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Motivation

Microcontroller Unit (MCU) designs Tight constraints preclude complex
must adhere to strict constraints: mitigation logic, making the pipeline

remains susceptible to:

Silicon Area
Power Consumption
Determinism

 Data dependencies
* Control Hazards

$ $

FGMT can address both in efficient way!
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Fine Grained Multithreading (FGMT)

A hardware technique that maximizes overall throughput at the cost of
individual thread speed.

Multiple workloads to execute

Fine-grained multithreading:

‘ IQ Thread 0 ADDI | BNE | MUL | XOR

IQ Thread 1 SUB | ADD | BLT | SLI
Each cycle, fetch and execute >
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FGMT | ADDI | SUB A BNE | ADD MUL MUL | MUL | BLT | XOR | SLI
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A hardware technique that maximizes overall throughput at the cost of
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Multiple workloads to execute

‘ IQ Thread 0 ADDI | BNE | MUL | XOR

IQ Thread 1 SUB | ADD | BLT | SLI
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Fine-grained multithreading:

A hardware technique that maximizes overall throughput at the cost of
individual thread speed.

Multiple workloads to execute

.

Each cycle, fetch and execute
preemptively in round robin

A

Hide hazards by executing
instructions from other threads

instead of having pipeline bubbles

1S72

Solves Control Hazards

Solves Data Hazards

IQThread 0 | | ADDI  BNE  MUL | XOR
IQThread 1 | | SUB | ADD | BLT | SLI
>
ST |ADDI BNE |NOP |MUL | MUL  MUL | XOR | SUB | ADD | BLT | NOP | SLI
BLT | XOR | SLI “

FGMT | ADDI | SUB | BNE

ADD MUL MUL  MUL




Fine Grained Multithreading (FGMT)

A hardware technique that maximizes overall throughput at the cost of
individual thread speed.

___ dea Solves Control Hazards

Solves Data Hazards

Fine-grained multithreading:

Multiple workloads to execute

IQ Thread 0 ADDI BNE A MUL | XOR
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Thread Forwarding (TFW)

@ Thread Forwarding : An FQMT er\hancement designed to mitigate throughput stalls caused by
multicycle instructions

While a multicycle is in execution,
the entire pipeline is stalled

IQ Thread O ADDI BNE | MUL # XOR

IQ Thread 1 SUB | ADD | BLT | SLI
. >
We have some idle functional sT | ADDI | BNE | NOP f MUL | MUL A MUL  XOR | SUB | ADD | BLT | NOP | SLI
units FGMT | ADDI | SUB | BNE | ADD A MUL MUL MUL | BLT | XOR | SLI
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Thread Forwarding (TFW)

An FGMT enhancement designed to mitigate throughput stalls caused by
multicycle instructions

While a multicycle is in execution,
the entire pipeline is stalled
IQ Thread 1 SUB | ADD | BLT | SLI

9 .

@ Thread Forwarding :

IQ Thread O ADDI BNE | MUL @ XOR

ADDI f BNE | NOP  MUL MUL | MUL XOR | SuB | ADD | BLT | NOP | SLI

We have some idle functional ST

units

A

The alternative thread can utilize
the idle functional units

FGMT | ADDI | SUB | BNE | ADD A MUL MUL MUL | BLT | XOR | SLI

| wuL | L m——)
TFW ADDI‘SUB BNE | ADD o » MUL | XOR
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Baseline core: STRIVE-L STRIVE-L, an industrial RISC-V
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and low-power embedded
applications:

Controller
X

G w | > = Architecture: 32-bit
§ IFU Decoder ‘ . CSR — J* § RV32E with C and M
5 | | 5
£ FD £ » Pipeline: 3-stage in-order
'-§ IVI/A ‘(ﬁ E\ _[MA > "g
S I pe J R P e ° = Control Flow: Static
2 GEN RG-S N branch prediction, resolved

1L N __::/'_’ in the MA stage = 2 cyles
—A L —A latency on misspredicts

>
YyVvyY
3
> =
>
| |

Execution Latency

. = 3-cycle mul

= 7-cycle load-use

MA EW
Memory-Access Execute-Write = Hazard Mitigation: Data
bypassing and 8-byte
prefetch buffer

» @ DSD



FGMT Architecture
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FGMT Architecture
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TFW Architecture
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Performance

» Setup: Multithreaded configurations were tested by running the identical benchmark simultaneously on both
hardware threads.

I Baseline e FGMT s TFW

= Mostimprovementin control
1.00 0.98 0.98 2 100 heavy workloads

= Robustimprovement in more
comprehensive workloads

IPC

= Mean uplift of +25%

edn nbody slre nsichneu CoreMark Dhrystone

+25% +17% +26% +47% +20% +21%

I
) +259%,

« @ DSD



Efficiency Metrics

3,24 3,35
» Trade-off: +25% IPC vs. +9% SoC Area

= Peak Model: TFW — 3.35 MIPS/mm? (+14.7%)

= TFW Note: Achieves highest throughput
without area overhead compared to FGMT

Area Efficiency
MIPS / mm?




Efficiency Metrics

3,24 3,35

= Trade-off: +25% IPC vs. +9% SoC Area

= Peak Model: TFW — 3.35 MIPS/mm? (+14.7%)

= TFW Note: Achieves highest throughput
without area overhead compared to FGMT

w

MIPS / mm?
N

-

Area Efficiency

Baseline FGMT TFW

= Trade-off: +21% IPC vs. +4% SoC Power

15

* Peak Model: FGMT — 18.77 MIPS/mW (+17.0%)

MIPS /| mW

= TFW Note: Drops to +11.6% due to concurrent

execution power
» @ DSD
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« Zero added area footprint: TFW maintains the exact same 9% area overhead as standard
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* Improved predictability

* Enhanced System Efficiency: The architecture achieves +14.7% area
efficiency (MIPS/mm?) and up to +17% energy efficiency (MIPS/mW).
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