorch L ) Deploy at scale

WWW.SWSC.com.cn
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2.3.4 &8N - SiEAIMET: EEAAERE TR

O SEAIMETE8RETERINECATEEED,
O INTSHUBESBLURMEF—RBEIREL/NTF1%,

AIMETE{LIEBIFP32 5IN TS5 EAILLES

Loss in
accuracy*

Tensorflow | <1% Pytorch

75.21% 74.96% 75% 74.21% 74.93% 74.99% 0.2469 0.2456 7167% 71.14% 75.42% 74.44% 72.62% 72.22% 68.7% 68.6%
FP32 INT8 FP32 INT8 FP32 INT8 FP32 INT8 FP32 INT8 FP32 INT8 FP32 INT8 EE32; INT8

Top-1 accuracy® Top-1 accuracy* Top-1 accuracy* mAP* Top-1 accuracy* Top-1 accuracy” mloU* mAP*

ResNet-50 MobileNet- EfficientNet SSD MobileNetV2 EfficientNet-  DeeplLabV3+  MobileNetV2-
(v1) v2-1.4 Lite MobileNet-v2 NE SSD-Lite

0.35 0.349 0.383 0.379 2545 2478 0.364 0.359 25.51 255 9.92% 10.22%
FP32 INT8 FP32 INT8 FP32 INT8 FP32 INT8 FP32 INT8 FP32 INT8

mAP* mAP* PSNR* mAP* PSNR WER*

RetinaNet Pose Pose SRGAN DeepSpeech?2
estimation estimation

WWW. . SWSC.COMm.Cchn
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2.4.1 f@E(HW - E£pgzVARYRIETERYE K

imERTVAER S , SHMENHZRFIRIBRZRS , BEESESBAmEE  XERSERERZ SHMAL N | FERSTH
ZER, WH  FZAMFERIETE MR, EATAITERENSRE. ARMISHEEN BSoCHrEAIERYBED . RIFRIBRS =
: 1) IEALIERRFIAIERR AR FRAER VAR | 2 ) BEMIAIREF ARG E— P EiZ MEEE R %
REHEMTAIRGIAT D HRRE. FFEAEzERAMN. RENARIXEITEISRETE , XENBFER/IVMERRT | BHEIEECPU, SR
BB R(ECINEHZ2#0RT , GPURINPUEGIE. EEIEMANsER TRz B AN =XEE , NPURRIEREE.
B—IREXBIETAIRE AR FIREIE (BIERERRZIRT AT FE) , RRITEREE(EERMZ R T ER ). SRIRLLMEEMX
AIZAEFRE , FIFEZERXRIECPU. GPUEBKNPURIAFER. MTHREXRITHERFIRHEIRIARMEESR , aIEAGPURNPU , BNPUATIE
HEEITRIRERL,

RHBAEEAPREUDLERS S N 18R AP AR N A BF B I—RRITRIEMAINA. BERE. KIESEENEERE
WELIEMHITARIET , BENEREENPU, GPU, CPUFMERMMESSZ B Db EIREY,

[UE 220 PUEIhFESSIR
fEETIE. RitEE RFERENSIEEMEE
FHETTHICNNA]
BB | TransformertZ ! EHG TR
UM VM
BURT:
Rl
AKimER
KimRER
FFA&BYiE]
KR REIERT
ARERAREK
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2.4.2 TEEM - miEAIS|E

BIBAIS | a8 &S MEAFIRIEEM | B¥EHexagon NPU, Adreno GPU, Kryo/Oryon CPU. {&EEEFIRFINFEFRS.

SIBAIS | ZRIFE SRR EIEEN , STNBEETT | B8Gen3HEL EAAUNPUMEERTTOI8% |, BERUEFT40% ; GPUBERUIET25% ;

CPUMtREATEm2ME. TN#EL/3 ; (CRtaRPIXMERERTT3.5fF , RFEIN30%., ERTREIRICHMIE , FESoCEREPD XIAINETT

KNIETEERE.

O MAETFRECHA BERENS N =5 ERTRE—RNSI | SBRAERNMIERIRITSIN B ESHLERSE. R
GRS =D ERRZBRRBEBLIRFZM, FRIMEKMKRREFKIRITSoC , BFERIHEEATFRE. REARCESENSTFHIEL
TERE | NERMESRBASTRALSS R INIRRRF.

O BHRiEHEBAIGIENFREEET20Z , RE ZHmm , BIEEEFIL. XR. FIREM, 5%, L. VissAZF.

O o0

RMATHRDE ., ..
Dlarciations) EE LM SR dbE

BB E R

WWW.SWSC.com.cn
BRI =18, PIRiEs2

25



2.4.3 tEEM - SENPULRERF

EIENPURSE FUF L AAUSRAIFIpISEE R , ST

O

RE(ED#E.
NPUFEEEITE. AFHRFERLT , BLR O RFHIEECHIESIEREME. RAEHINES AR SESIRERITER. b
EAFEIREES | FEEMRE. 08 BE. AREEAICHERZERERS | EFUNPUSATI S RIRITEE—EL

SENPUEHAR

2016-2022

w3
B8/
EE I o=

KiESRE R
: DABIE
5, Stable Diffusion/
ControlNet

—
7

=]z (=[]

— —

= EECNN Transformer/

100122
LSTM/RNN/CNN

10012881 £
LLM/LVM

LLM/LVM

WWW.sSwWsC.Com.cn
IR : B8, POl
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2.4.4 5B%E8Gen3 & 8s Gen3ES

O SERE8Gen3FERSIERAITIARN RS , KA EBRITNE. FEENIER , FLNEMSARIERIRG] , H—TH
simUAIRIRHARILY R, B8Gen3RABAnmliE. B E—HE8FE , B8Gen3TENPUIERE LH98%AIETT , CPUERE
30%HIIRTH , GPUMEBEE25%HRETFH , BATHFERMEL10%.

O S5iEFE8s Gen3FETHamMIERTIUAILIRE. RARBANRVISP, BIECHRBoNEX,. EIEE TR e s, X FaXiE
IOZRAIER | AR A RENESIER | trinllama 2. Gemini Nano, BJI| ( 70{25%1) #1ChatGLMZ,

O Fw8Gen3f8s Gen3pHscRim FIn1T100{ZEEURERITS |, FHERXI70ZESELLMBRI AR 20 Mokens , FEEZFHIAIN A
B 7E428Gen3F18s Gen3HFH LB E1T.

=iERE8Gen3 EEEHEIEITR

Al 4@9* HELZ

#%®Hexagon™ NPU 1 Qualcomm
Al Stack . -
Riiay i
98% enas el et
h orch ’ .
40% rsamn Ty
3.3GHz Krye

;ﬁ%fﬁml&g—f crmaTmRIGE

=B E8s Gen3 X EtHEIEIR

18-bit triple
Cognitive ISP N ool
=2l anpdragon Qualeomm® Adreno” GPU

‘ ; Hardware-Accelerated
Photo Expansion £ 5 Ray Tracing

Always-Sensing Camera

Semantic Segmentation S "‘_f:“.'f Adreno Frame
otz Motion Engine 2

——— Stable Diffusion Snapdragon Low Light

Vision (LLV)

EAB A AL ControlNet AWML 30% 20%

e o h BT AR ST k= g Lot o
10012 ~=201™ sy 2344
EM S RRAR ;%,I,?E; P S
H5AC2PA Androd

pechuoze  _SERcsmATIAY 77GB/s, 4.8GHz REY  daidh
_——

Snapdragon

5GAI Release 177
; ; X705G-Modem
2xsHDR Premium - personalized RF System processor 5G

KRR HEASKTRISP

High-speed on-device Breakthrough connectivity
high-def sound GenorotiveAl a0
Gen Al assistant Connectivity System with HBS

Lossless

FastConnect 7800 Mobile Wi-Fi7

P o zn [
25% 25% ¢ RL5I%S BETR  WERER Qz,b',t%”agu

cegs  gms Stleme iR

Qualcomm Agstic™ )
Speaker Max Technology Gen Alimage
generation
HECT RTARBES
24L0OFPS ERKR Nightvision gfngDR ) il

B (XPAN) LE Audio with Auracast Up to1OB

parameters
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2.4.5 S5iEREEX Elite & X Plus¥ES

O XX Elite2EBE I PCTHIAHEHAISoCF=R , BokX EliteXRAEIEOryon CPU , CPUMRERTERFfS, 775 TOPS,
SISTELIRIEI T 30{Z S BUIERAEL |, 1370128 HLLMBHAI4ER30Mokens , AUBBEEEENZERA. 5.

O FHESEEBA PCRIEIEELX PlussES., X Plus¥E10#%CPU&It , GPUE 3.8 TFLOPS , NPUE 3845 TOPS, £
Snapdragon X PlusBI&7R9 , Bi@RR T 1£45 TOPS NPU_LIEfTHOFHIAI R FIFERFFITHAS , B4E : CodegenfiVisual
StudioftABLER, , WIS HMIERLTUAIEDRY AEAET RASSRESENIERFR, AudacitysPROBSIRAERY , (EFIIRAEALLASRiffusion , HRIBHER
SIS E N S AT . OBS StudioRiysERY=FEE , EENEIEHEFRRE EAWhispersZrfi§ 100k 5 EENEREAIL00
MMESHTN TR,

EBEX EliteE BEAEEIT

mIEGEX PlusEEMHEEEIR

Always-

Built for Al ; Sensing

: ISP

4 5 '\ Integrcted

TOPS Micro NPU

Qualcomm® Hexagon” NPU Q loomm

‘ World's Fastest NPU for Laptops sing Hub

T SEbesr R RBH BN LK “q

apd 3 ™ CPU o} METZ
- g Pl et 2111 pyrameniiny
X Y [ T I e 136GB /S

CPUttRERE GPUttBE®E AR
FAMNE N2 fE LPDORS
X

Snapdragon Sacommorogies Incredible performance per watt

B3R T A ’ TOPS  ERATE
7 5 1 0 CO res (&= Matches peak PC

upto 3.4 GHz performance at
0
) 5%
less power vs. competition

130280 MR- "Rl 0 4

TOPS .
(EL: ¢330 | ﬁﬁWD’Zinka:g 45 ARVEIS AAR BLSH i
YT LENLNaLET

BITIREEH N RACBEE - MRKMIen NOY

_'Wn A& Hamgon® NPU

e o RURAIPCREN T RS MR RIS

HERSGSWI-FI7
g PCATI ISP E L

s Q nazeen @ LA G68%

=T mmEmse
68% »

£Y) 'S’] Snapdragon Soamioss
ol b, TR

) @ Smart user
S' experiences

e
Lightning-fast 5G | Wi-Fi 7
Scalable . L, Immersive lossless audio

across arange o { Y Advanced camera ISP
thermal designs and N g D ' Snapdragon Seamless
TFLOPS form factors . ey gt Chip-to-cloud security
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2.5.1 RFM : SEERIN/EUR LI

WWW.SWSC.Com.cn

MEEX RS IRAITR SRARIENN , ESREFERZEY , WENTRFRERNENMENEEEXEE.

SERHINEENEE | BEXNSUFNE N S EEaRkARES] | SRENINEE , ISR IS DR ; BRUUERE  IEER

s ; ISR ES AN XS FE S SRR T K

BT EFERR  BEFR TAITELIROAVENITE | BERWBRM < BNR  ERESITEERRNES. B

1ZIitE , ResNet18AURHIEEERTA_ EEARFAZE,
MEiERGRPIRIITRIMERER

N\,

=

ARSI Z FIRTR | BHRESITTE

0 100 200 300 400 500 0 S50 100 150 200 250
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< e

— l i« _\. ; . "A
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+ .
- : = 3 250
Enhanced perception through object Advanced camera features, like video a8
i i i | i 0 50 100 150 200
detection and semantic segmentation enhancement and super-resolution S 50 40 50 60 o iEe 5 B ek 6 = GoU0E a5 ae

o

N ‘S i& .
\‘ s Y\ :

10

20

£
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Advanced video understanding, Increased video compression to

like search and surveillance address the demand for rich media Feature maps over time for ResNet18 remain mostly constant
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2.5.1 RFM : SEERIN/EUR LI

O SHISRERREDD , BT B aS S g TId0 P iESs.
O SHEfhIRNSNEERERTSSA , SEAT5 RN 7 BEoHAREERKRE RS,
O ETSEisitn/BISERIEEN , R LIGREMEAR/VR/MR, =815, Ak, SEeSiEs .

EF RN RZ IR

End-to-end deep learning neural net

@ bits
_ Entropy Entropy .
T=1 |-frame encoding decoding " = Ground truth
encoder i P ——
T=2 Entropy bits Entropy
- Motion P-frame encoding decoding P-frame
estimation encoder decoder
Motion vector
bits " )
T=3 Entropy Entropy
Motion P-frame encoding decoding P-frame )
estimation encoder decoder Residual

WWW.SWSC.Com.cn
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2.5.2 BiFAM - §3SRTCLETE(L

O SEFRRENESRSAREIUEAIBAIRES , BIFIEE, JIGRBIITTE LAISSHRRLE. EIIMEEM RS
1E , IR T EEELER, RUERDEITEIFRTE. SRAERIRERS S LU SR,

O SEKANATISSLIEXRREREN. BRNEREMESTIAMERINESPHAEREAMNE , tLNztA, SRR 8§58
I F. BTERSHBUEEERRER , BTEREMA Al B IS UG EYRR SN WSSk LIS EHERRIEN , &
RAERESESHRET. 1757 (SRR EEFIVANSH ) . BEIFI#. ARREELRENER N EIEN , BiY—ERch
WE | R T HEWRMAHERR |, IASCIERKERNTENL

TSI R EF I LASTIRER

Real Tx Virtual Tx
Realmap Learned map
(CSlvs position) Unsupervised
Line of Reflected path is
sight o also equivalent to 5 5 —_—
a direct path from
mirror image 4 4
(Virtual Tx)
Reflection 3 S
D from the wall
2 2
1 1
Rx measures aggregate
CSl from all paths Reflector
ting from Real T e.g., awall T 0 : 0
originating from Real 1x Forward pass Backward pass 0 2 4
Physics of reflections Neural augmentation Incredible results
The receiver (Rx) collects unlabeled channel state info The neural network uses a generative auto- The neural network learns the virtual transmitter
(CSl) observations throughout the environment. encoder plus conventional channel modeling locations up to isometries completely unsupervised.

. ) ) i i i th . N
The goal is to learn the Virtual Tx locations and how to (based on physics of propagatlgn) totrain on the With a few labeled measurements, map ambiguity is
observations and learn the environment.

triangulate using CSI. resolved to achieve cm-level positioning.
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2.5.3 B - AIEFiX
O EREFANMSSCEAWNIVE  BEKEE. BEEIERE. AR EFTnFTR. BEEREZIEENHATEIAE
5, FHEIEREERE | SKAEREMNE , S0 VFREINBRIEIATIEE.

O SEKANABTEA M, EMNENRI M. EEGET. BirnRKUARAREE LI EREEES0H | EER = TR
s, RERETLUERESRAE . THTE. WREARA. TARHL. SCEY RiBEN KRS,

RIAES RGPS R

Performance in
complex scenarios

Robust performance even
~ in crowded scenarios

80

60

40

20
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3.1 =EXigIAILENEL

O =EfREAIRERATERAVERT , B 7 NREMHEMNESERER EEENSETRIRINER SN, =200, imlll Al IERFRR
HEERUEELRIm A T EERIRER.
O =2\l Al TEIEERF AR EESUAMS | RTAGRIF , FER T BRYRI S | SEFa9 ETFCRH | BREHENEED.
v [SRAFRIP . EEERESRN Al SSRAMLE | TE L&D , BRIEREERAREE,
v BERICTRRYRISETE | TTCETMERIER , BRI |, 2t Al FRELNA]SCRY TAE,
v EIFR_E TSR : IREXTAPI T RAEZEN | i Al STLAE A REREETGEY , METF N AEECAIAIREE,

v RIERR . BTREMBMIRSRAVER , FUTIERERIR.
IRMATERSFARIP. MECRIESERS

Bovics No need to
5 “Read th
ﬁmAlﬁiggimpwgﬁﬁﬁﬂg*ﬂﬂﬁ mostarece?lt .
message” » send the voice to cloud
1 + send ‘most recent message’ to cloud

On-device Al

4
- D .. - B

@ Context-aware

@ Fast Response % %

+ send private information to cloud

You can use this with -
> “Record aSuperslow |
motion video” -

B Select Select Start to Record
- Camera - More - Super Slow Motion
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3.2 =EXinRUAIRIH A EE

O Hitz=im Al FENTR . will Al FEESRNER DT | IXXERRRHFRIEK,
O =2i\8, mll Al NERFERIET : B, =6F , B3,
v FHEADCHREME ESTmMGPUBRAES , BERaEEIteE. . iA. BELEFRE.
v FHETANRESY EFIEEIRHESER , TBEPERE. MisFtatiEir.
v Scaling Law3kz] Al REIEEE, BRERE , HEEKREEEMES | mntlE&imRESIIMHERR AR AREIIFIEIRE.

imi Al B9FEZE S EHRZR

Clouds Resource Gap Devices

Computing

Memory

Power
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3.3 =E/Yimfll Al fHRFE

=E2/iEMN Al FIAAERFTED N=E205  EEUEL | AIZRGEE , AIIE(4EImESS,

HEREIRBIUL | RS TIRESERERN |, IR, E4F ; RN, GIEHSEEEER (NAS) . S2ASEIE, £E
I FleXORFIBIQGEMMEZLHA,

AIZFUYE : RS 7 HENEMmIFEES/Runtime |, SR REISHT. BAE. RTINS | FENEEE  BiEZRIEEE. 21858
D IRRIHRIERY) %4, FEREnnStreamerfInnTrainersCi,

ATRE{EFINEESRS : IENINPUITEEST , SR\ T e EFEINETEHFIP,

=EiRM Al RS

@D Neural Network Model Optimization

Model Compression Model Architecture — FleXOR
Pruning, Quantization, ... NAS, Multi-taking, ... BIQGEMM
Al
S-\l}V @ Al System Software
+ @ NN Compiler/Runtime NN Pipeline NN Training nnStreamer
HW { Model Analysis, Scheduling, Multi-Model Pipeline, On-Device Training nnTrainer
Memory Optimization, ...  Multi-Device Pipeline
Co-
Design @) Al HW Accelerator
non Neural Processor
% e i =) SNP
= 3 ower Efficient Specialized Accelerator HW IP

auoayg
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3.3.1 FleXOR : aliliGfd0 =1

O FleXORE—NRIBHINNZEL/ZEM |, BReER/NTF ISR ~E MU E,
O FleXOREFESNEN IINEZILIR THEBYFELELL , BaER)|GE&ERZEIINZNE | B33/ F1NEN IR SHEE ERRE,
O FleXORMIFRADAFEENTR , X FHeeAEHEIRITEXEE,

e ™, Table 3: Weight compression comparison of ResNet-18 on ImageNet.

|~ T T T T T T T T T '_I T ! Methods Bits/Weight | Top-1 | Top-5 | Storage Saving

| FeORComponent A i [Layern+ >4 v Full Precision [10] 32 69.6% | 89.2% T

| Encrypted I Quantized X1 P eeereee -1 v, BWN [20] 1 60.8% | 83.0% ~ 32X

| [ Weights (Binary) I Weights % 9.4 > s ABC-Net [18] 1 62.8% | 84.4% ~ 32X

g~ 4 0

| \ | l o BinaryRelax [26] 1 63.2% | 85.1% ~ 32X

| XOR-gate Network I T X3 f L B DSQ [7] I 63.7% = ~ 32 x

| g IR -l e @1 % 0% 38% [ SI8% |~ 0%

| | weemehira ) 12 Bl Wone &> ve FIeXOR (Nour = 20) || 0.63 (mixed)? | 63.3% | 84.5% |  ~ 50.8x

| 2 2 J | C 0.6 62.0% | 83.7% ~ 53X

- J T Decryption using (Nin=4, Now=6) To 4 groups of 3x3 conv layers in ResNet-18 (except the first conv layer connected to the inputs). we assign
\ J XOR-gate Network 0.9, 0.8. 0.7. and 0.6 bits/weight. respectively. To the remaining 1 x 1 conv layers (performing downsampling),
R - we assign 0.95. 0.9, and 0.8 bits/weight, respectively.
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3.3.2 BIQGEMM : EFE#3FEa "HH%mS = DNNARIZERFEE

O ZrIfN_HFI%RBE(sE - CPU/E=/FHERNE1TiRZ

v T HRABIERI AR S Stgecsosn ) o P ——
il fas SDRAM binary data in ‘Bit’ level

transferred in ‘Byte’ level
L bye
v XFIESSEN , CPU/GPU/NPU 7£5C E— | 1010 00010010 1110 . _
R EPREECH ETREN
v — s | 4 T NI P S ky - " .
SIER ) | KIS (L55PC, FABMER)
D B|QG EMME"Jﬁ[—;%' ) 1%?%*%?&%%”“]‘2 ; BN Eigen BEE MKL S FBGEMM (INTS) 88 BiQGEMM 3-bit BiQGEMM 2-bit BiQGEMM 1-bit
a i
v ERMETERERNSHIREERR |
~ — ~ AN g
EERTTREZIRLT - | J I I ' I . I I I I Lo o
v CPU 1 GPU AILARIFE(AERFRIES e 1-Batch sBatch = 16Batch = 32Batch = 128Batch = 256Batch
'&Lﬁ\g BN Eigen BEE QNNPACK (INT8) MM BiQGEMM 3-bit B BiQGEMM 2-bit BiQGEMM 1-bit
v RBLTRITE  FRRENHEAKX “
° |
B> ‘BN R
\‘\‘J‘ﬂ
- l-él\;itch N - 4-§iltch . = S-igi\tch = - lﬁ-gatch = = 32-..)113\;atch = - 128311{3atch = = 256E%atch =
WWW.SWSC.COom.cn
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3.3.3 nnStreamer : FAFLFHNITHEFEIEE

O nnStreamer— N ERIEHHFEZNEEE

v AT TR N HTRYEERA ;

v BFHFHTUARAENEEHITN ;

v BEERA/R IR EE R/ BRI,
O

/bZE17MB,

nnStreamer{fE ML EE

nnStreamera ALV CPUIAES B

R Mg  reeescccccccceea= s -
1 DVS |—>Preprocessors: Aggregator Siatic LSTM
) T } - o preneee out=8 frame Tensor Aggregator Tensor
- D offset=8 frame Filter out=12 frame Filter
N Tensor Transform Custom| |refresh=3 frame| | Custom
/ v \ Converter (Normal) Aggregator
a \ 4 possmmmmssesnneey \ Tensor out=75 frame N Transform Merge Tensor
‘ e ' ' fiset=25 f i
Ex) AR Application |\ --} > :,F_,T?P_'Q‘??_S_S?r_s,:» Converter i offse rame (Stand) g?gn\se@:t TFI-lllt_?t:e
» ' [ | ’ UWB _T Tensor oﬁ?—g;gggs:e > Transform P
h Converter |™ | offset=25 frame (Stand)
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Mux

Sync @
Slowest

nnStreamersLfl : BRF10001TCREEFERI161T ; HIASOFPSEIGRAME , CPUSRERM90.4%FE51.4% , W7 AZSEMNA0MBIR

)

Sink

—» media = tensor &> tensors

39
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3.3.4 nnTrainer : HMIRMNFESA/MELREZESIINESR

O nnTrainer@EERATVIRE L EHBRE MRAIEAHELE,

O ZAFFERAINAR , nnTrainerSHRAFPSIREER (Gl RATEIN100msF85GEI50ms ) . B ( LLAIASFRE N 88% 2Tt
F95% ) . MEALRIRIRIRIE. nnTrainerBERSIEREISFARIF , B OAEURREBERFIRE L. XInnTrainerfOBEETET)|IERE0E
2/, BEHIRFHNRRER,

O nnTrainerf@ L A RIS AT BIRNOLHL |, TERBFIFITFES |, TFLite/PyTorchiZBIR AIRFRE Y | B TCNBEE NBRIERT.
nnTrainersz#FEMAYANdroid, TizenFLinuxig{ER S, #ELLTFPyTorch#ITensorFlow , nnTrainerfRm R 155 63.7%F169%HI A
oA,

nnTrainerRFHELR nnTrainertERAI BB LA RFHIE nnTraineriE32sLHl : EFILRIE

AppContext APls C API ||C++ API||Config. File 1pp - Samsung TUSOO0AKTV [Max:1.5 618 ) s
1 1200 [ |
DataSet Model Optimizer Tensor 5 1000 onri2B/ Apple Watch Series 5 (Max:106G8) | Lo dem
b
- Backend > S . . .
Generator| |, | SubModels weight LA g goo _ Samsung G‘*'EWW*‘“““"‘“‘753”'36'727 o
: T ¥ S S 6o RPOA(Max:512 Mib) |—|59h|” 100% -
File I/O Model Loader % ey ‘
;/\ «— Graph v a0 3676 373.2 Loss: 0.64
| TYTTYTIY J Lo !
Model Savier |:| Compiler |: || ayers S I =y B
P4 |- N | Memory Backend 55 78 N 107 2ﬁ " 5 Times per emoji '
~ L : - 1 Manager « || NNAPI o -
Mode|\§|nary : | | Layer Optimizer | | : LeNet-5 (Inference)  LeNet-5 (Training) VGG16 (Inference)  VGG16 (Training) ‘COHECt User data‘ ‘ Train ‘ l Inference
On/Off-line | OTensorflow [CPyTorch B Tensorflow-lite M NNTrainer ‘

Peak Memory Consumption
PyTorch : 1.2 GiB

= TensorFlow : 1.02 GiB
RS S * NNTrainer : 0.37 GiB
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3.4 =EAIERE(HE SR

O (RRYe/NL3EHENEEEE IR EA ARSI MEE, 530MBA/ERERI91.6% , FAER/E38MBET/ERER991.1%,
O =ERiTABEFESZRIBINPU , E— M ATFHESMEINERENERE G , EIEAARECPUSRMNINS Z—,

EEHEMNEE SR EREELERE ZEASR(BzZIETIRA) NiE=R5RAE

aits  Hyper Korean e ] e |

LRA | WER XRT Size ][] e[

32 no 9.37 ) 4.89 530.56 | [ e |

32 yes 985 099 14018 oo | — | 3 - N

32 +MWER 9.60 1.26 140.18 % SFUO | | SFU1 | |VFUO | | VFU1 =

8 no 9.64 118 132.88 A

8 yes 1021 033 3534 %”“ §§ Vector Register ile H
8 +MWER (9.80 ) 035 3534 e [

CPU ASR Acceleration

(NPU-based)

Conzz:ﬁtion 982mW 276mW

* Measured under xRT(real-time factor) <1
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3.5 =Eiml Al 5pE

0 =EsiXEEaESINES. SHNBHSHBEGR=5s. 2+  ESEHEIERUESEE | eipEERE. hE. S1TBE
SRS TRMALEE) , BENHEFHES. XFAMEAIRER ;| RIBEAREEERTIFEMEFA ; MEGEHNEFFERFIMEER.

O =EGalaxy S24R5UER T Galaxy AILJEE , iBI/MRREAAIAIGemini , ERRRAEEANNU—S. =EGalaxy AIlSFEERH
Geminii2H374F , BiEGalaxy S24#5H AFi8EiKAIGemini Nano , SIREZIIEENE S =iHHERGemini ProfbiBitE(Es3,
FiARSBLREERE=20ne Ul 6.1 , RLARBRIAPPISSHIE. K00 MRS, #hiFE. nhEE. BRECENRENA
RS RTAIRARINESE , MTEFNAIRBEEEEPIRYZEARIXHEE=S H. BPERDE ( Circle to Search ) . SCRYEHE.

ZicEF. BBNESENGalaxy AIDIEERIN SR,
=ESHIERTUAIEE =EGalaxy S24/9EFTAINEE
Samsung Gauss L e @i ¢

’ . . . #* RIAE @ =
Samsung Research’s Pioneering Generative Al Model
* Galaxy S24 UltratE A= R SERAINRERYFY] ,
FMEHRDEMBRBLRFIOARA |, ik
BPERBREARENS.

Language Code

L 1 1 )

Samsung Gauss Language Samsung Gauss Code

Please wait a moment.
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4.1 %R (AAPL.O)

/0 AUERISTH/PC/EREE/MRERS , BrvREaa) [ R

TR —ICRUIAM. BFRAMMAFR. BANESR | |0 $ROENMATERTALIRN. FEHEEOS 185 0SHFNAIAIE
#. LARIEEIHRNMAEED , FRAURAARRIRMARIRA e, EHETAIRRRIHIIE. FEEMSInEFERT6R I, ER

Bty ERMFIRIHESEPBEMINAILIR, FRET6AETWWDC 2024X
O iPhone 16EAEAMAISE! , HSiifEAERIL TR = ABRRERANREMHIRAE .
ADHSREIAING . Mac/Vision SRR MAEARR | | O FERIESOpenAl, ARFIEERAIEL LHBHTAIEAR, ERXEE
FESUETIAITREE, Vision ProfiiSzsiatEmift , SHEAI RETFIAaKEEINGAR, DU RAS HA eI,
9Vision ProffSRISSMES , AoReM. XAAIT | | 0 prsFwmmmt Bt ReTeh , BISEMSHERIOSTIRFAL
DRSS | LURIBFHR RS A0 B2, 21557 , LRSINSRAMBMGS , TR LEEEIREHAI
O Fit24-25M4Ei8%0351020/1095Z 5T, FHR28xPE Agent RFRRIA.

{RELF S T R

. 26xPE , &bFSEPIIKE, EINFRRKE, M)

a

FLAN(E T L) 394328.00 383285.00 389112.51 417906.14 438616.00

HKEe 7.79%¢«  -2.80%¢ 1.52%: 7.40%:¢ 4.96%:
FHHE(BF R L) 99803.00 96995.00 102046.91 109546.54 118615.53
BREe 5.41%«  -2.81%:¢ 5.21%: 7.35%:¢ 8.28%:
1M # EPSE 6.51 6.33 6.65 AL 7.74
PE< 28.12 28.94 27.51 25.62 23.66
PB< 55.39 4517 17.10 10.25 7.1

.
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4.2 =8 (QCOM.O)

(0 BERARE , FHALGIEES. sHFnsuanm) [ )
O

SIE  HRAIERSE. BEERFINESED 15 S B RTEAE RS TIAIS B, BT EANEE8Gen3

FAZ RS/ IR BN S SRR P EES |, 18s Gen3, FIFPCERIEEX EliteFIEEAEX Plus,
T ARR=FFU SIS EIEE 5%, v BEH28Gen3RA4nmEIE, HLLE—, 8Gen3HINPUMEEIEFHI8% , CPU
O HiBEIERSAl, ATEHFISEHE, BT 5ESKESIE HEBEIETT30% , GPUMBEIRT+25% , BERINFERE(E10%, 8Gen3F18s Gen3p,
=i P2 S M ARSI A FEfT | Tl 24H2 P> FFRIm Lis{T1002 BEUREIN TS | FEXI70ZBHLLMERER201
NN tokens , HEREZRAIAIN AR TEE28Gen3F18s Gen3HIFH LIBEIZTT.

IRAIFHIAIAL PCAIBZISERIAIRR. AFIRNERES

v BEfeX EliteRAIEEOryon CPU , CPUMAEAZERANE. EHH75 TOPS,
AR | SRR B AT A BT, BEX EliteRAREOryon HRERERAIE, E %

RSz THE130{Z2 BAVERTVAREL | $3370{IZ2 4 LLMER A 4ERk30

+ AJ
O Fit24SFakilRBERTINE. 2459 22xPE ( GAAP) | Mokens , ARMEREATERA.50, ITHISIEEHAL PCRISEERX PlusTEa
20xPE (Non-GAAP), ZiNFAtkKiTE, . X PlusSEFE10KCPUi&it+ , GPUEF3.8 TFLOPS , NPUE 945 TOPS,
< € ¢ € € 5 18-bit rple » Hyper-realistic gaming Buit foc Al \ \ I 7 E i
TR NCEE L 44200.00 35820.00 39352.69 43518.57 46388.11. - snapdrogon [Tt :a‘;\ } | N
PR 2 3168%¢ -18.96%¢  9.86%¢ 10.59%¢  6.59%« s : SN L gmfg@ﬁg
GAAP % #134(8 7 £ )¢ 12936.00 7232.00 10007.65 12227.52 13492.66 . ol
kg 43.05%¢ -44.09%¢ 38.38%¢ 22.18%¢ 10.35%¢ e
HRH S EPSE 11.62 6.50 8.97 10.96 12.09 .
Non-GAAP # #1id(H & £ £.)¢ 14254.00¢ 9486.00¢ 11381.00 13244.00 14815.00 .
g ko 45290%¢ -33.45%¢ 19.98%¢ 16.37%¢ 11.87%«
B R 7181%¢< 33.51%¢ 31.68%¢ 27.91%¢ 23.54%¢
E<J 10.28 18.39 20.03 16.40 14.
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SHRrIE : ERRR SRIW : 1BEF

HMKIES : S1250521120002 HAKES : S1250517090003
H3iF : 0755-26671517 3% : 023-67563924
BBFE : wxj@swsc.com.cn HB#E : yzyu@swsc.com.cn
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