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'AI/I\/IL Monetization Is Here and Growing
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'Who Is Xilinx? Why Should | Care for ML?

Only HW/SW configurable device
for fast changing networks

Belief Net LeNet5
TDNN ResNET
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Xilinx

Future proof to lower
precisions

Embedded GPU & Typical SoC

High performance / low power with
custom internal memory hierarchy
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Integrated Xilinx Al Roadmap

Xilinx Al Development

Edge/Embedded Cloud/DC

Models

20+ pruned / customized / basic models

Quantizer

_ Quantzer
xIDNN Compiler

Software Stack

Runtime xfDNN Runtime

FPGA IP
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ZCU104 Ultra96 & XILINX.
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'Xilinx Network Development

L. : Model .
Application Module Algorithm Compression | Deployment
Development

Face detection SSD, Densebox v v v
Landmark Localization Coordinates Regression v N/A v

Face
Face recognition ResNet + Triplet / A-softmax Loss v v v
Face attributes recognition Classification and regression v N/A v
Pedestrian Detection SSD v v v

Pedestrian Pose Estimation Coordinates Regression v v v
Person Re-identification ResNet + Loss Fusion v
Object detection SSD, RefineDet v v v
Pedestrian Attributes Recognition GoogleNet v v v
Car Attributes Recognition GoogleNet v v

Video Analytics Car Logo Detection DenseBox v v
Car Logo Recognition GoogleNet + Loss Fusion v v
License Plate Detection Modified DenseBox v v v
License Plate Recognition GoogleNet + Multi-task Learning v v v
Object Detection SSD, YOLOv2, YOLOv3 v v v
3D Car Detection F-PointNet, AVOD-FPN v
Lane Detection VPGNet v v v
Traffic Sign Detection Modified SSD v

IADAS/AD - -
Semantic Segmentation FPN v v v
Drivable Space Detection MobilenetV2-FPN v
Multi-task (Detection+Segmentation) Xilinx v

& XILINX



DPU IP
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'What 1S the DPU?

> Deep learning Processor Unit: Optimized for
convolutional neural networks

> Consists of 3 Main modules Zyng / MPSOC / Versal
>> Configuration module
>> Data Controller module
>> Convolution Computing module

Convolution Computing Module

> |nstruction Set

>> Tensor based instructions
>> Up to 268,435,456 MACs/instruction

> DPU Targets the Zynq Device Family
>> APU required.: instruction Mermory
— Interrupt handling . B
— Data transfers
— Unsupported operations

BRAM/URAM

PADF & £ XILINX



> Arbitrary input image size

> Convolution
>> Arbitrary kernel size
>> Arbitrary stride/padding
>> Dilation
>> Depthwise (optional)

> Pooling
>> Max pooling
>> Arbitrary pooling size
>> Arbitrary stride/padding

>>

> ReLU/Leaky RelLU/
> Concat

> Split

'DPU V1.3.0: Supported CNN Operations - g

> Elementwise sum

> Fully Connected (FC)
> Deconv

> Batch normalization
> Mean scale

> Reorg

>

>

>

O

Operations not
listed here must be
mapped to the
ARM CPU

& XILINX



' Supported Layers
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VDPU Support CNN Operation Revision History

- DPUV1.3.0
«  Conv + Max Pooling + Relu / Leaky Relu + FC + BN + Concat + Elementwise + Split + Reorg + Up sampling
- DPUV1.3.1
* V1.3.0 + Average Pooling
- DPUV1.3.7
* V1.3.0 + Depthwise conv + Average Pooling + Relu6
- DPUV1.4.0

* Unified version with all feature configuration

PADF & £ XILINX



DPU Evolution
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VDPU Optimizations

> DPU > DPU _EU
—One clock domain —Two clock domains
—Lower power than DPU_EU —Smaller DSP footprint than DPU
—Instructions: Convolution, > Uges [RE 2 DRI enlElE
Deconvolution, Depthwise « Uses DSP cascading to reduce resources
Aaraluiiar. Ve Eem « Optional ability.t.o trgde DSPs for LUTs to
’ ’ reduce DSP utilization
AveragePf)oI, . . —Low power version (DPU_EU_LP) uses
Elementwise,Softmax,Sigmoid... gated clocks to reduce power
consumption (but is still higher power
than DPU)
£ XILINX.



VOptimizations Using DSP DDR Technique (DPU_EU)

clk1x

clk2x

PCOUT
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DSP48 Slice

DSP48 Slice

|
I
600tz ' 300Mhz

300Mhz 300Mhz 300Mhz 300MEd | b
Original SDR-DSP DDR-DSP
LUT DSP PWR_MAX
Zynq7020 B1152 39230/27379 220/146 200/400MHz
ZU9EG B4096 54748/40930 1026/514 8.7W/9.8W 330/660MHz

PADF & £ XILINX



VDPU_EU_LP: Using the Gated Clock to Reduce Power

Power Comparison

m |dle Power = Max Power

N
ol

22.8
20
16.6 16.4
515 13.7 o7 13
CE e} S 2 9.8 0.
510 8.7 82 8 :
| 5. 6. 5. :
666M ° -
CLKOUT
0
LP LP LP
T— CE 333M EU EU EU EU EU EU
O 1 1 1 2 2 2 3 3
|

* Measured via Xilinx Zynq UltraScale+ MPSoc Power Management Tool
on zcul02 B4096 when running Resnet50 @333MHz

Enhanced clk2x to Gated clock

Reduce the power consumption by turning off the clock of computing
Qdules when they are in the idle status.
PXDF s Y

FORUM

& XILINX



VDPU_EU: DSP vs LUT Preference

B512

B800
B1024
B1152
B1600
B2304
B3136
B4096

PXDF

We provide an option for customers depending on DSP vs LUT preference

XILINX
DEVELOPER
FORUM

More DSP

20177
19903
27377
28698
30877
34379
38555
40865

31782
31673
46241
46906
56267
67481
79867
92630

69.5
87
101.5
117.5
123
161.5
203.5
249.5

142
194
194
282
386
506
642

B512

B800
B1024
B1152
B1600
B2304
B3136
B4096

More LUT
20759 33572
21050 33752
29155 49823
30043 49588
33130 60739
37055 72850
41714 86132
44583 99791

69.5
87
101.5
117.5
123
161.5
203.5
249.5

102
130
146
202
290
394
514
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VPerf Improvement on ZCU102

Performance Comparison (FPS)
600 B4096*2 wo Prune B4096_EU*3 wo Prune

500 445

400
313
300

118
100 73 92
19.7 28.3

VGG-SSD VGG16 ResNet50 GoogLeNet

*The FPS of VGG-SSD of end to end performance
*The FPS of VGG16/ResNet50/GoogLeNet is of CONV part (w/o FC layer)

Resource Utilization Comiarison

B4096*2 2048 156744 224650 501 330MHz
B4096_EU*3 1926 110311 255020 748.5 330/660MHz

PADF & £ XILINX



'End-to-end Solution of Different Models

Inception-vl 3.2G 224*224 405
SqueezeNet 0.698G 224*224 1048
Tiny-YOLO 6.97G 448*448 220
YOLO-V2 82.5G 640*640 24
YOLO-V2 18.4G 640*640 120
YOLO-V3 53.7G 512*256 43
YOLO-V3 4G 512*256 115

3 x B4096_EU @330MHz on ZCU102
PADF & £ XILINX



V DPU Scalability

Peak INT8 OPS*

B

BT s i s S e A s S Zu15
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7 i S Z1100

24T |~ o U5

It Z1045 -----

R e el e S S AN s 24 B512 20759 33572 695 66

L e s R S AR BS0O 21050 33752 87 102

TG e e 1030 B1024 29155 49823 1015 130

T e e e Zu2

S | Rt MR Db | 77020 B1152 30043 49588  117.5 146

o S MR B1600 33130 60739 123 202
B2304 37055 72850 1615 290
B3136 41714 86132 2035 394
B4096 44583 99791 2495 514

* With heterogenous DPUs
PADF o= £ XILINX.



DPU Design Integration

NN
s
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VDPU Design Analysis

> DPU repository pulled into IP Catalog

File Edit Tools Reports Window

Layout View Help Debug Q- Quick Access

=A
PROJECT MANAGER - xczu9eg-fivb)156-24
@ 4 i Settings
Q

Project Settings
General
Simulation
Elaboration

~ P

IP > Repository

Add directories to the list of repositories. You may then add additional IP

to a selected repository. If an IP is disabled then a tool-tip will alert you '
to the reason.

IP Repositories

Repository
Packager

Tool Settings
Project

IP Defaults
Source File
Display
WebTalk

Help

Text Editor

3rd Party Simulators
Colors
Selection Rules
Shortcuts

~

Strategies
Remote Hosts
Window Behavior

(?)

S

1
i -

. “e=e/dpu_ip_4096 (Project)

Refresh All
E! \ Add Repository

o 1 repository was added to the project

Repository
s
v i el laagtardp_ip_0096

v IPs (1)
¥ dpu_top_v1_3_6 (d

phi.tech:user:dpu_t

oK ‘ ‘ Cancel ‘ | Apply ‘ |5estore..‘ |

\ XILINX
DEVELOPER
FORUM

IP Catalog

Cores | Interfaces
Q = & # -
Search: Q-
Name
v User Repository |

v UserlP

| % dputopvizs |
v lvado Repository
Alliance Partners

Audio Connectivity & Processing
Automotive & Industrial

AXI Infrastructure

AXIS Infrastructure

BaselP

Basic Elements

Communication & Networking
Correction

> Debug & Verification

Details
Name: dpu_top vl _3 6
Version: 1.3.6 (Rew. 8)

Interfaces: AXI4
Description: dpu_top_vl_3_6

Status: Production
License: Included
Vendor: deephi.tech

Customize IP

dpu_top_vl_3 6 (1.3.6)

© Documentation IP Location C Switch to Defaults

) Show disabled ports

dpud_M_ati_or0 41
dpu_M_to PO 41

Component Name |dpu_top_o]

Awrlen Bw

Dpu0 Irg No
Dpul Irqg No
Dpu Core No

Dpu Freq

8

"1000"

0

1

300

oK Cancel
| |
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'Zynq UltraScale+ MPSoC DPU TRD

> Primary goal of this TRD is to demonstrate the capabilities of the DPU IP on Zynq
UltraScale+ MPSoC devices. The TRD serves as a platform for the user to have a
quick look at how to use the DPU IP. The TRD uses Vivado IP Integrator (IPI) flow
for building the hardware design and Xilinx Yocto PetaLinux flow for software
design.

2y ultra_ps_e
pr—— e HIG FPD
il e 5.0 HPYFRD
il 5
pre— i = 5 A HFE_FPO
i+ " hier_dpu
— + 5 A0 LFD 7 I )
|| - hier_dpu_irg
—= sah I'pd 08— 'n A
ﬂhl[ﬁl INTRDY }—
ol ke + [ = )
o UttraSCALE
il rr 1 hiier_dpu_ghp
- ol [ie)] 5 A% | 1
) PPl AICLE + + it
o + i oo A oaTAl
+ {4 DL M_AXIINSTR L M_AKIH
1 : M PO |
. . + ii| 4 DPUI_M_AXIDATAR Mﬁﬁjm t:; M AKLH
hier_dpu_clk + oo T T
E - + it o DPUT_MAXLINSTR b o MK HE
1 e — a ::u: WAWIEEFRD LN LP
E_gen g e, B FUIL s dou_concat g
i ik J — ST INTC E GHP CIK O -
o oructk | ke o GHP 0160 - [ \
sl gy ol wh et T = FiT01 PERI WTR|30]
. L3 LOCHID = noAa]  doutf3s]
et i truct, ety e GHP CLE | |
o o reset 0 perphanl resetit e L G|P.IET|| b — ’
RETr PERI) sncat
debug sy nterconnect aresetnitl)
locked periphe i | g
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---------------------------- B i e e e
/ UltraScale+ MPSoC DPU TRD R R T T b TR
+ O B T TP o P g gommmmm +

y n q ra C a e | CLB LUTs | 724862 | [¢] 274080 | 28.863 |

| LUT as Logic | 70310 | o 274080 | 25.65 |

| LUT as Memory | 8152 | [¢] 144000 | S.66 |

| LUT as Distributed RaM | 3044 | ¢} | |

| LUT as Shift Register | 5108 | [e] | |

| CLE Registers | 170558 | Q 548160 | 31.11 |

|  Register as Flip Flop | 170558 | [¢] 548160 | 31.11 |

. | Register as Latch | o | ¢} 548160 | ©.00 |

> Device: xczu9eg-ffvb1156-2-| Es | mel ol ) ow)

- | F7 Muxes | 3507 | ] 137040 | 2.56 |

| F8 Muxes | 45 | ¢] 68520 | 0.07 |

| F9 Muxes | e | o 34260 | ©.00 |

+ + + +--ce--- +

»> DPU Clock: 333 MHz, DSP Clock: 666 MHz Cr T

RAMB3GEZ only |

-> DPUO Data Bus 2x128 => Zynq S_AXI_HPO/HP1 e
>> DPU1 Data Bus 2x128 => Zynq S_AXI_HP2/HP3 1Sk Type T Umed | Fixed | Aveitable | write |

>> DPUOQO/1 Instr Bus => AXI Interconnect => Zynq S_AXI_LPD T oy | 1282 |

> DPU: 2xB4096 ST '.'.A:'.:'.;'.::.'.:::;::lT:'.:i:::;"'

1
:
:
;
:
,
:
:
:
:

+
!
,
:
i

2520 | 50.67 |
I

zyng_ultra_ps e

|4 S_AXI_HPO_FPD
il 4 S_AXI_HPL_FPD
{4 S_AXI_HP2_FPD
Ll | 4 5_AXI_HP3_FPD
L+ s.ax_tpD M_AXI_HPMO_FPD 4|3

———= maxihpm0_fpd_aclk ‘ M_AXI_HPMO_LPD 4 [
pm0_ipd_ack GPOO 4
= saxihpd_fpd_aclk pl_resetnd
)

$——— saxihpl_fpd_aclk pl_cko
¢ = saxihp2_fpd_aclk UHFQSCALE"' plclkl

$——= saxihp3_fpd_aclk

hier_dpu

M_AXI_LPD 45
M_AXI_HP3_FPD 4/ r by |
N M_AXI_HP2_FPD 4k

M_AKI_HPL_FPD 4o}
 AXI_ M_AKI_HPO_FPD 4 L -
INTR{3:0]
GHP CLK O '

p— = saxi_lpd_aclk
= pLps_irq0l0:0)
—= pLps_irg1[3:0]
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DNNDK
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'DNNDK Tool Chain for Convolutional Networks

> Deep Learning Solution Stack

>> Compression
Compilation
Runtime tools
C++ APlIs

> DPU IP

>

\'4

>

\'4

>

\'4

Caffe _® e

TensorFlow

¥

Pruning Quantization

Compilation

Runtime

Driver Tracer

-

£ XILINX. \@

Application

Framework

DNNDK Tools

] DPU IP

& XILINX



'Compression Tool

decent — Deep compression Tool
decent_q — Quantization Tool

decent_p — Pruning Tool

® >
® O
Dense Neural Network Pruned Neural Network Compressed sparse
(FP32) (FP32) Neural Network (INT8)
« Consists of two separate tools « Effects « Platform
* Quantization Tool * Compress model size + Caffe, darknet
*  Pruning Tool 5x — 100x + TensorFlow
+ Compress running * Quantization Tool Beta version
time 1.5x — 10x * Pruning Tool Internal version

& XILINX.



'Core advantage | Deep compression algorithm

Deep compression " @
Makes algorithm smaller and lighter Al gl

Weight Bandwidth 41 Model Perfor-
% number = load size 'lII mance
before pruning after pruning Compression Deep Compression Tool can achieve
efficiency significant compression on CNN and
RNN

pruning
synapses

-
Algorithm can be compressed 7 times
Accuracy without losing accuracy under SSD
object detection framework

pruning

neurons

Simple software development kit need
only 50 lines of code to run ResNet-

Easy to use
50 network

& XILINX



Pruning Results

Detection Networks

DetectNet [17.5G]
SSD+VGG [ 117G]

[A] SSD+VGG [ 173G]

[B] Yolov2 [ 198G]

Baseline Pruning Result 1 Pruning Result 2
Top-5 Top-5 ATop5 ratio Top-5 ATop5 ratio
91.65% 91.23% -0.42% | 40% | 90.79% -0.86% | 32%
89.60% 89.02% -0.58% 80% | 88.58% -1.02% 72%
91.07% 90.37% -0.70% 60% | 90.07% -1.00% | 55%
83.19% 82.46% -0.73% 89% | 81.57% -1.62% 75%
Baseline Pruning Result 1 Pruning Result 2

T mAP | AmAP | ratio | mAP | AmAP | ratio
44.46 45.7 +1.24 63% 45.12 +0.66 50%
61.5 62.0 +0.5 16% 60.4 -1.1 10%
57.1 58.7 +1.6 40% 56.6 -0.5 12%
80.4 81.9 +1.5 28% 79.2 -1.2 7%
Baseline Pruning Result 1 Pruning Result 2
mloU mloU AmloU | ratio mloU AmloU | ratio
65.69% 65.21% -0.48% 80% | 64.07% -1.62% 60%

& XILINX



'Pruning Speedup Example — SSD

Pruning Speedup on Hardware (2xDPU-4096@Zu9)
SSD+VGG 4 classes detection surveillance data

200 150
180 100
103
160
71 50
< 140
18 ’
~ 120 50
= i
@ 100 g
2 -100
= 80
o 634 635 634 624 62 615 611 61 608 592 604 _150
§ 60
. -200
. -250
0 -300
3 4 5 6 7 8

baseline 1 2
Pruning procedure

mm Operations(G) mmmMAP(%) =e=fps

& XILINX.



'Quantization Tool — decent

> 4 steps in decent quantization Calibration data
. . (100-1000 images)
> (uantize — quantize network

_ T _ Pre-trained model ‘
— Calibration images required (fp32)
>> test — test network accuracy/mAP _’w Quantized model
>> finetune — finetune quantized network (Int16/Int8/...
— Usually not needed -

- Not documented contact factory for more details Origin training data

>> deploy — generate model for DPU w

— This is input to the dnnc compiler

_ _ - test
- Requires entire training data set l

> Data 2 deploy | ormms

>> Calibration data — quantize activation

>> Training data — further increase accuracy Model for DPU

& XILINX



'Quantization Results for Popular Networks

Classification float 8-bit fix
Topl Top5 ATopl ATop5
Inception_v1 66.90% 87.68% -0.28% -0.10%
Inception_v2 72.78% 91.04% -0.38% -0.23%
Inception_v3 77.01% 93.29% -0.45% -0.29%
Inception_v4 79.74% 94.80% -0.32% -0.16%
ResNet-50 74.76% 92.09% -0.17% -0.14%
ResNet-50-v2 75.39% 92.45% -0.60% -0.33%
VGG16-3fc-float 70.97% 89.85% -0.23% -0.06%
VGG16-1fc-float 70.97% 89.85% -0.20% -0.09%
Inception-ResNet-v2 79.95% 95.13% -0.51% -0.16%

Detection Float mAP 8-bit fix mAP
SSD_VGG 76.47% -0.20%

& XILINX



Network Precision

NN
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'Current Ceiling of CNN Architecture

Neural network accelerator comparison
Click and drag to zoom in. Hold down shift key to pan.

t . 1uﬂ"rBPs W - -1T’6;=s ,r‘ﬁ.r,
@ FPGA Simulation L= - _
" FPGA Test Pt e
FPGA Product . . . L
%K A ASIC Simulation The Ceiling of INT8 Inference Energy Efficiency " 10cops/w
— A ASIC Test - - B L Pt
= ASIC Product - - e
Q 10k GPU Product |-~ ® L--
2 4 RRAM Simulation L 1GOPs /W
T ¢ RRAM Test T P
a1k ‘ .9 e e
o - L -
- . -
100 et . daz”
1uuTDifr;u: Pl
1o ol one My
0.0001 0.001 100 1k
log(Power) (W)
Source:http://nics-efc.org/projects/neural-network-accelerator/
INT8 improvements are i :
slowing down and o
- T » Low Precision
approaching the ceiling.

& XILINX



'Potentials of low precision

energy efficiency [TOPSNVatt]

o+« PkPpPpODOoC O

16-bit ChN, peak performance
16-bit CMNM, min E

8-bit CNN, peak performance
8-bit CNN, minE

4-bit CNN, peak performance
4-bit CNN, min E

4-bit sparse operation

2016 CNN processors

10° 10' 10 10°
effective throughput [GOPS]

ISSCC,2017

Energy efficiency [TOPS/W]

1000

100

10

0.1

_ o
X 16 hit .
A 8bit
® 4bit
X 2018 16 bit
+ 2018 1bit
o
] B
Ko om X
L
= X,
X Xx AR
¥ X
10 100 1000
Throughput [GOPS]
ISSCC,2018

10000

Low Precision Becomes Popular

Energy Cost

Operation

Energy(pJ)

Model Size(ResNet-50)

1bit Fixed-point MAC [l

4bit Fixed-point MAC
8bit Fixed-point MAC

16bit Fixed-point MAC |EEEGE

Precision Size(MB)
1b 3.2
8b 255
32b

*65nm process, 200Mhz,1.2v,25°C

» Scales performance

» Reduces hardware resources

» Less bandwidth/on-chip memory
requirement

» Regular memory access pattern
and calculating pattern

FPGA benefits a lot from low-precision.

& XILINX



'Archltecture perspective: Mixed Low-Precision

Top-5 88,9 % Top-5 mTop-1 _

T T T T T N N TN T T T T TN YN TN T N T

%80 -y 58 3 B 8 8 & Top-1687%. _ . [ L ___ g [ __1__1_ 70%
£ 70 | 60 £ IR Relative Performance
E 60 - 50 % i 120
E' 50 40 & BUS : ‘ 100
k % 8.0
. GoogleNet INSTR — 5
Source:Weighted-Entropy-based Quantization, Eunhyeok, CVPR, 2017- FETCHER INTS 70 N g 6.0
Fixed low-precision quantization already LR I INTeE e 2 a0
showed competitive results. reowe — osos | — || INTA e ||| €
PROFILER L] INT3 - [ ] I
1 . H 1ol WEIGHTS IMG .
Ne>.<t generation: Variable precision of o | o 0 usc v ]| 3 © & 2 v s
activation/weights among layers DI
& @
ro |0V wisc | we ~+®6le ~-\?’6Ql\ \9&&
Aray D D

;

O P N W » 01 O N 0 ©

tﬁﬁ

8bit g X bit *Ybit Zbit 8bit

Bit width

‘ input )

|

Weight

Lw,
"
c

1 2 3 45 6 7 8 9 1011 12 13
Layer Num
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'Architecture perspective: Mixed Low-Precision CNN

> Mixed Precision Support
Reconfig
>> INT8/6/5/4/3/2
H Large-core
> Flexible Between Throughput and Latency No RTL
>>  Switch between Throughput-Opt-Mode and Latency- Change
Opt—Mode without RTL Change Optimized for High Optimized for
Throughput Low Latency

> Enhanced Dataflow Techniques
>> Make the balance among different layers. Do NOT

require the model can be fully placed on chip, but load _-

the data at the right time. | yer | Layero

>> Physical-aware data flow design to meet higher Computing Bound
frequency.

>> Supports high-resolution images at high utilization.

Layer-

Mepyory Boundé

Balance BandWidt

> Performance Target (googlenet_v1) Requirements among la
>> 3103 FPS (INT8)
>> 5320 FPS (INT8/4/2 mixed)
>> 12412 FPS (INT2 only)

Less Latencyé

_---r—~

Layer-1 Layer-2 Layer-3 I Layer-4

& XILINX
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' System perspective: schedule ADAS tasks in single FPGA

> Multi-task Models
>> Training:
- Knowledge sharing
- Reduce computation cost

variable parameter by software and
hardware co-design

> 2
Extractor Resize

>> Pruning:
— Balance different objective
functions
> Sensor Fusion
>> Sensor alignment & Data FUSion Image Input Image Feature Maps
> Task scheduling M e S e o
>> Res_ogrce_ constrained _sch_eduling: Top,(,fmp(,sals
Serialization & Parallelization L Com s Cropmnt —
Resize 4
>> Task scheduling and memory - iy W K . W N
management framework with low . - of“d Lo A
context-switching cost 3D Anchor grid Lk e Detected Objects
. ) . Top K Proposals
>> Support new operations with runtime B |
Feature ; Ao - , Cropand |

i
5 TN

BEV Input BEVReaturs M Pipeline of AVOD for 3D Object Detection
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' System perspective: Video Survelillance in single FPGA

\Y4

\Y4

> Power: 7.7W (XPE)

Sensor

MIP

Platform : ZU4EV

> DPU : B2304_EU ML+X

Peak perf.: 921Gops (400Mhz)

)

HUB

BaREARAEENES B
Single Chip Solution Computer Ethernet‘

s

-

ISP

{ o] -
l . N
ovaa - Resee - EGRI-.

:] Memory
e \ v/

-y

)

RTSP

J

This solution needs to further enhance ISP functionality
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Adaptable.
Intelligent.




