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Why models?

from NSIDC NASA Team sea ice concentration data
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NEMO - Double Precision
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* The trace corresponds to a single time-step
*  NEMO 4.0 Ocean-only

* ORCAO025 ->global % 2 ~ 27km at equator
* Each color represents a different routine
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Single Precision
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Double Precision

Single Precision*

1.66x Speed-up
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dynspg traadv traldf zdfgls tragsr

Speed-up 2.2x

[teration time
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dynspg traadv traldf zdfgls tragsr

Speed-up 2.2x

Total lteration time
Instructions
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dynspg traadv traldf zdfgls tragsr

Speed-up 2.2x

Total Cycles per lteration time
Instructions Instruction
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dynspg traadv traldf zdfgls tragsr

Speed-up 2.2x

Total Cycles per L3 miss per lteration time
Instructions Instruction Instruction
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Speed-up 1.6x

lteration time
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dynspg traadv traldf zdfgls traqgsr

Speed-up 1.6x

Total lteration time
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dynspg traadv traldf zdfgls traqgsr

Speed-up 1.6x

Total Cycles per lteration time
Instructions Instruction
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dynspg traadv traldf zdfgls traqgsr

Speed-up 1.6x

Total Cycles per L3 miss per lteration time
Instructions Instruction Instruction
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dynspg traadv traldf zdfgls tragsr

Speed-up 1.6x
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dynspg traadv traldf zdfgls traqgsr

Speed-up 2.2x
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dynspg traadv traldf zdfgls traqgsr

Speed-up 2.0x

Total Cycles per L3 miss per lteration time
Instructions Instruction Instruction
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dynspg traadv traldf zdfgls traqsr

Speed-up 1.2x

Total lteration time
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dynspg traadv traldf zdfgls traqsr

Speed-up 1.2x

Total Cycles per lteration time
Instructions Instruction
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dynspg traadv traldf zdfgls traqsr

Speed-up 1.2x

Total Cycles per L3 miss per lteration time
Instructions Instruction Instruction
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dynspg traadv traldf zdfgls traqsr

Speed-up 1.2x

Total Cycles per L3 miss per lteration time
Instructions Instruction Instruction
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What happens with tragsr?
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What happens with tragsr?
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What happens with tragsr?

Ops

Floating point —
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What happens with tragsr?

Not vectorized at all!

Ops

Floating point —
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What happens with tragsr?
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What happens if we remove -fp-model precise?
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What happens with tragsr?

What happens if we remove -fp-model precise?
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But what about the results?
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Difference between double- and single-precision monthly mean of sea-surface temperature for the first month of simulation.
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But what about the results?
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Risks of low precision

LOOK ME?
I AM USTING
16-BITS ™

Solution?
Precision Analysis!
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Precision Analysis

* How can we find which variables need to be kept in double-
precision to maintain the accuracy of the results?
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Analysis Algorithm
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Analysis Algorithm
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Analysis Algorithm

(01234567 809] Q

[01234]0 [567809] o

012]® [34] @

[3]le [4] e

Variable 4 must be kept in double-precision.
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Analysis Algorithm
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Analysis Algorithm
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Variables 2 and 4 must be kept in double-precision.

More info: How to use mixed precision in ocean models. https://www.geosci-model-dev-discuss.net/gmd-2019-20/



https://www.geosci-model-dev-discuss.net/gmd-2019-20/

Precision Analysis

* How can we find which variables need to be kept in double-

precision to maintain the accuracy of the results?:
°* How can we measure the effect of reducing the precision of an
arbitrary set of variables?
°* How can we verify the accuracy of the results?
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Reduced Precision Emulator

Overview

The library contains a derived type: rpe var . This type can be used in place of real-valued variables
to perform calculations with floating-point numbers represented with a reduced number of bits in
the floating-point significand.

Basic use of the reduced-precision type

The rpe var type is a simple container for a double precision floating point value. Using an

rpe_var instance is as simple as declaring it and using it just as you would a real number:

TYPE(rpe_var) :: myvar

myvar = 12
myvar = myvar ¥ 1,287 ! reduced-precision result 1s stored in “myvar’

Controlling the precision

The precision used by reduced precision types can be controlled at two different levels. Each
reduced precision variable has an sbits attribute which controls the number of explicit bits in its
significand. This can be set independently for different variables, and comes into effect after it is
explicitly set.

TYPE(rpe_var) :: myvarl

Barcelona TYPE(rpe_var) :: myvar2 IWace
Supercomputin

Center ! Use 16 explicit bits in the significand of myvarl, but only 12 in the QI o SIULATION OF WEATHER
Cenine Macicnal de 5

= IN EUROPE
! significand of myvar2.
myvarlssbits = 16 72

o 1= My I A T ]




Implementing the emulator

* A Python tool to automate the implementation process was created.

= V Oriol Tinto-Prims / implement-rpe-to-NEMO + Search +- #0 I OB

1 README.md

RPE implementation tool

This tool is intended to automatize the processes of implementing the Reduced Precision Emulator to a computational
model.

Even it was first designed to be used for the NEMO model, it has evolved to be useful for any computational model written
in FORTRAN.

The script automatically:

+ Replace REAL variables.

« Track dependencies between variables.

« Fix parameter declarations.

« Fix routine/function calls.

« Fix WRITE and READ statements.

« Add module to read precisions from namelist.
« Add precision assignment for each variable.

ace

SIMULATION OF WEATHER

73

It can be also used to:

&

©1 % i B

« Generate namelists for different cases.



RPE in NEMO:
What we can do with it?

With a single binary, we can specify the number of significant bits used for each real variable
declaration within the code through a namelist.
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Precision Analysis

* How can we find which variables need to be kept in double-

precision to maintain the accuracy of the results?:
* How can we measure the effect of reducing the precision of an
arbitrary set of variables?
°* How can we verify the accuracy of the results?
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- Example: Everything in single precision:
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Precision Analysis

* How can we find which variables need to be kept in double-

precision to maintain the accuracy of the results?:
* How can we measure the effect of reducing the precision of an
arbitrary set of variables?
* How can we verify the accuracy of the results?

And now what?
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NEMO
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Precision Analys
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®=

Results(2)

= Using the old verification test on the full model:

Results

Double Precision
4.2%

Single Precision

Bamuhmu

Cl:r g Macional o Suparcamoulacion

95.8%
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But what about the outputs?

90°N

60°N

30°N

oo

30°S

60°S

90°S
180° 120°W 60°W 0° 60°E 120°E 180°

Difference between double- and mixed-precision monthly mean of sea-surface temperature for the first month of simulation.
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But what about the outputs?
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Conclusions

* Optimizing usage of numerical precision gives performance benefits.
* We can find which variables require double precision.
* There’s a huge room for reducing the numerical precision in NEMO.
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Ongoing work

Performance in Mixed-precision?

Transferability between different cases?

Other ways of verifying the results?

Reducing even more the precision for future architectures?
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Bonus track:

How much a code can benefit from single precision?

THREAD 1.1.

THREAD 1.

THREAD 1.

THREAD 1.

THREAD 1.

THREAD 1.

THREAD 1.96.1 i 7 ATR 37 335 ne

THREAD
THREAD
THREAD
THREAD
THREAD

THREAD

THREAD

1,876,832,335 ns
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Bonus track:

How much a code can benefit from single precision?

THREAD 1.1.1

THREAD 1.17.1

THREAD 1.33.1
THREAD 1.49.1 ‘ Double Precision

THREAD 1.85.1

THREAD 1.81.1

THREAD 1.96.1 ; 7 7R B2 315 ne

THREAD 1.17.1
THREAD 1.33.1
THREAD 1.49.1
THREAD 1.65.1

THREAD 1.81.1

THREAD 1.96.1 . 1,876,832,335 ns
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Bonus track:

How much a code can benefit from single precision?

THREAD 1.1.
THREAD 1.
THREAD 1.

THREAD 1.49. Double Precision

THREAD 1.

THREAD 1.

THREAD 1.96.1 i 7 ATR 37 335 ne

THREAD
THREAD
THREAD
THREAD 1.49. Single Precision
THREAD

THREAD

THREAD

[
THREAD 1.1.1

1,876,832,335 ns

THREAD 1.17.1

THREAD 1.33.1

THREAD 1.49.1

THREAD 1.65.1

THREAD 1.81.1

THREAD 1.96.1

WA et Nacional de Suparcomputacicn

# ns 2,876,892,395 ns
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Bonus track:

How much a code can benefit from single precision?

THREAD 1.1.1

THREAD 1.17.1

THREAD 1.33.1
THREAD 1.49.1 ‘ Double Precision

THREAD 1.85.1

THREAD 1.81.1

THREAD 1.96.1 ; 7 7R B2 315 ne

THREAD 1.17.1
THREAD 1.33.1
THREAD 1.49.1
THREAD 1.65.1

THREAD 1.81.1

THREAD 1.96.1 . 1,876,832,335 ns

THREAD 1.1.1
THREAD 1.17.1
THREAD 1.33.1 Double Precision

THREAD 1.49.3 50% cores per node
THREAD 1,65.1 200% nodes

THREAD 1.81.1

THREAD 1.86.1

# ns 2,876,892,395 ns
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