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Context

= Multiprocessor System-on-Chip (MPSoC) are required by
current embedded systems
 HW subsystems + SW subsystems
* Complex communication network

] ]
(. Programming Model: shared memory,
HW-SS SW-SS message passing
NI L NI L) - Blocking vs. Non-blocking

- Synchronous vs. Asynchronous

[Communication network] II~< - Buffered vs. Un-buffered data transfer
- Communication buffer mapping

MPSoC generic architecture - Synchronization

- Type of interconnection: point-to-point,
Kbus, Network-on-Chip (NoC)
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Motivation

= Problems:

e Large set of parameters and communication design choices
= Design space exploration to find the best communication architecture

* Low level (cycle accurate) design space exploration is time
consuming and requires too much effort
= Early and High level exploration is required to reduce design time
» Intermediate simulations to bridge the gap between functional and
cycle accurate simulations
= Contribution:

* High level communication models, that allow:

= Early validation of the communication architecture through
iIntermediate simulation steps

= Exploration of the different communication buffer mapping and
Interconnect schemes
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State of the Art

= Communication exploration and mapping tools:

Murali et al. “SUNMAP” automatic mapping tool of IP cores onto
NoC

Xu et al. methodology to evaluate NoC architectures at low level

Dumitrascu et al. fast interconnect exploration: distributed memory
server (DMS), AMBA and Octagon NoC

= Our proposal:
« 2 high level communication models with automatic generation
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from Simulink for fast exploration of interconnect (bus, NoC) and
communication mapping schemes



Outline

= Communication modeling for MPSoC at different
abstraction levels

= Experiments with H.264 Encoder

= Conclusions
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MPSoC Communication Modeling Abstraction

; ; design ste
application IPs Jn step

{ v
partitioning and mapping
S
Simulink [ Combined Arch./Appl. ' functional | = Abstract Communication Units
( . . —> ..
Model ' _Ssimulation_ ! = Implicit 1/Os
— = l

comm. resources
archit, allOCfltlon
SystemC [ Virtual Comm. Model ]_.; simulation — " Abstract Interconnect Component
l mTTTTTmTTen = Buffer storage resources

comm. implementation
¥

SvstemnC [ Transaction Acc. ]—J“s-i-rr-lij-léiib-r;“' = Explicit Synchronization
’ Comm. Model Tttt " EXpliCit Interconnect Component

—_ I
comm. mapping
. | = Explicit Implementation (RTL)

: , cycle acc. | = |/O device drivers
SystemC | Detailed Arch/Appl. Model |—i &Y ac¢:
y PP . _simulation_ = Load/Store primitives
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MPSoC Communication Modeling Abstraction

‘ ‘ d | t
application IPs mode esign step
§_j/_ T’_

partitioning and mapping

| Ab o .
. Pmmmmmmm—mmm o = Abstract Communication Units
Simulink [ Combined Arch./Appl. , functional | = Implicit 1/Os

' simulation

Moldel




Combined Application/Architecture Model

= Captures application mapping on architecture

Subsystems Tasks
= Subsystem Functions
« Set of tasks N\ 2 21 //\SW'SSZ
PG ®
= Abstract communication & o
types: .
e Intra-SS 1 . t Smm.
e [nter-SS > Intra-SS
GMEM\
. - . < ParamNamel = Valuel
= Communication protocol: ParamName2 = Value2
e Generic Simulink 1/Os
.. i i ) Comm.
» Explicit annotation for implementation Inter-SS
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Example of Combined Appl./Arch. in Simulink

Communication Unit Annotation

Fle Edt Wiew Smulation Format Tools Help —  ee®]
DOas
D& = b= fooo [Momal | oett &
as®
Piae
-----
‘‘‘‘
Out? p{int Dut1 ] int
L]
Commi "tea,
o L R Ot 1 —
o
.......
.....
out 1 = I Outd Pz e,
Commz
AR WS DSk
Out1 It |
Commz

LS
L]
]
L]
]
a,y
]
oy
[
ay

= Communication units annotated with

architecture parameters using Block
Properties

= Communication Units are Simulink Signals

= Number of Comm. Units depends on

Application
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= Architecture parameters annotating the

model:

» ResourceType: FIFO, local/global memory
* NetworkType: AMBA, Hermes NoC
» AccessType: DMA, direct

-
) Block Properties:Comm1

Gereral |Ei||:uc:k Lnnatation || Callbacks

Usage

Deszcription: Text sawved with the hlock it
Priority: Specifies the block's order of
the same model.

Tag: Text that appears in the hlock label

Description:

ResourceType = DXk
AccessType = DA,
MetworkType=AMEAL,
MerrMames= dxmd

Priority:

* MemName



MPSoC Communication Modeling Abstraction
i

S l
comm. comrrlll. res;(_)urces
e . ch on = Abstract Interconnect Component
, S . rage r r
SystemC [ Virtual Comm. Model i simulation —— Buffer storage resources

r—\ !
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Virtual Communication and Interconnect
Modeling

SW-SS1 SW-SS2

= SystemC TLM, message accurate ﬁ ﬁ
model

* |nterconnects abstract subsystems

Virtual Interconnect

Master Master Master Master Master

Bus
* Inter-SS communication units partially !
mapped on resources ViU AT =
= [ntra-SS communication units become Decoder
software communication channels
Slave Slave Slave Slave Slave
= Virtual interconnect component NoC
evirtual bus: virtual arbiter + address Network [ || Network || Network ||| Network

decoder
svirtual NoC: NI, router, mapping table

e parameterized, scalable, part of library
 simulation: nb bytes exchanged
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Interface

0x0

Interface
1x0

Interface
1x1

Interface
1x2

Mapping Table

Router

Router

0x0 1x0 <P

Router

Router

1x1 <« 1x2

11



MPSoC Communication Modeling Abstraction
i

v
Comm. implementation

y = Explicit Synchronization

[ Trélgrsnar?]t'i/lnogg?' ]—4“s_i-rr-1[1-léii_o-r;“§—> = Explicit Interconnect Component

SystemC
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Transaction Accurate Communlcatlon and
I R B P gy -
Interconnec fv‘uum Ing
= SystemC TLM, transaction accurate
CPU-SS1 CPU-SS2
model Abstract MEM.SS Abstract

= |nterconnects subsystems: CPUL_|[Vemory —— ey
e Detailed local architecture Interface | | Periph Interface || Periph
« Abstract CPU cores 1L I 1L

Interconnect Component (Bus/NoC)

* Inter-SS communication units fully
mapped on explicit resources

Masters

= Explicit communication protocol & AMBA

synchronization mechanism

PRI \Arbiter 1
Explicit interconnect component
e Bus: arbitration, burst mode l Aata MUX Decoder

* NoOC: topology, routing algorithm,
buffer size

Control &
Addr
MUX v

Slaves

« Parameterized, scalable, part of a library
« Simulation: conflicts in the bus, NoC congestion, routing requests
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Outline

= Communication modeling for MPSoC at different
abstraction levels

= Experiments with H.264 Encoder

= Conclusions
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H.264 Encoder application

—

7 0:0,0,: &

v+

= Application

Specification
(Main Profile) F o
i /
= Target Architecture: GMEM SS —y
1 ARM9-SS GMEM
1 GMEM-SS NI NI ARM9 ROM
1 POT-SS T i
Interconnect Interconnect (NoC, Bus)
17 1L ¢ J0 17
NI |POT SS NI | %|DMA1 |DSP1SS NI DMA2 [DSP2 SSJ;
Timer mailbox pic | | [mailbox ][] PMEML piC | | [mailbox] | [PMEM2] |3
AIC SPl REG1 | |LMEML [ | DSP1 recz | [Lmemz | [ pspz el
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Combined Architecture/Aprication Model

for H.264 Encoder in Simulink

= 4 S-Functions

i1 h264_mapped_R2DT

File Edit Wiew Smulation Format Toals Help
= 3 Inter-SS communication DEES 3@ D b oo [Nema - S RRE®
units

= 10 frames QCIF YUV 420
= Simulation time: 30s on PC o}

¥

In1 Ot 1 In1

Out1 — Inl Ot 1 ni

1.73GHz, 1GBytes RAM e

h 4

Lot bSP1 DSFz . BRMG
........ i ind - !
Parameters .. - pr 3
Annotation .. . e :
) Block Properties: 1 - e L o B
oot : Task T3 Specification . Task T3 mapped on ARM9 3
General H Block Annotation || Callk [Z1 h264_mapped_R2DT/ARMO/Task_T3 =1 ., =
Flle Edit Yiew Simulstion Format Tools Help ®
dzage R = = T

Description: Text saved with the bl

Pricrity. Specifies the block's order
the same model.

,o L5 o O &S & BER T
Tag: Text thet appears in the block > outt

Unit Delay
| available 1=
L,
it ——|
Description:

*
o i) [Hemal v Dem B BEE

File Edit Wiew Simulation Format Tools Help

FesourceType=0o data & b 5-Function Builderd n i
MetworkType=MHoC available !
NDCTDIngY:MESh S-Function Builder2 !
MoCRoutingAlgorithm=iy . !
=) ) Y— . |
Priority:
i'”Uuﬂ @
If Action
Subsystem Stop Simulation yEEE—
H H ; atia
Simulation running L g
Runnin g 100% E T=221.000 FixedStepDiscrete ‘t“
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AN TN s . -
Virtual Communication Model for H.264

* Interconnects 5 abstract subsystems

= Virtual interconnect: virtual bus, virtual NoC Software
GMEM-SS ARM9-SS Subsystems
II‘ .......... 5 g:[ / @ @ Direct
Interconnect N
r” —®- b @
i\[ ]:I ﬁ / j\:[ ]:[ @ Communication
path through GMEM
POT-SS DSP1-SS DSP2-SS

= 7 different mapping schemes of the 3 Inter-SS communication units: total Words transmitted
through the Interconnect:

GMEM+Direct+GMEM | 5971700 |
Direct+Direct+GMEM | 3085850 |
GMEM+GMEM+Direct | 6171670]
Direct+GMEM+Direct | 3285820
I GMEM+GMEM+GMEM:
Direct+Direct+Direct | 3085840 | ) . ] )
- e simulation time: ~ 20s virtual bus,
GMEM+Direct+Direct ;
| 59716%0| - 30s virtual NoC
GMEM+GMEM+GMEM | 6171680]

* 58 conflicts in the virtual bus

-

0 1000000 2000000 3000000 4000000 5000000 6000000
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ransaction Accurate Comm

'FI\IF I_I
101 11

dTYN
AL

» Full end-to-end communication path between

detailed subsystems

unication Model

NI NI NI
. 0x0 Ox1 | Ox2
= Explicit interconnect: AMBA, Hermes NoC.: .
° Router Router Router
Mesh Topolqu | 0x0 1x0 | J* 2x0
= XY Routing Algorithm C T 7y
= Round Robin Arbitration Algorithm i 1x1 12 |- 5 output]input
e Torus Topology . — o | Mapping Table
.. . . . outer —1 Arbiter Algorith
. Non-mlnlma.ll Wes.t-Fl.rst Routlrlg Algorithm CC ox1 | 1x1 | Je ol 5 Réultiﬁrg A?g‘g:ith%
= Round Robin Arbitration Algorithm = A \\HS [input] [output]
GMEM-SS SRAM | ARM9-SS 239 2x1 2x2 o W
’
GMEM Router \\\ Router T Router
| Abstract 0x2_|J* X2 K 2x2
v & = &
/I 1T S = Hermes NoC [3x3]:
AMBA/Hermes NoC > Topology, Arbiter,
\l 1T 1T 1T 1T 1T Routing Algorithm
NI POT-SS NI DMA1 NI DMA2
Abstract
AIC SPI REGL| [LMEM1 Agsst;i‘:t reG2| [LmeEm2| ["Dapo.
| | L——— ]

PO
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Communication mapping schemes for H.264

= Full end-to-end communication path
= Explicit interconnect: AMBA, Hermes NoC

= Multiple communication buffer mapping schemes:
» E.g. COMM1 between ARM9-DSP1:

...... (@D-++++ SRAM
2 GMEM
GMEM-SS SRAM | ARMO-SS _®
GMEM LY - — = LMEML
] . Abstract
|_ ] ARM9
: T
— N eminciiaeresries, AMBA/Hermes NoC
i T T T
NI |pOT-SS NI DMA1 NI DMA2
Timer | Mailbox PIC J Mailbox ‘! DSP1-SS PIC ‘ Mailbox IDSPZ-SS
H Abstract
AlC SPI REGL LM&@/II AbSTact ReG2| [LMEM2| [ Daps.
I : I — T
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Results for Transaction Accurate

P Aarmrimnttitimt~nemti~nis MAAAL £A- LI DA

CUILHTTIUrncCactioll iviodel 101 m.£204

= Different Communication and IP Mapping Schemes for Interconnect components:
— Hermes NoC [3x3] Torus, Mesh with 2 IP mapping schemes over NoC:

Scheme A Scheme B
A 0 1 2 Y[ o 1 2
0 |GMEM-ss|POT-sSS - 0 DMA1 - -
1 ARM9-SS | DMAL1 DMA2 1 ARM9-SS| GMEM-SS | DSP2-SS
_ AMBA bus 2 - DSP1-SS| DSP2-SS 2 POT-SS | DSP1-SS DMA2
Communication Interconnect IPs Mapping | Execution Time S?mulatipn Execution| NoC Routing | Average Interconnect
Mapping Scheme over NoC | at 100MHz [ns] | Time [min] | Cycles Requests Latency [Cycles/Word]
GMEM+GMEM+GMEM Mesh Scheme A 64.028.725 36min 3.201.436 96.618.508 25
GMEM+GMEM+GMEM Torus Scheme A 46.713.986 28min29s |2.335.699 78.217.542 16
LMEM1+LMEM2+SRAM Mesh Scheme A 28.573.705 12min54s |1.428.685| 13.118.044 10
LMEM1+LMEM2+SRAM Torus Scheme A 26.193.039 12min 1.309.652 12.674.692 9
LMEM1+SRAM+GMEM Mesh Scheme A 26.233.039 14min55s |1.594.237| 13.144.538 11
LMEM1+SRAM+GMEM Torus Scheme A 26.193.040 14min48s |1.309.652 14.479.723 10
GMEM+GMEM+GMEM Mesh Scheme B 35.070.577 18min34s |1.753.529 24.753.610 9
GMEM+GMEM+GMEM Torus Scheme B 35.070.587 19min8s |1.753.529 24.753.488 9
LMEM1+LMEM2+SRAM Mesh Scheme B 31.964.760 17min8s |[1.598.238| 18.467.386 13
LMEM1+LMEM2+SRAM Torus Scheme B 31.924.752 16minl4s |1.595.238 15.213.557 13
LMEM1+SRAM+GMEM Mesh Scheme B 31.964.731 18min38s |1.598.237 18.512.403 15
LMEM1+SRAM+GMEM Torus Scheme B 31.924.750 16min42s |1.596.238 18.115.966 14
GMEM+GMEM+GMEM AMBA - 17.436.640 8min24s 871.832 - 9
LMEM1+LMEM2+SRAM AMBA - 17.435.445 7minl8s 871.772 - 9
LMEM1+SRAM+GMEM AMBA - 17.435.476 7minl7s 871.774 - 9
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Outline

= Communication modeling for MPSoC at different
abstraction levels

= Experiments with H.264 Encoder

= Conclusions
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Conclusions

= Communication modeling for MPSoC at several abstraction
levels:

e Combined Architecture/Application Model in Simulink
 Virtual Communication and Interconnect Models in SystemC

e Transaction Accurate Communication and Interconnect Models In
SystemC

= Hardware simulation models automatically generated from
Simulink

= Allows early and fast communication architecture exploration

= Several communication buffer mapping and interconnection
schemes
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