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Diverse, Irregular Data & Algorithms

Current & Future Needs

Slide 1C9-4

Networks & Graphs
Genomics

Protein & drug designScalable & Efficient ML
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Versa Architecture Overview
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Compute Tile
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Provides view of 1 shared mem / 8 private mems Implements abstract access behavior

RXB-ROCM Overview

Slide 11C9-4

RXB: Memory Sharing Scope ROCM Slice: Memory Type
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Provides view of 1 shared mem / 8 private mems Provides access behavior

RXB-ROCM Overview
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Reconfigurable Crossbar (RXB)
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8 RXB ports, each with an arbiter pair

Á Arbiter crosspoint control is non -fixed

Á Managers select 1 of 3 control modes:

╦ RXB-Shared

╧ RXB-Private

╨ RXB-Queue

Á 1-cycle arbitration, pipelined

Á LRG priority [1]

Á E.g., requests from 0,4,6,7:

At Port[i]: Core[i] Slice[i]

ÁPorts òlockedó bi-directionally

Á Requests never contend

Á Arbitration skipped

[1] S. Satpathy, et al., ISSCC, 2017, pp. 478-480
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Reconfigurable Crossbar (RXB)
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ÁSimilar to RXB-Private, no arbitration

ÁDifferent locking pattern

ÁWrites : Core[i] Ą Slice[i+1]

ÁReads  : Core[i] ă Slice[i] 

One issue with interconnect locking

Á Core[i-1] WR v.s. Core[i] RD (structural contention)

Á Usual privatization is òWinner-Take-Alló
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òPort-Splittingó for simultaneous access
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Á 4-way set-associative

Á Read-allocate, write -through

Á Comprises majority of non -reused logic

Á Tags, tag lookup (hit/miss), coalescing

& 

Á Queue - two 10-bit pointers & FIFO logic

Á SPM virtually òfor freeó

òMulti-Purposeó Register Bank

Á Pool of registers used across modes

Á E.g., cache MSHRõs (up to 8 in-flight requests)

Control & State:

Reconfigurable On -Chip Memory (ROCM)

Cache

Scratchpad Queue
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Reconfigurable On -Chip Memory (ROCM)
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SRAM Reuse & Sub-Bank Addressing Notable SRAM Trade-Offs

Á 1-read/1 -write SRAMs (8T cell)

Á Narrow 32-bit sub-banks

Á Matches M4F load/store width

Á Access energy: 3.4x ᶓ
Á Area: 1.33x ᶑ

Á Clock & power gating (@ sub-banks)

Á Another motivating factor,

not implemented
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Register-to -Register (R2R) Tunneling
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op: mul, fma, add, sub, é

vldr s5, [*]

v[op] s6, s5, s4 

vstr [*], s6

Memory loads

Memory store

vldr s4, [*]

Typical load Ą compute Ą store scenario
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Register-to -Register (R2R) Tunneling
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Typical load Ą compute Ą store scenario

1. Avoid intermediate mem traversals

ÁData-reuse from spatial registers

2. Transfer data implicitly

ÁDensity of compute instructions

Desired systolic scenario (1/3)

op: mul, fma, add, sub, é

vldr s5, [*]

v[op] s6, s5, s4 

vstr [*], s6

Memory loads

Memory store

vldr s4, [*]
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Register-to -Register (R2R) Tunneling
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v[op] sS, sN, sE

v[op] sE, sN, *

v[op] sS, * , *

Typical load Ą compute Ą store scenario

Desired systolic scenario (2/3)
time

A A A

B B B

C C

A

op: mul, fma, add, sub, é

vldr s5, [*]

v[op] s6, s5, s4 

vstr [*], s6

Memory loads

Memory store

vldr s4, [*]
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Register-to -Register (R2R) Tunneling
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Typical load Ą compute Ą store scenario

sN sS

sWsE sN sS

sWsE sN

sW sN

sW sN sS

sE

Core Pipeline 

sE

WRto South

Á Local reg bypassed

RD from North

Desired systolic scenario (3/3)
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v[op] sS, * , *

v[op] sS, sN, sE

sS

sS sW

sE

time

A A A

B B B

C C
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op: mul, fma, add, sub, é

vldr s5, [*]

v[op] s6, s5, s4 

vstr [*], s6

Memory loads

Memory store

vldr s4, [*]



2021 Symposia on VLSI Technology and Circuits

R2R Implementation
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Primary Pipeline

FPU Pipeline

Cortex M4F Boundary

Flow
Ctrl.

s0

R2R Shim

s1 s2 s3

sWestsEastsNorthsSouth

FPU Reg-File

s4 - s31

East Write I/F State

v
a
l
i
d

0: Allow WR
 [A] wen: valid Ŷ 1
1: Backpressure
 [B] rden: valid Ŷ 0

East Read I/F State

v
a
l
i
d

1: Allow RD
 [A] rden: valid Ŷ 0
0: Backpressure
 [B] wen: valid Ŷ 1

To East [A]: wen, wdata, rden

Fr East [B]: rden, wdata, wen

R2R Shim

Read Ports

Write Port

sW sE sN sS s4 - s31

RF WR Data (32b) & Control

RF RD Data
32b x 2

Inbound WR (4x)

Outbound WR (4x)

wsel

rdsel

r2r_en

Core A Core B

Core C

ÖÌÄÒ ÓƛƗ ǁÒ8ǂ
ÖǁÏÐǂ ÓʨƗ ÓƛƗ Óƛ 
ÖÓÔÒ ǁÒ9ǂƗ Óʨ

ÖǁÏÐǂ Ó3Ɨ Ó.Ɨ Ó%

ÖǁÏÐǂ Ó%Ɨ Ó.Ɨ Óƛ

ÖÌÄÒ ÓƛƗ ǁÒ8ǂ
ÖǁÏÐǂ Ó3Ɨ ÓƛƗ Óƛ 
ÖÓÔÒ ǁÒ9ǂƗ Óʨ

w/ R2R enabled

Ÿ Memory load overhead

Ÿ Memory store overhead

Core A

Core B

Core C

Non-R2R Regs

ǁÏÐǂƙ ÍÕÌƗ ÓÕÂƗ ÁÄÄƗ ÆÍÁƗ ÍÏÖƗ ƚƚƚ

v
a
li
d

v
a
li
d

Integration with M4F core

Á R2R Shim: interface of pipeline, RF, remote cores

Á Spatial R2R regs: aliased to s0-s3 (if enabled)

Á Flow control : tied into existing stall mechanisms
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R2R Implementation
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R2R Shim: write interception

Á Local writes travel outbound

Á Neighbors perform òactualó writes

Á Local reads use local RF

Integration with M4F core

Á R2R Shim: interface of pipeline, RF, remote cores

Á Spatial R2R regs: aliased to s0-s3 (if enabled)

Á Flow control : tied into existing stall mechanisms
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Thread Synchronization Barriers
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ÁFundamental building block - periodically enforce temporal order

ÁCritical for performance

ĄMajor factor in speedup limits (i.e., Amdahlõs)

...

Parallel section

Synchronization

barrier

Parallel section

Threads

Time Example

ĄParallelized data buffering

ĄPrevent premature R/W

ĄCompute on shared data



2021 Symposia on VLSI Technology and Circuits

Thread Synchronization: Cache, Centralized
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C CC C

Coherent $ Hierarchy

...
Centralized

Atomic Updates

Global Serialization

O(N) scaling 

with core count

...C C CC

Exit Cond. Update

Waiting

for Lock

Lock & Barrier 

State Update

Waiting for

Exit Condition

Coherence Traffic

100-1000õs

cycles
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Thread Synchronization: Scratchpad, Tree -based
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Coherent Cache

De-coupled

Scratchpads

Centralized

Hierarchical

...

...T-SPM

G-SPM

...

T-SPM

...

T-SPM

C MWorker Core Manager Core

Tile 0 Tile 1 Tile T
M M M

CC C CC C CC C
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Thread Synchronization: Scratchpad, Tree -based
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...

...T-SPM

G-SPM

...

T-SPM

...

T-SPM

Tile and Global SPMõs (T/G-SPM)

ÁLightweight , predictable latency

ÁFull support for Cortex -M exclusive access extensions

C MWorker Core Manager Core

Tile 0 Tile 1 Tile T
M M M

CC C CC C CC C
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Thread Synchronization: Scratchpad, Tree -based
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ÁCoherence overhead Ą 0

ÁCache miss overhead Ą 0

& managers

1 2 3 4

O(W+T) v.s. O(W*T)

Tile 1 Tile 2 Tile 3 Tile 4
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Thread Synchronization: Scratchpad, Tree -based

Slide 36C9-4

& managers

1 2 3 4

ÁSPM usage Ą 1.7x 

ÁTree usage Ą 3.8x

Á6.5x speedup 

(with 9x cores)

ÁCoherence overhead Ą 0

ÁCache miss overhead Ą 0

O(W+T) v.s. O(W*T)
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Fabricated Prototype
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Die Photo Test Setups

FMC FPGA Host
GPIOSBC HostDUT

Á 28 nm CMOS

Á 12 mm 2 die (4x3 mm)*

Á Hierarchical PD flow

Á Modest effort on QoR/PPA

(room for improvement)

*See paper for full summary table

Linux SBCõs

Á Bringup & data collection

FPGA

Á Emulated SoC-integration
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Testing Methodology: Kernel Selection
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Á5 kernels from Machsuite

ÁRepresentative diversity - kernels near òcornersó of the suite

Executed

Instruction

Fraction

Breakdown of instruction types
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Mobile-class CPU/GPU

ÁClosest design size & process node (both 20 nm)

ÁEnergy-efficiency emphasis

Testing Methodology: Baselines

Slide 40C9-4

Cores Frequency Architecture Õ-arch Comment

ARM A57 4 1.9 GHz ARMv8-A, 64-bit OoO, 2-way superscalar

NVIDIA TX1 256 1.0 GHz Maxwell Gen.2 Warp size 32




