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About MORPHEUS

Multipurpose Dynamically Reconfigurable
Platform for Intensive Heterogeneous

processing
Objectives: Applications:
e Faster time-to-market * Broadband Wireless

« Increased flexibility Access Systems
* Network Routing

 Data intensive processing Systems
» Power consumption (less . Pprofessional Video
mission critical) « Homeland Security
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MORPHEUS Goal

Programming
efficiency

Generic
flexible
architectures

latdware
Flexibility

Paradigm shifts :
Field adaptivity + performance
Specificity + Sustainability

perterming
architectures
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MORPHEUS Architecture
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3 heterogeneous
reconfigurable
engines (HRE)
Controlled by ARM9
Dedicated
configuration
manager (CM)
Separate AMBA
busses

NoC extends inter-
HRE communication
Data/configuration
exchange buffers
(DEBI/CEB) bridge
different clock
domains

Task triggering —
according to Molen

T ] aradigm through
Configuration Configuration p -
Manager memory (32K) ((e>>(<g)1ange registers
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| Cores’ overview: PACT XPP
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Access ta Memory

o

e Coarse-grain
* Intensive parallel
processing
* Fast )
reconfiguration
e 2 categories of
application:
— Data-flow
— Control-flow
e 3types of
configurable
processing array
elements (PAE)
— ALU-PAE
— RAM-PAE
— FNC-PAE
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Cores’ overview: PICOGA

‘ Interface
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BLC PiCoGA-Row

(Synchronous Element)

¢ Medium-grain

e Features instruction level
parallelism (ILP)

e 16x24 array of
reconfigurable logic cells
(RLC)

e Each RLC includes:

— 4-bit ALU
— 64-bit LUT

¢ Pipelined data-flow graph
(PDFG) support

¢ 4 configuration contexts

¢ Up to 4 PiCoGA-
operations per contexts

e 12 inputs, 4 outputs with
32-bit width
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Cores’ overview: M2000

SoC  Fine-grain eFPGA

* Macro core includes:
— 4K Multi-Function logic

e Cells (MFC) combining:
ggg_m“ . 4|n_put LUT
scan_load - e D flip-flop
sean.ek ~ Macro Core — 8 dual-port RAM
D e S i — 32 multiply/accumulate

Inerface |y operators (MAC)

— 128x8 bit adders

: + Loader:
Control b AJS — Loads the configuration
Inferface | JRS goo0oy stream

— Simplifies silicon test
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Communication Flows

1. Computational data flow 3. Control flow
— Main processor — Main processor

— DMA(s) — AMBA (main AHB)
— /O peripherals

i 4. 1/O interfaces
— Communication
infrastructure — /O resources
e AMBA (main AHB) — Communication
* NoC infrastructure
2. Configuration data flow *  AMBA (main & conf.
— Configuration Manager AHB) _
—  DMA(s) *  NoC (possibly)
— AMBA (configuration
AHB)
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ExlernaILIaI::'ll:r:y Device ° AM BA
SRAM/DRAM/FLASH — Low cost
— Low perfor-
ARMS ’—I mance
smnm;mmm Core(s) lli[;:;:lﬁ . N o C
< Main AMBA AHB BuS > — High bandwidth
— Streaming
computational
Level 1: mOde
el Love o e e Memories:
- — Level1-
I -EEEEE 800Mb/s
HRE Interconnection Matrix (NoC') h I\E)g\éﬂg/;
. ' . . — Level 3—
70Mb/s
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Control Data Storage

* Issuing of configuration tasks and computation
commands according to the Molen paradigm

» Synchronization of task dependencies

* Routing of data and transfers between
architectural resources: programming of DMAs
and NoC

» Synchronization of exclusive access to DEBs

» Programming of internal HRE address
generators

» Configuration control: CM task synchronization,
configuration DMA(S) programming
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Configuration Data Storage

* Mastered by the

configuration
manager (CM)
m m « AHB-to-AHB
: . bridge
<‘mmmm“tui'> < AMBA AHB ConﬂgtraﬂonBUS > connection with
_ the main bus
ARM2
Core e NoC is NOT
* Memory level 1:
ing-pon
IP Config. size Array size Buf?epingg
PACT XPP 16 KBytes 8x8 ?
PiCoGA 72 KBytes 4x(24x16) mechanism
M2000 eFPGA | 60 KBytes 4K MFCs
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Summary

» 3 heterogeneous reconfigurable cores

» 4 clock domains bridged with local buffers
(DEBs/CEBS)

» Separate busses for data/control and
reconfiguration flows

* NoC for intensive data processing
 ARMS9 controlled

» Tasks issuing according to the Molen
paradigm
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PICoGA HRE Architecture

¥ AMBA BUS (Master bus) >

ARM clock domain |
| AMBA slave Interface

Exchangl 16 Banks|memory

register Dugl-poit Dufal clpck
Memory|Buffer

i \ Data Feed Device \

VAN

PiCoGA clock 8 B8
domain 5 . B2
Dual port Adaptor Dual port Adaptor Dual port Adaptor (;: PiCoGA L |
5 S 5 g B
Instr Data Conf & B
Mem Mem Mem <
> b >
Configuration || pual port Adaptor Dual port Adaptor Dual port Adaptor
clock domain yy ry
¢ v v ‘
< AMBA BUS (Configuration bus) >
November 15, 2006 Arseniy Vitkovskiy 15

* : ‘77 Data Communication & Memory Hierarchy... @
Address Generator

to 16 DpDclk Memory Buffer

LJ_M

Item 16..31

’ Interconnection Matrix ‘

to PiCoGA (12 Input) from PiCoGA (4 Output)

e PiCoGA: 12 inputs and 4 outputs

* Register file: 16 regular registers and 16 stream registers
e Programmed interconnection matrix (IM)

e Programmed address generator (AG)
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AG Programming Model

Set_DF(Item, Addr, Count, Mask, Stride, Step, rw) where:

— Item: s anindex value (range 16..31) that indicates the
identifier for the right address generator

— Addr: s the base address inside the memory where the first
access performs (range 0...4095)

— Count: number of data words inside a chunk (range 0...4095)
— Mask: size of the circular buffer (range 2"0...2"16)

— Stride: distance between data chunks (range -127..+128)

— Step: data words accessing steps (range -127..+128)

- w: Read/write access

November 15, 2006 Arseniy Vitkovskiy 17
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Possible Memory Accesses

Solid data chunks Fragmented data chunks
skipping @ skipping @
COUNT=3 COUNT=2
I T Crfy - [ TCOITTT- |
STER=1 STeFL2
STRIDE=5 step =1, STRIDE=6 step >1,
{count €N, {count eN,
stride > count. stride > count - step.

overlapping @ overlapping @

COUNT=3 '—ng—v
OEOECOEEN ] || [oJmag: fudss] Jugss) ] ] . |
s@ =
STRIDE=2 step =1, STETHE=1 step > 1,

count € N, count € N,
Ltride <count. Ltride < count - step.
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Circular Buffer

Local_address = next_address;

Base_address = next_base_address;
address = (Base_address & ~mask) + (local_address & mask);
next_address = local_address + step;

next_base_address = (base_address + stride)
if (Count == EndOfCount);

Example:
Base = 0x1; Step = 1; Stride = 4; count = 4; mask = 0b11;
Generated address sequence:

0x01 — 0x02 — 0x03 — 0x00 — Ox05 — 0x06 — 0x07 — 0x04 —
0x09 - ...
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AG Block Diagram

Stride
te 4
Step + ﬁ'
1 0
0 1 Next Base
Next
Address
4
Full Address maSk
Count mask l—i

End of
Count

ot #
- =Register Address
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Previous Version Results

* VHDL implementation
» Synthesis with STM CMOS090 @ 200MHz

* Replacement of standard cells with memory
modules (total area reduction by 2.2x)

» Power consumption decreased proportionally to
the area reduction (+ traffic savings)

» “A Stream Register File Unit for Reconfigurable
Processors”, ISCAS06

DSPStone benchmark Matrix1 Matrix2 FIR 2D
Traffic savings 81.8% 85.7% 68.1%
Time savings 58.3% 62.9% 47.9%
November 15, 2006 Arseniy Vitkovskiy 21
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Preliminary Results of Project |

Data communication

T
o 7 g and memory
= , i hierarchy definition
= paer | A B e+ PICoGA address
E //_ Efff Configuration generator
w2 ™ . VHDL
= ‘ % implementation
= | M2000 PiCoGA |E » Test and verification
£ = * HW synthesis
:[ﬁ[[[[l[[[[[[[[[[[[[[[I[[[[[[[[[[[[[[[I[[[[[[[[[[[[[[[I[[[[[[[: — CMOS90 @ 300MHz
— 3.8 mm?
* Floor-plan (240-250
I/O pads)
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Future Work

Introduce reconfigurable IPs in the system

Perform software simulations with
SystemC model and application kernels
from IP vendors

Make system tuning according to the
simulation results

Testing and verification
« Continue hardware implementation
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Thank you!
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