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Asynchronous Network-on-Chip

Processing Element  Network-on-Chip (NoC) or on-chip

network is the state-of-the-art on-chip
[PPOCGSSOP] [ Momor ] communication structure for
multiprocessor systems.
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[ switch | Flow control:
| Allocator | The algorithm used to
! allocate resources in a
Ain —p{ Buffer —f 1 A router to multiple frames.
B;, —» Buffer > > Bout
C;n, —» Buffer > » Cout
\_ J
Wormbhole: Ain |Ha|Da|[Da| Ta
Frames are divided into flits.
The header flit contains the Bin Hg === D5 | Ds | Te
target addr. and it is usgd to Coo. MEAEAEASEACRER
reserve a path. Other flits fime
just follow the path. T 5 3 4 s 6 7 8 o
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The spread of blocking:
Assuming frame B is blocked by frame A, frame B may also block
frame C; however, C is not directly related to A.
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Spatial Division Multiplexing
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The input buffer of Switch a virtual circuit
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SDM vs. Wormhole

900 4 —s=— Wormhole
1 --> - SDM

04—

0 50'160'150'260'2@'3(‘)0'
Injected Traffic(MByte/Node/s)

350

WH
Input Buf. 14,303
Output Buf. 5,935
Crossbar 4,356
Arbiters 772
Overall 25,366

The area of crossbars
WH:

P*P*W

SDM:

SDM

21,995

6,000
21,744
22,208

71,956

MP*MP*W/M = MP*P*W

[7] W. Song and D. Edwards. “Asynchronous spatial division multiplexing router,”
Microprocessors and Microsystems, 35(2), 85-97, 2011
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Clos Switch - Motivation

* The problems of SDM
— High-radix crossbars
— Large crossbar and switch allocator

* Clos networks are the optimal switch
structure
* Problems to solve

— Dynamic configuration [11]
— Optimal structure for SDM router (this paper)
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IP(1,1) —>

[
IP(1,n) —>

IP(i,1) —>

IP(i,h) —>

IP(i,n) —

IP(k,1) —>

[ )
IP(k,n) —>»

Clos Networks

—— 0P(1,1)

> 0P(1,n)

—— 0P (j,1)

—— OP(j,h)

—— OP(j,n)

—— 0P (k,1)

— OP(k,n)

Advanced Processor Technologies Group 9
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IP/OP: input/output port
IM: input module

CM: central module

OM: output module

n: number of IPs in IM

k: number of IMs

m: number of CMs

N = kn: the total number
of IPs

When m >= n, the switch is
no-blocking
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Clos vs. Crossbhar

—®— Crossbar
--0-- RNB Clos
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Asynchronous Clos Scheduler

IMSCH, CMSCH;

~N

A

reds,1 < IRG OMRICB

OMRCCB

A

A
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reqds,, <7 IRG

CMRICB

IRG

Y

req,s <

CMD

reds,s <« IRG

reqi,; <«
reqi,, «—
reqi,; €
redi,s €<

IMSCH; CMSCH,

reqs,; <«

r€0s,2 <= IMSCHg

redg,; <
reds,s <\

CMSCH,4

[11] W. Song and D. Edwards. “An asynchronous routing algorithm for Clos
networks,” In Proc. of International Conference on Application of Concurrency to
System Design, 2010, 67-76
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Async vs. Sync Algorithm
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[11] W. Song and D. Edwards. “An asynchronous routing algorithm for Clos
networks,” In Proc. of International Conference on Application of Concurrency to
System Design, 2010, 67-76
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2-stage Clos Switch

IP(s,1) —»’%%L \CM; - OP(s,1)

o MxM 55 .
P (s, M) —— -/ \) ( AN \ > op(s,M)
IP(W,1) —> \IM} ’ ' —> 0P (w, 1) Benefits:

. MxM . 1. 2-stage
1P (uw, M) —> —/_\ ' ‘ > op(w,M)  1.aless latency
1) "\ J‘(’ op(n,1y  1-Dsmaller

RN Ye AL \5)(5/ o ’ 1.c simpler scheduler
1p(n,M) — / \_ vr N\ ‘ > op(n,m) 2. CMs can be further
IM(e f \ ( simplified

IP(e,1) —(\ )" " OP(e,1)
° MxM
IP(e,M) — / \_ ' ‘ *> 0P (e, M)

IP(l,l)—.b\ Va \/ . OP(1,1)
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IP(1,M) — / \_ J A\ “> 0P(1,M)
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Clos vs. Crossbhar
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2-stage Clos Scheduler

IMSCH,; CMSCHy
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= .
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A New SDM-Clos Router

[ Clos Scheduler ]

A V
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Input buffers 2-stage Clos Output buffers
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Area Breakdown

WH SDM SDM-Clos
IP Buf. 17,147 23,356 19,995

OP Buf. 11,034 9,016 8,893
Switch 17,754 69,701 33,417
Alloc. 909 83,485 19,884

Overall 48,170 187,872 84.054

(unit: ©m?)

WH:1 SDM:3.9 SDM-Clos: 1.7
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Speed Performance

WH

Cycle period
Router latency
XY router
Allocation

2.24
0.92
0.64
1.24

Advanced Processor Technologies Group
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SDM SDM-Clos

(unit: ns)
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Evaluation: MPEG-4

Unsampling
MCE
Padding

BAB
Scaling
context

calc.

3D GFX
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zation
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Network Performance

WH SDM  SDM-Clos

Throughput (MByte/s) 3414.6 3458.1 3458.1
Avg. latency (ns) 108.6 2394 248.5
Power (mW) 15.6 15.2 13.6

Throughput requirement: ~3,400 Mbyte/s

SDM-Clos:
small latency overhead; low energy consumption; half of the area

Advanced Processor Technologies Group 21 03/07/2011
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Conclusion

 SDM improves throughput
* Clos switch can reduce the area overhead

* A new 2-stage Clos switch
— Half area (4 virtual circuits)
— Small latency overhead
— Less energy consumption
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Thanks

http://opencores.org/project,async_sdm_noc
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