The Open DomaiSpecific
Architecture (ODSA)

Bapi Vinnakota
Representing an open community in the OCP

Broadcom Inc
OPEDN 6

COMMUNITY®

£ BROADCOM



Bio

Bapi Vinnakota is a System Architect with Broadcom. After a Ph.D. at
Princeton, he taught at the University of Minnesota, where he received
an NSF CAREER and IBM Faculty Development Awards.

He joined Intel through an acquisition and was an architect of a VolP
flow processor, worked in networking technology and incubated a
networking SaaS product. Aietronome he created and ran open
nfp.org, a service for research in networking.

He leads the Open Doma8pecific Architecture suproject, in the
Open Compute Project. The ODSA has active volunteers from over 30

companies and aims to define an opamplet marketplace. (:



Overview

AODSA focus: accelerators acHiplets
AODSA motivation, charter, community
ADeep dive into the ODSA interface

AHow to participate in the ODSA




ODSA: Accelerators a@tiplets

Domainspecific architectures (DSAS) Chiplet Die designed to be used with

to accelerate targeted compute other die in a package, usually with

intensive workloads proprietary interfaces
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Modern Computation

Graphics Computation

Standard Computation HPC Computation DSAS bu | It USi ng

Standard Computation

Early Compute Era Standard Computation Chip'GtS with open IBM Power 9: potential modularity
Al/ML/data workload explosion needs DSAs Standard D2D
interfaces
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1. Dharmesh Jani, Facebook i ODSA Workshop Regional Summit, Amsterdam, Sep. 2019
2. Jeff Stuechli, Josh Friedrich, IBM i ODSA Workshop, IBM, San Jose, Sep. 2019




ChipletBased Products

AHeterogeneous integration: modular
design across multiple die from
multiple process nodes.

AReduce design, manufacturing cost,
choose optimal node for function,
nearmonolithic performance (ODSA
white paper)

ANeed an energefficient PHY and
logical dieto-die interface

AToday: Proprietark{ D2D interfaces, -
singlevendor multtchipletproducts From Kevin Drucker, Facebook L. SU IEDMCTM

ATomorrow: An open D2D interface, elstrosteem
multi-vendor multichipletproducts (
®
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D2D Interface and Packaglng @mplets

ﬂ)ackage

Chiplet 1

< On-die bus >|

Chiplet 2

1-10 mm

o

Optional interposer/
bridge

PCI/CXL
Controller

Off-package PCle

A Die needPHYsicahnd logical connectivityor modular design (ODSA white paper)
A D2D PHYs 10x more energy efficient thamaitkage protocols, less than-olie buses
A DARPA, Taylor et al (Hot Interconnect, 2019)

A Workflow for multiplechipletsin a package
A Many packaging optioAsorganic laminate, wafelevel fanout, silicon interposer, silicon bridge
A Need to use known good die in a package for acceptable product yield

A Use cases drive connectivity and packaging.

A Two use cases (Intel/IBM talks June/Dec ODSA workshops):
A Shrink a board to a package, Disaggregate a die

1. ASE, March 2Ttalk at the ODSA wiki
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ODSA Charter

Open D2D
Interface
Reduce barrier to
interoperation
Reference i t{:
Designs _ ‘
Starting point for
new designs &
Chiplet
Reference Marketplace
Workflows -
R, @ Integrate best-in-class
practices chiplets from multiple
L vendors through open
ODSA Activities gnop

interfaces

OCP modular
form factors




Attendees and Participants
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Attendance and/or
participation do not
imply corporate
endorsement

A growing community
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ODSA Work Streams

ODSA meets weekly Fridays, 8 AM Pacific
Each group meets weekly, detailsiétos://www.opencompute.org/wiki/Server/ODSA

PHY Layer Robert Wang TErs EXUNX & SYNnorsys /;; Google ~ PCle PIPE adapter
Bunch of Wires MarkKuemerle g exunx SYNOPSYs' weeeer  (Google =5 Scalable lowcost D2D PHY
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Business Sam Fuller kaﬁx facebook At ) AyarLabs ChipletworkflowP
PoChardware JP Balachandran -::lll!_:‘l:lcl)- facebook Achronix < Lettce [\ PoCboard design
PoCsoftware Kevin Drucker facebook = macom  nevroncwe |zGlue| socionext Application/Infra software
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Attendance and/or
participation do not
imply corporate
endorsement



https://www.opencompute.org/wiki/Server/ODSA

ODSA Open D2D Interface Principles

A
A

Layered design: Each layer evolves independently. Aiat feast one
fully-open protocol option in each layer

Provide multiple options: Lowost and complex packaging. Enable
trade-offs for design cost and software impact. Market chooses best fit.

Reuse: Leverage existing interfaces for abstraction between layers.
Define interface adapters from existing interfaces to open RANG
BoW OpenHBIXSR)

Easy adoption: Carry popular protocols over D2D interfaces. PCle/CXL
for board aggregation and AXlleLinkior SoC disaggregatioDefine
protocol adapters and enable reuse of-tffle-shelf IP (

@




ODSA D2D Interface

Use ; : :
Shrink board to package
|
Transport = = & I PCle CXL CCIX AXI Tile
Protocol % % % 1 Xn Xn Xn DiPort il Link HIRO
] ] ] I
2h gfe 8 | NN N NN BN NN BN BN BN B B B B B B B
= = e |_ :_ New LDIF for transport protocol aggregation
Switching <a : Optional Mux
Protocol Re-use ol I . —
existing IP I Protocol- : Cross chiplet switching
for chiplets I integrated
_ I TXN/Link Open Link : Open Link
Link Layer I Layers Layer 1 Layer
Protocol | 1 Intra-
: Optional Mux I Chiplet
PHY PIPE Interface LPIF Interface | LPIF Interface : LPIF Interface Buses
Interface I R | ] I ]
PHY PHY-specific PHY-specific : PHY-specific : PHY-specific
Adapter PIPE Adapter LPIF adapter | LPIF adapter I LPIF adapter
PHY SerDes
Technology XSR. USR... BoW Open HBI AlB
Packaging
Technology Organic substrate Interposers/bridges

Std. interface, ODSA-supported

|
BIockIIatyer New ODSA.defined Standard New ODSA PHY, ODSA adapter for
Separator e SelEnneE Protocol or IP rotocol interface/protocol
I NN BN e . I I I B S . . £




To PCle Link Layer, Controller
PIPE SerDes: 10/20/

. 40 @1.6Gbps/ )
PHY: Bunch of Wil
PIPE Adapter

Only open D2D PHY to offer graceful tradeoff of
performance for complexity

64bits @1Gbpgs
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Increased IP Complexity

Increased IP Area {limiting min pitch)
Bidi mode adds more complexity for greater datarates

Optional FEC
Simple base design4-8 Gbps/wire ‘68 bits @1Gbps
A Supports process nodes from 3nm to 65nm to
enable heterogeneous designs. /
A Beachfront bandwidth of 250 Gbps/mm of die ‘ 17 bits @4Gbps %’%, “4/8Gbps
edge with regular bumps at 130u spacing and el =
simple laminate packaging IS

H : 68 Gb
A 0.5pJbit, 10x improvement over ofpackage "

Datarate (Guideline)
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Increase beachfront c_lensny Wit .@_ 00000000 L e s o 2020
A More complex desigg fast mode doubles 90062006 0d 2. hitps:/github.com/opencomputeproject/ODSROW
bandwidth per lane !

A More complex packagingusemicrobumpsat ©0860088¢ 0,
e P2l '9 00 @0 0000

50u spacing and wafdevel fanout/interposers '==-=---==---=-=-=---=

A Increase beachfront bandwidth to up to 2 Base unit: 1éit slice
Tbpgmm ~4xPCle Gen 4 lanes



https://github.com/opencomputeproject/ODSA-BoW

Logical Transactions: PIPE PCle DiPdrtAXI

DiPort AXI over D2D interface

PCle, CXL over D2D interface

FIPE Interface:

DATA + Clk + womeeeeee

Control +, Status

Ofi-the-zhelf
PCle Controller

80-bit
______ SerDesmode __________

parallel interface

per pcie lane
.- PIPE Adapter for Inferface
D2D PHY mimics a (Custom to a D2D PHY)
PCle PHY to the
D20 PHY
ContrO”er (e.g. BoW, AIB, Open HEI, X5R)
n-lane FCle Controller
Lanen L:l_r;e Lane 1 Lane 0
Y Y L 4 L 4
Lane n-1 Lane n-2 Lane 1 Lane 0
PIPE FIPE PIPE FIPE
adapter adapter adapter adapter
Lane n-1 D2D| |Lane n-2 D2D Lane 1 D2D Lane 0 D2D
PHY instance | |PHY instance PHY instance | | PHY instance
(possibly {possibly (possibly {possibly
multiple PHY multiple PHY multiple PHY multiple PHY
lanes) lanes) lanes) lanes)

XBar

Bus
Access

Host (in part)

Internal
Discrete
Signals

AXI Master __|

(raddr, waddr, wdala)

AXI Slave
(wresp, rdata)

Internal signals
(die output)

Internal signals
(die input)

AXI Master
(wresp, rdata)

AXI Slave _|

(raddr, waddr, wdata)

Peripheral Bus

MAXI
Interface

™
Manager TXEB
Link
Layer
(L)
Sig/FC
EB
Splitter
AXI
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Override
Muxing
BIST

TX
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RX
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System Clock Domain

PHY Clock Domain

Device (in part)
Master &
Slave
Peripherals
XBar Co-Processor
Die-to-die
Connections Bus
“u Access
Internal
[— Discrete
J Signals
SiP
Assembly
Interconnect
ster/Slave
DiPortcontroller

packetizes data
and control
signals




2020: ODSA PHY/Logic D2D Interface

Complete open ODSA logic/PHY
interfaces forchipletsfor low-cost
package.
A PCle/CXL ov&@oW

through standard

/stack option 11 board to package

Chiplet 1

PCI/CXL
Controller

PIPE Adapter

PIPE interface
A AXI overBoW

Combine the most common system
(PCle/CXL) or SoC protocols (AXI]) with

new ODSA protocols fahiplets

x'
[ Diport
| PIPE |W
BoW

y -

package

PCle 1-6
line rates

PCle over
BoW

BowW
HY

Chiplet 2

PIPE Adapter
for Bow

PCI/CXL
Controller

On-die bus

ODSA protocols Standard protocols

/stack option 21 disaggregate a die

Chiplet 1

DiPort
Controller

AXI bus

y -

package

BoW

Chiplet 2

DiPort
Controller

AXI bus




Proofs of ConcepPEC% Development Plan

WorkflowPoCto explore
accelerator desigh
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Secure control
& management
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PchipletB PchipletC

SUPERMICR

Chips toChiplets
Open Workflow

Packagindg?oC

NICH ] CPU

Security
Mgmt.

Contrd

WorkflowPoC

Infrastructure,

DSA Software
Q4, 2020

1. OCP Virtual Summit, Keynote Session

D2D optimized
ChipletsWorkflow

Security
Mgmt.
Control

v e

F____

: D2D test chip$

: 2021 I
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|| PIPE | [ PIE

I BowW I

Current ODSA
activities

= w== == Roadmap




Please Join Us

’ Secure control 16x Arm CortexA72
N OCP NIC 3.0 & management CPU, up to 2.2GHz
L
© BROADCOM ) 74
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PchipletA PchipletB PchipletC

| HostPCletink |

ODSA Kit for Accelerator Development

Many options to work
together

A Join a spec effort

A Prototype a package
A Develop a test chip

Security
Mgmt.
Control

e e e

1

: D2D test chip$
2021 I
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I Diport I

|




