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. Founded in 1998

 Headquartered in Montreal, Canada

85 employees

* Evolution:
* 98/00 - Design ASICs for others

e 2001 Convert to fabless model

e 2001- 2003: VolP Support Products (Synchronous):
* 2001 - Voice Packetization Engine / OCT8304
e 2003 - Echo Cancellation Processor / OCT6100

e 2004 - DSPs (Asynchronous) for Voice, Video, and Wireless Baseband
* 2008 - First Generation / OCT1010
* 2011 - Second Generation / 0CT2224
* ...2013 - Third Generation / OCTXXXX
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* First Processor Product
* Specialized DSP for Echo Cancellation

* Entered the echo market 20 year late
e Success because of unique algorithm

e Next Product — Generic DSP?
e How to succeed?

* Settle on highest processing efficiency — Processing Power / Power Consumption

e 2+X improvement needed to be able to succeed and displace incumbents

* This led us forfuitously into the asynchronous world

e Started by removing the clock — the single greediest power culprit in synchronous designs

e ...then tried to figure our how to make our circuits work
e ... proceeded by trial and error until
...we arrived at our current async design and methodology

e
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* Use only standard ASIC I|brary elements
* No custom cell

* Ease of porting - from one silicon node to the next / from one vendor to another

* Use (as much as possible) standard CAD tools and concepts
* To facilitate sign-off
» To facilitate staff conversion training

e Use an architecture presenting a traditional programming view

* S/W paradigm (same look and feel)
* Avoid software programming model changes

* Programming model change is an almost insurmountable barrier to product adoption
* Allow re-use of existing S/W
* Transparent to programmers

e Similar single thread-performance
* Avoid forcing to re-structure algorithms
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—( Delay / Chain }—

Pulse (clock) domain

* Logic Elements: States In/Out, Logic Clouds, and Delay Chains
« States are latches or flip-flops
* Logic Clouds and delay chains use combinatorial logic
 Delay chains are statically or dynamically controlled
* Timing Elements: Pulses
* Pulses are asynchronous to each other and event (token) driven
 Timing verification is performed via standard STA (Static Analysis Tools) Tools
 on each pulse (clock) domain: Set-up and Hold-Time )
 each pulse (clock) domain is large (there are less than 20 domains in design) octasIc
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How does this maps into traditional -
classification of async circuits? {';.'"

Ju b4
—( Delay / Chain
AN /

Pulse (clock) domain

« Single-rail data bundled type for data transmission
» With a worst-case delay "Bundling Signal” to latch data

« However no formal reverse ACK signal for flow control
» Use a system of tokens to be described later

* Asynchronous Pipeline Structure: Static
» Formal latches/FF to store data in between stages

ASYNC 2012
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» The 3 operand state registers are asynchronously loaded

» The instruction state register is asynchronously loaded

* When ready (input registers loaded & output register released) a launch pulse is generated

* Delay chain timing is modulated according to instruction

» Qutput state register is asynchronously loaded with result of instruction 8 0)
g J Y y octasic
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* Background
* Asynchronous Circuits Description
* Processor Architecture and Operation (simplified)

e Architecture, Silicon, and ILP Implementation
* Operation & Synchronization

* Performance Analysis
* Conclusion
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Decode Unit

MEM load/store not show

ASYNC 2012

In typical synchronous design,
pipelining is used to boost performance
and provide Instruction Level Parallelism (ILP)

How can we convert such synchronous design
into an asynchronous one?

2
1C
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Decode Unit

Conversion Sync => Async:
* One way is to map each unit
functionality into an equivalent
asynchronous unit

MEM load/store not show

)
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Decode Unit

Conversion Sync => Async:

* One way is to map each unit

functionality into an equivalent

asynchronous unit

 But using this methodology
will slow down the unit!

MEM load/store not show
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Conversion Sync => Async:

* One way is to map each unit

functionality into an equivalent

asynchronous unit

 But using this methodology
will slow down the unit!

« How can we get the
MEM load/store not show performan Ce back?
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To multiply the processing power of our processor we could use
multiple Exec Units (EUs) operating in parallel
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Now how can we transparently weave together those EUs ...
...50 they behave as one processor?
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Combinatorial
X-Bar Switch
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« Adding a Data Memorywn
* to be able to load/store memory data into/from the CPU (registers)

Combinatorial
X-Bar Switch

Data — &
Addr. + Ctri==
Busses

L
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* Coupled with an Instruction Fetch & Decode Unit
*to be able to load instructions into the execution units

Combinatorial

Instruction Bus
sng uoljonisuj

Data — &

Addr. + Ctrl ==
Busses
octasic
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* Data, or
* Code

Combinatorial
X-Bar Switch

Instruction Bus
sng uollonJisu|

™

Data — &
Addr. + Ctrl ==

Busses ]
L1 Data L1 Code a3
Memory Memory OC13§1€
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Block of four (4) execution units

L1 Memory L1 Memory
/2KB Mem
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There are indeed 16 Execution Units, not 8 EUs in this DSP core!
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Assuming thenperatlon_o 5 and resource ers, memowh .) are
synchronlzed here is the flow of mstructlons overlap that would result in the processor;
hence realizing the Instruction Level Parallelism (ILP) mechanism to boost performance

Time (instruction cycles)

/\-
I
12: sub r7,r4,#0x01 .l--:.

I13: orr r4,r3,#0x01
14: add r7,r7,r3,1sl r5 EU3
I5: 1dr r9,r7,r2 EU4

16: sub r7,r4,#0x01 EUS

EU6-EU15

ASYNC 2012
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117: sub r2,r4,#0x47

) Time (pico-seconds)
- = Decode Instr. - = Load Reg. - = Write Output Reg. )
S S S (KflaS, 1C
- = Fetch Instr. - = Execute Instr. = Memory access i T
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ning thenperatlomo 5 and resource ers, memowh .) are
synchronlzed here is the flow of mstructlons overlap that would result in the processor;
hence realizing the Instruction Level Parallelism (ILP) mechanism to boost performance

Time (instruction cycles)

1: add r4,23, £9 /\--—:.

12: sub r7,r4,#0x01

I13: orr r4,r3,#0x01 EU2

-——
14: add r7,r7,r3,1sl r5 EU3 -I-

I5: 1dr r9,r7,r2 EU4 I.l-
16: sub r7,r4,#0x01 EUS Il

BTW did you notice the instructions?

o
: Hey this is not a DSP!
This is an ARM processor! --
ASYNC 2012
117: sub r2,r4,#0x47 >

) Time (pico-seconds)
- = Decode Instr. - = Load Reg. - = Write Output Reg. )
S S S (KflaS, 1C
- = Fetch Instr. - = Execute Instr. = Memory access i T
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shi T1,0x00000011,r62
- ' — Note: Dependencies are
-”'ﬂ: T83,0x00C000LA, L . - — no different than in the
2dd TE3, 0x00000004, r63 case of synchronous
- — . 1 e— pipelined processors.
= seths - o.xc 3010000 N - H0\_Nev_er in the event of
E and T8, OX00000000, r62 a plpell_ne stall, no
- - o _ ! - ! — dynamic power is
-% Cmov.nz T63, 0x00000040, 258 consumed.
> - — - -
§ and -.se,;xooo:-oo iF, z62 N o - - _
- — —
e rsub t57,0x00000040,563 _ Th|S t|me |t
S - - - . .
S sub rea,-sh,.ea_ . T A IS a DSPl
Q —add Té1,:63,561
L[ S -
shi 63, 0X00000006, x63
- L. " m
shlac re3, x0,257
- i B L =
shi T1,0X0000000L, 562
- em W g em
= - Ox000000L 1
shru £5€,0x00000002, 51 - I ) ASYNC 2012
v cmpeq.s =1,0x00000002, €0

L m s s Time (pico-seconds)

- = Decode Instr.
- = Fetch Instr.

= Load Reg. - = Write Output Reg. a3
— octasic

= Execute Instr_ = Memory access srmimndurrorLo
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This is an alternate simplified

processor block diagram:

* the execution units (EUS)
are mapped in a ring
like fashion

* the EUs have access

t0O common resources:
* Register File
« Data Memory
» Code Memory
« X-Bar
» PC Control Logic

Execution Unit
L =
i

Glock centrol

Execution Unit

'

EU6

Execution Unit

 a synchronization mechanism
IS needed to arbitrate and
avoid conflicts in the access
of the EUs to the common resources 1&

semiconductor| ®
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In contrast with a svnchronous processor WhICh Is generally centrally controlled,

this asynchronous processor has a fully distributed control system:

 Control is exercised individually by each Execution Unit (EU)

» Control tokens are passed asynchronously among the EUs in a ring fashion
to synchronize accesses to common resources and avoid conflicts

* In the simplified model discussed herein, six (6) tokens are used:

* Instruction Fetch Token
* Register Read Token
- Launch Execution Token (X-Bar, Reg Ready)  TOKEN | %

* No Mis-Prediction Token (PC & Write Commit) N Z Q TOKEN
 Data Memory Token (Rd or Wr) ouT
» Register Write Token

=

READY RESOURCE_REQ

3
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Asynchronous control tokens are used to control and synchronlze
the overall operation of the processor.

« Control tokens are passed
from one EU to the next in
aring fashion.

* When a token is owned by
an EU it can use it to request
services (via Req pulses)

* When a service request is sent
and a certain time has elapsed

and certain conditions are met,

or when the EU does not need
the token (resource) the token
is passed to the next EU.

» On start up or after a flush
(wrongly predicted branch),

O e Nre s || Inst. Fetch

/—-'I--d D= Chre fo s L e g em e (O v - Reg. Read
[ N OO B O N s e O I Launch
— ) ) e ) e N ) e I [ ] No-Misprediction
- o bW N 2O || Data Memory
p—— = = B N = O N - Reg. Write
L T T T < S
ey ST T T, iy S

\—---1m|-tﬂ-lan::-u K;u-f::--r--al

l

o w P Ly %] L = on —

=

- i 00 v 0D wa E-:-lﬁl-b\ﬂj-lalﬁl—

—_

\_--lml-m-.a-j-lﬁl- ::;-- I:-:m-

all tokens are assigned to the same EU.

ASYNC 2012
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External DDR RAM

OCT22xx BEra
Controller r up to & Satellites of 4 Opus2 DSP Cores .
'
e =
H==

DSP Salellite
Parallel Interface

PIF O

Asynchronous SoC Portion:
» 24 async DSP Cores

Parallel Interfaca

9 T wemory " AII oth.er modules in the SoC

9 WDHA e ' including the external interfaces
Offload RGMII/ SGMII / RGMII

o e Enghe | are all synchronous:

S * not power critical

up to anes
“’EE::,:’;;;;:;;“ * bought IP blocks
» ease of interface

- | SRIO
) (=
Interface . @
{1
PCle
¥ x1
~
+| NAND Flash
l 1 U q  MLe
—_—

Ganeric Sarial
[ Intarfaca J[ UART J 1E3 uicc }

10 10 o)
octasic

semiconductor L .

AHE | Ax]

ARM 1176

A

) ONFi

v L4

ASYNC 2012



* Background

* Asynchronous Circuits Description

* Processor Architecture and Operation
* Performance Analysis

* Conclusion

ASYNC 2012




.............. G e

***** GONPARISON — DIEAREA e

| Wi
I

« Texas Instruments (T1) is the |
leading DSP vendor in the industry; - sttt soe |
- Tl literature claims the C6472® is the most =e - S W EE- 451438
power efficient high-performance DSP in =% ) 4.5x4.8 s 21:6mm

I.:~ =
21. G
the market. It features 6 ea C64+® cores;

= e

TI C64+ Core

C64+ Mega-module C64+ Core

srmimndurmrL .
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leading DSP vendor in the industry; e l

» Tl literature claims the C6472® is the most T - T 48
power efficient high-performance DSP in b | | o348l -
the market. It features 6 ea C64+® cores;

* The C6472® is implemented in the same
silicon technology as one of our DSP so
it provides a reasonably fair benchmark*;

*The C6472® is a mature device so fairly
accurate data is available for area, power
consumption, and processing capability?*;

*The C64+® core area is ~8.1mm?2 (estimate);

21.6mme=

TI C64+ Core

C64+ Mega-module C64+ Core

o)
octasic
srm:mndm'rorL -
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eXa Instruments (TI)' is the
leading DSP vendor in the industry; T &m0 |
* Tl literature claims the C6472® is the most =N % ’"—‘-4zi 2418
power efficient high-performance DSP in 1 sxag B , 42?218 I
the market. It features 6 ea C64+® cores; —_— & :
TI C64+ Cor

* The C6472® is implemented in the same
Opus 2 Cer

silicon technology as one of our DSP so "

it provides a reasonably fair benchmark*; -
* The C6472® is a mature device so fairly
accurate data is available for area, power
consumption, and processing capability*;
* The C64+® core area is ~8.1mm? (estimate)
* Octasic’s Opus2 core is 2.28mm?
* Ratio of area: ~3.5

Octasic Opus 2 Core

C64+ Mega-module C64+ Core Opus2 Core

*It is understood that any such data and comparison is never o))
totally accurate and can be subject to many interpretations. mtaSle
The data is therefore provided for discussion only. -

semiconductor L .
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*It is understood that any such data and comparison is never MMACS mlc
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totally accurate and can be subject to many interpretations.
The data is therefore provided for discussion only. ASYNC 2012
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« Asynchronous technology does works!
* not only in the universities and labs, but
* in real-life commercial products used by people worldwide

« Asynchronous technology can be quite advantageous!
« area efficiency wise,
...but more importantly...
* power efficiency wise
* in the DSP processor market: ~3X more
than equivalent synchronous products
« same for other processors and datapath engines

The industry smallest Th ank yOu!

and lowest power

P®.  2G/3G/4G basestation Michel Laurence |
$ R michel.laurence@octasic.com

...powered by an
OCT2224 Async DSP
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octasic
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