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An interlude...innovationis. ..
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Definitions ..

= /nnovation
1. the action or process of innovating.
“innovation is crucial to the continuing success of any organization”
2.anew method, idea, product, etc.
“technological innovations designed to save energy”

» [ earned Helplessness

1. a condition in which a person suffers from a sense of powerlessness,
arising from a traumatic event or persistent failure to succeed. It is thought
to be one of the underlying causes of depression.

“an elephant never forgets..” € what?!
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Innovation and (sat on by) an Elephant?

« Education: reward or punish * Don'task, don't tell, be quiet
» [itle.manager knows best » Just do what I'm told

« Seniority: must get permission * Giving up entirely

o Territory: | must own on my idea * Individuals don't scale

* Praise: staying within the box » Stop looking outside the box
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...and back to our show
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What is the industry doing”? Pushing on hard limits
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But compute performance hit other limits

42 Years of Microprocessor Trend Data
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Original data up to the year 2010 collected and plotted by M. Horowitz, F. Labonte, O. Shacham, K. Olukotun, L. Hammond, and C. Batten
New plot and data collected for 2010-2017 by K. Rupp
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"Planet-scale Al infrastructure” shifted the ecosystem

Silicon Valley’s New Strategy: Move
Slow and Build Things

Big tech companies are becoming infrastructure companies—just like
the steel and railroad giants of old

https://www.wsj.com/tech/ai/silicon-valley-ai-infrastructure-capex

Capital expenditures, quarterly

$100 billion

- Government
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Budgets for building %
HPC only 3.8%
Al only 10.2%
Blended 86%

HPC-only segment continues a steady decline YoY

Source: Intersect360 Research

TECH STOCKS

‘It’s existential’: How Big Tech

found itself in a $650 billion

For hyperscalers like Amazon,
howmuch capexis toomuch?

Microsoft Shares Dive as Data-Center
Spending Overshadows Earnings Surge
lech giant reports higher-than-anticipated capital spending and slower

qfo\“lh In cloud computing
https://www.wsj.com/tech/ai/microsofts-earnings-surge-elevated-by-cloud-business-251829¢2

By Sebastian Herrera | Foll




| et's look closer at a fundamental bottleneck

Machine Learning Hardware

Performance at FP32 (TFLOP/s) (O 84 Results

FP32/16 GPU Perf Scaling: 1.3X
FP64:Tensor Perf Gap: 8-16 X
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Memory Wall: Why there’s really a cliff

4 Capacity #Bandwidth  <@Llatency 128x

) Historical Prices

é DDR5 memory ~ $5/GB
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> HBM memory ~ $10-25/GB
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05 Capacity:BW scaling is off by >6x
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Customers buy for bandwidth,
but pay for (unused) capacity —
creatinga T CO problem
at a global scale

Volume customers drive market solutions, dragging everyone along for the ride —

whether or not they have the same problems
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Behind the Memory Wall . . . looking closer

Scaling of Peak hardware FLOPS, and Memory/Interconnect Bandwidth
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Aninterlude... DRAMR&D...
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Step 1: Analyze the rea/problem

Community Detection in Game of Thrones Why Graph Analytics?
(Recognize the Relationship)

Outer Join ( ;i )

Data Traversalis the first class citizen

« T-TEPS (Traversed Edges Per Second) as key

https://opendatascience.com/why-we-need-graph-analytics-for-real-world-predictions/ ¢ CO/’)’?,OUZLG.' Modest to Low
« Memory & Cache: Large & Granular

o Network & /0O: Extreme

» Access Pattern. Arbitrary
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Step 2: Analyze Limits

Infrastructure designed for
big messages on low radix Rack Network
topology, protocol buffering
and hierarchy throttle
performance

Internal mesh

Advanced NIC
Advanced NIC

i 5| [ ) _ inefficiency
carries through
MC and DRAM
SEEE itself AEEE
Networkis “third : ___
oo T
latency, chained = ?o- ALU optimal, cache
SerDes energy and internal mesh
adders, optimized S fundamentally
for large messages L [Op=G} inefficient,
insufficient SMT,
wlell E]t=le poorly scaling TLBs
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Step 2: Analyze Limits

Don’tjust “turn the crank” ..

This problemis more complicated than running code under
a profiler and tweaking various libraries can achieve. ..




Step 3: Novelty Awareness

Cmd + AddrBus DataBus,BL=8

New commodity DRAM package,
individual die addressing:

* Optimal for 8B access efficiency

* Power optimal

» 8x parallelism, same aggregate BW

12.5% useful BW
(87.5% wasted power)

intEI Qovernnent © Intel Corporation =
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Step 3: Novelty Awareness

“You're crazy..”
“This will never work..”
“You'll never be able to make the thermals work ..”
“This will neveryield ..”




Step 4: Do itl And prove it!

8B Read 64B Read

Raw
Tech GB $/GB GB/s
HBM2 15 256
DDR4
S 641 4 | 256
Stacked
Sacked 20 | <5 | 32
~ i Dieb
:M = ¥ Die 3 —
— — Die2
w — —_— e o
intel ?ggﬁ:\gmeg?és © Intel Corporation 19



Step 4: Do itl And prove it!

“If | had to consider this based on the data sheets,
complexity, and analysis before even thinking of a
simulation, | would have killed it instantly.” - PE, DCG, 2016

“Canyou help me apply this technique to a different
memory technology right now?” —same PE, SEG, 2019




...and back to our show
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The Energy Cost of Data movement

joules / bi
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“Ten Lessons from Three Generations
Shaped Google’s TPUv4I"
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Jouppi et al, ISCA 2021

2014 projection of 2018 energy per bit moved*
(by Horst Simon, adapted from John Shalf)
* H. D. Simon, “Why we need Exascale_and why we won't get there by 2020,” 2014.
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https://www.ssken.gr.jp/MAINSITE/event/2013/20130827-sci-1/lecture-01/SSKEN_sci2013-1_simon_presentation.pdf
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Decreased Energy — Fundamental

Persistent Memory
Capacity Memory

Data movement energy*

intel

Power limits compute rate
Not moving data saves energy
Fundamental opportunity for NMC

Government
Technologies

CPU walk Crossing DRAM walk
22mm
Address Walk LS
m ( )
= 0 !
£ 3 2KB page c
£ | . 512bit access | E
A - ' 60%-page hit |~
DATA Walk )

DRAM Energy = 4pJ]

On CPU Energy = 0.8pJ]

NOTE: Approx. 320f] to read SRAM

Energy consumption**, DRAM example
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Compute ‘In" Memory: Long History of Research

HBM-PIM Persistent Memory

. ; Network Cube (HMC) Vault
Data-bit “ B Substrates
with Cellular Cache logic-in- that Tightly
Cryotron  sorting  memory with B(')—;';"gp Aﬁd |[0)9|C integrate logic
ip- sector add conti within DRAM ithi .
flip-flop array within DRAM Tesseract architecture
Seeber Self- Kautz Cellular Stone Logic- Brookhaven NON-VON, Active Pages, 3D-stacked memory with
sorting logic-in- in-Memory  Logic-In-Memory  Computational FlexRAM, Smart TSVs, HBM, HMC, PCM, MRAM,
memory Memory computer  Processor (BLIMP) RAM, EXECUBE, Memories, DIVA RRAM, byte addressable NVM,
Arrays Terasys, IRAM persistent memory
ISSCC 2022 - Forum 1: We'verethought our
commute; can we rethink our data’s commute?
Credit: Frank Hady, Intel
intel ?ggﬁ:\gmeg?és © Intel Corporation

24


https://dl.acm.org/doi/pdf/10.1145/514191.514197
https://ieeexplore.ieee.org/document/1671347
https://dl.acm.org/doi/pdf/10.1145/1460512.1460529
https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=5008902
https://dl.acm.org/doi/pdf/10.1145/800193.805818
https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=748803

t always comes down to .. software

struct data element
struct data element * prev;
struct data element * next;
uinto4 t daga_size; B 4()+k3ytes

void * data ptr;

Address Interleaving
Address Translation
Active Messaging (MC peer)

struct semaphore t lock;

b 5

struct queue {

SIEERiCic CRELE CLEUSaE o ies ...is not actually about acquisition cost

struct queue element * tai
uint64 t entries;

A story of affordability ...

tastructure Layout

256-319

AN MR,

Wadbapn

320-383

struct semaphore t lock; J
bi

Clever programmers optimize their
datastructures and code to account for
concurrent programming, access alignment,
cache structure, and memory organization. ..

.nt I Gﬂﬁernment Source: Intel Corporation
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An interlude...Software R&D...
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Step 1: Recognize gproblem

Intel® oneAP| Math Kernel Library

The fastest and most-used math library for Intel®-based systems'.
Accelerate mawn pruccsaing ioutings, invicase applcaton performance, and
reduce development time.

That sounds awesome! I'm going to use it

Features Document:

in my project! (and win fame, fortune, .. .)

Uh-oh...why is MKL slower than a naive textbook
GEMM implementation on my dataset?

H Government .
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Step 2. Analyze Limits (simplified example)

R aata,

My problemis 8x16...132x 132 ...
A x4096...1billlonx8...

I IV, Technologies © e oorp
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Step 3: Novelty Awareness

intel

Government
Technologies

switch (architecture) ({
case BDX: sgemm bdx( argc, argv );
break;
case SKX: sgemm skx( argc, argv );
break;

if (M <= 128) && (N <= 128) && (K <= 128)) {
_sgemm bdx 128 ( argc, argv );

} else

if ((M <= 1024) && (N <= 1024) && (K <= 1024))
_sgemm bdx 1k( argc, argv );

} else

int my func( int argc, void ** argv )
{
int err = 0;

err = Patch: “call OXCDEAF000”

}

© Intel Corporation

{
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) . l Intel® MKLSGEMM, MKL_DIRECT _CALL, MKL_DIRECT _CALL JIT
Step 4 DO It Aﬂd pl’OVG and JIT APl Performance Comparison on Intel® Xeon® Platinum

8180 Processor

e S, GE MV e SGEMM using MKL_DIRECT_CALL

Intel® Math Kernel Library Improvec

SGEMM using MKL_DIRECT_CALL JIT SGEMM using the JIT AP

Code Generation

I |.«f_,l |"l"'

By C
Published:09/(

[

The most commonly used and perform

functions are the general matrix multipl

optimizations for small problem sizes (!

Just-In-Time (JIT) code generation for t ...
Extensions 2 (Intel® AVX2) and Intel® Ad| 2 o e e i e e B

Con fv(uubon

architectures. The new just-in-Time (JIT Optmizstion etk

optmiaatons
m OpIOCessOrs No
o Imtel microarchit

AT UCTON sets covered Dy thisnotice
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...and back to our show
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Tackling the root cause of the memory wall cliff

Uncle Sam needs novel memory for
nuke sims. So why did it choose Intel?

Didn't the x86 giant just blow up its data storage biz?

A Tobias Mann Tue 13 Dec 2022 11:30 UTC

The US Department of Energy's Sandia National Labs believes that novel
memory tech may be the secret to faster, more accurate nuclear weapon
simulations.

https://www.theregister.com/2022/12/13/intel_doe_nukes_mem/

CPU Compute Area (work)
B CPU Connect Area (tax)

Impact to area for “work” by 20307

-nt I Gﬂvernmeht Source: Intel Corporation © Intel Corporation
| e . Technologies

DDR Interface Logic v '

PN

Breaking the perimeter-area
problem means delivering O(1)
TB/s of bandwidth into O(10) GB
of capacity with both dense and
sparse access performance

32



Feb 3in Tokyo, Japan: Intel Connection

inte
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tom's HARDWARE premium

Tech Industry > Artificial Intelligence

Intel is co-developing new Z-Angle Memory
to compete with HBM used in Al data
centers — vertically-stacked memory touts 2

to 3x more capacity, greater bandwidth, and
half the power consumption

NEWGEISES By Jon Martindale published February 3, 2026

With the first prototypes expected in 2027.

© Intel Corporation
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“A New Golden Age of System Architecture”

1,000,000,000

Major algorithmic advances in solving the maximum-flow problem on a graph

with n=10"2 vertices and m = n"'edges

0,000,000 i i
100,000,00 Algorithm trajectory

@® Edmonds and Karp. 1972 (60)

@ Sleator and Tarjan, 1983 (61)

@ Ahuja, Orlin, and Tarjan, 1989 (62)
® Goldberg and Rao, 1998 (63)
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Credit: There's Plenty of Room at the Top,
Leiserson et al, Science, June 2020, Vol 368
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Ozaki Scheme lI: A GEMM-oriented emulation
of floating-point matrix multiplication
using an integer modular technique

Katsuhisa Ozakil Yuki Uchino2

and Toshiyuki Imamuraz

1 Department of Mathematical Sciences, Shibaura Institute of Technology, Japan
2 RIKEN Center for Computational Science, Japan

Have You Heard About the Ozaki Scheme? You Will

By Doug Eadline

HPC Wire, April 2025

34



Modern Computing Challenge: Big-O needs a Do-Over

Fourier transform

7o) = / F(@) e do, VECR. (gqu)

Partial FFT Sequence

DFT Sequence O(n?)

...but O(-) analysis is based on precious compute and free communications
... sometimes with memory capacity but not bandwidth factor
..and no sensitivity to latency or pressure on any 1O interface O(nlogn)

.. O(right) in1894-1909 is O(wrong) by 2020

Government © Intel Corporation Image credit: Wikipedia
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...and One More Thing
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AIRSPEEDER

AIRSPEEDER TEAM

2 O 2 6 Property of Airspeeder



AUSTRALIA LEA
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Airspeeder is a global competition between nations, where each team
carries its flag into a new era of flight. It’s the return of international rivalry
to aviation, staged as sport, but powered by breakthroughs that can
reshape how the world moves.

Australia intends to lead in the sky the way it’s always led on the edge:
with tough engineering, straight talk, and a willingness to test it for real. -
From workshops and wind-swept airfields where performance is earned,
not posed, Team Australia brings a national instinct for turning speed into
capability and competition into a proving ground. '
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AIRSPEEDER Al, HPC, Materials Science, and more .. volunteer help wanted! ——
llaria Angeli <ilaria.angeli@alauda.aero>

A Living Testbed for Aut ,
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