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Agenda

« S0C complexity and cost constraints challenge on-
chip communication system architecture.

* On-chip Data flows Quality (QoS) drive new
taxonomy, language and new implementation
techniques

« ARTERIS proposes an Adaptive Information System
environment to solve this designer’s challenge

e Let’'s work on an example: Multimedia consumer
SoC

e Next

W .
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System Determinism

By construction:

— Time Division Multiplexing or Circuit switched
Network guarantees determinism by construction.

By Cognition:
— Adaptive Network Information System guarantees

determinism by traffic simulation & scheduling
techniques

__ .
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NoC - Separate traffic classes

Low cost Control NoC
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Low cost Control NoC -«
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NoC - Clustered Design

~CHIP COMPANY
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SoC Application (*)

initiators

i T T s

a 4 & 4 bR A W W

it dsta cn

(*) Authorized by STMicroelectronics Wireless Infrastructure Division "
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Designer Challenges

o Different Application domains

e Cost Of Design full determinism Networks
* Information flows are asynchronous

QoS formal analysis is not applicable

s &
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ARTERIS Approach

 Few data flows required “hard” determinism

« ARTERIS communication system is based on:
— Highly flexible & structured Network On Chip architecture

— An adaptive Network system information environment to
reach completeness in designing QoS.

s &
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Structured NoC

AXl, AHB, OCP, STBus, ....

Network Interface Unit

e BW
= regulation ( IP Protocol converters)
c
O
@)
2
3 end flow Transport Protocol
L
- control ( packet transport, routing, network
— scheduling )
o
=
b) : : :
Z Physical implementation
ole]plife]
( point-to-point, GALS, multiple clock
domains, ...)
Any technology process
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Adaptive Information System
Prototyping Application environment

RTL
~ emulation SoC

FPGA ;
prototyping - Performance
| Profiling

RTL
Statistics simulation
Silicon ) Collection

7))
c
@)
T
(&) NoC
i Targeted Instantiation
- G Application Generation
G) Statistics
(@N Collection
N QoS Qos C:JD
Dimensions Dimensions =
Description Completeness

Per flow NoC

Architecture LM
Critical flow Exploration /8 SHullEuey

Formal proof IsDi?rtl?J I‘;‘;‘é"; '
== N s
vifonment A Arteris

Architecture
Exploration
time
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Models

e Interface models
— |IP sockets, connectivity map & memory map

 Data flow models

— QoS dimensions / metrics (Throughput, latency, security
level)

— Policies (level of service, tolerances, interdependency,
scheduling policies)

e Architectural models
— Devices & network components

Arteris confidential - Sep 2005 12 'h = 5
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Methods

 Exploration time
— Data flow modeling
« Modified Khan computing model
* Very efficient data flow abstraction level
« Communication modeling (scheduling, efficiency)
e Target modeling
— Architectural modeling

* Network architecture implementation & abstraction level
views (TLM, RTL) fully independent to data flow modeling

« ARTERIS NoC Specific (topology, buffering, arbitration)
 Run-time
— Selective NoC specific flow probing

W .
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ARTERIS Tools

ERIS NoCexplorer

ART

Application Requirements
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ARTERIS Generated NoC

ARTERIS
\[o] @5

library

Statistics
collector

ARTERIS NoCprofiler

A
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Targeted
Application

QoS
Dimensions
Description
Per flow

Specifications

Critical flow

Architecture
Formal proof

Exploration
time

Arteris confie -5

|
"\ Arteris”




THE NETWORK-0O0N-CHIP COMPANY

Quality taxonomy

Class Definition Metrics Example
A Guaranteed Data integrity Security (addr. Security, fault tolerant,
mapping) firewall,
B Constant guaranteed Bit rate Video In/Out, Sonet, Audio...
throughput on short period
C Latency guaranteed until a Latency CPU
given throughput
D Guaranteed IP task Bandwidth / MPEG or CDMA processing
throughput on long period Tolerance
within a given MTBF
E Best Effort Efficiency / CPU when not latency
Tolerance guaranteed

», .
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Data flow Policies

e Store

 Load

e Stress

 Flows dependencies

e Scheduling (random,...)
 Flows synchronization
 Flows Decoupling

ra
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Architectural models

 |P Initiators:
— IP sockets (AXI, OCP, AHB,..)

 |P Targets:
— IP sockets (AXI, OCP, AHB,..)
— DRAM device and scheduler
— SRAM

« Network components
— Switches (), Links (), FIFO()
— Rate adapters (), Size converters ()

— QoS components (end-to-end FC, arbiter, Bandwidth
regulator, multiclock domain..)

— Chip-to-chip link

s
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QoS Components

Complexity / <30 I.P. <100 I.P. > 100 I.P.
NoC Features
NoC - Sparse packet crossbar | - Threaded IP - End-to-End NoC
Predictability - Virtual Channel link Flow control

- Application Pressure - Bandwidth Regulator | - New arbitration
NoC

i - Fixed Priority - Events: DmaReq and | schemes (weighted

Schedu “ng - Multiple Arbitration Interrupts fair queuing,

scheme scheduling, ..)

130/90 nm 65/45 nm <45 nm

Technology

», .
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End-to-end flow control components

Load/Store

: Data/Ack

<&

|Initiator | NIU TCX
TCR NIU TARGET
IP
|Initiator | NIU ITCX

1 i
<

LA .
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NoC Scheduling - Arbitration

« Dynamic packet priority scheme
— Per-output arbitration

* Priority propagates ahead of

C A packets (pressure)
S ¢ When pressure is equal

"‘ — Fixed Priority (reprogrammable)

— Round-robin
N — Aging
 Pressure generation

— By the IP: FIFO Threshold
— By the NIU: Guaranteed bandwidth

__ .
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NoC Scheduling - Signalisation

Alarm signal Alarm signal

NTTP event NTTP event <

TARGET
IP

DMA NIU

Store/load

v

Ack/Data

| .
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Specifications

Targeted
Application
Statistics
Collection

QOS ~ F ’
Dimensions R W

Description

Per flow oG

Architecture ~TM
Architecture I Critical flow Exploration simulation

. Formal proof Data flows
Exploration simulation
& Arteris”
Arteris

time
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DDR, On-chip SRAM & peripheral Bus

Camera
AHB32@100 Mhz,

Display
AHB32@133VHz,

DDR
@266 Mhz

e
®
. &
rocessor 4+
AXI64@400MHz &
On Chip SRA
P @133VHZ
e
Multisocket AHB, AXI,.. |
—1 Periph Bus
[ AHB32
e @133MHz

4 Processors and HW accelerators |=———

DMAs
AHB32@133MHz

Flash
periph
Video
AXI164 @400 Mhz
AHB32@133MHz Periph Bus
AHB64@133MHz AHB32
AHB64 @133 MHZz @133 MHz

Netygbrk On Chip 2 15¢

3D Engine
AX164 @400MHz

AHB32@133MHz Multi-use scenarios: game, comm, camera,..

4
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NoC Interfaces Modeling

‘ Create your socket _cl_asses ) class myAxiSocket(Axilnitiator) :
« Usethem when defining your interface aData = 64
—  Socket have mandatory attributs frequency = 200e6
. Classs myDramSocket(DramTarget) :
* Width (aData) aData - 64
* Operating frequency (frequency) frequency = 200e6
— And optional ones bankDelay = 50e-9
* For initiators turnDelay = 10e-9

— maxPendingTransaction
— maxPendingTarget
— maxPendingVolume
e For targets:
— bankDelay
— rwDelay
— wrDelay

class mylfce(Noclnterface):
class AXI1_Socket(myAxiSocket) : pass
class DRAM_Socket(myDramSocket): pass

AXI Socket AHB Socket AXI Socket

SRAM Socket DRAM. Socket

Target model | .
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NoC explorer view

‘NoCexplorer (/disk056/gilles/BASE/IDACdemoTest/hase/customers/demos/dac2006/s... |- |01][X|

Eile Tools Edit Help

eep |

scenario @ diaglapZ | Simulation Time : |2e-04 Seed : |1 151917466

sockets | Flows | Links |

Narne | Side | Bus Width | Frequency |LinkBW | PayloadBw |
BE1 IMIT 64 200.0 kHz 1.6 GB/s =
BBZ IMIT 64 200.0 kHz 1.6 GB/s =
C A IMIT 3z 133.0 MHz 532.0 MBS =
CPUD IMIT fi4 400.0 kHz 3.2 GBs =
CPUI IMIT fid 400.0 kHz 3.2 GBfs =
CPUP IMIT 3z 400.0 MHz 1.6 GB/s =
CPUT IMIT 64 400.0 kMHz 3.2 GBfs =
DoD IMIT iz 400.0 kMHz 1.6 GB/s =
DopDz INIT 3z 133.0 MHz 532.0 MBs =
DIsP IMIT 3z 133.0 MHz 532.0 MBS =
D8 IMIT 3z 133.0 MHz 532.0 MBS =
Drsz IMIT 3z 133.0 MHz o32.0 MB/s =
DEP IMIT 64 200.0 kHz 1.6 GB/s =
DsPz IMIT 64 200.0 kHz 1.6 GB/s =
PER1 TARG 3z 133.0 MHz S32.0 MBs =
PERZ TARG 3z 133.0 MHz 532.0 MBS =
PER3 TARG 3z 133.0 MHz 532.0 MBS =
SDRAaM  TARG fi4 133.0 MHz 1.1 GBs =
SRAM THRG 64 133.0 MHz 1.1 GBs =
Use IMIT iz 133.0 MHz 532.0 MBs =
VIDEOT  IMIT 64 133.0 MHz 1.1 GBfs =
VIDEDZ  IMIT fid 133.0 MHz 1.1 GB/s =
VIDECE  IMIT fid 400.0 kHz 3.2 GBfs =
VIDEOS  IMIT 3z 133.0 MHz 532.0 MBfs =

Arteris confidential - Sep 2005 26 h A o _m
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QoS Dimensions

oo, Guaranteed_ Variable Guaranteed Critical almost guaranteed and
throughput on short period throughput on long period g

(B) (D) best effort

CAMERA ®
DISPLAY 3D Engine DMA

BASEBAND VIDEO USB

BW in MB/s Processor 3D Engine CAM DISP USB Total(DRAM)
frequency (MHz)§ Initiator
socket / Width Target
Port name VID3 VID4 VID1 VID2
Scenario 1 70 15 100 100 30 30 60 50 50 150 45 40 10 750 70.5%
Scenario 2 Blz2 70 15 100 100 30 30 120 140 140 45 40 10 840 78.9%
Scenario 3 70 15 100 200 30 30 150 45 40 10 690 64.8%
10 130
20
3 5 10
8

Scenariol: Audio - Video - Telecom - Storage
Scenario 2: Video (encode only) - preview picture - audio - telecom
Scenario 3: Audio - Game - Telecom - storage

] |
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Cexplorer (/disk056/gilles/BASE/DACdemoTesi/base/customars/demos/dac 200645 uite/NoC. py)

File  Tools

- CHIP

CoOMPANY

Edit  Help

@ @ P

[E

Sockets | Flons ILinks |

Scenario . diaglapz - ||Simu|atic|n Time :'|29—|34

‘Seed :.|115‘|91T4EE

-
“ Arteris”

Hame | Initiator | Target |Depth |Targ BW | Act B4 | Req Eficiency | Act EfEEI Full LatEhf:j:,? | Socket Lafency |F1fu level I
D cam CAkd SDRAaM Z560E 180.0 MBfs 0.0 Bfs 100.0 % I ! i
D celll _sdram EE1 SDRAaM Z560E 48.0 MBfs 0.0 Bifs 100.0 % { - - ;- i
D cell2_sdram EB: SDOR AR 0B 12.0 MBfs 0.0 Bis 100.0 % f - - ;- i
D cpub CRUD SDORANM Jjc0B 966 MBfs 0.0 Bis 0.0 % f - - ;- i
D cpul CRLUI SDORAM Jc0B 193.2 MBfs 0.0 Bis 0.0 % ;- - ;- i
O cpuT CRUT SDRAM J2 0B ¢20.7 MBfs 0.0 Bis 70.0 % { - - P I
D disp DIsP sDRAaM Z560E 180.0 MBfs 0.0 Bifs 100.0 % { - - F I
D dmal_perl Oikdad FER1 Jc0B Z24.0 MBfs 0.0 Bis 100.0 % f - - ;- i
D dmal_perz Oikdad FERZ ac0B 6.0 MBfs 0.0 Bfs 100.0 % f - - ;- i
D dmag_sdram DOhdae sDRaM 1280E 60.0MBfs 0.0 Bis 100.0 % ;- - ;- i
D dmag_sram DOhdae SRAM 1260B 120 MBfs 0.0 Bis 100.0 % ;- - ;- i
D dspl DEP1 SDRARM 160 B 48.0 MBfs 0.0 Bis 70.0 %% { - - F I
D dspé OEPe SDRARM 160 B 48.0 MBfs 0.0 Bis 70.0 %% { - - F I
D =@ oooz SDOR AR 16kE B4.5KMBfs 0.0 Bis b53.0 %% f - - ;- i
D relre oooDzg SDOR AR 16kE 6B4.5 KMBfs 0.0 Bis 653.0 %% f - - ;- i
D tmd_sdram_cache WVIDEC3 SDRaM Z060E 600 MBfs 0.0 Bifs 100.0 % ;- - ;- i
O tmd_sdram_ward VIDECI SDE&M  2560B 12.0 MBfs 0.0 Bfs 100.0 % { - - P I
Arteris confidential - Sep 2005 28
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Data Flow modeling

 Flows have the following attributes

— initiator (initiator socket they are attached to)

— target (target socket they access)

— stress (the traffic they play

— depth (size of the internal FIFO they model)
— efficiency (percentage of the time they are not blocked)

 First, attach the Flow to an initiator socket

e Then, define the destination of the flow

AXI Socket AHB Socket

SRAM Socket

Arteris confidential - Sep 2005

AXI Socket

DRAM Socket

Target model

29

Class myFlow(Flow):

initiator = mylfce_AXI_Socket
target = mylfce.DRAM_Socket
stress =
depth =
efficiency =

class mylfce(Noclnterface):
class AXI1_Socket(myAxiSocket) : pass
class DRAM_Socket(myDramSocket): pass

8
‘\ Arteris”
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Data Flow Stress

 |P traffic are modelized at transaction level.

 Uses store, load, posted store.

— A set of multiple transactions will create a trafic pattern wich is
repeated until the simulation ended

Ex:Store(32)/6e-9 + Load(16)/4e-9 * 2

Payload repeat
(Bytes) N

] | | ‘ ‘ ‘ »
>

6-9  4°9  4e-9  6e-9 4e-9 429 6e-9 Time (s)

v &
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NoCexplorer view

Stress definition for a 1600x1200 video flow crass myFlow(Flow):

— Doing 48 bytes stores (16 pixels) every 64ns i;:;:tor - mg::gggﬁ;\igg‘gﬁgt
— Aline is composed of 100 accesses (1600 pixels) stress = ((Store(48)/64e-9*100/13e
— Line frequency is 75kHz (every 13us) Cerieiency -

— A Frame is composed of 1200 lines
— Frame frequency is 60Hz (every 16ms)

AXI Socket AHB Socket AXI Socket

class mylfce(Noclnterface):
class AXI1_Socket(myAxiSocket) : pass
class DRAM_Socket(myDramSocket): pass

SRAM Socket DRAM Socket

Target model W .
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Data flow Efficiency modeling

*  Depth is the size of the IP FIFO modeled Class myFlow(Flow):

i What if the FIFO is full? initiator = mylfce.AXI_Socket
—  Then, the stress gets stalll target = mylfce_DRAM_Socket
.. . . — —O* —-B6*
- A 100% efficiency targeted for a flow means that it will be stress = ((Store(48)/64e-9*100/13e-6*12(
depth = 256
never stalled. o
efficiency = 0.7

. If a stress which has 70% of efficiency means that it was
stalled 30% of the simulation time.

. Comparison between simulated and targeted efficiency
will constitute information on the quality of QoS
Dimensions

myFlow

stress

e stress deposits the
ansaction in the FIFO

depth
e socket sends/receives

socket packets to/from the NoC

AXI Socket AHB Socket AXI Socket

class mylfce(Noclnterface):
class AXI1_Socket(myAxiSocket) : pass
class DRAM_Socket(myDramSocket): pass

SRAM Socket DRAM Socket

Target model | .
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NoC topology modeling

Camera
AHB32 @100 Mhz I

Display -
AHB32@133MHz i oy -

‘ Clock changer
@Z?SEI\R/Ihz @ Width

N changer
Processor i "’ 4
A X164 @400MHz NIU
! On Chip SRAM
NIU i

P —
DSPs

AX164 @200MHz

Periph Bus
AHB32

Baseband @133MHz
A X164 @200MH z

150Avires mal gépath Iy

-~
~
~

DMAs 4
AHB32@133MHz »

Flash
periph

Video
AX164 @400 Mhz
AHB32@133MHz
AHB64@133MHz
AHB64 @133 MHz

Periph Bus
AHB32
@133 MHz

NIU

3DEngine | QL p———)
AXIGS @ 400MHZ | e N
AHB32@133MHz - =

v &
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oCexplore diski) 25 B ) demo Test/bas stomersfdemo 006 i i 5]
Eile Tools Edit Help
ﬁ ﬁ b E @‘ Scenario ;-M‘Simulaﬂun Time:|29-04 Seed-;|1151913?24
Sockets | Flows I Liriks |
Marme | Initiator | Target |Depth |Targ BAW | Act B/w | Req. Efficiency | Act Efficiency| Full Latency | Socket Latency | Fifo level |
O cam CAM SDRak  Z560EB 150.0 MBfs 149.9 MBfs 100.0 % 10000 % Z936ns/ 5193 ns 1591 ns s 3796 ns 44 0B 96.0 B
O celll_sdram BE1 SDRak  Z560EB  40.0 MBfs 39.8 MBfs 100.0 % 100.0 % 1T2usd 15us 4037nss 1.3us 470BY B40B
O cellz_sdram BEZ SDR&RM G408 10.0 MBfs 10.0 MBfs 100.0 % 10000 % 6210nss 16Eus &208nss 16 us geBS 320E
a cpul CPUD SDR&RM JZ0B @0.5 MBfs 21.0 MBis 65.0 % 21.2 % ZHuUs/s 59us Tausd 35 us 956B/S B40E
a cpul CPUl SDR&RM 3208 161.0 MBfs 7.7 MBrs 65.0 % 9.3 % FHus/s 197 us 41 us/ 119 us BZ3 B/ B40E
a cpuT CPUT SDR&RM jZzoge 17.2 MBfs 5.8 MBrs 65.0 % 1.6 % Tdus/ 203 us 43 us/ 129 us 447 BY B4.0B
a disp DISP SDRak  Z560EB 150.0 MBfs 1501 MBfs 100.0 % 10000 % 23903 ns A 4832 ns 2300 ns f 4832 ns 436 B /12808
a dmal_per DA FPER1 JZ20B Z20.0 MBfs Z0.0 MBfs 100.0 % 100.0 % 292 ns/ 827 ns 244 ns/ B0Zns 5835 mES 160B
a dmal_perz DA FPERZ JZoe 3.0 MBfs 5.0 MBfs 100.0 % 100.0 % J65 ns/ FOZns 31.0ns/ B0Zns 1841 mES 160 B
O dmaz_sdram Dhifz SDRak  1ZG0EB  50.0 MBfs 499 MBfs 100.0 % 1000 % 795Znss 14us 8877 ns/ 1.3 us 39.7B/ 960 E
O dmaz_sram DAz SRAM 1zG.0B 10.0 MBfs 10.0 MBfs 1000 % 1000 % 9347 nss 14us 303 nsd109.0ns 2.3Bf 160EB
O dspl DsP1 SDRAR 160EB 40.0 MBfs 3.7 MBrfs 70.0 % 138 % Fous/ 164 us dZusd 99us £95B/f 320B
O dsp2 DsPE SDRAR 160EB 40.0 MBfs 3.4 MBrs 70.0 % 105 % FTlus/ 21.3us 41 usd 12.40 us JO3BY 320B
3 rdr1 DoDz SDRAR 16kKE 53.6 MBfs 27.9 MBIs 62.0 % 40.6 % 469 us/ B0 us 3067 nss 1.3 us 15kB/ 1E6EKB
O rirz DoDz SDRAR 16kE 53.6 MBfs 27.0 MBIs 62.0 % 40.6 % 475 us/ B0GUs E7989nss 1.3 us 15kB/ 1E6EKB
O tmd_sdram_cache WIDEDS SDRak  Z560EB  50.0 MBfs 499 MBfs 1000 % 1000 %  B7089nss 1.4 us J24.7 ns /8392 ns JiTBS1EE0R
O tmd_sdram_wward WIDEDS SDRAak  Z560EB 100 MBfs 9.9 MBfs 1000 % 1000 % Tausd 27 us T1usd 27 us 133B/f 320B
P
Full Latency | Socket Latency | Fifo Lewvel | Fifo Lyl # | Latency /t | Throughput A | (e ]

Arteris confidential - Sep 2005
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QoS added - CPU Latency

Camera
AHB32@100Mhz NIU

Display
AHB32@133MHz BT

NIU

NIU
Processor
AX164@400MHz NIU

NIU

NIU
DSPs

AX164@200MHz NIU

NIU

Baseband

AX164@200MHz NIU

DMAs NIU
AHB32@133MHz NIU

NIU

Video
AX164@400Mhz NIU
AHB32@133MHz

AHB64@133MHz NIU
AHB64@133VIHz

NIU

3D Engine NIU
AX164@400MHz
AHB32@133VIHz NIU

Arteris confidential - Sep 2005
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‘ Clock changer

NIU
@z"e%ﬁhz @ Width changer

ARBITER

Interface.SDC : [BankArb(40e-9),
PrioArb([rx1]) , TurnArb(4e-9,20e-9)

e T

@133MHz

NIU Flash
periph
Periph Bus

NIU AHB32

@133MHz

-
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Architecture exploration cont’s

NoCexplorer (/disk056/gilles/BASE/DAC demoTesi/base/cusiomers/demos/dac2006/suite/Noc. py)

Eile Toaols Edit Help
Eﬁ ﬁ b E ﬁ!D-Fa ‘ H Hi Scenario:  stepz ”Simulatiun Time : |2e-04 Seed |1151919?24
Sockets | Flows I Liriks |
ame |Initistor | Target |Deptn |Targ BW | #ct BW | Req Effciency | act Effciency | Ful Latency | Socket Latenicy | Fifo evel
O cam Ciahd sDRAM 2560 B 100.0 MBfs 132.5 MBfs 100.0 % 60.9 % T4 uss 37 us JaEansd 1.2 us 1921 B
O cell_sdram BE1 sDRAM 2560 EB  40.0 MBfs  40.0 MBfs 100.0 % 100.0 % 037 nsd 14 us J003nsd 14 us TEHE
O celiz_sdram BEZ SDRAR G408 10.0 MBfs 10.0 MB/s 100.0 % 100.0 % JIbnsd 1.3 us JMIbnsd 1.3us J4 E
O cpul CRUD SDRAR Jje0B @00 MBfs G66.6 MB/s 62.0 % T2.6 % Je00nsyd 1.5 us Jalnsd 15us ek
O cpul CRU SDRAR Je.0B 161.0 MBfs 150.1 MB/s 62.0 % 90.7 % 1023 ns /3321 ns 1008 ns f 3321 ns 134 E
O cpuT CRUT SDRAR jenoe 17.2 MBfs 16.0 MB/s 62.0 % 97.0 % 1272 ns/ 2970 ns 1199 ns f 274.0 ns 20E
O disp DIsF sDRAM 2560 EB 150.0 MBfs 149.6 MBfs 100.0 % 100.0 % J06.4 ns /9762 ns 3004 ns f9TE.E ns G0 B
O dmal_per DA A1 FER1 Jje0B 0.0 MBfs Z20.0 MB/s 100.0 % 100.0 % 292 nsf 827 ns 244 nsf BOE ns 5835 mE
O dmal_per2 DA A1 FERZ Jjenp 2.0 MBfs 0.0 MB/s 100.0 % 100.0 % JE.3nsf To.Ens J1.0ns/ BOE ns 1441 mE
O dmaz_sdram DAz SDRAM  1260EB  50.0 MBfs  50.1 MB/s 100.0 % 100.0 % JiEanss 14 us J3qnsd 1.3us 165 E
O dmaz_sram DhAZ  SRAM 1zG.0B 10.0 MBfs 10.0 MB/s 100.0 % 100.0 % 17089 nnsyd 1.4 us 134 nsd 1.2 us LTE
O dspl DsR1 SDRAR 16.0EB 40.0 MBfs 32.5 MB/s 70.0 % 1% 9948 ns /4933 ns 93.0 ns /3944 ns i e
O dspe DsPE SDRAR 16.0EB 40.0 MBfs 37.3 MB/s 70.0 % 69.9 % 971 ns /4629 ns 0.1 ns f 3FE.3 ns J6E
O rdr1 LoDz SDRAR 16kE 53.6MBfs 49.7 MB/s 62.0 % 66.9 % 244 us/ 350 us 23G 6 nsyd 1.0us 13 kB
O raez LoDz SDRAR 16kKE 53.6 MBfs 48.0 MB/s 62.0 % 66.6 % 26.0 us/ 35.7 us J029nsyd 1.0us 14 kB
O tmd_sdram_cache WIDEDS SDRAaM  Z560EB  20.0 MBfs  49.9 MB/s 100.0 % 100.0 % JMT7aonsd 1.3 us 331 nsd 1.3 us 176 B
O tmd_sdram_sward WIDEDS SDRAaM  Z2560EB  10.0 MBfs  10.0 MB/s 100.0 % 100.0 % B4 nsd 1.2 us ched nsd 1.2 us BT E
—
Full Latency | Socket Latency | Fifo Level | Fifo Lyl 4 | Latency st | Throughput /i (]
] |
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Latency First results
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Bandwidth First Results

Mo nplapie LBl bellien NILANMaL, pv) o
Eie Tools Edit Help |

ﬂﬂiT‘ﬁ QEI'T.L]W diagt dimﬁﬂ'flﬁ—'ﬂ |Seed 1145513087

Sodkatn | Flows |Lm|

 Hame Imw [ Target [m [Tarp &rw [Act 8w | Rieq Effidency [Act Efficency| Full Latency [ Sodket Latency | Fita level 1
b0 col 1_sdram SDRAM G600 MB's 589 Hﬂ‘-'! 10000 % EBe% 1808ns/ 12us 1TAOmaS 12us NGB! 8008
O cedl_sdram E-EE' SDRAM 54 EI El 100 MB's 100 MB's 1000 % 1000 % 226108/ TA02ns ZE0ns 7202 ns 2387 1608
ﬂ cpul) CPUD SDRAM 3208 820MB/s BET MBS 70,0 % BE21% 650ns/EBMEns 1637 nelBll8ns MAB! BADE
10 cpul CPUI EDRAM 320B 920MB/s 283 MB'e T0.0 % BT % 1081ns /0224 na 1EENe/ TES2 ns Q5SB! B4OB
§0 cpuT CPUT SDRAM 3208 S58MBA 61 MBa 700 % SE5% 1TZns/B216ns 1920/ 81589 ns 128/ 0B
jO dep CisF SORAM 1280B 2T0MB/s 270 MB's 10000 % 1000% 1092ns! 7988 ns 1077 ns/ G338 ns B! 208
[:I dmal_peri Csa PEA1 F2O0B 200 MB's 200 MB's 1000 % 100% 332na/ MOns 2TTnal/ B34ms  BEZ2mMBS 16DB
FO dmial_per2 Chis|  FER2 3208 SO0MB's 50 MBs 1000 % 1000% A415ns! 8550 353na/ G34ns 2002 mB/ IG0B
[} A . MB 200 MB's 1000 = 1000 %

IJ dmaZ_sram DAAZ SHAM iIZ0E 200 MB's 200 ME's 1000 % 1000% 2387 el B51A ns 1584 ns [ 7003 ns A8B7 3208
b0 dept DEF1  SORAM  1B0E 480MBR 303 MBN T0.0 % TEES 211ine! 1Mus 180E8ns/ 1lus BAB/! 320B
IO dsp DEPR2 SDAAM  I60B 460 MBYs 353 MB's TO0 % T82% 2158ns/ 14us 2023nsf 1L3us BOB/ 3208
O w1 VIDECY! SDRAM &0B S00MBs 500 MB's 1000 % 1000% fM3ns/G500ns 1338 na/ 6300 ns GTB! 480B
O w2 VIDESE SDRAM G408 500 MBrs 489 MBvs 1000 % 1000 % Z240naf T684 ng 2232 e/ TERA ne NZB/{ 4808
LE rdr DODE SDRAM 15KE 538 MBYs 530 MB's BSD % Ta8% 210us! 333 us BD.EnsSBETO NS LL1kB! 18BEKB
LB oDz EDRAM | 5kB 538 MB/'s 530 MB's ES0 % 735% 219us! 333us ETMiOnmsl 13us 12kB/ 16kB
[0 vmd_gdram_cache  VIDEOS SDRAM 0B S00MBrs 508 MBs 1000 % 1000 % 2008 ns (620 ns 1985 ns/ 6421 ns 1B/ 1280 B
O md_sdram_word  VIDEQE SDRAM  160EB 100 MB's 100 MB's 10000 % 1000% (168ne! 7205 1158/ TWMER 128/ 160B

Full Latency | Socket Latency | Fifo Level | Fifo v/t | Latency It | Thioughput it |
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Adding QoS component

Camera y
AHB32@100Mhz

Display
AHB32@133MHz

Processor
AX164@400MHz

DSPs
AX164@200MHz

Baseband
AX164@200MHz

DMAs
AHB32@133MHz

Video
AX164@400Mhz
AHB32@133MHz
AHB64@133MHz
AHB64@133MHz

3D Engine
AX164@400MHz
AHB32@133VIHz
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NIU
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NIU

IP Fifo threshold directly
drives NIU.
Set pressure to level 2

<4 when threshold is reached

Vv

N

Bandwidth regulator,
Increase pressure of 1 level
when BW is under threshold

39

‘ Clock changer

iy @ Width changer

@266Mhz

On Chip SRAM
@133MHz

Periph Bus
AHB32
@133MHz

NIU Flash
periph

Periph Bus
AHB32
@133MHz

NIU
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MoCexplorer (/disk056/gilles/fBASE/DACdemoTest/base/customers/demos/dac2006/suite/Moc.py)

File Tools Edit Help
'ﬁ ﬁl b % ﬁ!n-Fi ‘ Scenario : stepd o | Simulation Titme : |2e-04 Seed |1151919?24
Sockets | Flows | Links |
Name | Inifiator | Target |Depth |Targ B/AW | Act BAW | Req Eficiency | Act Efficiency | Full Latency | Socket Latency Fifo level
O cam Cha SDRaAK  256.0 B 150.0 MBfs 1455 MB/s 1000 % 100.0% 1765 ns/ 5431 ns 1713 ns /5431 ns 26,5 E
O celll_sdram BE1 SDRaM  2560E  40.0 MBfs  40.0 MB/s 1000 % 100.0 % 40535 ns /1.4 us 3350nss 14us 162 E
O cellz_sdram EBZ SDRAM f40E 10.0 MBfs 100 MB/s 100.0 % 100.0 %% 4483 ns/s 1.5 us 44G.3ns/ 1.5 uUs 45E
O cpuD CPUD SDRAM 3208 805 MBfs 586 MBis 65.0 % 68.4 % 40536 ns ¢ 1.8 us 4012 nsd 1.4 us 236 E
O cpul CPUI SDRAM 320EB 161.0 MBfs 125.9 MB/s 65.0 % 74.7 % 2039 ns s 1.7 us 1366 ns /S 1.7 us 264 E
O cput CPUT SDRAM 3208 17.2 MBfs 13.1 MBis 65.0 % 93.7 % 3474 nsd 1.4 us 233G ns/ 1.6 us 48 E
O disp DIsP SDR&ar 25608 150.0 MBfs 1501 MB/s 100.0 % 100.0 % 211.7 ns f 4164 ns 2118 ns /4164 ns 318 E
O dmal_pen DA FER1 3208 20.0 MBfs Z20.0 MB/s 100.0 % 100.0 % 292 ns /s B2.7 ns 244 ns/ 602 ns G83.5 mE
O dmal_perz DA FERZ 3208 5.0 MB/fs a.0 MB/s 100.0 % 100.0 % 365 ns/s 792 ns 31.0 ns ¢ 602 ns 184.1 mE
O dmaz_sdram OMaz  SDRaM 12308 500 MBfs 459 MB/s 100.0 % 100.0 % 4453 ns ¢ 1.8 us 4076 ns /s 1.5 us 223 E
O dmaz_sram DrME2  SRAM 12808 10.0 MBfs 10.0 MB/s 100.0 % 100.0 % 2aldns s 1.3 us 1345 ns/ 1.5 us 25 E
O dspi DEP SDRAM 160E 40.0 MBfs 32.3 MB/s 70.0 % 77.9% 24g.a ns s 1.5 us Zzdznsd 1.3 us B0E
O dspz DEPe SDRAM 16.0E 40.0 MBfs 26.5 MB/s 70.0 % 82.9 % gzalnsd 1.2us 1380 ns 7 364.0 ns 65 E
O rdn DDODz  SDRAM 16kE 53.8 MBfs 53.0 MB/s 65.0 % 83.0 % el us/s 322 us 249G nss 1.3 us 1.1 kB
O rdrz DDDz  SDRAM 16kE 53.8 MBfs 53.0 MB/s 65.0 % 83.0 % elbus/s 322 us 2341 nsd 1.5uUs 1.1 kB
O trmd_sdram_cache YIDEDI SDRak  2560E  50.0 MBfs 506 MB/s 1000 % 100.0 % 2433 ns/f8lGd4ns 2366 ns /6184 ns 1268
O trd_sdram_word VIDEDI SDRak  2560E  10.0 MBfs  10.0 MB/s 1000 % 100.0 % 374G nsd 16 US 3736 nss 1.6uUs 37E
]
Full Latency | Socket Latency | Fifo Level | Fifo Lyl # | Latency i | Throughput /t e ]
L]
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NoC views Exportation to ESL world

QuickTime™ and a
™ and a TIFF (Uncom&)ressed{ decompressor
are needed to see this picture.

SoC Designer

\[o] @

L .
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NoC generation & performance monitoring
Prototyping Application environment

RTL

FPGA emulation SoC

prototyping — Performance
4 | Profiling

RTL
Statistics simulation
Silicon ) Collection

7))
c
@)
T
(&) NoC
i Targeted Instantiation
- G Application Generation
G) Statistics
(@N Collection
N QoS Qos C:JD
Dimensions Dimensions =
Description Completeness

Per flow NoC

Architecture LM
Critical flow Exploration /8 SHullEuey
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- Eile Edit Project Netlist [ntent Tools Windows Help imix]

(AR ] = & i »
+ -zcommon | Request View | Respanse View | Host View |
@ -aNIUinit r Clocks r Resets © Instance names = Pin names & Port names - Net names
« +z=NIUtarg i
s ‘=switchReq i E?
@« +zswitchRsp
+ -zadaplors
¢ cosarvices " D_I
4 ~2modules Pt— -
+ | =PROC - E
o | =DSP .
+ | =BB : ﬂJ o .
» | =Video B I -
@ (=31
o | =CAM " E }' .
¢ |=NOC T
& _:aﬁpﬁn 3 P
¢ -az|ntent H H .
| @ |
’ o
+xDanube | Log | Info Issues |
+= ExportOptions Issue list Issue description

+x SocketTypes

.... Generate NoC with NoCcompile

H
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Statlstlcs
Collector
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Optimized architecture

2. 5e+89

Reference
2e+@9 worst-case
simulation.

2. 3e+89

g2e+@3

1.5e+8%9

Achieved Bandwidth (Bs=s)

le+89

Se+82 —
a 1 1 1 1 e 1
5] B.2 a.4 B.6 .8 1 1.2
Functional Access Pattern Scaling
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Aggregate
throughput can
be increase by
25% still
meeting QoS
requirements
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SoC Results

 Improve Wire efficiency by x4 (40% wires
saving)

« Reduce gates count by 2 (180Kgates)
« Scale with performance roadmap
 Improve Design Productivity
 Improve Product Quality

 Improve Power management

W .
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Next

Improve Description language Productivity

Increase implementation views

— Architectural models, floor-planning, Gates & Power
estimates

Performance Monitoring directly coupled to
architecture exploration tools

Support methodology for NoC Benchmarking

__ .
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NoC Benchmarking

/

language

Kgates
Wires,
Power

Applications Suite
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Conclusion

« Adaptive network communication system
IS the solution to scale

« QoS dimensions profiling at architecture
exploration time and run time

« ARTERIS provides an innovative Adaptive
Network Information System environment
to solve this designer’s challenge

W .
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