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FOREWORD AND AUTHORS NOTE

From Photonic Computing Research
to Real-World Applications

Evidence, Perspective and the Path Ahead

PIPU represents a focused effort to explore how physics-native photonic computing can contribute to
real-world Al applications. This whitepaper presents our latest experimental results, key learnings and
future outlook, grounded in rigorous research and a practical view of potential impact.

FOREWORD AUTHORS' NOTE

iy @

Turning advanced photonic computing research into

Dr. Salman Abdullah
Product Director, QRDC

Dr. Pramod Kumar, Ph.D.

(Laser Tech)
Director of Research, QRDC

The rapid growth of Al is increasing the demand for more real-world impact requires more than technical
capable and efficient computation. Photonics offers a development. It requires translating complex and
compelling research direction by harnessing the unique abstract science and research frameworks into clear,
properties of light to process information through structured narratives that can be understood by
physical dynamics. investors, industry partners and the wider public.
With PIPU, we investigate how coherent propagation, The focus of this work is to bridge the gap between
nonlinear effects and feedback in optical systems can be cutting-edge research and practical applications by
utilised for computation. Our goal is to establish, through developing a coherent platform vision, positioning
systematic experimentation, where such dynamics can real-world value, and creating accessible explanations
deliver measurable computational benefits and under of the technology's significance, capabilities and
what conditions they can be scaled into practical potential market impact.

photonic computing infrastructure., B _
Through engagement with international forums,

This work is a step in a longer research journey to evaluate industry stakeholders and the global research

the scientific potential, practical feasibility and real-world cnmmunit‘y, this work aims to build strategic

value of photonic computing for Al applications. partnerships, accelerate the path toward real-world
deployment, and establish a broader ecosystem for
physics-native photonic computing.

OUR SHARED COMMITMENT

We are committed to advancing photonic computing through open research, rigorous validation
and real-world collaboration, with the goal of delivering practical, high-value applications for

industry and society.

PIPU | PHOTONIC INTELLIGENCE PROCESSING UNIT FOREWORD AND AUTHORS' NOTE
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A Platform Positioning Statement
for Real-World Impact

PIPU: Enabling Exploratory Research,
Collaboration and Future Innovation

PIPU is an open research platform for exploring physics-native photonic
computing and real-world applications. This whitepaper presents our
methodologies, experimental results and analysis with full bpepnecy. All datasets,
raw data files, experimental images and supplementary materials are publicly
available through the open-access repository on Zenodo, enabling independent
examination, reproduction and further research.

Our objective is to advance the field through rigorous, open and collaborative
research. No claims of superiority are made. Instead, we present a credible,
extensible and practical platform that can serve as a foundation for the research
and industry community to build upon, validate and explore future possibilities.

Dr. Salman Abdullah

Product Director
QuantLase Research and Development Center
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Physics-Native Photonic Intelligence for Dynamical Complexity
in Real-World Financial Market Fluctuations, Inference, and Autonomous Prediction

Multi-Dataset Evaluation Using a Physics-Native Photonic Computing Platform
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FROM WHITEPAPER |
TO WHITEPAPER Il

Our first whitepaper introduced the Photonic
Intelligence Processing Unit (PIPU),
demonstrating an experimentally validated
photonic computing platform based on
nonlinear optical dynamics, closed-loop
operation and an edge-of-chaos regime for
temporal inference

This second whitepaper focuses on
experimental results obtained using multiple
real-world financial datasets, evaluating the
autonomous prediction capability of the same
physical PIPU platform beyond the observed
cata window.

WHY 20267

The year 2026 represents the
most recent and current market
environment, allowing us to
validate the PIPU platform on
the latest real-world data

JPM

This demonstrates the model's
ability to capture current market
dynamics and maintain robust
autonomous inference
performance in a contemporary,
evolving financial landscape.

COMPARISON METHODS
. l}ctual | _

-t 1
med as the relerence against whict P

the prediction outputs are o

DATASETS EVALUATED

JPMorgan
Chase & Co.

ﬁ ADNOC Group

Multiple real-world financial market datasets covering
different sectors and market behaviours.

PIPU + GPU Prediction
Prediction generated using the physacal

sy S BTN,
Mpared BLAT .

KEY OBJECTIVE

Can a physics-native photonic
computing system operate
autonomously on real-world
financial market fluctuations and
provide useful forward inference
beyond the observed window
across multiple independent

S A
datasets’
@ Etvaluate performance on diverse

real-world financial datasets

@ Demonsirate autonomous

prediction beyond the test window
® Compare with Al .and GPU baselines
® Analyse cross-dataset behaviour

Establish path toward a managed
PIPU compute service

PIPU expenimental platform (S.M-optical propegation - detection - feedback)

WHY 20247

The year 2024 was selected as a
post-COVID normalisation period.
During this time, major financial
markets showed meaningful
temporal variation as investors
adapted to the new normal, and the
rapid growth of the Al sector added
further dynamics. This provided

a challenging and realistic test
window for nonlinear temporal
inference across diverse companies
and sectors.

>
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financial data
(2024 & 2026)

O

Dataset-specific
configuration
(edge-of-chaos)

made|
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% Cross-dataset
analysis

© .
Evaluation

(Al / GPU / PIPU)

ALtonomous
prediction
(30 days)

Toward a practical photonic computing capability for real-world financial market inference.

FIPU

PHOTOMNC INTELLIGENCE PROCESSING UNIT
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EXPERIMENTAL RESULTS 1 (2026)

Financial Market Fluctuation

(] SUPPORTING DATA
=—J) Open Access on Zenodo

Inference o vy uonomo

Prediction Training and Inference

and Autonomous Prediction (Set 1) Doy O

Supporting experimental data have

Observed vs Predicted Performance Across Four Representative Datasets (2026)  {,.an made openty available on Zenodo

The latest validation campaign evaluates the PIPU platform using real-world financial-market datasets from April to to support transparency, reproducibility
September 2026, followed by a 30-day autonomous inference regime. The results demaonstrate the ability of the physical and independent examination,
PIPU + GPU framework to track market dynamics and maintain a coherent autonomous trajectory.

COMPARISON METHODS
@ Actual PIPU + GPU Prediction
Ohserved market time-series data Prediction penecated using the physical

PIPU experiment, with GPU-based
electronic interface, data handiingand
gontrol. Nondinear photonic transtiomation
15 performed by the PIPU platform.

used as the reference against which
the prediction outpuls are compared.

ﬁ ADNOC Group

Autonomous Price Prediction (AED)

Price (AED)

Apr1'26  Mayl26 Jnl'26  Wll26  Aug3l'26  Sep1'26
Quantitative Snapshot (Observed Window: Apr 1, 2026 - Aug 31, 2026)

Metric Actual PIPU + GPU Al GPU
Mean Price 3.90 3.91 3.89 3.50
Std. Deviation 0.11 0.10 0.11 012
Observed Range  3.67-4.12 3.70-4.08 3.68-4.13 369-4.15
Relative Range 11.3% 9.7% 11.6% 11.8%
MAE [vs Actuall - 0.035 0.056 0.073
RMSE (vs Actual) - 0.047 0.091 0.095
NRMSE (vs Actual) - 1. 2% 1.6% 2.5%

‘Apptelnc.

Autonomous Price Prediction (USD)

350 | NEXT 30 DAYS -
350 :
250 -
200 |

150 + = — 7
Aprl ‘26 May1°26 Jun 126 Jul 126 Aug 3126 Sep 1°26

Quantitative Snapshot (Observed Window: Apr 1, 2026 - Aug 31, 2026)

Price (USD)

A
|
|
1
i

Metric Actual PIPU + GPU Al GPU
Mean Price 2468 297.1 292 4 2803
5td. Deviation 24.1 2ib 234 219
Observed Range  2422-3184 2766 -318.1 261.2-316.6 2481-3185
Relative Range 30.9% 14.1% 19.5% 313%
MAE (vs Actual) - 6.9 98 189
RMSE (vs Actual) - 89 12.7 213
NRMSE (vs Actual) . 3.0% 4.3% 15%

Al Prediction GPU Prediction

Advanced time-series machine-teaming Numerical Semulation of the PIPU
comparator used for shor-horizon dhynamical equintions executed entinety
prediction. Operates in one-step-ahead on a GPU. Represents & computational
mode without sesing future valies. bassiine to the physcal PPU system.

amaznn Amazon.com Inc. [ _AMZN )

Autonomous Price Prediction (USD)

Price (USD)

Apri'26  Mayl'26 Jun1'26  Jui1'2%6  Aug31'26  Sepl'6
Quantitative Snapshot (Observed Window: Apr 1, 2026 - Aug 31, 2026)

Metric Actual PIPU + GPU Al GPU
Mean Price 243.6 2449 2418 22713
Std. Deviation 24.7 239 195 211
Observed Range  194.0-2786  199.4-274.1 193.8-270.7 1769-261.8
Relative Range 36.3% 30.8% 30.8% 37.1%
MAE (vs Actual) - 6.8 B9 176
RMSE {vs Actual) - g5 12.1 22.4
NRMSE (vs Actual) - 3.9% 5.0% 9.2%

FAB First Abu Dhabi Bank

Autonomous Price Prediction (AED)

_ i NEXT 30 DAYS =
o 20 - et
g— 15
io \
Y = |

Apr1'26  Mayl'26 Junl ﬁ Jull'2h Aug3i'2e  Sepl'2h
Quantitative Snapshot (Observed Window: Apr 1, 2026 - Aug 31, 2026)

Metric Actual PIPU + GPU Al GPU
Mean Price 18.1 18.2 18.0 18.1
Std. Deviation 12 17 Lo 14
Observed Range 141-208 142-209 143-209 16.5-21.0
Relative Range 25.6% 25.8% 24.4% 27.1%
MAE (vs Actual) - 0.42 0.56 162
RMSE (vs Actual) - 0.57 0.78 247
MNRMSE (vs Actual) . 3.1% 4.3% 13.6%

Results and Observations (2026 Validation, Set 1)

Dataset Characteristics Observed-Window Performance Autonomous Inference (Next 30 Days) | o Key Takeaways
The four datasets exhibit diverss Armss the four datasets, the PIPU + GP) In the autonamious phase, PIPU + GPU The 2026 resuits demonsirate that
behavour in 2026, Amazon and Apple framework achieves lower ermor than the Al maintaing a coherend trajectory for all four thee pivwsieal PIPU platform can
show broader price ranges and highet and GPU basglines in termis of both MAE and clatasets, For ADNOC and FAB the trajectary provide real-workd financial miarket
volabifiny, ADNOC displays moderate RMSE. Tha leved of improvement varies by remains within a similar operating range. dyramics and maintain s coherent
fluctuations, while FAB remains dataset, with the closest agreement observed For Arnazon and Apple, the autonomous SULDNOMOLUS TAECI0NyY Sross
refatively stable with lower variance. for ADNOC and FAB, and larger abscdiue trajectory extends the recent trend direction, diverse datasets. Performance
This prowides a usetul set of real-world armezos aind Apple. The results Indicate a The GPU-gnly, while the Al comparator '!:jiu'l-';w?h ﬂ"‘ﬂt:“ m‘rxtﬁ'i!mi'
test cases across different sectors consistent tracking of trend and local operates in a one-step-ahead testing mode E.hlﬂ.hﬁ_:f.dm_ Im;:]’i'ft:-tf':r
and market conditions. fluctuations in the observed window. and is net designed for autonomous rollout. e

FIFU | PHOTONIC INTELLIGENCE PROCESSING UNIT QUANTLASE RESEARCH AND DEVELOPMENT CENTER {QRDC) PAGE2OF 8
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EXPERIMENTAL RESULTS Il (2026) o USRS BT
o - s : Open Access on Zenodo
Financial Market Fluctuation Inference  owse: e asoroncus
Prediction Training and Inference
Datasets for Whitepaper”

and Autonomous Prediction (Set 2)

Observed vs Predicted Performance Across Three Additional Datasets (2026)

The 2026 validation campaign evaluates the PIPU platform using three additional real-world financial-market datasets.
These results further demonstrate the ahility of the physical PIPU + GPU framework to track market dynamics and

maintain coherent autonomous predictions across different sectors, currencies and volatility regimes.

COMPARISON METHODS
Actual PIPU + GPU Prediction .. Al Prediction
Observed market time-series data Prediction penerated using the physical Advanced time-series machine-leaming
wsed as the reference against which PIPU experiment, with GPU-based comperator usad for short-horizon
the prediction outputs are compared electronic interface, data handling and prediction. Operates during the observed
control. Nenlinear photonic transformation rEgime

Is performed by the PiPU platiorm.

Supporting experimental data have
been made openly available on Zenodo
to support transparency, reproducibility
and independent examination.

GPU Prediction

Numerical simulation of the FiPU
dynamical model executed entirely
onGPU,

JPMorganChase @] NVIDIA n Reliance [ Reuance
Autonomous Price Prediction (USD) Autonomous Price Prediction (USD) s tonomous Price Prediction (INR)
175 | N 004 20 | NEXT 300415~ | NEXT 30045
150 255 2700 !
1]
125 9 20 & 2400
g & £ |
100 & 185 -4 2100 I
|
15 . 150 1800 - -
Apr126 Myl nl26 W12 Agl?e 5el1'l6 Aor 126 Mayl'26 bnl26 MI12E Agl?% Sepl'dh »"cptl'i'Et May126 Jnl'2% Jul126 hugl'?ﬁ Sep1'26

Quantitative Snapshot (Observed Window: Apr 1, 206 - Aug 31, 2006)

Quantitative Snapshot (Obsesved Window: Ape 1, 2006 - Aug 31. 2026)

Quantitative Snapshot (Observed Window: Apr 1, 2026 - Aug 31, 2026)

Metric Actual PIPU+GPU GPU Metric Actual PIPU+GPU Al GPU Metric Actual  PIPU +GPU Al GPU
Mean Price 1245 126.8 135.1 1208 Mean Price 085 2012 1867 1864 Mean Price 253%6 23214 20839 18832

Std Deviation 218 211 226 S Devigon 154 158 156 149 S Devition 627 598 514 fl.1
Oberved Range 917-163.7 91.7-1769 966-1665 861-1653  OmsenedRange 1813-2565 1833-2611 1721-2401 I852-2637  (ObservedRange 2051-2813 1987-2803 1985-2663 1823-2833
RelativeRange 250%  289%  245% 259% ReabeRange 425% 373% 312%  328% RelatveRange  360%  349%  278%  269%

MAE (vs Actual) 38 6.1 MAE (5 Actuall 39 &b 6.3 MAE (vs Actual) 136 168 194

RIMSE {vs Actual 49 8.7 RSE (s Achual) 51 f.2 84 FMSE (vs Actual) 179 221 26.7
NRNSE (vs Actual) 1.5% 1.8% 2.7% INRMEE fvs Actual) 25% 3% 42% NRMSE {is Actl) 14% 1.7% 21%
Results and Observations (2026 Validation, Set 2) |
@ Detasetcraracterisics | €]) ObservecWindow Perfomance | (€]) Avtonomous nerence st 300ar) | () Key Takeaways |

The three datasets exhibit

distinct market behaviours in 2026.

JPMorgan shows a broadly
upward trend with moderate
volatility, NVIDIA exhibits higher
short-term fluctuations, and
Reliance Industries shows

larger directional movements
with higher absolute price levels
inINR.

Across the four datasets

(Apr 1, 2026 - Aug 31, 2026), the
PIPU + GPU predictions closely
follow the actual price dynamics
across all three datasets, with
lower error metrics compared.
with Al and GPU-only in general.
Performance is dataset-dependent,
with NVIDIA showing higher
relative variability.

In the autonomous phase, PIPU + GPU
maintains a coherent trajectory for all four
datasets, For ADNOC and FAB the trajectory
remains within a similar operating range.
For JPMorgan and NVIDIA, the PIPU + GPU
trajectories remain closer to the subsequent
actual prices, while GPU-only shows larger
deviations. For Reliance, it models broader
movement, with PIPU + GPU capturing the
downward direction.

The 2026 results demonstrate that
the physical PIPU platform can
provide real-world financial market
dynamics and maintain a coherent
autonomous trajectory across
diverse datasets. Performance
varies with dataset characteristics,
highlighting the importance of
broader validation and further
evaluation.

PIFU | PHOTONIC INTELLIGENCE PROCESSING UNIT
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FINANCIAL TIME-SERIES INFERENCE

PIPU WHITEPAPER I |

() SUPPORTING DATA WHY 2024?
® ° —7 Open Accress on Zenodo The year 2024 was selected as
- a post-COVID normalisation
On On Dataset: “PIPU Autonomous period. During this time, major
Prediction Training and Inference | financial markets showed
. 2 meaningful ternporal variatio
Observed vs Predicted Performance Across Selected Companies (2024) | Datasetsfor Whitepaper” T e
The 2024 validation evaluates the PIPU platform using real-world financial market datasets. Mfﬁ?‘é{"ﬁﬁﬁ {edgz 3 'ﬂ,i MEt "ﬂ.’.’ﬁrﬂhf ::dsgﬁ;ﬁlddded
Results show strong alignment between the PIPU + GPU predictions and actual market dynamics, E:)[E:nﬁ \ration) stored as 3 woight file ﬁmhw dynamics. This
with company-specific behaviours and the expected divergence of the GPU-only model in the o mi' s mﬁﬂi& rff““";ri-’{" window
autonomous phase (next 30 days). ' _companies _:em;rm.r.f_umg
COMPARISON METHODS _ : e
Actual PIPU + GPU Prediction Al Prediction GPU Prediction
ot § market ime-series data Prediction penerated using the physical Advanced time-senes mashine-teaming Numencal snulation of the PIPU
sl S the ibference agalnst which PIPU expertment, with GPU-based comparator wsed for short-horizon dynamical mods esecuted entirely
the Flﬂdi‘f“ﬂﬂ outputs are El:ﬂ'l'l,].'lﬂr-Eﬂ olactiome ﬂl_ﬂ'lf:'!ﬂ‘. data hﬂ.ﬂd[l!\: and : pu.ld-m 11060 ﬂp._lr.}tg‘l-g in one ﬂfp'ﬂhﬁa‘d maﬁpu HEP'E'S\HHHW‘IMM
; control. Monlinear photonic transfarmation mode without seeing future values bassiine to the physical PPU gystem.

is performid by the PIPU platform,

m JPMorgan Chase & Co. [ M | amazon Amazon.comInc. [ AvN |
Autonomous Price Prediction (USD) Autonomous Price Prediction (USD)
5134 76 lestobsenedcoseMay 192024 © PRU<CPUPredction @ Actual 5147 0 lstobsenedcoseMay192024 @ PPU+GPUPrediction @ Actual
® Al Prediction ® G Prediction L ® Al Prediction ® AU Prediction
180 230 NEXT 30 DAYS -
160 190
8 120 E 110
& 120 120 -
gy L— —] — ., 10 = - e =
Nov1'23 Dec1'23 Jan1'24 Feb1'24 Mar1'24 Marl'24 Apr1'24 May1'24 May27'24 Mov1'23 Decl1'23 Jan1'24 Feb1'24 Mar1'24 Mar1'24 Apr1°24 May1'24 May27'24
Quantitative Snapshot (Observed Window) Quantitative Snapshot (Observed Window)
Metric Actual PIPU + GPU Al GPU Metric Actual PiIPU + GPU Al GPU
Mean Price 1366 1369 1360 131.1 Mean Price 145.8 1495 155.9 166.6
Std, Deviation 128 13.1 6.7 134 Std. Deviation 79 8.1 9.1 131
Observed Range  116.7 - 160.6 1384-171.1 117.6-160.3 111.3-1638 OtservedRange  1049-178.3 106.1-1804 1458-1803 1083-1709
Relative Ranpe 17.9% 14.6% 14.8% 11.9% Relative Range 12.9% 14.7% 11.0% 16.6%
MAE (vs Actual) - 4.3 6.8 1.7 MAE (vs Actual) . 3.6 9 14.0
RMSE {vs Actual) - 51 95 145 RMSE (vs Actual) - 1.1 9.8 166
@ NVIDIA Corp. Reliance Industries Ltd.
Autonomous Price Prediction (USD) ¢ Autonomous Price Prediction (INR)
$80 36 Last observed close: May 19 2024 ® PPU+GAiPreficion @ Acual T7B4 6 Last obsenved close: May 192024 ® PIPU + GPU Prediction @  Actual
* ® Al Predetion ® G Precliction * ® Al Fredetion ® G Precliction
180 NEXT 30 DAYS 2000 | NEXT30DAYS
1600
@ 100 1200
a 60 800 —— R ——
20 4 og _an A : =

Novl23 Dec13 Janl'?d4 Feb1'24 Mar1'24 Mar1'24 Apr1°24 May1°24 May27id
Quantitative Snapshot (Observed Window)

Mow1'23 Deci'23 Jan1'24 Feb1'24 Mar1°24 Mar1'24 Apr1°24 May1'24 May27'24
Quantitative Snapshot (Observed Window)

Metric Actual PIPU + GPU Al GPU Metric Actual PIPU + GPU Al GPU
Mean Price 86.1 84.9 829 732 Mean Price 13556 13144 1308.9 1303.2
Std. Deviation a7 ile 36.6 184 Std. Deviation 6.7 598 574 61.1
Observed Range  28.1-1174 30.1-1183 26.7-119.3 1111-134.1 ObservedRange 18361-28131 19287-26925 19365-24839 18923-28129
RelatveRange  624% 51.9% 60.0% 16.9% Relative Range 36.5% 34,99% 27.8% 25.5%
MAE (vs Actual) - 6.6 938 18.9 MAE (vs Actual) - 13.6 16.8 194
AMSE (vs Actual) . 8.1 13.2 247 RMSE (vs Actual) - 178 221 26.7
'Key Results and Observations (2024 Validation)
o Overall Performance Dataset-Specific Dynamics Autonomous Inference (Next 30 Days) Implications for Long-Horizon
: : These results demonstrate that
PIPU + GPU predictions ,:|D.53L5, stable behaviour. Amazon exhibits PIPU + GPU maintains coherent provide real-world financial market
track the actual market data during moderate short-term fluctuations, trajectories consistent with recent dynamics and maintain a coherent

the ohserved window, with lower
enor metrics than the Al and
GPU-only models.

Reliance Industries shows larger
directional movements with

and NVIDIA shows higher volatility.

higher absolute price levels in INR.

autonomous trajectony across
diverse datasets, Performance
varies with dataset characteristics,
highlighting the importance of
broader validation and further
evaluation,

trends, while the GPU-only model
diverges significantly in all cases.

PIPU | PHOTONIC INTELLIGENCE PROCESSING UNIT
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FINANCIAL TIME-SERIES INFERENCE

Validation Continued

Observed vs Predicted Performance Across Selected Companies (2024)

The 2024 validation evaluates the PIPU platform using real-world financial market datasets.
Results show strong alignment between the PIPU + GPU predictions and actual market dynamics,
with company-specific behaviours and the expected divergence of the GPU-only model in the

autonomous phase (next 30 days).
COMPARISON METHODS
Actual PIPU + GPU Prediction _
Prediction generated wsing the physical

Observed market time-sernies data
used as the reference against which
the prediction outputs ane compared

B

PIPU expenment, with GPU-based

is performed by the PIPU platform

ADNOC Group

Autonomous Price Prediction (AED)

AEDZ 1635 Usdwddce My EXH 9 PIPU -+ GPUprediction @ Actual
Act |¥S;|PU+GPU?$N ® Al prediction ® GPU prediction
2.35
2.30
g 2.25
220
2.15
2.05 !
Mov1'23 Decl'23 lan1'24 Feb1'24 Marl'24 Marl'24 Apr1'24 May 1'24 May 27'24
Quantitative Snapshot (Observed Window)
Metric Actual PIPU + GPU Al GPU
Mean Price 2.20 2.21 2.20 2.18
Std. Deviation 0.086 0.041 0,084 0.061
ObservedRange  2.11-229 2.14-228 213-227 2.10-2.26
Helative Ranpe 8.2% b.3% 6.6% 7.8%
MAE (vs Actual) 0.028 0.036 0.071
RMSE (vs Actual) 0.036 0.045 0.085

Apple Inc.

-

electronic interface, data handling and
control. Nonbinear photonic transformation

WHY 2024?

The year 2024 was selected as
a post-COVID normalisation

) SUPPORTING DATA
== Open Accesson Zenodo

[
Dataset: “PIPU Autonomous period. During this time, major
Prediction Training and Inference ..., (4| markets showed
Datasets for Whitepaper” meaningful temporal variation
2 as inveslors adapted to the
All results use the same expenimental new normal, and the rapid
parameter window (edge-of-chaos rowth of the Al sector added
configuration) stored as a weight file urther dynamics. This
ON OUr Serves. provided a realistic test window
for nonlinear temporal
companies and sectors.
Al Prediction GPU Prediction
Advanced time-senes machine lsaming Numencal simutation of the PIPU
comparator operating during the observed - m:xﬁtmmfmm
ID FrErmTHEAE 2 T on
e S bl
mieasured photonic esecution. duto abspere of read hardases riereros.

First Abu Dhabi Bank
Autonomous Price Prediction (AED)

® PPU-PUpredction @ Actual
@ Al preghction

FABT
AED 11,1514 =owiomso s

Actual vs PIPU + GPU vs Al
11.8
11.6
11.4

g 11.2
119
10.8
10,6
Nov1'23 Decl'23 Janl1'24 Feb1'24 Marl'24 Marl'24 Ape 1'24 May 124 May 27°24

Quantitative Snapshot (Observed Window)

@ GPU prociactdn

Metric Actual PIPU + GPU Al GPU
Mean Price 11.03 11.09 11.01 10.95
Sid. Dewviation 022 0.19 021 028
Otserved Range  1068-11.48 10.75-1133 10.72-1140 1060-1152
Relatve Range 1.2% 5.7% 6.2% 8.4%
MAE (vs Actual) - 017 021 0.38
RMSE [vs Actual) - 023 029 047

o0l Dataset Overview (Set 2)

Autonomous Price Prediction (USD) -
Chﬁ; Price Price Range 2
5122 .39 Lastobserved close May 0204 @ PIPY+ GPUprediction @ Actual Company Secor (May 30, 2024) (2024) Key Characteristics
® Al prediction @ GPY prodiction Moderate volatility,
Actual vs PIPU + GPU vs Al ADNOC Energy AED 2.1635 2.11-229 upward trendl
135 } MEXT 30 DAYS = in second half
|
i Range-bound with
E 125 . Higher volatility,
120 ' Apple Technology $122.39 1182-1329  cyclical behaviour,
115 trend reversal in Q2
Nov1'2d Dec1'23 Jan1'2M Feb 1'24 Mar 1'24 Mar 1°24 Apr 1'24 May 1'24 May 27°24 = -
Quantitative Snapshot (Observed Window) {é} Experimental Configuration
Metric Actual PIPU + GPU Al GPU Component Description
Mean Price 1256 125.1 1248 123.7 PIPU + GPU Physics-native PIPU inference with GPU data pipeline
Std. Deviation 38 3l 35 56 and pre/post-processing
ObservedRange 1182-1329 120.1-1308 1195-1301 1151-1334 Al Model Transtormer-based moded (same training window)
PN T | 310 - S ol GPU Model Numesical simulation using GPU reservoir model
MAE (s Actual) . 2.6 31 5T :
RMSE (vs Actual) . 34 42 19 Prediction Autonomous inference for next 30 days (no additional training)
- L] -
Key Results and Observations (2024 Validation)
o Dataset Characteristics Model Performance Autonomous Inference (Next 30 Days) o Whmmm
Across all four companies, the PIPU predictions achieve in the autonomous phase, the lhp'emfs Hdme Lﬁm{:ml
PIPU + GPU predictions closely stable behawour, Amazon exhibsts PIPU + GPU maintains coherent peovide real-world financial market
track the actual market data during moderate short-term fluctuations, trajectonies consistent with recent dynamics and matntain a cohenent
the observed window, with lower :I;CT qum higher nﬁtatilﬂ:'f. trends, while the GPU-only maded Mw ' X ?Emis
wdrics than the Al and lance LS Shiows lar sipndfi ly in all cases. diverse dat characternstics,
E;’ﬂuf-:;'llw :‘L:It-ls. directional movements with vy e e highlighting of broader validation
higher absolute price levels in INR. and further evaluation.
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SERVICE MODEL

PIPU as aManaged Photonic Compute Service

Secure Data-to-Inference Workflow for Real-World Applications

PIPU is structured as a managed compute service in which users interact through a secure cloud layer while the physical
photonic platform performs the core experimental training and inference workflow.

'@ USER @mmmmouu ] @nmmcwun @ USER

PIPU PLATFORM (QRDC)

Training, Inference and Post-processing

Data Upload Secure Cloud Layer R Results Storage & Delivery Results Access
. i I f : "'_.:n E:‘:
. Uy T N -
Secure e TR Dl
Transfer = i‘ ; 'l'mnsfer
o amantra 0 = ’u* arnantra
Thirk « Predict - Act — L -, | . Think - Predict « Act
® Submit dataset ® Receives and Data M Hm& @ Receives results ® Access predictions
through secure validates data Ingestion  Training Engine mm ‘ and analytical
API IHIErfaEE' The phsical PIPL platform photonic cperations work with an L] SECUTE aggregallﬂn FE‘SUHS
® Secure storage slectro-optical closed loop, while GPU resources provide
[ ] Da{ase'[ the digital interface, control and supportive computation ) Resulls dEIWEI’)‘ @ Visualisation
_ ® Cloud-side DATASET CONFIGURATION and analysis
® Authenticated orchestration ® Service interface o
access [% = — @ @ [ntegration with
e
Train/ Storé Recall for existing workflows

Configure  Configuration Inference

‘ SUBSEQUENT INFERENCE
Stored dataset configurations enable efficient inference without repeating the full training workflow.
o USER REQUEST o RECALL STORED GPU + PHYSICAL PIPU o RESULTS RETURNED
CONFIGURATION EXECUTION
- I . . Predictions and results
—1 Submit inference Loaq dataset-specific Execute rrn‘&.f*na-nr.:re:r using delivered through
=] request. configuration. stored configuration. service interface.
- FROM PLATFORM TO SERVICE
MANAGED ACCESS HYBRID COMPUTE REUSABLE CONFIGURATION
Controlled service interface Cloud and GPU manage data Dataset-specific configurations
for users and orchestration, with physical can be retained for subsequent
PIPU for photonic processing. , inference workflows.
CURRENT DEPLOYMENT FUTURE ACCESS
E Internal managed-service architecture External dataset access can be introduced progressively
' being developed around the PIPU platform. following technical readiness and organisational approval.
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THE PATH AHEAD

From Experimental Validation
to External Access

Preparing PIPU for the Next Stage of Deployment

The results presented in this whitepaper mark an important transition for PIPU: from demonstrating experimental
capability toward establishing the technical, operational and governance foundations required for controlled external access.

The next phase is therefore not simply another experiment. It is the progressive translation of PIPU into an accessible
photonic compute capability.

| PIPU DEPLOYMENT PATHWAY

EXPERIMENTAL @ PLATFORM CONTROLLED
VALIDATION READINESS

EXTERNAL ACCESS

BROADER
DEPLOYMENT

Evaluate PIPU across real-world Translate experimental capability Enable selected users and partners Progressively expand access as
datasets and operating conditions. into a robust, repeatable and to evaluate PIPU through a governed technical maturity, governance
managed compute workflow managed-service environment and application-readiness

are established
Selected datasets and use cases

Secure service interface
Defined access and governance
Partner and user evaluation
Performance feedback

Multi-dataset evaluation

® System robustness
® Autonomous inference

@

L

Workflow maturity
Service integration
Validation and testing

@ Wider application domains
Research and industry collabaration

Physical PIPU operation
Al and GPU comparison

&

@® Managed photonic compute access
@ Ecosystem development

® Continued platform evolution

@ PRESENT WHITEPAPER ].I].l NEXT STAGE @ SUBJECT TO READINESS

AND FORMAL APPROVAL

[ WHAT EXTERNAL ACCESS ENABLES

FOR RESEARCHERS FOR INDUSTRY FOR THE PLATFORM
@ Evaluate physics-native photonic Explore PIPU against application- Generate broader evidence, user
computing on new datasets and d specific workloads through a feedback and application insight
computational problems managed interface. to guide future development.
l ACCESS THE PIPU SERVICE
Researchers, industry organisations and technology partners can access the PIPU service Ihe PIPU service provides a secure interface to
through our official platform at explore datasets, submit inference requests and

w.quantlaSE.COm access results, subject to governance and approval

arrangements

| FROM EVIDENCE TO IMPACT

/ The objective is clear: preserve the scientific integrity of PIPU Full public deployment of the PIPU service will follow
t ) while progressively making its capabilities accessible for the finalisation of technical readiness, governance

meaningful real-world evaluation requirements and formal declaration by H/C
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OUR TEAM

The Scientific Team Behind PIPU

Complementary Expertise from Research to Real-World Impact

Our team brings together deep research, data science, engineering and product expertise

From fundamental photonic
dynamics to real-world
applications, our team combines
research, data analysis, technical
execution and productisation
to advance PIPU.

to advance PIPU from fundamental photonic concepts to validated real-world applications.

Dr. Pramod Kumar, Ph.D.
(Laser Tech)
Director of Research, QRDC

® Conceived and architected the PIPU
concept and underlying photonic
intelligence framework.

@ Leads fundamental research in nonlinear
photonic dynamics and edge-of-chaos
computing.

@ Provides strategic scientific direction and
long-term vision for PIPU and
its applications.

@ Vision & Research Architecture

A SHARED MISSION

We combine deep scientific research, data analysis, advanced engineenng and real-world application
development to make physics-native photonic computing a practical and accessible capability for global markets.

Scientific
Innovation

Dr. Salman Abdullah
Product Director, QRDC

Industry Product Role - Data Analysis
@ Led the complete data analysis across all
datasets reported in this whitepaper,
including the experimental results and the

statistical analysis presented in the Appendix

® Designed the evaluation methodology,
performed cross-dataset analysis, derived
quantitative metrics and generated all
comparative plots and statistical summaries.

@® Translates research results into a clear and

practical product strategy, market positioning

and ecosystem engagement

@ Bridges technology, industry and real-world
use cases, enabling the path to a managed
PIPU compute service

Data Analysis, Product Strategy
& Global Impact

Technical
Excellence

Real-World
Applications

Mr. Deepanshu Baisoya
Lead PIPU Engineer, QRDC

0

® leads hardware implementation,
system integration and experimental
realisation of PIPU.

@ Develops and validates optical computing
architectures, control systems and
measurement pipelines.

@ Conducts comprehensive testing, system
characterisation and performance
evaluation.

® Drives continuous development of the
experimental platform and data
acquisition workflows.

% Engineering & Experimental Realisation

From lab research
to real-world impact.

Global
Collaboration

PiPU | PHOTONIC INTELLIGENCE PROCESSING UNIT
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APPENDIX

Cross-Dataset Statistical Analysis

Comparative Quantitative Summary of PIPU Experimental Validation Across 2024 and 2026 Datasets

Consolidated statistical analysis of the valiclation datasets reported in this whitepaper, enabling comparison of dataset characteristics and mode! performance across experimental periods.

@ 2024vaidation | [l 2026 validation
1. Actual Mean Price (descriptive only) 2. Actual Standard Deviation 3. Actual Relative Range Relative Range (%) =
Dataset mean closing price (no performance implication Ohserved price standand deviation Scate-independent measuse of dataset (High Migh — Low) _ .00
arross companies due to different price scales) (dataset characteristic), pirice range. Mean
19* 1 60 - il
) 50 T ]
§ 10 28 a 50 4
E g &5 E" 40
= 10 - v o 30 4 o 30
ﬁ g 'g i 20 g 20 -
= 10 8= o =
g . 10 -
lﬂ‘ L T L T T T T T ' T L 1 ¥ T L T 03 L) T L) T L 1 T
ADMOC  FAB  AAPL  JPM AMZN  NVDA  RELIANCE ADNODC FAB  AAPL  JPM AMIN  NVDA RELIANCE ADNOC FAE  AAPL  JPM AMIN  NVDA RELIANCE
4. PIPU + GPU Mean-Price Ermor ... price Error (%) - 5. PIPU + GPU Std.-Dev. Ratio 4 ey Ratio - 6. PIPU + GPU Relative-Range Error  pelative Range Error
Absolute percentae difference between |y — el Ratio of PIPU + GPU standard deviation -, Absolute difference in relative range (peccentage points) =
FIFU + GPU mean and Actual mean. T u 30D to Actual standard deviation. m botween PIPU + GPU and Actual |RRprptiecrn = RR pctinal
35 - 14+ 12 -
g 3.0 4 13 4 10 ~
B 251 E 1.2 - g § -
w20 :
1.1 9 & 4
& g
1.0 4 g L0 - = S g 44
= |
= 0.5 =)-C$ 0.9 4 24
0.0 - T T T T T T T 0.8 T T T T I T T ] T ™ T T T T
ADNOC  FAB AAPL  JPM AMIN  NVDA RELLANCE ADNCGC FAB AAPL  JPM AMIN NVDA RELIANCE ADNOC  FAB AABL PM AMEIN  NVDAE RELIANCE
7. PIPU + GPU RMSE = 8. PIPU + GPU NRMSE ey 9. RMSE by Model (2026)
Koot mean square ermor versus Actual | RMSE = ‘J = E (¥Mi=w * Nommalized RMSE as a percentage RMSE Comparson of RMSE for PIPU « GPLL Al
=l of Actual maan e » 100 and GPU models (2026 validation),
175 4 5 07 @ FPU-GPU026)
3 15.0 Pl B 254 ¥ A(2028) "
€ 125 z € 0] @ GPUEOG /
¥ 10,0 4 34 2 e
g 75 g 24 € :
5.0 = s
g 25 14 H024 NIIMEE 3
-1 . e Bl FeDOTIes
in wosercn Tabins
u'u T f T T T T T E L T L ¥ I ¥ L 1
ADNOC  FAB AAPL P AMIN  NVDA  RELIANCE ADNOC  FAB RAPL JPM AMIN  NVDA  RELIANCE ADNOC FAB  ARFL M AMIN  NVDA RELIANCE
KEY ANALYTICAL TAKEAWAYS DERIVED METRIC FORMULAS METHODOLOGICAL NOTE
ki t i ‘ - For the 2024 validation datasets,
o Dataset scale and volatility differ materially across companies; P (%) 100 x Bewrvicry — Bacual AR A
relative range is the more appropriate cross-company descriptor Mactusd bk LB b rreataln & Bontii
than raw price or raw RMSE = fime-series input. This preprocessing
. . St " Ratio PIMUSGPL cah hifl the comespondence batvsen
o Across the 14 reported company-year windows, the median Oy Trctual displayed markst-date values snd
PIPU + GPU mean-price errar is 0.5%, while the median standard- Bevew higtencal clouing prices and i not
deviation ratio is 0.96, indicating close agreement with observed {' mlﬁuiatimml hnf:;inu] IRRweusapy = RRAcsuatl treated hese as prodiction emor
dispersion,
i 2 " ADDITIONAL NOTES
o For 2026, reported PIPU + GPU NRMSE spans 1.2% 10 3.9%. RMSE = z (¥:i —=wi) & S O —
Across all reported windows, median RMSE reduction versus Al -1 . P e e s i
i5-2 1% and versus GPU-only is 57%. NRMSE (%) 100 = RMSE o M vl el v Rk
i _ ~ Actunl et L]
o The absolute relative-range mismatch has a median of 2.0 e 4
; & [#ffprent companies opacate on different price
percentage points. The combined results support broader . (High - Low) Sk and aatice il etk e
quantitative validation rather than a single universal Relative Range (%) 1N peofermed {0 CHOS3-COMPANY COMPANHGN

performance claim.
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