to researches
etwork

r System Lab, KAIST

 KAIST




KAIST

networking
for OCN design

opics

2 System Integration Platform



Related works on
Networking



KAIST
Switching System

Theses & Conference papers

o Se-Joong Lee, “Performance Analysis of Gigabit Ethernet Shard-
Memory Switch with Embedded DRAM,” M.S. Thesis, 2001

o Kangmin Lee, “Design and Implementation of an 80Gbps Shared
Bus Packet Switching using Embedded DRAM,” M.S. Thesis,
2002

a2 Kangmin Lee, et al., “A practical method to use eDRAM in the
shared bus packet switch,” GLOBECOM, 2002

a2 Kangmin Lee, et al., “A 10Gbps/port 8x8 Shared Bus Switch with
embedded DRAM Hierarchical Output Buffer,” ESSCIRC 2003
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KAIST
Switching System (contd)

8x8 Shared- bus Switch Fabric for 10GDb- Ethernet
e

i \HH

L SR i—— ; Chlp o Measurement

4 DiePhoto (4x9mm2 @ 0.16um DRAM tech.)

» Hierarchical Output Buffering Technique (32kb SRAM & 1Mb DRAM)
e Dual I/O scheme

Related papers
[1] K. Lee, “A practical method to use eDRAM in the shared bus packet switch,” GLOBECOM 2002

[2] K. Lee, “A 10Gbps/port 8x8 Shared Bus Switch with embedded DRAM Hierarchical Output Buffer,”

ESSCIRC 2003
* Best Design Award from 3@ Korea Semiconductor Layout Contest in 2002

Basic On-Chip Network
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Network-related works (contd)

Network Processor

o |IP Address Lookup Engine
Algorithm
Implementation issues
Memory requirement

Packet Source

Packet Packet
Classification A Processing

Traffic
Management

Switch Fabric

BONE
\ : BONE: Flexible System Integration Platform
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nection Technology

ed serial link

4Gb/s CDR Fully differential TIA

BONE: Flexible System Integration Platform
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Technology

lon
hip serialization scheme in terms of

Power (x10mW)
D

N

N

o

Serialization ratio vs. Power consumption
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Switching Technology

A Distributed On-chip scheduler

Scheduler

Input ports
[ Ardar4argl
[ Ardarards
Ararardl
TArarardl

Output ports

Related papers

[nsec]
2.0

16' Round_Robin._~—*
>} / 48%

E 1.2[ G Speed-up
8t TREE__—
L e —

€— | Preference 0.47

N=4 _ N=8  N=16
Switch Size

55% Area reduction

e {1 Na-Moo scheduler

3 L B

Proposed Na-Moo Algorithm

 EYET_SIETET (e o4 i
o ;I'-'
3] RR Cheduler fil
.}_!r;_ 1= e s .u'i "|
Ly L i |.| I Ll | |14 ~ ¥ R

|1] K. Lee, “A Distributed On-Chip Crossbar Switch Scheduler for On-Chip Network,” CICC 2003
12] K. Lee, “A High-Speed and Lightweight On-Chip Crossbar Switch Scheduler for On-Chip Interconnection
Networks,” ESSCIRC 2003
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among the sea of topologies
e and cost of the network
he consideration of on-chip situation

i B

(b) Binary Tre (c) 4-ary Tre (9) 3-Cube

(j f.(f_ (h) Star

(f) Folded Torus

(d) 4-ary FatTree (e) Mesh

ole on-chip network topologies
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What is BONE?

Basic On-chip NEtwork

o Infrastructure
Pre-designed template (Platform)

2 Communication channel

Provides high-quality communication
channel: scalable bandwidth and
controllable latency

o Interface

Heterogeneous IPs interact through
the BONE

BONE
\ : BONE: Flexible System Integration Platform
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BONE-1

Development Flow

Topology definition
BONE Basic component define
Architecture Routing scheme
l Packet format definition
BONE Switching technique
Protocol Timing definition
1 Overall performance estimation
BONE Physical design
Implementation Synchronization

_ = : BONE: Flexible System Integration Platform
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KAIST
BONE-1: Architecture

Star-network with Serialized Links

PE PE PE PE
Lowl Hswl Hswl Lswl i PE "E 1| e
1 [
PE PE PE PE e (
L] I L] I
ad > > il % PE |PE|PE|PE| | SW
PE PE PE PE |
L [ [ [ PE
SW SW SwW swhk e
PE PE PE PE pE |PE|PE|PE|| PE
||= SW L SW ||= SW L SWE
I I I I
Mesh topology Star topology of BONE

In previous works
Why star topology and

serialization ? (Next page...)

BONE
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BONE-1: Architecture (conta)

Advantages

0 Star-topology
Supports any layout shape of

each processing units Relative

Areas
Routing algorithm is very
suitable to on-chip network

Provides maximum bandwidth
and minimum latency

o Serialized links
Area reduction in link wires and | *°oc > 4% & % 100n

switch fabrics

Power save In switch fabric and
link wires

BONE
\ : BONE: Flexible System Integration Platform
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= Master network interface (MNI)
= Slave network interface (SNI)

BONE-1: Protocol
= Packet Format

I Transport I
Source routing scheme

Network Route information modification
Off-chip packet transaction

Packet serialization

Datalink Flow control

I Physical I = Source synchronous data transaction

BONE
\ BONE: Flexible System Integration Platform
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BONE-1: Protocol (conta)

Packet Format
0 Fixed length (80-bit)
Minimize packet processing overhead

2 Route Information
Generated by MNI
Each index indicates output port at each switch hop

RI (16b) \ Outyut port at 2" switch
ress (52 index0 index1 |index2 indexN

T

I Data (32b) I Output port at 15t switch

BONE
: \ : BONE: Flexible System Integration Platform
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BONE-1: Protocol (conta)

Off-chip connectivity ggel. SoC2
o Communication between SoCs 1
. . &=| OGW
o BONE defines off-chip gateway I —
(OGW)
OGW S0C3
o Synchronized operation using b %m% OGW
internal PLL B | L L
o Transaction through off-chip bus / \

o Token-based bus arbitration .
Packet routing using Rl TOKEN PASS

|
—
—>
PACKET M
BONE
\ : BONE: Flexible System Integration Platform
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AM technology (Feature size: 0.35um)
mm die size

ors + 1kB SRAM

300MHz, 2.3V

sented in Int. Solid-State Circuit Conference 2003.
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BONE-1: Implementation (contd)

Implementation issue
1 Global synchronization

One of the most challenging issues in SoC design

0 BONE-1 supports pleisochronous communication
Global synchronization is NOT required
Multiple clock domains (CDs) are allowed
Signal synchronizers (SYNCs) are inserted among CDs

packet

l clk B

Emi1 |
3 packet

»SYNC

CD 2

SYNC




Press releases

7]/ A
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Powered by NE Asia |—-I=I|_I=l = A H 7HE
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Nikkei Electronics, 2003. 6.
(On-Chip Network J|= i)
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cumess THE INDUSTRY SOURCE FOR ENGINEERS & TECHNICAL MANAGERS WORLDWIDE e FEEDEACH

[susscrise [ newsierTen | contaeT | necin kit

Researchers scale power barrier at ISSCC

By icolss Mokhoft :
RCEITITIN %55 1 cos 5 e Meanwhile, a research tearn at KAIST (Korea Advanced ]
Marking its S0th anniversary, the 2003 [nternational Solid State Circuits Conference (ISSCC) in San R e I:| U tl | ic I:l.l: I_{ area ::I I_I ave come u I:l I Ith a 1 I:I : B ¥ E‘ , I:I mirm 2

SYSTEMS & SOFTWARE | Francisco has chosen a fitting theme: "Power-aware systems”, As circuit dimensions shrink and
designers crunch out circuits for ever higher performance, it is getting more difficult to use the intended
EE DESIGN ! ‘ ) :

integrated circuits in small mobile devices — where power consumption is the eritical criterion.

ADVANGED TECHNOLOGY I AR RN EERRERERERNTENENERRRERRENNERRRNRERNERNNRNNNNRNDNHN.]
THE WORK CIRCUIT i i i : - -
hile, & research team at KAIST (Korea Advanced Institute of Science Technology, Dasgjeon, g
COMMSDESIGN Republic of Korea) have come up with & 10.8 x 6.0 mm2 prototype chip implemented with a star- n I I I l eS
d on-chip network. The chip consists of a PLL, 1kbyte SRAM, two 2x2 crosshar switches, ] ]
PLANET ANALOG up/down samplers, and synchronizers. The on-chip network contains 81k transistors, dissipates 264m\/!

at 2.3\ and &00MHz, and provides 1.6 Ghytes/sec per port and 12.& Gbytes/sec ecaggregated
EMBEDDED.COM T O e S S S T n
oY A . A R T T T Y i e e e

The team claimed this is the first successful implermentation of an 00-MHz star-connected on-chip

network supporting plesiachranous communication amang internal IP blocks. Previous reported work in
rBooks this area dealt only with architectural aspects, withaut any chip implementation

D
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yration platform using

asy SoC design

) System /

2003. 8>

Mobile Device SoC w/ OCN
IPs: Two RISCs, FPGA, 16kB SRAM..
2-level Star-Topology w/ 1.6GHz links
Plesiochronous Comm.
Low-Power Techniques
BONE-SIM

r on-chip networking
logy with serialized links
onous communication
onnectivity

ible System Integration Platform
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BONE-2: Architecture (Confidential!)

2-Level Star-Topology

f b ( Cluster 1 Cluster 2 )
oGW uP peri Intra-cluster
. <+—»| OGW uP |0ICaI link EPGA .
\ \ / / peri. f _____ B
| | |—|— I I app.
Global link X-Dar Jr—— - - - - - —|— X-bar UP
P peri. Inter-cluster I—I
= global link
16x16 MEMORY EMORY
X-bar

f‘é :_| 1st level Star-topology
i Peripheral IP
e”FI:_)OV\/e-Lanwijth ' \‘
I HUB I STROBE
I I I I 80][ DATA [ ADDR [ H | Packet
MEMORY peri. MEMORY Peri. | | Peri. | | Peri. | | Peri. = End of Packet
logic | | logic| | logic | | logic
L Flat Star-topology ) L slave IPs only ¢ ¢ ¢ 2nd level Star-topology )
(a) (b)
Star-Topology Cluster-based 2-Level Star-Topology
. Less global links - Latency & Energy Efficient
. 0 1
BONE : 47% Power Reduction than (a)

Basic On-Chip Network

\ BONE: Flexible System Integration Platform
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BONE-2: Protocol (Confidential!)

Burst transactions for large data transfer (BL=1,2,4,8)
Differentiated Switching (2 level of Quality of Service)
Flow-control using back-pressure signal
Acknowledgment packet for reliable communications

_Packet Format gp

ez

b
\\

»
>

\

A

40T

HEADER

C: Compact Packet

E: SLIENT CODING

P: Priority (1:HIGH, 0:LOW)
W: READ/WRITE

RV: reserved bit

A: ADDR enable

D: DATA enable

AK: Acknowledge Request
BL: Burst Length (1,2,4,8)

b - C E Routing Infomation
ADIDAEAD) CoTiETTE P|W]|RV]A] D [AK] BurstL,
- SLIENT CODING Enable
- QoS Level ADDR
- Burst Length
- Target Slave ID
- Address (24b)

DATA
Wait _Flow con. Flow control
ARW HEAD (16) STROBE(1)
N v '
“ ADDR (32 UPS EOP(L)
M > PACKET(8)
MASTER T | N [2A263
WDATAES | STROBE(1)
RDATA(32 EOP(1)
RDATA(32 [¢ DN S PACKET(8)
¢ Flow con. _...Flowcontrol _____________

R e~ i’ """" [ -

Supports
(2) Cut-throgh switching, and
| (2) Store&Forward switching

SWITCH

IP Frequency (ex. 100MHz)

BONE

Basic On-Chip Network

Network Frequency (ex. 1.6GHz)

Different Clock Domain

BONE: Flexible System Integration Platform
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BONE-2: Low-Power Technigues
(Confidential!)

1.6GHz serialized links with < 0.6v _
lower swing. .

2 0.35pJd/bit on 5mm link
a2 X3 less power than full-swing,
o less area w/o repeaters

= A

Low-Power Switching Fabric
(Patent pending..)

Serialized Low-Energy Transmission
(SLIENT) Coding (Patent pending)

Programmable Power Management
a2 Frequency Scaling (1.6GHz - 400MHz)

26
_
A
BONE
Basic On-Chip Network . .
: \ BONE: Flexible System Integration Platfor
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BONE-2: BONE-SIM (Confidential!)

BONE-SIM: BONE-2 Protocol Simulator

High-level System Verification
Cycle-based Performance Analysis in Plesiochronous Comm.
Power & Area Estimation

Flexible Configuration

0 Topology (Star, Mesh or arbitrary), Serialization Ratio (1~12)
o Switching Algorithm, Switch Size, Buffer depth

o Clock Frequency (Different clk freq. b/w IPs)

Burst
NN write
> N
X-bar i Slave

Master

=«

ifmni_0/fwirile
top/mnifmni_ OffbI[1:0] u
.

~. X
<
M topimniimni_0/faen
opimnifmni_0/af31:0] L Gowoooe —~~~——~~~~— Jooooom |
Dpl\'ﬂﬂifl’l‘lﬂi_ﬂ"ﬂ[31 k1| foior 71 B O N E - S I M
|\

ttop/nifni_0doen

T

el [r [ ] [ Waveform sna Shot
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BONE-2: Implementation (Confidential!)

* Accepted for Presentation in ISSCC 2004.
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BONE: Flexible System Integration Platform

0.18um CMOS technology
omm X 5mm
Integrated IPs:

Two RISCs,

Two 8kB SRAMS,
On-chip FPGA,
Peripheral Logic,
Off-chip Gateway

50mW @ 1.6GHz, 1.6V/0.6V
o w/ various low-power techniques
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Recent Research Topics

» Applications

e Operating System S/W

* OCN-based SoC Platform

* Plug & Play

« SoC Design Methodology (SoC WIZARD ™)

» Topology
 OCN-Protocol

» BONE-SIM

» BONE-Emulator

<&

D)

CR)

L)

L)

e Low-Power Implementation
* Plesiochronous Communications
e On-Chip Serialization

BONE
: BONE: Flexible System Integration Platform
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