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Motivation

« Hardware sharing

— Accelerators: poor hardware reusability

Digital Baseband

= DFE == Ché‘snt”e' === Demod. === FEC ==

— Reconfigurable architecture
+ Multi-task
+ Multi-standard
+ Multi-algorithm

— Control overhead, e.g. area, power.
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System infrastructure

* An array of resource cells.
o

» Heterogeneous cell array:
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» Dedicated local interconnections:

— High data throughput \,3)
« Hierarchical global routing network:

— Flexible global data transmission

— External data access

— Global cell (re)configuration
« AMBA 4 AXI4-stream protocol
» Single-Cycle-Per-Hop latency
« Data driven synchronization

« GALS network data transmission
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Processing cell |

P1 P3 = f(P1,P2)

— L\ e

* Processing core
— ALU, DSP, SIMD, VLIW,

Local IO ports Global 10 port
CORDIC LO P4 L1 |+ ... A Lx G
— Implicit load-store operations in IF/ID ID/EXE EXE/WB
all instructions. v |
. ‘s PC . -Branch
— Run-time control and conditional oo N
reconfiguration. - N3
. w. [P ] Register < [ ]
— In-cell NoC supervision and oo N
reconfiguration.
. Operation | |
* Processing shell

— Network adapter
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Memory cell

. Local IO ports Global 10 port
Cell structure: — -
— Divided into banks
Memory array
— Configurations and operations #0
handled locally bank
« Operation mode: FIFO & RAM M o5
. bank SIS %
* Run-time memory cell I °
concatenation in FIFO mode. , 2
C Operation N g %
 Blocking/Non-blocking execution. controller ) FE F|o

« Programmable descriptor execution.
* Micro-block memory access.
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Static & Dynamic configuration (l)
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Static & Dynamic configuration (II)
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Software development

* Automated application mapping.
— CAL dataflow language

— Parallelism exploration SHEHR ;E—
— Within the HIPEC project together with CS dept. [SF~liSH~
=R
TR =R
EramBra

* Design exploration with SCENIC framework.
— SystemC-based virtual platform
— Explore system behavior and evaluate performance
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Application mapping

II

Hardware
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Application mapping from CAL

p Communi

cation

Action
o scheduler
Application
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SCENIC — Design Exploration

File Simulation Help

Restart Celldiiay

s ScenlC - SystemC Simulation Environment
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Staiting Server.
Connected to Server.
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Copyright
ALL RIGHTS RESER!

Creating application ’Cellfirray’
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Stream
Controller
(SMC)

®

Models (SystemC)
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Design Specification (XML)

| Controller

Reconfigurable Array
(CGRA) ig\

Interactive simulation platform (
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Case study: multi-standard

. nyiifbase
OFDM synchronization Y

» Multiple wireless radio standards Interface controller
« Concurrent data stream processing x
« Coarse Time Synchronization | [Fc5 | — |
« Carrier Frequency Offset (CFO) estimation | D || . |
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Implementation results (I)

* 65 nm low-power regular VT CMOS:
— Area: 0.479 mm?
— Clock frequency: 534 MHz

» Adaptive word length scheduling.
« Adoption of different algorithms, e.g. Novel sign-bit OFDM acquisition.

Quantization | Memory

Concurrency Standard o
accuracy utilization

802.11n 4 bits 08.48%

LTE 4 bits 65.18%

Single-Stream DVB-H 2K 4 bits 85.71%

DVB-H 4K 2 or Signbit | 85.71%

DVB-H 8K Sign bit 85.71%

802.1In & 802.11n 4 or 2 bits 16.96%

802.11n & LTE 2 bits 45.09%

Dual-Stream 802.1In & DVB-H2K | 2bits 65.63%

LTE & LTE 2 bits 73.21%

LTE & DVB-H2K | 2bits 93.75%
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Implementation results (ll)

« Compare with ASIC solution, ~4 times more area cost. | P |
« Case study does not explore the potential usage. ) S
— Simple algorithms
— No task-level hardware sharing
» Currently looking at channel estimation & MIMO detection for LTE-A.
— Task-level hardware sharing

— Cooperation with the DARE project
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Configuration generator

B Processor Cell 0 ¢

—
J&F | ¥~ MULTI-BASE OVM Data

erator

[=)[2/ES | EMemory Cell 6 Descriptor

File

PL Contral | Assemly Program |

PG contral

Operation
Tarast

Candition

Candition addr.

Contral options

Addr option

|Pe_contralim_Reset

I

[__Generate

[ wite/Pead
Proaram/Control

[ Enable

b

[ PC update

[ Step

b

[ Start

(m

Contral operation, Detault White; Checked: Read
Configuration target, Default Prograrm memory; Checked: Control register

Conditional configuration, Default: Disable; Checked: Enable

Conditional configuration address

[] Pause Resat

[ Stop

un to

Address aption note

¥ Configuration Memory Address Setup

Fle Setup  Conwert  About

PCO (DST_ID 0}

MC 1 {DST_ID 2

MC 2 (DST_ID 4)

MC O (DST_ID 1)

PC 1 (DST_ID 3)

File

Execution ‘ DSC Configuration |

DM/DSC Configuration Header

Config header |pscm

]

[ Generate

[ wirite/Read
DMIDSC

Operation
Config. target

Start Addr.

Transfer size

Contral operation, Default: Write; Checked: Read

Configuration selsction, Default: Data memary; Checked: Descriptar
Starting address in memory array

The number of Data/Configuration packsges

Config. DEC [ ose [ pscz [ pscs
Start config. pack Package 0 [ Package 1 [ Package 2

Deseriptor Execution Control
DECexecution M) [v]  [LEenzae |

I Configuration Generator

DSC enable DSCO
D3C state reset DSCO
(=) 0B oaram [ Enable

File  Update

Fil
- | Obisct rsme Start address [Dec] | Start address [Hex] | End adchess [Dec] | End address [Hex] (]
» | PCOPGM & CHl_Reg 0 i 1023 3FF
MED Dits Memory 2048 a0 W71 BFF
MED Diescriptor 3640 FO0 %75 F23
ME2 Diescriptor 3912 F48 2947 F6B
Recanfia. Regl1] 3949 FED 3949 FED E
Recanfia. Fegl3] 3951 F&F 2951 FeF
Fiecanfig. Regls] 3953 Frl 3953 F71
Fecanfia. Regl7] | 3988 F73 2955 Fr3
Fieconfig. Regld] 3957 F8 3957 Fi5
Fieconfia. Regl11] | 3353 F77 2959 F77
Fieconfig. Regl13] 13361 F3 3961 Fra ™

Configuration List | 0M file | Special Contiol|

m.mode  [] ResumeiRestart

gomsize o]

Corfiguratian List

Configuration Database:

ograrm

PC_1_Program ~
PC_1_Contiol_0_Reset
Contial_1_PCUpdate
Contral_2_Start
Proaram

0 Control_01_Resst
PC_0_Contrel_1_PCUpdate
PC_0_Contal_2_Start
0_DataMeman_0

| DSCHeader_0

MC_0_DSC_0
MC_0_DSCHeader_t
ME_0_DSC_1
MC_0_D5CHeader_2
MC 0 DSC 2

M

| DSCHeader 3
DSC_3

MC_1_DalaMemary_0 L
MC_1_DataMemon_1
MC_1_DSCHeader_0

MC_1-DSC.0

ME_1_D5CHeader_1

ME_1-D5C_1

MC_1_D5CHeader_2

MC_1_DSC 2

MC_1_DSCHeader_3

ME_1_DSC_3

MC_1_DSCExecution

DECE
DSC3

D5C2

DEC2

Descriptor exscution prograrm sslect

DSC exe. pgm. aperation mods, Default Resume; Checked: Restart
The number of pragrars to execute (Max, 16)

E.g: DSC exscution program size: §
DEC()
DEC()
DEC()
DEC()
DSC(1)
DSC(H)
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Conclusion

* Reconfigurable cell array enables hardware sharing at different
levels, i.e., task-, function-, and algorithm-level.

« Coarse-grained reconfigurable cell array comprises distributed
processing and memory cells, and a hierarchical NoC structure.

 In-cell dynamic reconfiguration enables fast context switching.

» Application mapping from CAL and design exploration with
SCENIC tool.

» The system flexibility is illustrated by performing OFDM
synchronization for multiple standards.
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