". ﬂ L5 .ﬂ:&%]l
AMD RYZEN 7 PC OVERCLOCKING BUILD A F
9700X REVIEW ee. :u, GUIDE re.32 GAMING VPN rc.ss

MINIMUM BS « OCTOBER 2024 » www.maximumpc.com

WHY YOU MUST
GO AMD

Build this super-
powerful & reliable PC ]

® Outstanding stability
and bang for buck

® 4K, 1080p, and Al
performance tested

SSDs are finally here e

NEXT-GEN CPUs
EXPLAINED

PG. 50

HOW TO
REPAIR

YOUR GPU

VOL 27. NO 10 ety




We build the world's most advanced PCs.

Experience a new level of performance with an award-winning Digital Storm PC,

Built with the latest technology, highest quality components and backed by lifetime
support. Visit our website and build your dream PC today.

DIGITALSTORM LEARN MORE: WWW.DIGITALSTORM.COM




-
LB

T

The Electronic Frontier Foundation is the leading nonprofit
organization defending civil liberties in the digital world.
Founded in 1330, EFF champions user privacy, free expres-
sion, and innovation through impact litigation, policy
analysis, grassroots activism, and technology development.
We work to ensure that rights and freedoms are enhanced
and protected as our use of technology grows.

EFF.IIRIs
'ELECTRONIC FRONTIER FOUNDATION

Protecting Rights and Promoting Freedom on the Electronic Frontier




table of contents | where we put stuf

SCAN TO GET THE
TOM'S HARDWARE
WEEKLY NEWSLETTER

[m] P[]
OCTOBER 207 -
8 THE NEWS [=];

| A

Intel’s Haptor Lake issues; Arrow
Lake benchmarked; Google's
monopoly mess.

12 THE LIST
The best mouse pads for gaming.

Mouse pads offer
slick movement
and awesome
aesthetics, no
matter what

surface you p refer

38 SUBSCRIBE TODAY

subscribe to Maximum PC
and instantly get access to over
100 back 1ssues. 16

48 CENTERFOLD PHANTOM OF
The Asus Zenbook THE OPERA:

Duo heralds a

IORPORATION

CPUs UNMASKED
59
Lock down your browser; f-'ﬁ
Remove stalkerware from your 1
PC; Boost your gaming VPN, 5
How to repair a GPU.
32 40 50
LETTERS THE END OF BUILD AN IT CPU
OVERCLOCKING? SUPPORT HUB ARCHITECTURE
1£I- DOCTOR Zak Storey questions Mick Peers on how Jarred Walton takes a
whether pushing your PC RustDesk can be used deep dive into the workings
to its Limits is really worth to administrate your of the Llatest Intel and
94 COMMENTS it anymore, home network. AMD processors.
IN THE LAB
74 87 90
AMD RYZEN 7 84 NZXT C1500 WORLD OF GOO 2

J9700X

HYTE THICC Q&0 PLATINUM

78

ASUS
PROART
PX13

& | wmuommE | ocT 2024



AMAILING

SUBSCRIPTION OFFERS

SUBSCRIBE TO ANY OF OUR BEST-SELLING MAGAZINES

F DEAL
SPAFF

-:--.I._.l'

BATTLEFIELD 2042

F%’

(el RYQEN
[UP PREVIEW

GET GIG-READY

AND LEVEL UP ; DARRNESS
YOUR PLAYING .
ﬂ s L B

- PRERCHERS
“ SOUID

HIL LY &0 e - : J
&

ELALKE NI

SHOP THE FULL RANGE
WWW.MAGAZINESDIRECT.COM/SUBSCRIBE

Offer open to new subscribers only. Please allow up to six weeks for delivery of your first subscription issue. Payment

15 non-refundable after the 14 day cancellation perioa unless exceptional circumstances apply. For full terms and con-

ditions, visit www.magazinesdirect.com/terms. For enquiries please call: +44 (0) 330 333 1113. Lines are open weekdays

between 9am-5pm UK Time or e-mail; help@magazinesdirect.com. Calls to 0330 numbers will be charged at no more
than a national landline call, and may be included in your phone proviger s call bundile




Meet the
technology
experts

techradar

Samsung Galaxy Unpacked launch live:
Galaxy Fold §, Flip &, Wateh & and what else

to axpact

Ay T o bl e e e P ek

The world’'s most comprehensive technology website
An unrivalled mix of news, opinions, reviews and features
All-new design, new homepage, new features and special reports

Backed by over 300 years of editorial experience

techradar

the technology experts

www.techradar.com




a thing or two about a thing or two Edltﬂflal

MAXIMUMPG

EDITORIAL

Editor-in-Chief: Guy Cocker

Contributing Writers: Kerry Brunskill, Nate Drake, Nick
Evanson, lan Evenden, Emmanuel Fylladitakis, Jeremy Laird,

Chris Lloyd, Mick Peers, Nik Rawlinsan, Jacob Ridley, Zak Starey,

Jarred Wallton
Production Editor: Steve Wright
Editor Emeritus: Andrew Sanche:z

Ak |

Art Editor: Fraser McDarmuott

Photography: Nedl Godwin, Olly Curtis, Phil Barker
Cover Phato Credits: Getty Imaaes,. Scuf com, Future FLEC

BUSINESS

US Marketing & Strategic Partnerships: Siacy Gaines,
stacy.gaines@futurenel.com

US Chief Revenue Officer: Mikas Peralta,

mike. peraltadfuturemst com

Easl Coast Account Directer: Brandie Rushing,
brande. rushing@futurenet,com

East Coast Account Directer: Michasl Plump
muchael plumpldfuturénsgl com

East Coast Account Directar: Viclorin Sanders,
vicloria.sandersidfulurensl,.com

East Coast Account Directer: Melissa Planty,
melisss plantyidiulurensl com

East Coast Account Directer: Elizabeth Fleischman
glizabeth fleschmanf@iuturenet, com

West Coast Account Director: Austin Park,
austin. park@futurenst.com

West Coast Account Director: tack Mchulifie,
gk mcauliffeBfuturenst com

Director, Client Services: Tracy Lam,

tracy. tam@futuerenet.com

MAMAGEMENT

CED: Jon Sleinberg

MD Tech: Faul Newman

Broup Editer-in-Chief: Graham Barlow
Group Art Director: Warren Brown

PROGUCTION
Head of Production: Mark Constance
Senior Production Manager: Matthew Eglinton

Production Manager: Vivienne Calvert
Production Assistant: £Emily Wood

Future US LLC, 130 West 42nd Street,
Tth Floor, New York, NY 10034, USA, www Tufureus.com

INTERNATIONAL LICENSING & SYNDICATION

Maximoum PC s available for licensing and syndcation

To find out more, contact us at licensing@futurenet.com or

yiiEws our avaitabile content al wanw Tulureconltenthubs, com

Head of Print Licensing: Hachel Shaw, licensing@dfuturenst.com

SUBSCRIBER CUSTOMER SERVICE
Weabisile- wwew r||-'|5|.,|.:'|r|q'_-|j|| et com

Tel: BL4-77Y- 2822

MNew Orders: helpddm .,r|_;|.|.'|-"||“.|llr ecl.com

LCustomer bernce: helpidmymagarine. co.uk

HALK IS5UES

Wekbsite: https /it ly/mpesingleissus

Next Issue On Sale October B, 2024

EXTRA DIGITAL FEATURES

&

VIDED FILE

<)

AUDIO FILE PHOTO GALLERY

L 2024 Future US, Inc. All nghts reserved, Mo part of this
magazing may be used or reproduced without the written

parmission of Future US, Inc. lowner], All information provided Is.
as far as Future [owner] is aware, based on information correct af

the time of press. Readers are advised o contact manufacturers

and relaiers dmeclly with regard (o produd isfservices referred
to in this magazine. We welcome reader submissions, bul
cannot promise that they will be published or returned to you
By submiiting matersals to us, you agree to give Fulure the
royvatty-free, perpetual, non-exclusive right to publish and reuse
your submissian my any lorm, in amy and 21l media, and o use your
name and ather information in connection with the submission

u

£1-
il
= I-_llllI
e |

B

L5
e -."'l"‘;.
't 4

IT'S BEEN A STRANGE few months In
the world of PC building. As you'll
have read in these pages, Intel had
been quiet about a crucial flaw that
was discovered in its 13th and 14th-
gen CPUs, a flaw that was so serious,
some game developers said it was only
a matter of time before all those chips

became useless. Intel was fairly quiet
on the subject, which resulted in us

taking the affected models out of our
Blueprint systems at the back of this
magazine until we found out more.
Thankfully, Intel has acknowledged
the issue, rolling out system updates to
at least provide a temporary fix. They've
also extended the warranty on these
chips by two years, allowing users to
get a replacement if they experience
structural degradation. It's a bit of
peace of mind for me, as | use an i5-
14600K in my main system, but it still
feels annoyingly like theres a ticking
time bomb at the center of the desktop
PC | use every day for work and gaming.
|'ve never updated my motherboard
BlIOS as many times as | have in the last
few months, as Intel rushes microcode

fixes to manufacturers, who then roll
them out as firmware updates.

Then, just as we were going to
press, news hit of another vulnerability
in millions of AMD chips that could
compromise any systems using one,
especially as it would be undetectable
to virus and malware scanners.
Thankfully, it's difficult to exploit, and
AMD has again released firmware
updates that fix the Iissue via a

motherboard BI0OS update. Sadly, AMD
admits that some older chips won't
be updated, as theyre outside the
company s support window. You can
read about both issues in this month s
news section, starting on page 8.

RELIABILITY IS KING

Issue’s cover build. Our master builder,
Zak, has attempted to create the most
stable machine possible using an AMD
7900X 7th generation processor. The
bonus? Given the next-generation
J000-series processors are just
arriving [the first is our lead review on
page 74), the 7900X build has the added
benefit of being great value as well.
Zak's also taken this opportunity
to update some of our benchmarks,
including new Al-based ones for the
first time. It all begins on page 16. Be
sure to check out our video feature,
Story of the Build, a link to which you'll
also find on page 16. For those who like
to be more on the cutting edge, worry
not, as Zak should be back next issue
with our first AMD 9000-series build.
Elsewhere, we take a look at
averclocking on page 32—how to do it,
what sort of results you can achieve,
and whether it's worth doing in 2024.
Speaking of CPUs, with the launch of
a new generation from AMD and the
next from Intel landing imminently, our
expert Jarred Walton takes a deep dive
Into the next generation of processors,

and what makes them worth the
upgrade |or not). That's on page 50.

Finally, we have a whole host of
laptop reviews, from a budget offering
with fantastic performance, and a
creator's laptop thats anything but
boring, to the resurrection of the 18-
inch gaming laptop with absolutely
maxed-out specs—the sort of machine
we usedto call a desktop replacement’.

Enjoy the issue!

guyw

Guy is Maximum PC's editor-in-chief

FUTURE Connectors Given Intel's woes, | admit that 'd be  He built his first gaming PC in 1997 to
E,g{'r::f,, more comfortable buying an AMD CPU  play Tomb Raider on 3dfx, and has been
Makers right now, which is what's led to this obsessed with all things PC ever since.
:':' I : .I .'.|:. £ - — ..._I .'_I -..:.--. -.'.?;':;.-:- }::Etuﬂl:lllﬁ:g
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Intel's Raptor

MONTHS AGD, some gamers
in South Korea reported
problems with their unlocked

high-end Intel Core 19
processors, typically Core
19-13900K and 14900Ks.

While playing Tekken 8, the
game would shut down. More

reports emerged involving
other games, particularly

titles using the Unreal engine.
Chips were returned for
replacement. Underclocking
the chip slightly appeared to
fix things. Motherboards were
suspected of using overly
aggressive voltage settings,
while some claimed the chips
weren't capable of sustaining
the frequencies Intel stated. In

April, Intel issued a statement
that itwas "conducting analysis

of the reported issues”.

In May, Intel issued another
statement blaming the
motherboard manufacturers.
A BIOS update calmed down
the default settings, which

Intel claimed were not In
line recommended defaults.

Things improved, but the issue
never went away. Then, in July,
Intel released the result of its

investigations on the returned
chips. The problem was traced
to "a microcode algorithm
resulting in incorrect voltage
requests to the processor”.

It seems there was a
firmware bug all aleng, where

the chip asked for more power
than it could handle. The initial

BIOS fix lowered the strain
by lowering performance,
but hadnt addressed the
underlying problem. The
bug affects all Raptor Lake
chips with a TDP of 65W or
more, although it is only a real
problem for chips that are
pushed the hardest.

A microcode patch issued
in August should fix things.

However, the patch won't fix
damaged processors that have

been run beyond safe limits
and physically degraded. Intel
has offered to replace, under
warranty, damaged chips.
The standard Intel warranty is
three years. Intel has extended

this to five years for selected
chips. If you have a retail chip,

you should contact Intel. If
your chip is part of a system
then you must contact the

We don't know how many
chips it'll have to replace,
but it could get expensive

8 | muomme | ocT 2024
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Iheres a fix for crashing 13th and 14th gen desktop CPUs

It's fair to say that Intel hasn't
had a great time of late.

manufacturer. There is to be
no large-scale recall, no doubt
because it's an expense Intel
wants to avoid.

The replacement process
requires you to send a
picture of your chip for it to
be verified, and your credit

card details before it will ship
a replacement. Your card

is refunded after you've got
your new chip, and Intel has
received the damaged one.
Needless to say, that 1s far
from ideal. Unsurprisingly,
this has attracted the attention
of lawyers. A law firm is
investigating the possibility of
a class action lawsuit. There
have also been concerns that
some CPUs might harbor
invisible damage. While Intel
claims that currently stable
chips will continue to be so

after the patch, it's hard to be
certain about that.

Haptor Lake crashing has
been embarrassing for Intel.
We don't know how many chips
it'llt have to replace, but it

could get expensive, especially
If everybody who has their
Raptor Lake crash assumes
the worst, and requests a
replacement.

Intel has been here before
with the Pentium FPU bug,
which led to the first full-scale
processor recall, and cost
$475 million to fix back in 1994.
Thisisnt the anly problem Intel
has—its financial results for
the second quarter are in. The
company has lost $1.6 billion,
and doesn't expect the next set
of numbers to be much better.

This has prompted cutbacks
and restructuring. The bottom
line is the loss of 15,000 jobs,
and a $10 billion reduction
in expenses by 2025. Oh,
and the cancellation of
Intel’'s Innovation event in
September,andthe suspension
of its share dividend.

Intel s breakneck
development cycle was always

ambitious. It also missed
the rapid and profitable

development of Al hardware,
despite being among the first
to build neural network chips.
Intel is a big outfit, so it will
weather this for now. It still
has about 80 percent overall
x86 CPU market share, but it

needs to keep fo its release
schedule. The imminent

launches of the Lunar Lake
mobile and next-gen Arrow
Lake desktop CPU families
need to go smoothly. -CL
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NEW RTX 4070
VARIANT

NVIDIA'S GEFORCE RTX 4070 is a popular card in the Ada Lovelace

40series. It's the cheapest of what you might call proper’ gaming
GPUs in the Ada range, though it's still not truly affordable.

The RTX 4070 was joined by a zippier Ti, Super, and Ti Super
versions. Now, we are to get a new variation of the vanilla RTX
4070. The new card swaps out the GDDR&X memory used in all
4070 or higher series cards for reqular GDDR&, as used in the
4060. As far as we know, everything else remains the same.

The change means 20Gb/s modules with a maximum
bandwidth of 480 GB/s, rather than 21Gb/s and 504GB/s.
Performance is expected to drop by a sliver. Rumor has it that
a batch of Micron GDDRé&X modules failed quality control, leaving supplies tight. The
new card keeps the 4070 available, while GDDR&X modules are saved for the 4080 and
4090 cards. If you are in the market for a regular 4070, read the technical specifications
carefully. Here's hoping the slower memory at least makes for lower pricing. -CL

ZEN 5 HITS 6GHZ

SOMEONE GOING BY Skatterbencher’

has been overclocking AMD's new

Zen 5, and pushed a Ryzen 7 9700X

to 5.8GHz on single-core. This

Is impressive, as it has a Fmax

[frequency maximum] limit of

5.55GHz. He also reached 6.0Ghz

using AlQ water cooling. Much of

this was achieved via AMD’s Precision Boost Overdrive 2 toolkit.
Meanwhile, the Zen 5 halo chip, the Ryzen ? 9950X, has received a

lukewarm reception. The $649 16-core chip is no slouch, but not fast enough

to match Intel’s current finest, the Core i19-14900K.

Games, by some measures, are barely one percent faster. Multi-core
productivity is decent, but for a top-dog chip, it failed to enthrall many early

reviewers, and AMD's Zen 5 launch has fallen a little flat. See what we think
of its sister chip, the Ryzen 7 9700X, on page 74. -CL

Tech Triumphs and Tragedies

A monthly snapshot of what's good and bad in tech

-

TRIUMPHS TRAGEDIES
'/ MAGNETIC GATES ARIZONA FAB WOES

Production at TSMC's Arizona
plant has slipped. Practices
like 12-hour days have not
gone down well.

A paper has suggested that
magnetic tunnel junctions
could be used as faster and
more efficient transistors.

DON'T TAKE Al SERIOUSLY
Microsoft updated its Service
Agreement to remind that Al is
not “to be used as substitutes
for professional advice”.

MASSIVE DRIVES

SanDisk has revealed the
worlds first 8TB 50D card, and
16TB external S5D drive.

'{  CONSOLE COLLECTION
A retro gaming enthusiast

has connected 444 consoles
to a single TV—a Guinness
world record.

RAM TO GET EXPENSIVE
High-bandwidth memaory
demands mean DRAM
production is scaling back.

LAKE GETS
BENCHMARKED

Engineering samples
arent impressive

AFTER THE STOP-GAP that was Intel's
14th-gen chips, we await the real next
generation of desktop processors: Arrow
Lake-5, or Core Ultra 200. We get a tile
design, Intel's new 20A process node, a
new socket, backside power delivery, and
more, Launch is rumored to be October 10,
and chips a few weeks later. We expect 14
SKUs, and the specifications of 12 of these
have appeared so far, divided into three
groups with TDPs of 125W, 65W, and 35W.

The top specification we know of is the
Intel Core Ultra 9 2B5K. This has eight
performance cores and 16 efficiency

cores, while the base clock on the P-cores
Is3.7GHz, with a boostto 5.4GHz, or 5.7GHz

on a single cores. The lowliest chip so far
Is a Core Ultra 5 255F, which still packs six
P-cores with a maximum boost of 4.7Ghz.
The upper mid-range Core Ultra 7
260KF with eight P cores and 12 E cores
manages a Geekbench 6 single-core score

of 3,219. This compares well with the Core
19-14900K at 3,088, though does not imply

a huge step in |IPC for the new core design.
The multi-core score of 19,433 is slightly
slower than the i9-14700KF chip the 265KF
replaces, and shares the same core count.

Back in the mid-range, the Core Ultra
0 245F has been tested using Geekbench

9, and looks more impressive. It managed
2,248 on single-core, and 18,354 on

multi-core. This is a 125W 6+8 chip with a
maximum boost of 5.2GHz. It manages to
roughly match a Core 19-13900K, the top
chip from two generations ago.

Power consumption for Arrow Lake
Is rumored to be about 100W lower than
the equivalent Raptor Lake chips. Luckily
for Intel, AMD's Zen 5-based Ryzen Y000
chips are themselves a bit disappointing,
so Arrow Lake has a chance. But it has
to be stable, given the train wreck that is
Raptor Lake’s recent reputation. -CL
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MONOPOLY

So says the Department

of Justice, but now what?

GOOGLE'S RISE o search engine dominance

has been rapid. It has even become a
transitive verb, and been added to the

dictionary. Any company with such a grip
on a market faces legal troubles, but this
latest one has landed hard.

The DoJd has ruled that Google has
violated antitrust laws, effectively
becoming a monopoly for internet search
servicesthroughillegal practices, violating
Act 2 of the Sherman Act. The ruling opens
the way for legally enforced measures to
restrict the monopoly. It was also hailed

as a historic win for the American people”

by US Attorney General Merrick Garland.
The White House press secretary said

Americans Deserve an internet that is
free, fair, and open for competition”.
What's next is unclear. Among the
options are divesting parent company
Alphabet of the Chrome browser. The
ownership of Android is also under review,

given how it allows Google a tight hold
over any smartphone that isn’t from Apple.

Untangling such assets from their parent
company won't be easy.

Another possible measure is the ending
of payments made to Apple and Moazilla
for Google to be the default browser
search engine. These are not insubstantial

sums—Apple currently gets $20 billion
a year. Compelling Alphabet to share ad

data is also under review. More practical
measures include stripping away some of
the advertising revenue.

As with all such cases, things move
slowly. Google has enough influence and
money, to fight vigorously and effectively,
so the search engine isn't going anywhere
in @ hurry. But Alphabet has been judged
to have broken the law, which has to have
ramifications. However, they won't be
quick, and it probably won't really be what
Alphabet really deserves, either. -CL
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Geekbench Al 1.0
PRIMATE LAB'S GEEKBENCH IS one of

the biggest benchmarking tools going.

However, the rise of Al means there's a
gap in our assessment of PC performance.

Enter Geekbench Al 1.0: a cross-platform
benchmark that uses real-world machine
learning to provide some hard numbers.

It runs ten Al workloads, each with

e

three data types, and gives single-precision, half-precision, and guantized
scores [32-bit, 16-bit, and 8-bit]. Tasks include object detection, image
classification, and image upscaling. It tests CPUs, GPUs, and NPUs, and

runs identical tests on all hardware.

The point of reference is a Lenovo ThinkStation P340, which runs a Core
17-10700 processor. This is rated at 1,500. Version 1.0 supports a number
of Al frameworks [the basic Al structure used to create the models]. These
include OpenVINO, ONNX, Qualcomm QNN, Samsung ENN, and Core ML.

Geekbench Al has been in development since 2021 under the name
Geekbench ML. This initial release is expected to be rapidly updated as Al
systems evolve. Speed isn't everything, however—accuracy is a factor, and

Geekbench added the new accuracy measurements for more holistic scores.
Putting a hard number to PC performance isn't easy, as Primate Labs

founder, John Poole, posted: Al takes this problem and turns up the
complexity dial to 11°. Geekbench won't tell us which Al implementation
gives the best summaries of text, or the most artistic images, but does give
us a point of reference for comparisons. If you want to see how much Al
horsepower you re packing, Geekbench Al is available for download now,

and the results list 1s up and running. =CL

Cheap AMD
V-Cache

Often,thefirstwe hearofachipisin
a product database, or documents
seeking regulatory approval
before official announcement.
This Is where we are with the
AMD Ryzen 5 5500X30. It's not a
guarantee of existence, but it has
appeared in paperwork for the
Eurasian Economic Commission.

The new arrival is a Zen 3

chip for AM4 socket boards,
proving AMD’s commitment to

older standards. It has six cores,
12 threads, and a base clock of
3.0GHz, plus a top boost speed of

4.0GHz. It also has AMD's secret

weapon for gaming goodness,
V-Cache, which layers a fat 80MB

of L3 over the cores for a total
of 96MB. It has a slightly lower
clock than the standard Ryzen
5 5500, but that extra L3 should
compensate. The Ryzen 7
5700X3D launched at $249 and
is now available for $200-229.
The 5500X3D should be cheaper,
making it a budget gaming rocket.
-CL

China's H100
Al Rival

Huawei is testing its new Al chip,
the Ascend 910C, pending full
launch. The 910B sold well, as

Chinese firms had little choice—
thanks to trade sanctions, they
can't [legally) get Nvidia's storming
H100 chips. The fastest Al GPU the
US government allows for export
to China is the Nvidia H20. This has

only 41 percent of the H100's core
count, but China is expected to buy

$12 billion of them.

The Ascend 910C is Huawei's
answer, and early reports claim
it is ‘about’ as fast as the H100. A
bold claim, perhaps, but adversity

is the mother of invention, and US
sanctions have been in place since

2018, providing plenty of incentives
to accelerate chip development.
The 910B sold about 550,000
units in China, despite some
technical defects, against the
H20's million plus. Eventually,

China will be able to produce
better chips than it can import

under restrictions. That's surely
just a matter of time. -CL
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Intel issues fix for Raptor
Lake degradation

HIS YEAR, | wrote about difficulties | was having with a Core

|‘? 139UDK prDL‘:ESSDr‘ lsee MPC230 Tech Talk]. Little did we realize that
we were only seeing the tip of the iceberg. While most complaints have
involved the unlocked Core 17 Raptor Lake CPUs, it appears the instability

problems build up and potentially impact many Raptor Lake—13th and
14th Gen Core—CPUs, with Intel identifying 22 different desktop parts.

Everything from the Core i5-13600K and above
rated for more than 65W base power, including i7
and i7 65W chips, is affected. That means T-class
parts should be fine, as well as vanilla models like
the Core 15-144600, but popular unlocked K-class
processors are impacted. There are also reports

of problems extending to server and laptop parts.
Intel has a microcode fix that has bequn rolling

out via BIOS updates. It supposedly targets the
root cause, but if your CPU has already showed
problems, there's no fix other than replacing it.
Intel isn’t Issuing a recall, but | can smell the class
action lawsuits. However, it has extended warranty
support on the affected CPUs by two years. The

official statement reads, in part: "Intel’s current
analysis finds there is a significant increase to the
minimum operating voltage [Vmin] across multiple
cores on affected processors due to elevated
voltages. Elevated voltage events can accumulate
over time and contribute to the increase in Vmin
for the processor. The latest microcode update
[0x129] will limit voltage requests above 1.55V
as a preventative mitigation for processors not
experiencing instability symptoms.”

Our understanding is that this goes back to the
integrated voltage regulator [IVR] in Raptor Lake
CPUs. Modern processors are designed with some
‘Intelligence when it comes to voltages and the IVR

Raptor Lake processors from the
Core i5-13600K up to the Core i9-
14900K are potentially impacted
by voltage spikes.

monitors functioning of the chip,
and can increase the delivered
voltage. Two chips of the same
CPU model can have small low-
level differences, so having the
hardware detect what's required
and adjust normally works. But
Raptor Lake may have pushed
clock speeds and voltages too far,
and when the IVR sends higher

than expected voltages, the result
appears to be a cascade effect.

Over time, the effect can cause
the IVR to slowly increase the
baseline voltage. But the spikes
continue, further degrading the
CPU structures, then the IVR has
to keep edging upward on voltages.
Eventually, it reaches the critical
Limit, at which point you basically
have a paperweight CPU.

That seems to be what happened
to my 13900K. Eventually, the chip

reached the point where | couldn't
install Nwvidias GPU drivers,
and other applications began
misbehaving. A clean install of
Windows 11 crashed before | could

get things up and running. At that
point, | had to RMA the CPU.

The new chip has been working
fine. Intel also says that the
microcode  updates shouldn't
affect performance—this s
about limiting voltages, and high
transients weren't helping. Future
CPUs should also be unaffected—

these issues appear to be specific
to the Raptor Lake generation. But

the damage to Intel's reputation
will be harder to overcome.

| can't help but think some of
this goes back to motherboards
pushing the limits a bit too far. One
PC vendor, Puget Systems, even

says that it hasn't noticed any clear
indication of problems with the

Raptor Lake systems it shipped,
but it also notes that it applied
more limited power profiles
than other companies. Don't be
surprised If future Intel chips
come with more strongly enforced
power and voltage limits to prevent
similar problems from occurring.

Jarred Walton has been a

PC and gaming enthusiast
for over 30 years

OCT 2024
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4B HEST MOUSE PADS FOR GAMING

[HE BEST M offer slick movement and
awesome aesthetics, no matter what surface you
prefer. At the most basic level, you want something
that offers a smooth and precise surface for your
mouse, which thankfully can be bought for not much
more than a couple of coffees. Beyond that, you
might want features like USB passthrough, RGB
lighting, and maybe even less of a mouse pad and
more of a deskpad. Here are our favorites.

There's not much
to say about the Corsair
MM100, but it's that sort
of simplicity, and its low
price tag, that we like. If you
want a nondescript black rectangle with minimal
branding that your mouse will glide across, then
this I1s your pad. It's smooth on top and rubberized
on the bottom. The only downside is there's no
stitching on the edges, so repealted scuffs can

cause some frays. $10 www.corsair.com

If you're the sort of person who feels
constrained by a traditionally sized

mousepad, then why not try a deskpad? NovelKeys

does a lot of custom designs based on themes like
Ghostbusters or Star Wars, but they feel good to use

and last a long time. Most mouse pads come in at an
accommodating 700 x 400 x 4mm size, with a rubber
bottom, cloth top, and outer edge stitching to match.
£13-75 www.novelkeys.xyz

Think of this as a hybrid mouse pad,

offering the flex and soft finish of a fabric
mat with the stick-to-itiveness and glide of a more
rigid model. [he reason we love it Is the anti-slip
rubber base that clings to your desk, with zero
chance of lateral movement. For a no-fuss and
well-made pad, look no further than this.
$50 www.razer.com

Nothing compares to a solid, hard surface
mousepad when it comes to pure speed

and low tactile resistance, and thanks to Logitech,
you don't have to pay the earth to get those things.

There are lots of different hard surfaces available,
but we like the simplicity and ultra-smooth surface
of the Logitech G&440. The polyethylene surface
features microtextures that offer the perfect
amount of resistance, providing just the right level
of feedback without any excess noise.

$20 www.logitechg.com

There's no finer a mouse surface than the

Razer Firefly V2 Pro, a hard-top mat that also
comes with some very alluring RGB lLighting. Of
course, you don't need the latter, but you'll love the
way your mouse moves as if it s a hovercraft. It's
also easy to wipe down and clean with a damp cloth.
This is the best mouse pad we ve ever used.
$100 www.razer.com
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Jeremy Laird

RADE CHAI

AMD's turn to
drop the ball?

WITH INTEL'S RAPTOR LAKE CPUs falling over, the company firing around
19,000 employees, and cancelling its 2024 innovation event, AMD must
have been enjoying the view—until its new Ryzen 9000 desktop CPUs
rolled out. So, is AMD’s CPU a minor stumble or game-changing fumble?

When it comes to CPUs, as opposed to GPUs,
AMD just keeps on rolling. The first Ryzen-
branded CPUs launched way back In summer
2017. Admittedly, the Ryzen 1000 family and its
Zen architecture didn't immediately put AMD in a
leadership position, but it was far more competitive
than the chip it replaced.

From there, AMD iterated, improved, and
generally delivered. Each new Ryzen generation

was an unambiguous step up from its predecessor.
Okay, some were more impressive than others, but

there were no significant missteps.

That's impressive, but it arquably comes to
an end with the new Ryzen 9000 generation.
Certainly, Ryzen 9000's new” Zen 5 architecture
Is disappointing by pretty much every measure.
When it comes to IPC or instructions per clock, it's

essentially a single-digit percentage improvement.
Sure, any improvement is welcome, but if this

was typically the pace of improvement, imagine
how many generations, and more to the point,
years, youd need for the kind of unambiguous
upgrade that you can really feel in the real world.
Speaking of real-world performance, some
games actually show a regression in performance

versus Ryzen 7000 CPUs—not by enough that
you d notice, and only in a few titles—but it's hardly

indicative of a really successful new CPU design.
There's talk of issues around internal latency

impacting performance, but whatever the reason,

there's no getting round the fact that Ryzen 2000

i a bit of a disappointment. That's
doubly true when you consider that
AMD is sticking with the same core
counts as before.

Put it this way, in a blind test,
there's no chance you d be able to
feel the difference of an upgrade’
to Ryzen 9000 in games, or any
other application. In mitigation, the
new chips can be quite a bit more
efficient in some scenarios. That's
going to be a tangible benefit for
server applications, and it will
probably be enough to maintain
AMD's steady erosion of Intel's
market share.

Back in the PC, it's not worth all

that much. What s more, the Ryzen
9000 doesnt seem to be fully

baked at launch. As | write these
words, it's not officially confirmed,
but it looks like AMD is going to
release a microcode update that
may actually increase the TDP
of certain models in the new

7000 range.
If that helps put some air

between the new processors and
last-gen chips, it will be welcome.
But honestly, customers shouldn't
have to worry about updating their
CPUs weeks after buying them.
Likewise, AMD was under no
pressure to roll these new CPUs
out, and it must have known how
they performed and that little to no
improvement in many benchmarks
was hardly going to be met with
widespread applause.

AMD 1 :

RYZe=N

9000 Series

Just when AMD was sprinting into

Intel territory, it has fumbled with
the new Ryzen 9000 CPUs.

it all feels a little like the AMD
of old; the one that struggled to get
almost any new CPU generation
out the door without tripping itself
up in the process. So far, it's not
really a disaster, and | have a hunch
that AMD is actually going to get
away with this one. For starters,
youd still buy AMD rather than
rolling the dice on an Intel Raptor
Lake CPU that may or may not
truly be fixed by Intel's own
microcode patches.

The real test of whether Ryzen
2000 and Zen are a flop will come
in @ month or so when Intels

own new CPU, known as Arrow
Lake, is due to appear. But all the

indications are that Arrow Lake,
like Ryzen 9000, is a disappointing
step over existing CPUs. If so,
Ryzen 9000 will be competitive
in performance terms, and won't
suffer the reliability concerns that

will lumber Intel CPUs for a while
to come.

And yet, Ryzen 9000 i1s a pity
for AMD, To mix my sporting
metaphors, just as it has Intel on
the ropes, AMD has fumbled the
ball. Maybe It wont matter. But
maybe, just maybe, it will give Intel
that little bit of breathing space it
needs to get back in the game.

51X raw 4K panels for break
fast, laced with extract

of x86... Jeremy Laird eats
and breathes PC technology

OCT 2024
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Access web vault

| read with interest your
advice on how to use your
WireGuard VPN to make it
possible to take sensitive
services offline’ by making
them accessible only through
your network. My only

disappointment was that it
prevents me from accessing

my Vaultwarden web vault
remotely due to the issue
with https. Is there really no
workaround for this?

—Sean F Maxfield

THE DOCTOR RESPONDS:
The Doc has done some

extra digging and found one
workaround you can use

involving a domain name you
own. The Doc assumes that

you've followed our previous
tutorials on configuring
subdomain redirection using
Nginx Proxy Manager, and
that in this instance you
have a subdomain [such as
bw.domain.com) set up with

an SSL certificate already
attached to it.

In the short term, all you
need to do is instruct your
domain provider to point
your subdomain to a local IP
address instead of having
it redirect to your public

IP address. Log into your
domain provider's control

panel and locate the entry

THIS MONTH THE DOCTOR TACKLES...

> Music streaming
> Switching to Linux
> Duplicate removal

you created for bw.domain.
com. Delete this and then
create a new ‘A record’
[not ‘A+ Dynamic DNS
Record’] for bw.domain.
com, pointing to your proxy
server’'s local IP address

[such as 192.168.0.1). Leave
your existing proxy server

redirection in place—don't
disable or delete it.

This means any device
attempting to connect to
bw.domain.com is redirected
to 192.168.0.1 on its own
local network, which means
the domain only works when
anyone is connected at
your home or through your
Wireguard VPN server.

This leaves one
problem: When the time

comes for Let's Encrypt
to renew bw.domain.
com’s SSL certificate, the
HTTP challenge will fail
because it can't access
your Vaultwarden server

via your domain provider.
The band-aid approach

would be to temporarily
redirect bw.domain.com
back to your public IP
address from your domain
provider's control panel.
Run the SSL renewal again

from inside Nginx Proxy
Manager—after it succeeds,

redirect bw.domain.com
back to 192.168.0.1 until the

S5L certificate next needs
renewing in 90 days’ time.
If you're feeling brave,
there's a potentially
permanent fix you can try.
This involves creating a
wildcard SSL certificate

[*.domain.com] that
can be linked to all your

subdomains, including
bw.domain.com. The
problem with this approach
is that you need to configure
your setup to allow a DNS
challenge instead of an
HTTP one, which is more
complicated. Visit https://
letsencrypt.org/docs/
challenge-types/ for more
details of this approach.

If your domain/DN5S
provider is listed, obtain
the APl token following your
provider’s instructions, then
log back into Nginx Proxy
Manager, switch to the SSL
Certificates section, and
click Add SSL Certificate’.
Type *.domain.com’
[replacing domain.com with
your own domain] and flick
the ‘Use a DNS Challenge’
switch on. Now select your
domain provider from the
drop-down menu and input
details of the required API

token as shown. All being
well, on clicking Save’

youre granted a wildcard
certificate you can use not

just for Vaultwarden but any
other services you'd like

to take ‘offline’ in a similar
manner going forward.

Cheap music streamer
Can you suggest a cheap
solution for streaming

music on my network? I'd
like to cannibalize existing

components like my hi-fiif
possible. —James D Gusman

THE DOCTOR RESPONDS: The
Doc is a long-time fan (and
user] of the open-source
Logitech Media Streaming
platform. It's recently been
renamed Lyrion Music
Server [https://lyrion.

org) with a user interface
refresh, but the underlying

tech remains the same. It's a
three-tier structure: server,
controller, player.

You can run the server
on any hardware, including
your main Windows PC
or self-built NAS server

running Linux [either
natively or through Docker/

Podman). Full instructions
and downloads can be

found on the website under
‘Getting Started’, but if
youre a Podman user, the
following should get you

up and running [adjust the
-v' lines to point to your
personal folders as needed):

N submit your questions to: doctor@maximumpc.com
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podman run -it -d \

-name=lms \

-net=host \

v "fhome/yourname/
container-data/logitech/
config*."/confighrw \

-v "fhome/yourname/
Music":"/music™ro

-v ‘tThome/nickdanp/
container-data/logitech/
Playlists";"/playlistrw\

v "fetc/localtime®:"/etc/
localtime™:ro \

v "fete/timezone®"fetc/
timezone*:ro\

docker.io/lmscommunity/
lyrionmusicserver.dev

You then access the server

through a controller, which
can be any web browser
via http://192.168.x.y:9090
[substitute x.y with your

server's |P addressl, a
mobile app or dedicated

piece of hardware, such
as a Raspberry Pi with
a touchscreen.

The controller can be used
to direct output to any player
on your network, from your
phone or tablet to Bluetooth
audio receivers and Logitech
Squeezebox devices you
might still have gathering
dust somewhere. You can

also build a dedicated music
player to output through

a hi-fi—we recommend
pairing a Raspberry Pi of
any vintage with a suitable
audio DAC. For example, you
can source a Raspberry Pi
Zero 2 W with pre-soldered

headers, HiFiBerry DAC+
ZERO with phono connectors

and essential extras [case,
microSD card, and microUSB
power supply] from www.,
pishop.us for under $75

plus shipping. Pair this

with PiCorePlayer [https://
picoreplayer.org) and you
have yourself an audiophile-
friendly player.

Ditching Windows

I'm fed up to the back teeth of
Microsoft's ever-increasing
assault on privacy. I'd like

to switch to Linux full time

but am aware many Key apps
don't come with Linux builds.

What would my options be if |
wanted to force this switch?
—Ann Reyes

THE DOCTOR RESPONDS: We

feel your pain, Ann. Without

serious pushback, Microsoft

will simply continue to

poke its nose further into

Windows users activities

to monetize them. Linux is

the ultimate antidote to this,

but the problem is finding

a practical workaround for

apps that won't run in Linux.
Attempts to emulate

Windows directly through

a genuine open-source 0S
have resulted in React05

[https://reactos.org). Sadly,
this has never developed
beyond the alpha stage

and while you might like

to play with it in a virtual
environment, it's not suitable
for use on a daily basis.

This leaves you with
mac0S or Linux. The former

requires an expensive outlay
on Apple gear, but you'll
find more native support
for popular apps like Office.
Linux is completely free,
but your first job will be to
choose a suitably accessible
flavor—we recommend
Ubuntu or an Ubuntu-
derivative such as Linux Mint
[www._linuxmint.com] or
Zorin 0S [https://zorin.com]
for Windows switchers.
From here you then see
if you can source usable
open-source alternatives
to any core apps that aren't
supported in Linux, such as
LibreOffice Iwww.libreoffice.
org| or GIMP [www.gimp.
org). Where none can be
found, try Wine [www.
winehgq.org] or one of its
more user-friendly front
ends, such as CrossOver
($60 after free trial, www.
codeweavers.com) to see if

your app can be run using a
Windows compatibility layer.

You'll typically have
more success with older
versions of apps, such
as pre-2016 flavors of
Microsoft Office as well as
the Windows build of Steam,

which opens up access
to many Windows-only

games found on the Steam
platform. Use CrossOver's
compatibility database
lwww.codeweavers.com/

compatibility/] to see what
might be possible.

Your final option is to set
up avirtual machine inside
Linux using VirtualBox
(www.virtualbox.org], inside
which you'd set up a Windows
installation to continue
running those apps that can't
be emulated or replaced.

Tenacity vs. Audacity
In Nate Drake s otherwise
excellent article on Audacity

3.5, he talks about the
privacy issues surrounding

the program and mentions
Tenacity as an alternative.
However, he didn't specify
the key differences between
the two. Does Tenacity follow
Audacity releases, or has it

forged its own separate path?
—Frank S Lauber

THE DOCTOR RESPONDS:
Tenacity's own history is
complex as it was one of
several Audacity forks
made after the Muse Group
acquired Audacity in April
2021. Within a year, most of
these—including Tenacity
itself—had virtually ceased
to function. Eventually,

two other projects merged
with Tenacity to resume

development. However, at
time of writing, the project
hasn’t been updated in over
nine months, following the
minor 1.3.3 release.
According to Tenacity's

own release notes, its
first major stable release

[1.3) compared itself to
Audacity 3.1, released in
October 2021. Since then,
Audacity has rolled out five
major point releases, each
containing new features. For

example, version 3.6 added
support for master effects

as well as a new compressor
and Limiter. In other words,
despite the controversy over
privacy, Audacity has evolved
significantly in positive ways
since the Muse Group first
took control.

Visit https://support.
audacityteam.org/

additional-resources/
changelog/older-versions
and make a note of the new

features added since version
3.1 to help determine which
app you wish to use. As

Nate states, you can always
configure your firewall to

block Audacity s access to
the Internet if you don't trust

it, although you lose access
to its new cloud saving
feature if you do.

Consolidate folders
I'm looking for a tool to go
through folders and strip

out duplicate and visually
similar photos. Most of the

tools I've seen come with a
price tag attached - can you

recommend any freebies?
—Mary Martelli

THE DOCTOR RESPONDS:

There are several free
duplicate image finder tools,
but one of the simplest is
Awesome Duplicate Photo
Finder [www.duplicate-
finder.com). Select one or
more folders, click Start
Search’, and wait for the
program to run through the
folder—you're shown how
many photos have been
found and scanned, and the
number of visually similar

images that have been found.
Once the scan is complete,

a list is shown in the bottom
pane. Check the Similarity
column, which gives each
match a similarity score—
the higher the score, the
closer the match. Click the

column header twice to sort
the results with the closest

matches shown first.
Select the top entry and
you'll see a preview of each
image, complete with image
stats [such as resolution,
size, and file type). You'll

also see options to move the
file elsewhere, delete it, or

browse the parent folder
should you need context
about this particular copy of
the photo.

Other tools offer more
options, such as setting
protected’ folders, but add

complexity—our favorite
alternative is AntiDupl,

which is also free and open
source (https://github.com/
ermig1979/AntiDupt).
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CPUs unmasked

Phantom of the Opera

CPUs Unmasked

Zak Storey explores why Zen 4 might be the best CPU generation to date

LET'S FACE IT, this industry isn’t exactly
one that has avoided controversy over
the years. The PC enthusiast landscape
has always been riddled with, let’s call

them, Issues. In fact, right now, were
witnessing one of those very moments

rising up again, and most notably, that
comes in the form of Intel's hiccups
[putting it politely) with its 14th and 13th
generation of processors. The TL;DR is
that the manufacturing process in the
13th generation chips potentially led
to oxidization across certain transistor

gates, leading to CPU malfunction,
and the 14th gen's micro-code, under

extreme load and voltages would actively
cause the chip to deteriorate with no
hope of recovery once the damage had
been done. All of this only came to light
after extensive investigations by some
seriously admirable media and B2B
partners [thank you, Gamer’'s Nexus).

Intel has aggressively pursued
micro-code tweaks since the first
acknowledgement of its 14th-gen

stability faux pas, and as such, the chips
themselves ‘should” be more stable,
and less likely to commit seppuku on
themselves under heavy loads. That
said, it's not guite done yet, and we're
still expecting a BIOS tweak in the
coming weeks. If your 14th-gen chip Is
having problems, please get in touch
with Intel's customer support directly,
and they should be able to help you out.
As we've already had one major round
of BIOS updates, forcing motherboards
into an ‘Intel recommended’ voltage

config, and with micro-code updates
landing in just two weeks time, we've

decided to do a two-parter this month:
one build comparing Intel’s current 14th-

gen state against Ryzen 7th gen under
these new parameters, and one build

next month, still comparing the same
14th-gen build, but now with the new
micro-code changes, with Ryzen 7000 as
our feature build as well.

To round out our performance
analysis, were also taking this
opportunity to launch the Maximum PC
System Benchmarking Scheme 2.34.

We've massively overhauled our testing
for PC builds, and moving forward,

we’ll be going from 10 to 50 data points
across 20 different tests. Each system
tested will include everything from
storage results, in-depth CPU analysis,
Al inference benchmarking, temperature
and power draw figures, along with
1080p and 4K gaming results, to give all
of us a far better picture of just how well
these systems perform. So with all that
said and done, let’'s jump right into what
parts we've picked for [possibly] our final
ever Ryzen 7th-generation PC.

SPECIFICATIONS

Part Price
CPU AMD Ryzen 9 7900X $359
Mobo  NZXT N7 B450E Motherboard -~ $290
CPU Cooler NZXT Kraken Elite 340 $300
RAM * 32GB (2x16GB) Kingston Fury Beast DDR5 @ 6,000 MT/s  $110
N e e e <
ssbz  4TB Western Digital SN5000 M.2 PCle 4.0 SSD ' $280
ﬁﬂl | AMD Radeon RX 7800 XT $510
Caii " NZXT H7 Flow RGB 2024 $150
PSU | 1000W NZXT C1000 BD+ Gold $180
Fans i 2x NZXT F360 RGB Core Frame .. %140
Total Price | | $2,429
Core Price" | $1,379

"Core Price refers to the key components generating performance [CPU, GPU, Moba, 05 S50 1, RAM), not accessornies.

PRICES CORRELCT AT THE TIME DF PUBLISHING
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CPUs unmasked | **

GREAT EXPECTATIONS

cPU
AMD RYZEN 9 7900X

www.AMD.COM

What we ve seen from early looks at  It's also remarkably cool, with a
the 9700X and 9600X doesn't fill us relatively low power draw, along
with much hope in terms of massive  with some impressive efficiency.

IPC jumps. That makes the 7th gen If gaming or single-core prowess
an increasingly interesting value IS more your thing, you may opt
proposition right now. For $359, you  for the 7900X3D with its expanded
can pick up the 7900X, complete V-Cache lgoing from 64MB of L3 to
with 12 cores, 24 threads, and a 128MB), but that is $35 more than
maximum boost clock of 5.6GHz. this little number. » $359

RAM
32GB (2X16GB) KINGSTON FURY
BEAST DDR5 @ 6,000 MT/S

WWW.KINGSTON.COM

Ryzen's Infinity Fabric Boost the controller’s speed,

is AMD's name for its and wham, faster CPU.

interconnect that surrounds Once Ryzen 7th gen

each CPU’'s core complexes, hits above 6,000 MT/s,

joining them together and the memory controller

transferring data. In the frequency decouples from

early days, when Ryzen had RAM speed, and we're

a larger number of CCDs, well into the realms of

that interconnect improved diminishing returns. That's

its performance and reduced whywe've gone back to CPU COOLER We have another NZAT pick this

the latency between those Kingston's super-budget moanth, this time in the form of the

CCDs, allowing them to 6,000 MT/s kit. 32GB is N Z XT KQ& KE N Elite 360 RGB. Let's be up front—we

communicate faster. plenty for what we need, E \_ﬂ_ E 3 6 O RG B actually requested a slightly cheaper
Today, although our Ryzen and that 6,000 MT/s speed WWW NZXT COM model from NZXT, but unfortunately,

processors have fewer CCDs, under EXPO makes thisa ' ' press samples were limited at the

they still have them. The surefire pick to maximize our time [not helped by an aggressive

7900X has two. Similarly to Ryzen potential. - $110 deadline], so for $300, it's a lot for a

previous gens, that Infinity cooler of this caliber.

Fabric is tied to the speed
of the memory controller.

It's still great, of course. You get
that LCD display, decent RGB fans,
and plenty of capacity, but if you
wanl to save a bit of cash, it may be
smarter to grab the standard Kraken
360 ($180) or Elite 3460 non RGB
[$247), both of which shave off some
serious cash, and you still get a fancy
display in the middle of them for all
the stats or GlFs you can muster.

That's not to say the Elite 340

RGB is bad, of course [it isn’t, and
were more than happy to feature
it herel, as it still packs in an

awesome pump, and a slightly

slicker display than the other

units, along with those RGB
fans as well. » $300

18 | wmuowwe | ocT 2024



MOTHERBOARD Looking for a solid AMD PCle 5.0 support for the GPU and
NZ ><T w7 motherboard with a decent feature the top-most M.2 PCle S5D slot (we
set and clean aesthetic? This might triple checked). You also get 2.5G

BBBDE just be the ticket. NZXT s N series Ethernet, WiFi1 6E, and Bluetooth
W of motherboards have always 5.2, along with an arsenal of USB
w -NZXT.COM impressed us here at Maximum PC 3.2 Type C and 2 support, and a not
lwhen we're not getting the PCle unreasonable rear |/0, complete with
configurations mixed up), and the Bx USB Type A, 1 USB Type C, 5.1
B&450E s no exception. Audio Out with S/PDIF, Clear CMOS

With a beautiful, crisp, armor- and BI0S Flashback buttons, and
plated finish, available in black or an HOMI port. Honestly, how good
white, it also stacks in support for s this B650E, and why is it better

DDR5 up to 7,200 MT/s, along with equipped than the 2790 board? » $290

SSD 1

118 SAMSUNG
990 PRO M.Z
PCIE 4.0 SSU

WWW.SAMSUNG.COM

The 1TB Samsung 990 Pro is still a bit of a beast, even compared to
PCle 5.0 standards. We'll talk a bit more about this later on, and just
how close it gets to topping Crucial’s T700, but the long and the short
of it is that its Random 4K performance is outstanding. Combine that
with some exceptional software through Samsung Magician and a
decentlish] warranty, along with 1.5 million hours before failure rate,
and it's a solid pick, certainly at that price. You can even get it with a
heatsink if you want, although it's more than comfortable operating
all the way up to 70 C, which would be seriously toasty for a 4.0 drive
under a thick, integrated heatsink. - $110

S50 2

41B WESTERN GPU
DIGITAL SN5000 AMD RADEON

M.Z2 PCIE 4.0 SSD =X /800 XT

WWW.WESTERNDIGITAL.COM WWW.AMD.COM
At the other end of the spectrum, The Radeon RX 7800 XT represents
we have WD's latest SN5000. Still surprisingly solid value. AMD has
under that PCle 4.0 standard, and come a long way with its FSR tech,
with a five-year limited warranty, and the upscaling Is potent in a
unlike the Sammy drive this thing number of titles, so Nvidia and Intel
can skyrocket up to 85 C, and has cards can take advantage of it. It's not
the added bonus of a 1200 TBW a patch on DL5S or Nvidia's Al Frame
before failure rate, too. Generation tech, but can lead to some
The big element? The pricing, serious frame-rate improvements
WD currently have these on sale without sacrificing much quality.
for just $280—that's around $70 Core spec is solid, clock-speeds
a TB on a single, highly reliable top out at 2.43GHz, it's got 60
drive, with plenty of sequential compute units, comprised of 3,840
and random 4K performance to stream processors, 96 ROPs, 60 ray
back it all up. It's not the quickest accelerators, and 120 Al accelerators.
drive, not the latest specced, but This is bundled with 16GE of GDDRé
it costs around the same as a 2TB on a 236-bit bus, driven by twin 8-pin
PCle 5.0 drive, only with twice the PCle power and the power from the
capacity. That's nothing to snub slot. If 1440p or 4K gaming is your
your nose at. - $280 aim, this straddles that edge. = $510

ocT 2024 | Muswe | 19



CPUs unmasked

FANS

2X NZXT F360

RGB CORE y
-RAME
WWW.NZXT.COM

The final piece of the NZXT
puzzle are these F360 RGB
Core Frame fans. To quote
our photographer, "Why has

no one done this sooner?” and
he has a point. NZXT now sells

a set of framed’ fans. You can get
them in either 240, 280, or 3460
configurations, in black or white.
You get a single cable connecting
all of them, and a splitter to run off
an aRGB header and a fan header,
and you're set. Alternatively, if
you ve got an NZXT header on

your motherboard, or an NZXT fan

controller, that'Ll fit the bill, too, and
allow you full individual control on

all of the addressable RGBs.
Installation is a breeze, with just

four screws—one on each corner—
and stats are pretty solid, too, with
3.3 mmH20 per fan combined with
75.12 CFM per fan at full tilt. Noise
tops out at 30 dBA. - $140

OCT 2024

100C

PSU

W NZXT

1000 80+

WWW.INZXT.COM

GOLD

This is definitely an overkill
pick. We actually recommend
an 850W PSU if you are
building something similar.
Still, 1000W isn't a bad choice,
certainly if you intend to
upgrade the GPU. There's no
telling how high the power

CASE

NZX T H/ FLOW

WWW.NZXT.COM

We waxed lyrical about the H7
Flow last issue, but it's such a
slick chassis, we had to give it
a bit of a showcase. This new
iteration of the legendary H7
line comes in two colorways,

and in two variants as well. You
can have it in black or white,

and your choice of RGB or non-
RGB. If you go the RGB route
like we |accidentally] have,
you'll be graced with one of
NZXT's latest Core Fan Frames
as well in the front. More on
that in a bit.

Either way, for $150, this
thing absolutely slaps when it

draw will be on Nvidia s next
set of GPUs, so something with
more head room might be a
good choice.

From the wall, PC Part
Picker reckons the maximum
our system will pull is around
297W, and that s in a worst-
case scenario, where all
power draws are maxed out. It
doesn't quite hit that in reality,

but nonetheless, having the
head room Is nice. Utherwise,

there are plenty of connectors,
a zero dBA mode, and a 10-
vear warranty. Sadly, NZAT
don't offer any custom cable
kits, so if you want something
a little slicker, you'll need to

head to CableMod. However,
even a non-pro set will put you

back $120 before shipping if
you go down that route.» $180

RGB 2024

comes to cooling. You ve got
space for ten fans total, plus
a 360mm rad in the roofand a
4£20mm in the front, combined
with an absolute arsenal of
cable managementin the

rear. On top of that, airflow is
Iimpressive across the board,

and the general build quality is
top notch, too.

The only downside? NZXT
does technically sell a vertical
GPU bracket for its H series
cases, butitisn't compatible
with the latest edition of the
H7 Flow.

« $150




LENGTH OF TIME: 1-2 hours
DIFFICULTY: Easy

OKAY, HANDS UP, this is perhaps one
of the easiest builds we've pieced
together in the last few months, maybe
even in the last year |bar perhaps the
integrated GPU build). There's no crazy
new cable standards, no insane RGB
cabling to deal with, and no wild and
wacky cases to contend with. It's just a
plain old standard PC, complete with
some juicy storage and a super-simple
build process.

if youre new to PC building, or are
nervous about building a second rig, given
how challenging your first one has been,
this system hereis afantastic way of diving
back Into your hobby, and realizing how
easy it can be—if the parts and hardware
are designed well enough, that is.

This build honestly feels Llike a
testament to how well NZXT has fine-
tuned the H7 Flow and its corresponding
components. There's little to do or worry
about, and that's no bad thing.

SIMPLICITY IS
THE ULTIMATE
SOPHISTICATION

"

T iy |
L
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If anything, it gives us more time to
go over the finer details, and dive a little
deeper into all of the benchmarking and
CPU shenanigans that are currently
ongoing. With that said, let's get going.

THE END AND THE BEGINNING

It's a thing we never really go into detail
on, but at the start of every system build,
the Maximum PC build team typically do
some initial prep long before we even set
foot taking hardware out of boxes. Once
the constant flurry of emails back and

forth between companies has subsided,
and enough hardware has shipped, first

and foremaost our job is to get everything
together and prepare our build space.
That's a fine thing to consider when you go
about building your own system.

Grab all of your hardware, and make
sure its all readily available. Then,
youre going to need the tools necessary
to piece everything together. A good
set of screwdrivers or a multi-tool set
will go along way. A pair of scissors or
cable snips, along with some cable ties,

will also come in handy, along with a
good-sized table, desk, or some easily
accessible workspace for you to build your
system on.

Anti-static prep? Outside of some basic
steps, we wouldn't worry about it much.

Make sure youre not wearing wool, or
woolly socks and sliding along carpet, and
you should be fine. If you're really nervous,
you can grab a metal pole, a radiator, or
anything that's grounded to give yourself
a good discharge, and you |l be good to go.

After that, it's time to get to work. The
first thing, of course, is going to be getting
that chassis out of the box lironically
where you're most likely to get a zap or
two). Once out, it's time to perform that
Maximum PC step one staple: the chassis
teardown. Were going to be removing
every panel we can, and anything
from the case that were not going to
use [ELRIl That can be glass windows,
rear side panels, dust filters, hard-drive
caddies, you name it—anything that might
get in the way of your cable management
or hardware.

OCT 2024
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Fortunately, in the case of the H7 Flow
2024, almost everything is toolless, bar
the front radiator bracket lit does have
thumbscrews, but theyre a little tight out
of the factoryl. Pop off the panels, and place
them in the chassis box for safe-keeping.

In our build, we foolishly requested

the NZXT H7 Flow RGB variant instead of
the stock standard one. That means it
actually comes with a set of that Core
Frame RGB fans as standard in the front
of the chassis. That's fine, but given
were going with a high-contrast black
and white build, it needs to come out.

The front radiator bracket has two
thumb screws at the top of it. Once

the front panel is removed, you can
loosen these off leither with sheer grip
strength and force of will, or a good
Philips screwdriver], then carefully
lean the radiator bracket down and
pull it out, the bottom of it sits in two
slots [EE AN Lift it out, being mindful
of the fan cable, and you can easily
remove the frame by removing the four
screws on either corner, then set it
aside for later.

MAXIMLH B QCT 2024

TEARINGIT UP

With the front positively gutted, it's time
to move to the rear of the case. NZXT's
Flow has a 2.5-inch caddy that sits on
the rear of the motherboard tray. Similar
to the radiator bracket at the front of
the chassis, it's held in place by a single
thumb screw at the top, then notches
at the bottom. Loosen it off, then slide
it out m Word of advice: always
save these brackets for later if this is a
long-term rig—there's nothing worse
than going to install a 2.5-inch drive at a
later date, or needing to give it to a family
member or friend, only for them to fhind
that half the case is missing, and they
cant buy a replacement.

Now our chassis I1s suitably prepped,
it's time to move onto the motherboard
itself. We've got a list of hardware that we
can theoretically get installed right away.
At this point, you should be able to install
your M.2 55Ds, CPU, CPU backplate
[potentially cooler, if youre running a
fan setupl, and your memory. Doing it
outside of the case just makes life easier,
particularly for the backplate.

Most modern case designs featured
a pretty large backplate cutout on the
motherboard tray, but trying to hold it
from one side with one hand and secure it

from the other is still finicky. In our build,
we've gone down a little bit of a different
route and opted to install the CPU and
RAM after the motherboard's in the case

directly. There's nothing wrong with doing
it one way or the other, this was just more

of a whim on the day Kinda thing.

Anyway, NZXT's B650E for M.2 drive
installation 1s super simple. The big
block heatsink at the top has a single
screw securing it. Undo that, take it out
of its notch, and set it to one side. You're
going to need two of the M.2 securing
screws hidden away In the bottom of the
motherboard tray as well for this. Then
line up your primary 05 drive, and place
it in the top most slot, under that heatsink.
Line up the cutout in the drive with the
notch in the M.2 slot, and slide it carefully
into place. Then push the drive down, and

secure with the screw.
Next, remove the second magnetic

plate cover below the PCle x16 slot, and
you ll spot another M.2 slot. This is where
we'll be placing our WD SN5000 drive.
It's the exact same installation as before.
Once done, JEZ AN make sure you've
remaoved the film from the thermal pads
under both heatsinks, and secure them
back into place. Fun nerd fact: if you take
a look at that WD drive, you'll notice that
it's got a single chip on top—that's all of its
NAND Flash storage, and there's a ton of
leftover space there on the PCB, meaning



there's potential for drives over 4TB if WD
so desired. Neat, huh?

CALLING IN BACKUP

With the 55D0s in, we moved on to the
Krakens backplate. NZXT has a pretty
simple solution for AMD systems: remove
the stock brackets one at a time, then

install the stand-off plastic spacer and
screw [in the correct orientation). It's

all labeled in a bag marked AMS'. Once
youve done one side, you can then do
the other as well, and you re good to go—
super easy and super simple [ 36}
One nice little detailon NZXT's B&650E is
this tiny DDRS script etched into the PCB.
No more hunting through little manuals
trying to find out which slots you need to

populate first for your DRAM; A2 and B2
are your friends [E G131

This is where we deviated from the
script slightly, opting to install the
motherboard straight into the chassis.
Grab the screws from the case
accessories box [NZXT helpfully label
themm in tiny bags), then secure the
motherboard in place. The N7 boards
only have edge screws, so you dont
have to worry about removing any plates
to access hidden mounting locations
underneath. Simply line it in position, then
secure it down. Make sure the screws are
nice and secure [not too tight, or you'll ruin
the threads, and then end up with spinning
stand-offs], and you'll be good to go. This
also acts as a ground when you do this for
your entire system.

With that, we also went ahead and

-
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installed our DRAM in the correct slots, as
foretold by the NZXT PCB gods. Then, onto
the CPU [B'%] to install any AM5 [or LGA
CPU for that matter], lift up the retention
arm from the right side, then carefully
raise the CPU bracket up. With that done,
carefully lower the chip into position.
There's a number of alignment tools at
work here to ensure you always install
the CPU correctly, from carefully placed
notches and the branding on the chips
themselves, to the tiny golden triangles
on the corner. We almost always use the
branding as a guide. Lower the chip into
position so it rests carefully in the socket,
give it a gentle wiggle with your finger to
ensure it's secure, then replace the CPU

bracket and its retaining arm, and you'll
be all good to go. At this point, the cover
should pop offif it doesn't pull it off by hand.

TOO EASY

With the motherboard now snug and
prepped, we began work on setting up
the cooling. Or our two fan grids? Arrays?
Frames? Honestly, what do we call these
things? Regardless, it's super easy. In the
case of our radiator bracket from earlier,
simply place your frame into position,
secure from the other side onto the
bracket, then mount the bracket back in
the case. Pay close attention to where the
cable i1s when you're installing it. Ideally,
you want it going in that bottom right
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cable hole. Then, do the same with the
floor-mounted one, ensuring the fans are
facing the correct orientation to draw cool
air up and into the chassis itself. The fan
grid should slot into position, then it can
be secured from the other side [you will
need to tip the case on its side to facilitate
that). Again, make sure your cable is
routing out to the back, and that you have
six fans installed with eight screws, and
some cables pre-run ready for attaching
to the fan controllers [HGLLL.

Next up is the Kraken. Remove it
from its packaging, immediately take the
Intel bracket from the cooler, push it up
towards the CPU display, rotate it slightly
left or right, then pull it back down to
remove. Then, take the AMD bracket, and
do the opposite to secure it in position.
Now, we can also pre-install the fans. Use
the included screws that came with the
radiator, and secure them in place on the
underside of the radiator [where the tubes
are facing down). From a performance
perspective, push/pull makes very little
difference, so aesthetics are the name

MM | OCT 2024

of the game here. Similar to our other
fan solutions, keep your cables in mind,
ensure you think about the orientation of
your radiator, how you re going to mount
it in the case, then think about the best
route possible for your fan cables to go out
to the back of the case, then mount them.

Once done, lift the radiator [with the
CPU block still loose] up into the chassis,
and mount it to the ceiling with the
included screws from the case accessory
box. Then, remove the plastic cover from
the CPU block itself, place it on the CPU
lensuring it's got ample thermal paste
on it], secure the block into position, and

you'll be all wrapped up [ &Rl
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ATRUE POWERHOUSE

With the vast bulk of the hardware now
installed, it s time to move onto the power
supply. Take it out of the box, and identify
which cables you re going to need for your
system. In our case, that's going to be the
24-pin, one PCle power [daisy chained],
two B-pin EPS power |one of these will

be split apart], and a SATA power for our

fan controllers. Attach them to the power
supply, then slide the PSU into position
from the rear of the case, and once again
secure with the included screws
Here's another neat little addition, which
we totally didn’t spot until two thirds of the
way through the build: the H7 Flow has an
additional 2.5-inch caddy, hidden away at
the front. Similar to the other bracketed
items in the chassis, It's secured in place
by a single thumb screw. Loosen that off
and the HDD caddy will come loose. More
cable management savings [EG RALL.
Now, it's time to move onto the proper
cable management. We've gone ahead
and installed both the 24-pin and the CPU
EPS power. Running them up and through
the various cable bars, velcro straps,
cable channels, and grommets. NZXT
really did revolutionize this with its initial
line of H series cases, and the latest Flow
1s no different. Use the cable grommets to
your advantage, and line everything up as
best you can. The 24-pin will always be a
bit of a nightmare to route. We've also pre-
routed those AlO fan cables down, ready




to go into its own lLittle fan controller. This
in turn will then run into a motherboard
header. We've also split off all of the
front I/O cables ready for after this step.
Cable separation is a weirdly helpful way
of visualizing where all your cables need
to go, and tidying up things. Break them
up, and sling a bunch on top of your case
off to the left, down under the PSU cover.
Cable management I1s quite odd in a lot of
ways—you don't necessarily need it to be
flawless for a personal system, but doing
the bare minimum like that makes it a lot

less stressful [EE R

t's one of the things we always critique
NZXT for with its PSUs, but the cables,
for a $200+ P5U, are just a bit uninspiring,
to be quite honest. There's no brading,
flat cables, or black wires, sure, but this
s something that be quiet! Corsair, EVGA,
and co do far better [EHGREI}—at least
have an option for a pro cable kit, or
something similar. P5SU ports on the PSU
side are often proprietary, so having the
confidence to go out and buy a kit without
worrying about it is a big deal.
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CABLES MANAGE
With that wrapped up, we moved on to
rear cable management. If you look at

SR, you'll see how much capacity
NZAXT has implemented into the back of

the H7 Flow. It's phenomenal. There are
brackets you canwedge cablesinto, velcro
straps everywhere, subtle channeling—
the works. You'll notice that we've also
installed the NZAT fan controller just
north of the power supply there as well.
That's specifically for the fans attached to
the radiator. NZXT actually recommends

that you place it top-left [there are literal
markings etched into the case], and that's

a fine place to put it, but just to keep the
cabling a Uttle tidier up that side, we
opted to position it here instead. This is
particularly handy, as we didn't have the
2.9-inch drive cage there, either.

We plugged the remaining fan frames
directly into the NZXT RGB headers in the

motherboard itself Iw] These are

proprietary headers as far as we can tell,
capable of handling the aRGB in NZXT
fans directly, and run to a splitter, another
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of which needs to go into a fan header on
the board. One of the minor limitations of
that does mean that you can only run the
fans within the frame at the same RPM,

but honestly, over the years, the amount
of times we've individually adjusted fans

to operate slightly different to one another
on one side of the case is zero.

Last but by no means least, we
installed the GPU. As always, it's best to
do this with the chassis laying on its back.
We've also pre-routed the power cable
through the cutout on the bottom. Then,

after removing the two PCle slot covers in
the rear of the case, next to the PCle slot

we intend to use, we've slid the 7800 XT
into position until it clicks into place, then
secured it with the screws removed from
those covers. With that done, it's time to
plug the power in, and boom! All done
EHCRE]. At this point you're going to want
to give your cables another go-around,
making sure everything is tied down, and
tidy. Then it's simply a case of replacing
all those panels you removed earlier, and
you're about ready to turn on this beast.
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ROOM TO MANEUVER

THERE HAVE |IT, folks—one
SE-ru:.u_-.b,f 5l||:l-; mid-rangelish] PC

puilt In one supremely svelte chassis.
Generally, we always try to take around
16 images or steps for these builds.
We actually struggled with our NZXT
build, predominantly because everything
went incredibly smoothly. There was
very little that proved a challenge, or

difficult to work around. There were
no clearance issues—everything just
worked. The cable management and

the details and considerations made to
tighten up the build procedure in the H7
Flow is just exceptional. There's little we
can fault from a system build perspective
at all.

It even gives you options. There's room
here to install your AlD in the front if you

Going for black and
white parts might
seem a little oad,

but it adds a ton of
contrasttothe build,
and really makes it
pop, drawing your eyes
to different elements
inthe system.

NZXT unfortunately
doesn’t have any
sleeved cables
availableforitsC
series power supplies,

so they're black and
clean, butdolooka

little drab.

Thesetriple
fan framesare

revolutionary.
Honestly, if we could
stick them in every
build, we would. One
cable out, four screws,
and absolute control.

Speaking of fans,
those bottom-
mounted ones will
help keep your GPU
and overall system
temps low.

R 4 QCT 2024

s0 desire, and the liquid-cooling potential
IS Immense, although you would have to

think about how exactly to go about your
reservoir and pump mounting solutions.
But it's an impressively large amount of
internal space on offer, for an incredibly
minimal outlay. Similarly, the chassis
itself really doesn't take up that much
space on a desk either. It's your standard
ATX Tower form factor, so to have such
vast clearances for any and all hardware
is, well, awesome.

T we were to approach the build
again, going for a simple custom-cooling
solution would definitely be our first
thought. You've got capacity in here for
three 3460mm radiators in total [NZXT
technically state that you cant mount a
radiator in the floor, but were not entirely

convinced on that]. Still, mount a 420mm
in the front, 360mm in the roof, a long
combo res on the front rad, and some
simple yet durable black rubber soft
tubing throughout, and this thing would
sing—probably with something like 2
7800X30 and an RTX 4090 to really get the
most out of it.

But yeah, theres really little else
to critiqgue here. As far as the rest of
the components go, it all Lines up quite
nicely. It would be great to see NZXT lean
into a cable-less’ AlQ, and remove that
ghastly cable running up and around the
motherboard [or better yet, design some
form of cable tidy on its boards directly],
and of course, the power supply lacking
better quality cables is a bit of a bummer,
but that's really about it.




PERFORMANCE | (£

REVAMPED

HOW WE TEST

We ve massively revamped our testing
methodology for all of our builds moving
forward. The aim is to provide a broad
suite of benchmarks that consider how
a system performs at both 1080p and 4K
gaming, alongwith a range of benchmarks
that push them to their absolute limits
in traditional computational tasks,
storage operations, and Al workflows.
Additionally, we've expanded our testing
to include power draw (utilizing a power
meter and the same peripherals every
time), alongside temperature monitoring
throughout the benchmarking process.

This should give us greater insight into
how these systems perform against one
another, and better visibility, regardless
of what the budget is, or how much more
potent one GPU is over another.

THIS MONTH'S ZERO POINT

For our comparison build this month,
were utilizing a Frankensteins Monster
pieced together from July 2024's feature
build. In that, it has the Core 19-14900K,
the Asus ROG Maximus Z7%90 Dark Hero,

32GB of Lexar Thor OC DDR5 (@ 6000 C36,
a 2TB Crucial T700 M.2 PCle 5.0 for our

primary drive, and a 2TB Kingston Fury
Renegade M.2 PCle 4.0 for our secondary
drive. The graphics card is Gigabyte's RTX
4080 Aero OC, and the power supply Is
the 1200W Corsair RMx Shift, all planted
in the Geometric Future M4 chassis,

and cooled by no less than six Phanteks
M25-120 Fans, and a 360mm Glacier One

3460030 AIQ. The total price for this build
s $3,749 [54 percent higher], with a core
price of $2,914 [111 percent higher).

RYZENUPSTRAIGHT TOTHE TOP

Let's dive into our first new round of
benchmarks. How does it do? Well, our
AMD builld s impressively efficient.
Once upon a time, Team Red was almost
branded as being super hot and super
in efficient in how it operates. Today,
that i1s absolutely not the case. A quick
glance at the scores gives us a fairly good
indicator on that front. Both Cinebench
and Geekbench show that on a per thread
basis, the Ryzen V700X runs rings around
the 14700K on pure efficiency alone. The
scores are solid, too, with single-core
performance only a smidge behind what
Intel’s best 14th-gen chip can muster.
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Similarly, temperatures also held
steady, topping out at 95.1 C, rather than
Intel’s flat 100 to achieve that. GPU temp
was higher with the 7800 XT than the
RTX 4080 Super, by around 5.2 C, but
generally speaking system performance
overall was fairly impressive. Storage
also did pretty well. The SN5000, for a
budget offering pumped out some decent
numbers. Samsung s 770 Fro, was a little
bit more underwhelming. $110 is a little
on the steep side for a 1TB drive, but
otherwise, it still did deliver 4K random
read and writes close to that of the T700
in our Zero point.

On the gaming front, at 1080p, our
AMD build nailed an impressive 117.84fps,

although compared to the RTX 4080 and
its 175.3%fps, well, it's not really a fight.
Similarly, at 4K, it managed 456.69fps as
well on average. It's certainly possible to
game at 4K with an RX 7800 XT, that much
Is clear, but some titles will struggle,

particularly those with hardier ray-
tracing elements, such as Cyberpunk.

You can alleviate some of that with FSR,
but it's still no where near as potent as
what you'll find with Nvidia. DLSS 3.1 and
Al frame generation is just outstanding
when it comes to 4K, It close to tripled
overall performance, bringing frame
rates up from 27.4 to 77.3fps on average.

The gap closes between the two cards
marginally in Total War, with the 7800 XT

landing 50.8 versus the 4080's 71.4, but
it’s still a sizeable lead for team green.
That's a theme that continues when we
get into the 3D Mark performance, with
Speedway in particular giving the RTX
4080 almost twice as much performance
as its AMD counterpart. In Steel Nomad,
the 4080 fared better, but not by much.
Interestingly, in CPU Profile, the 14900K
actually faired considerably better than
the 7900X, landing a 19.3K score versus

the 12.8K on the Hyzen, but again, it's
close, and given the Ryzen 9 7900X comes
in at $190 less than the 14900K, you have
to question if it's worth it right now.

TEAM GREEN Al DOMINANCE

Then theres Al, and oh boy, what a
shift. In these tests, we benchmark

every component we can to provide a
fair playing field. For the CPU, AMD
clearly has an edge here, with the
average inference time landing at just
020.37ms versus Intels &77.14ms—the
index scores support that as well. Jump to

the GPU, and the Nvidia 4080 runs rings

around the opposition, at least under
Microsofts ML APl. The 4080 landed

9.645ms, compared to the 13.508 ms from
AMD. with an index score almost double.
Here s the thing: if we run that same test,
but allow Nvidia to use its own TensorRT
made, it brings the time down to 6.53%ms,

landing a score of 2,690. Compared to the

50 and 56 the CPUs scored, the difference
Is astronomical.

For image generation, the results are
even more in favor of Nvidia. Under ONNX,
the RTX 4080 scored 2,585 with a 2.417 s/
image generation time. Compared to the
RX 7800 XT, it managed only 381, with
an average time of 16.368 s/image. You

can understand why the world's Al data
centers are turning to Nvidia right now. If

Al workloads are your bread and butter,
and any of those workloads can take
advantage of Tensor, Nvidia cards are the
ones to consider.

Still, overall, given the price disparity,
the AMD system puts in an impressive
showing. It's considerably cheaper than
Its zero-point, yet in some cases comes
close to matching Intel, certainly on the
CPU-orientated tasks, and this is before
the major micro-architecture changes
launching in the middle of this month.
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oYo | EM BENCHMARKS

For our system testing, we use a multitude of separate best scores are in bold, and all results are reported in MB/s.
benchmarks. For our CPU tests, these include Cinebench Throughout our entire benchmarking process, we test each
2024 and Geekbench 6.3.0. All results are indexes in this case. system with a power meter plug running, and the latest version
Multi-core per thread is achieved by dividing the total multi- of HWMonitor installed and up as well. This allows us to report
core scores by the number of threads on the CPU. For storage on maximum power draw and temperatures seen over the
testing, we're taking advantage of CrystalDiskMark 8.0.5. The entire benchmarking process.

CPUPERFORMANCE CINEBENCH 2024 & GEEKBENCH

ZERO-POINT
Cinebench 202& Multi Core 1.702 1.592 [-16.3%
Cinebench 2024 :
Multi Core Per Thread °? 66 [11.9%!
Cinebench 2024 Single Core 124 118 [-4.8%)]
Geekbench &6 Multi Core 20.044 18,155 |-9.4%)
Geekbench & )
Multi Core Per Thread 626 756 (20.8%
Geekbench & Single Core 2934 2.919 |-0.5%)

0% 10% 20% 0% L0% 50% 40% 0% BO% 0% 100%

STORAGE PERFORMANCE CRYSTALDISKMARK 8.0.5

ZERO-POINT
C: Sequential Read / Write Q8 11,974 / 11,566 7,435/ 6,871
C: Random 4K Read / Write Q1 85.75/304.90 77.05/289.64
D: Sequential Read / Write Q8 7,039 / 6,721 5,531 /5,029
D: Random 4K Read / Write - Q1 80.63 /328.98 75.70/ 248.03

POWER DRAW & TEMPERATURE HWMONITOR & DEDICATED POWER METER

ZERO-POINT
Max CPU Temperature 100.0 95.1 [4.9%)
Max GPU Temperature 13.2 78.4 1-7.1%|
Max System Power Draw 6499 509.3 [21.6%]
0% 10% 20% 0% 40% 50% A0% 70% B0% 90% 100%
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GAMING BENCHMARKS

Game tests are performed on ‘'Ray Tracing Ultra [Cyberpunk]’, dependent on GPU manufacturer, with upscaling set to 'Quality’.
‘Ultra (Far Cry 6]’ / 'Maximum [Final Fantasy XIVY Dawntrail)’and Nvidia cards also have ‘Al Frame Generation’ enabled. FF X1V

‘Ultra [ Total War: Warhammer 3]’ graphics presets respectively. Dawntrailis utilizing FSR across the board regardless of GPU,
Three runs are performed per title, per resolution. Cyberpunk with 'LOD on Distant Objects’ enabled and dynamic resolution
Is tested with ray tracing enabled, regardless. Under its second  disabled. Far Cry 6 i1s tested with DXR disabled and the HD

set of conditions, DLSS/FSR/XeSS is enabled in Cyberpunk, Texture pack downloaded and enabled.
1080°P PERFORMANCE
LZERO-POINT

Cyberpunk 2077 Stock [Average fps) 96.1 bé.2

Cyberpunk 2077 Stock (Minimum fps) 82.9 38.1

Cyberpunk 2077 Al Upscaling (Average fps) 207.2 73.0

Cyberpunk 2077 Al Upscaling [Minimum fps) 164.3 62.8

Far Cry &6 [Average fps) 169.7 149.7

Far Cry &6 [Minimum fps) 131.0 104.7

Final Fantasy XIV Dawntrail [Average fps) 231.0 174.4

Final Fantasy XIV Dawntrail (Minimum fps] 94.2 717

Total War: Warhammer 3 (Average fps) 173.0 148.0

Total War: Warhammer 3 [Minimum fps] 123.3 113.3
1080P PERFORMANCE

ZERO-POINT

1080p Titles Aggregate 175 4 117.9 (=32 8%

[Average fpsl

::i":i':nﬂ:‘;:;“"“““ 119.2 79.3 [-33.5%)

0% 10% 20% 30% 40% 50% 50% 70% B0% 0%  100%
4K PERFORMANCE
ZERO-POINT

S5 FINAS pgrogete 76.6 46.7 [-39.0%]

|Average fps)

4K ¥iken Snirasmis 20 | 370(288%

0% 10% 20% 30% 40% 50% 60% 70% AO% 0%  100%
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GAMING BENCHMARKS CONTINUED

LK PERFORMANCE

LZERO-POINT
Cyberpunk 2077 Stock |Average fps) 27.4
Cyberpunk 2077 Stock (Minimum fps) 18.5
Cyberpunk 2077 Al Upscaling (Average fps) 13
Cyberpunk 2077 Al Upscaling (Minimum fps) 40.4
Far Cry 6 [Average fps) 109.7
Far Cry 6 [Minimum fps) 88.7
Final Fantasy XIV Dawntrail [Average fps) 27.0
Final Fantasy XIV Dawntrail [Minimum fps) 60.8
Total War: Warhammer 3 (Average fps) 71.4
Total War: Warhammer 3 [Minimum fps] 51.7

SYNTHETIC GAM

For our synthetic graphics performance tests, we're utilizing
3DMark’s latest Speed Way, Steel Nomad, Night Raid, and CPU

Profile tests. Speed Way represents a DX12 title at 1440p,
with ray tracing elements. Steel Nomad is DX12 4K without

ray tracing, and Night Raid (DX12) is designed with integrated
GPUs in mind at 1080p. CPU Profile acts as an additional CPU

13.1

11.4

23.6

22.3

83.0

716.0

61.0

3%.3

20.8

36.0

NG BENCHMARKS

benchmark (reporting on Max Thread output only), but with
specific gaming workloads prioritized. Each synthetic test is run

a total of three times, and Indexes are reported on. In the case
of Night Raid, only the overall score is listed. However, we do

keep logs of Graphics and CPU as well to identify any erroneous
elements or bottlenecks.

SDMARK PERFORMANCE
ZERO-POINT
Speed Way [DX12 + RTX @ 1440p) | 7,241 3.760 [-48.1%
Steel Nomad (DX12 [@ 4K) 5,491 4,024 [-38.0%I
Night Raid (DX12 @ 1080p) 94,118 83,131 [-11.7%]
CPU Profile 15,269 12.776 |-16.3%]
0% 10% 70% 30% 40% 50% 40% 70% BO% 90% 100%
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For our Al testing, we're utilizing UL Procyon’s Professional
Benchmark Suite. The ones we're focused on in particular are

its Al Computer Vision benchmark, which gives us a gauge on
how our systems operate when dealing with inference engine
tasks, and Al Image Generation benchmarks. For Computer
Vision, we report on the number of inferences performed, the
average inference time, and the Index score across all tests.
The Index score is more valuable, as it's the time taken between
Inferences that indicates performance. We run all tests on Al
Vision utilizing Float1é precision. We test both the CPU and GPU

Al COMPUTERYVISION PERFORMANCE

ZERO-POINT
Microsoft ML APl - CPU [Index) a0 56 [12.0%)
Microsoft ML APl - GPU (Index) 1945 1.084 |-44.3%)
0% 10% 20%
AlCOMPUTER VISION PERFORMANCE
ZERO-POINT
Microsoft ML API CPU
[Total Inferences) 1 h18
Microsoft ML API l:FL! 47714 me
[Average Inference Time)
Microsoft ML APl GPU
[Total Inferences) 659,207
Microsoft ML API GPU
[Average Inference Time) OB MA
Al IMAGE GENERATION PERFORMANCE
ZERD-POINT
Stable Diffusion 1.5 ONNX [Index) | 2,585 381 [-85.3%]

0% 10% 20%

Al IMAGE GENERATION PERFORMANCE

ZERO-POINT

Stable Diffusion 1.5 ONNX

[Time Taken) 38.676s

Stable Diffusion 1.5 ONNX

[Image Generation Speed] 2.417 s/images

INFERENCE BENCHMARKS

under Microsoft's ML APl as standard, and if viable, include
figures for testing the GPU under Nvidia's TensorRT SDK, Intel's

OpenVINO toolkit, or Qualcomm’s SNPE run time [specifically for
ARM devices), depending on the comparison zero-point.

For Image Generation, we test under Stable Diffusion 1.5
[Float16 precision) using all engines available. However, we'll
only ever include scores from the same engine. We report on the
Index score, the time taken, and the image generation speed. All
results are averaged across all tests. The best scores, where
appropriate, are in bold. &

30% i 0% 5% &60% T0% BO% 0% 1 00%;
11.278
520.37 ms
136,607
13.208 ms

30% &0% 5% 60% TO% BD% 0% 100%
2461.885¢s

16.368 s/image
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OVERCLOCKING IN 2024

HAS ITHE END
ARRIVED FOR
HIGH
VUOLIAGE'"?

zak Storey takes a look at
whether overclocking is
really worth it anymore

THERE'S SOMETHING inherently human about pushing technology
to its limits. Companies do this all the time: building, developing,
iterating on designs, new hardware, trying to eek out every last
fleck of performance to beat the competition. The same can be said

for amateur enthusiasts. There are very few people that don't try to
optimize how they work, their PC, or the hardware inside it.

Overclocking, by its very nature, speaks to that. In essence, it's a
love language for your PC. In the same way that you can get attached to
acar, tool, or fishing rod, you can also become attached to a processor.
It's a bit of a bizarre quirk of humanity, this attachment to objects, as if
they have personality; a soul.

The thing is, some processors actually do, to a lesser extent. The

silicon lottery gifts them with differences. Some are better than
others; some worse; some performina particular mannerifyoudoone

lLittle tweak, and some score higher in one test than an identical CPU at
the same spec. Apply enough voltage, adjust the multipliers, increase

those clock speeds, and you could draw out more performance for
free—at least that's how it used to be. So what's changed? Has the

golden era come to an end? In a world of high competition and with the
likes of Arm breathing down Intel and AMD’s necks, has that at-home
pastime retired to the humble shores of PC history? Let's take a look.
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overclocking in 2024

OVERCLOCKING'S
HUMBLE ORIGINS

t mightcome as a surprise, but overclocking
has been around for an incredibly long time.
n fact, theoretically speaking, you could

very much argue that the act of tweaking
clock speeds actually originates with the OG

manufacturers of those CPUs as they dive
into trying to find exactly how far they can
push those clock-speeds while keeping the
chips themselves stable.

Overclocking in the manner that we are
perhaps more accustomed first landed with
us in the early '90s when Asus and a select

few other manufacturers debuted the first
motherboards that gave you the opportunity

to tweak those speeds. Asus in particular
had its i386 motherboards that allowed you  }
to adjust the multiplier, CPU speed, and
voltage simply by tweaking a few jumpers *
on the motherboard itself. This was very
loosely overclocking; you had preset values

and voltage settings that you could apply.
The silicon lottery was still a thing, even back then, so depending

on your luck, it would actively affect what performance you could
get out of the chip.
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THE ADVENT OF COOLING

All of this was, of course, done without direct cooling on the CPUs
themselves, Specific CPU air towers and other such solutions
wouldn't arrive until slightly later on, designed to alleviate that
overclocking heat. Similarly, this is also about the same time that
the first extreme overclockers arrived on the scene, complete
with dry ice and LN2.

The first unlocked chips landed in the early 2000s with Intel’s

Pentium series of processors. Finally, this gave power users
the opportunity to tweak with their chips in a similar manner to

what we d see later on in the industry. Likewise, overclocking
tournaments and competitions began to blow up as more and
maore manufacturers pushed cash and resources into the sport
in an aim to take the accolade as the motherboard manufacturer
that managed the world's highest frequency.

THE AMD PENCIL TRICK

Back in the early 2000s, it was
possible to overclock AMD
Thunderbird and Duron processors
by using a pencil to fill in the
contacts on the L1 Bridge. These
tiny contacts limited the CPUs to

only operate at a certain freguency
straight out of the factory. With

them penciled in, you could easily
achieve 650-700 MHz on the Durons, and even as high as
900MHz on the Thunderbird chips.

AMD did try to stop end-users from doing this on its next
generation processors by applying a layer of varnish over
those points. However, enthusiasts managed to bypass this

by using a silver lacgquer paint instead, again overclocking
their processors by a considerable margin. As long as the

cooling was sufficient, you could then adjust the multiplier
in the BIOS to get those speeds.
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It wouldn't be until r

the mid '90s that
& CPU cooling started
' to become a thing.

:"l ey . - 5 ’
i ‘_ ‘:":'u.!.--.-ﬁ 3
. i

THE CORE SERIES

In the late 2000s, moving into the 2010s, Intel's Core series
finally debuted, and with it overclocking was now mainstream.
The humble BIOS had been redeveloped and revamped to allow
for mouse control, and all of a sudden, it was far easier to adjust
and alter multipliers and voltages quickly and without too much
hassle. Simply jump into the BIOS, adjust the multiplier, change
the voltage, benchmark in Cinebench or Prime%3, and you were
good to go. Failed attempt? Tweak the settings, and try again.
With the now ubiquitous use of the internet, and a whole host of
resources breaking out into the mainstream overclocking was
easily achievable by the vast majority of system tinkerers.

THE MODERN ERA AND AUTO-OVERCLOCKING

Over the years, overclocking remained relatively the same. While
processors often came with their own advanced forms of Turbo,
these were applied on a wide spectrum, and were aimed more at
ensuring processor stability, rather than perfectly tuned to each
individual chip—all vulnerable to the silicon lottery s whims.
Interestingly, even Nvidia's GPU Boost, when it first debuted

with its Kepler 600 series graphics cards, likewise followed a
similar routine, where the card would ramp up its clock speeds,

dependent on whether or not it was close to utilize its full TDP, and
within temperature limits. In fact, this was an easy way to auto-
overclock your graphics cards back in the day land even today, to
some extent] simply by using something like MSI's Afterburner
to slide the power target’ all the way up to its maximum, in some
cases by as much as 125 percent. That would give the graphics
card the opportunity to boost its clock speeds even higher.

Generation on generation, however, these technologies
became increasingly advanced, working off both power draw

and temperature on CPU and GPU respectively. With the likes
of AMD's Precision Boost, Extended Frequency Hesponse, and
Precision Boost Overdrive, working hard to ensure that clock
speeds remained higher for longer periods of time during heavy
workloads if the cooling, power delivery, and stability were within
acceptable parameters.

MARKET CONDITIONS

Here's the thing, though: over the last few years and generations
of processors, weve seen both AMD and Intel continually
push their chips to the absolute limits. Binning processes have
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Looks like that power target
slider does little in regard to
real world performance.

become more complex in an effort to weed out inferior chips, and
auto-overclocking tech has become more advanced, with even
motherboard manufacturers getting in on the action to try and
give themselves a competitive edge over each other and ensure
you buy their products.

In a lot of ways, that i1s a good thing. However, as Moore s law
diminishes, and we start to reach the physical limits of what's
possible when it comes to chip performance entirely, overclocking
s very much starting to feel like a thing of the past. LNZ2 and
extreme overclocking still exists, as electrons behave very
differently at those kinds of temperatures. However, for modern
hardware tinkerers, and with today s CPUs being so aggressively

amped up, the guestion is, what's the point? Particularly when
were seeing stability issues and potential hardware damage

occur on modern-day chips, and that s just because of incorrect
application of voltages provided by motherboard manufacturers,
and Intel themselves.

SO, WHAT S A MODERN OVERCLOCKER TO DO?

Well, here's the thing: the majority of overclocking today very
much relies on just enabling the settings. PBO [Precision Boost
Overdrive), for instance, is a toggleable feature that you can
configure directly in the BIOS itself for all Ryzen 2000X chips.
How much extra performance does that deliver, though? Well,
from the limited testing we've done, on average youre looking at
a performance increase of three to four percent, dependent on
application, certainly for multi-core performance, and around
one percent for single core.

Similarly, if you're thinking that Intel might have an edge here,
you ll be sadly mistaken. In the case of the 14700K, even with our
best attempt at an overclock, performance in Cinebench 2024
increased by a mindblowing 0.8 percent on the multi-core test,
and even less than that on single-core.

There are auto-overclocking solutions as well, typically baked
into both Intel and AMD s own overclocking software. Intel has its
Extreme Tuning Utility lor XTU] and AMD has its Ryzen Master,
both of which features automatic overclock’ buttons. In both
scenarios, Intel and AMD stress test the CPU in the machine,
before applying and tweaking the voltages, core ratios, and more,
to find a stable overclock specific to your chip.

With Intel's 14th generation, the auto-overclocking feature is
actually baked around Al machine learning models, as it looks

The build that
I started it all.

It’s a little known fact, but the reason Zak landed his first job
at Maximum PC as a staff writer was partly because of his

ability to overclock. In his portfolio, not only did he include a
CV, cover letter, writing exercise and extensive photography

of the build’s he'd produced, but also screengrabs of an Intel
Core 15-2500K overclocked to a solid 4.6 GHz.

A fairly reasonable overclock for the 2500K, what made
that even more impressive, however, was the fact that it was
managed on an ASRock Z77E-ITX motherboard, inside a
Bitfenix Prodigy chassis, with nothing but a 120mm Corsair
H&60v2 CPU and a couple of fans, and still managed to keep
itself cool at just 65 C.

In fact. you can find Zak’s first ever feature, an
‘overclocking masterclass’ in the September 2015 issue,

off the back of that one little overclock. Who said tinkering
doesn’'t get you places?
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Qualcomm's Snapdragon processor is
revolutionary, and marks the probable
end of xB6 as we know it.

napdragon

X

Elite

at how your chip reacts under load, and then applies custom
settings to it based off the results it initially gets from those stress
tests. That's impressive, as it can manage all of that in less than
a minute. Again, this still very much voids the warranty on your
processor if you decide to go down the XTU route.

Similarly, GPU overclocking is now pretty much dead.
Although you can adjust memory overclocks and frequencies
on the latest cards, it's nowhere near as easy to do as on the
previous generafions. Almost all modern cards feature an
ECC-type element to the memory stacks, ensuring that they
recalculate any corrupt memory states during operation. This
means that to actually overclock your memory using something
like MSI Afterburner, you have to pay attention to your overall
performance. Overclock just your memory, then wait until you
see a marked decline in performance the higher you go. Similarly,
most modern GPUs sit within their power Limit parameters. In
fact, Nvidia no longer advertises GPU Boost in its cards, as it's
an inherent part of a modern GPU. Still, you can adjust the power
target in GPU control software, although again, the difference in
overall performance, even with slightly higher clock speeds, is
relatively negligible in real-world scenarios.

As an example, with the power target ramped up on a Gigabyte

RTX 4080 Aero OC, in Cyberpunk at 4K on the Ray Tracing Ultra
Preset, with DLSS set to Quality and Frame Generation on, we

got 76.37fps on average and 40.43 min. Max clock speed topped
out at 2895MHz, and GPU temp hit 70 C in the short time it was
running. At stock, the stats read pretty much exactly the same
ithe temperature actually rose by 1 C, likely ambient|, plus the
average frame rate actually 'increased’ to 76.48 [0.14 percent) and
minimum frame rate increased to 41.05 fps [1.53 percent).

WHY CLOCK SPEED REALLY DOESN T MATTER.

The reality is that we've reached a point in general processor
design where clock speed i1sn't a good indicator of overall
performance. We've seen this with pretty much every single
product stack. AMD has pivoted to 3D cache to improve its CPU
performance, without necessarily increasing the number of cores
on any of its mainstream chips. Intel has opted to go for a dynamic
core system with both performance and efficient systems, and

of course, we cant not mention both AMD and Nvidia, who are
now banking hard on technologies like Al supersampling and ray

tracing to really push the limits of what's possible.

We can't forget Arm processors either, utilizing an entirely
different processing method via RISC to push the boundaries of
what's possible when it comes to efficient processing.

Comparing clock speeds between Intel, AMD, and Qualcomm
processors, given how dramatically different their core
architectures are, and how they operate at a base level, Is
practically fruitless, and in no way an indicator of which is better.
The sad truth is that overclocking may have reached its end. What
little performance there is to be had just isn't the worth the extra
instability, temperatures, and power draw. True performance

boosts are seemingly coming from dedicated co-processors, and
new avenues on how to compute specific tasks more efficiently.
Even memory suffers from the same problem. Although
clock speed is a good indicator of memory speed, in real-world
scenarios, it's actually the latency and connection between the

CAS latency and memory speed that dictates performance.
Memory manufacturers often struggle when a new generation

of memory Is Introduced, as the increased clock speeds and
capacity often come along with increased CAS latencies, reducing
real-world performance by an impressive margin.

The sad reality is that no matter which way you cut it, the death
of overclocking seems nigh. Long gone are the days where you
could take a consumer processor, draw a few graphite lines on
it, and boost its performance by Z25-30 percent. Even the best
overclocks we have today pale in comparison to that, and you'd be
lucky to even manage a three to four percent performance boost.
It's like a piece of history has passed us by, lost to obscurity with
little fanfare. On the other hand, with performance now arising
from more dynamic inventions and engineering, the futures
never been so exciting as it is now.

JNDERVOLITING

Don't judge
those tubing
runs, we
were new!

There's another side to overclocking, and that is undervolting.
This pursuit is a little different compared to just ramping

up clock speed, volts and temperatures in that it generally
involves reducing voltage from the chip itself, while trying to

retain its performance and clock speeds as advertised. Now,
why the heck would you do that? Admittedly, it i1s an incredibly

niche scenario, but it's often used in noise-sensitive systems
that require absolute silence, or as close to as you can get.
We did this with a liquid-cooled PC inside the NZXT Manta
back in July 2016. The system featured an AMD Radeon Fury
X alongside an Intel Core i7-6700K, one that was pre-binned
by a third party, and capable of hitting 4.9GHz. Because the
thermal capacity of the chassis was quite limited, instead

of leaving it running at stock or overclocking, and having
sky-high temperatures, we opted to go the other route, and

drop the volts while retaining those clock speeds. This meant
we could keep those IPPC Noctua Industrial fans running at
lower RPMs, reducing overall noise under load. To do this, we
reduced the VCore voltage in a similar manner to how you'd
overclock a CPU, but in the other direction. We did this until
the chip became unstable, or the clock speed began to drop.

By the end, we had an Intel Core i7-6700K, blasting
through benchmarks at the same speed as its stock settings,

but with a maximum temperature under load of just 47 C.
How times have changed.

DCT 2024 MAKIMIN R

37



magazinesdirect.com

T IDEA!
Ve Gifts that
. $ === keep on
B giving

3 GREAT REASONS TO SHOP WITH US

e From tech and gaming titles to fashion and celebrity
magazines there's something for everyone.

e Immerse yourself in our specialist one-off publications about
your favorite hobby or interest.

e Exclusive Offer - Get 15% Off Guides and Specials - MDMAGIS5

VISIT OUR ONLINE STORE AT

WWWwW.magazinesdirect.com

J Convenient home delivery J Save on shop price J Never miss an issue / 1.4m subscriptions sold



PREMIUM DIGITAL
SUBSCRIPTION

As a premium subscriber you instantly
get access to 100+ back issues

[

J

I BEST NVME 1 5 FIX WINDOWS ONEXPLAYER
SSDs | PROBLEMS X1 REVIEWELD
Al PHOTO . 2F -IAHIEAL HEW LAFTEIP
EDITING GUIDE #u0: . DS ra REVIEWS paa
|
|
R U B - JLULY « WWW MaDMmMampc oom -—

BUILD UPGRADE __g =
AMD TO AN a—__l"'f B\ \\\

e ALPC

Cr 4K gaming

for 52,800 Transform your
s E‘}Tﬁhﬁ.gﬂmﬂ ' 1 life with ChatGPT
Supa
The 19 best Al
tools today
- The hardware
EH‘ﬁ g you need
WHICH BROWSER'S
BEST? pass . e
HOW TO BACK UP
EVERYTHING = - WINDOWS 12
mﬂ WHAT WE WANT
FE"-"IEWED T TWO NEW
OLEDs
HEVIEWELD

Www.magazinesdirect.com/ MPP

rs only, visit us at www.magazinesdirect.com or call 1-B&44-T79-2822 for other subscription options.
Offer lr.l tlﬂ'th HEDI#




BUILD
AN 11
SUPPORT
HUB

Discover how to use
RustDesk to provide
remote assistance and

control your own devices
remotely with Nick Peers

AS A MAXIMUM PC READER, vyour
expert knowledge of PCs no doubt makes
you a popular target for technical support
requests from friends and family. “It's why |

Is useless when trying to access certain
settings or install fix-it tools.

In the past, the go-to tool for remote
assistance—as well as giving you access to

~r

sent you to university,” this author’s mother your ownhome deviceswhenoutand about— el - = = a
used to say, forgetting he studied history wasTeamViewer.It'ssimpletouseandworks a
and that he fell into technology journalism  acrossall major platforms, including macOS5, - = g s
by happy accident. Linux, and Android, as well as Windows. = = -

Irying to give tech support over the
phone or by email is a nightmare if you're
constantly having to explain the basics or
trying to imagine what's on the screen of the
ailing machine. This is where remote control
software comes into its own—Microsoft's
Quick Assist tool is one option, but you're
tied to offering PC-to-PC support and it
can't handle administrative requests, which

However, its free tier has been locked down
to the point of being almost unusable as you
find yourself unfairly accused of using it for
professional purposes.

The good news is that we've found an
alternate option offering all the advantages
of TeamViewer with none of the charges,
nags, or restrictions. Read on to discover
how to set up and use the brilliant RustDesk.

-STers




Hey Dan, are you there?
L §al |

Yes. I'm here. Thanks for
taking a look at my PC.
po

No problem. Just going
{o open your Start

menu...
A

Use the chat window to communicate
with the person you're helping.

OCT 2024
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HOW RUSTDESK WORKS

We've chosen RustDesk [https://rustdesk.
com)] because it is free, open source, and
simplifies switching thanks to its familiar-
looking user interface. It also has a built-

in file transfer tool that makes it easy to
send and receive files between devices.

RustDesk’s client package can be used
to remotely access and control Windows,
Mac, and Linux computers [including
ChromeBooks with Linux Developer Mode
enabled], as well as Android devices.
Theres also a client app for 105 that

enables you to control other devices from
your iPhone or iPad. The client is all you

need to install on both your PC and any
remote device.

By default, RustDesk connects through
a free public server, just as you would with
TeamViewer. All you need to know Is the
devices |D and—if the remote machine is
unattended—a one-time password thats

randomly generated each time the client
is launched.

One of the issues with this approach
is that performance Is noticeably slower
than TeamViewer, due to RustDesk's
less developed infrastructure. However,
you have two additional connection
options available to you: directly through
IP address [for local connections], or
through your own RustDesk server, which
helps improve performance, We'll cover
all three options in this feature.

FIRST STEPS

Whatever approach you take, the
RustDesk client must be installed on
both devices to handle both sides of the
connection. Head over to www.rustdesk.
com/download where you'll be rerouted

RustDesk

/. Service is not running

Toll il iesl ar enahle PSereen

P Starl service

Permissions
Screan capture

Input control

Transfer file

Audio capture

) & Home

Settings

Your Desktop

Your descop Gan be acoEised
with thet 1D and padsword,

s 165 558 114
19 923 925
35hxvb
L
Simply enter the remote device's D to connes

to the RustDesk client GitHub page,
complete with a convenient list of links

spanning all supported devices: Windows,
Mac, Linux, Android, and 105. The 105
version is the only one that can only be
used to access other devices,

You'll find direct links for all platforms
here—including APK files for Android
devices, because RustDesk isn't available
in any app store. Once installed, the client
automatically opens. Some platforms
[such as Mac] may then require you to
configure additional permissions to give
RustDesk the access it needs—just follow
the prompts.

Android users also need to jump
through several hoops to configure the
app to allow the device to be controlled
remotely: First tap Start Service, then
read the warning message about scams.
Wait for the | Agree” box to turn blue, then
check Don't show again’ before tapping
it. Youre then prompted to configure
other permissions, such as Display
over other apps and Files access for
transferring files. You then appear to run
into a brick wall should you want to control
your Android device remotely, because
tapping Input control’ shows a grayed-

out RustDesk Input” option.
Don't worry—this appears because you

installed RustDesk from an APK file, and
the fix is mercifully simple: Open Settings
and navigate to ‘Apps > RustDesk’, then
tap the ‘More’ button [the vertical ellipsis)
at the top and select Allow restricted
settings. Now return to Accessibility,

where you can now give RustDesk Input
full control of your device.

MAKE THE CONNECTION
The main RustDesk client screen contains
everything you need to both receive and

Control Remote Desktop @

®

Cops no recent sessions
II-.IF1'IlE' 10 plan a RewW Ore

toit.

make connections. If youre connecting
through RustDesk's own public servers,
you need to know the ID of the device
to which youre connecting. If youTre
connecting to your own device, you also
need to know the password; If youTre
connecting to a friend or family member
who’s sitting at their device, they can grant
you access when you attempt to connect.
To make your first connection, type
the remote |D into the Control Remote
Desktop” box at the top of the screen and
hit Connect. This triggers an access
request pop-up on the remote device—
be patient, this can take some time over
RustDesk’s public servers. Either enter
the password and click OK' or wait for the
person at the other end to click ‘Accept’.
This approach ensures control
remains in the hands of the device owner.
If it's your own device, you'd simply enter
the password to gain control of it; if it's a
friend or family member looking for help,
they can either share the password with
you beforehand, or sit at their device and
click Accept’ when the prompt appears on
screen. See the Set access permissions’
box on the right for more details about

how they retain full control over their
device, including being able to terminate

the connection at any time.

NAVIGATE THE REMOTE DEVICE
When your connection i1s established to
the remote device, you see the remote
desktop appear in a pop-up window
on screen. If you have control over the
keyboard and mouse of the remote device,
you can now use that device as though you
were physically sitting next to it.

By default, RustDesk attempts to
render the screen at the same resolution
as the remote device—in many cases,

D MICROSOFT, RUSTDESHK
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you'll find it doesn't fit within the confines
of the RustDesk client window, so only
part of it is shown. Consequently, as you
roll your mouse over the window, you see
the desktop move with it.
Whilethisworks, it snotverypractical—
particularly on target machines with a
higher resolution screen than your own
lsay 4K on a reqular 1080p HD displayl.
The good news is that there are plenty of
options for changing the display to suit.
Look for the small tab at the top of
the window displaying three buttons—
reposition the tab by clicking and dragging
on the gray left-hand button. The middle
button enables you to switch RustDesk to
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full-screen view—perfect for machines
where both host and remote displays
match [you'll see the tab remains in view
at the top, with buttons for exiting back to
normal view or minimizing the window
to the taskbar].

But what about fitting' a larger-
resolutionremotedisplaytoyour RustDesk
window? To do this, click the right-hand ~
button on the tab to reveal seven icons.
Click the display icon [third from left] to
reveal a pop-up menu. You'll see ‘Scale
original is selected by default, so choose
‘Scale adaptive to have the remote display
fit to the window. Alternately, expand the
Resolution submenu to reveal options for

setting the remote device s resolution to
a more comfortable setting if you prefer.
For more display settings, check out the
‘More display options” box over the page.

INPUT DEVICE SETTINGS

Next to the display button i1s a kKeyboard
button—click this to revealvarious options
for configuring your input device, The key
option is View mode —when checked, it
basically turns the session into a simple
screen-sharing one by disabling access to
the remote device's mouse and keyboard
while graying out all other options.
When you're in control, you'll see options
referring to wvarious modes: Legacy,
Map [the default]l, and Translate. Ignore
Legacy—this would only be applicable if
you were attempting to connect to a device
running an older version [1.1.9 or earlier]
of the RustDesk client.

Instead, consider switchingto Translate
if you want to do office work on the remote
machine, because this mode effectively
applies your local Keyboard layout to the
remote machine, ensuring that what you
type on your local keyboard is input at
the other end, too [for example, ensuring
you dont fall foul of a remote Mac's
transposition of the ~ and [@ characters).
MNote, Translate mode isnt recommended
for gaming, where scan codes may be
used to process Keypresses.

Other input options are largely self-

explanatory: Swap control-command
key helpscircumvent the Mac'sinsistence

SET ACCESS PERMISSIONS

When rendering technical assistance to a friend or family
member, ask them to carefully study the access request

pop-up before clicking ‘Accept’. By default, the seven
permissions buttons are all colored blue to indicate they re

all enabled. This effectively grants you full control over their
device, so they may wish to review these buttons and then
click any they re uncomfortable with to turn the button gray
and so disable it.

The first row of buttons gives you control over their mouse
and keyboard, plus access to their clipboard and audio output
[so you can hear what's going on). There's also support for file
copy/paste, which would enable you to transfer files to their
device without having to go through the file transfer tool.

The second row enables you to remotely restart their
computer if necessary, set up a recording session that would

record the session as a video file, plus give you the option
of blocking user input from their end for whatever reason

(typically because you don’t want them interfering as you try
to fix their problem).

Ultimately, the most important button for remote control is
the first one: Disable the mouse and Keyboard, and you can't
interact directly with the remote device, effectively turning it
into a simple screen-sharing session.

nickpers

n (PEEERSERC S5

TR T T R

| Te remote device owner can change permissions
and end the connection at any time.

Note, once your friend clicks Accept’, the pop-up is
minimized to the taskbar—your friend can bring it back to
change permissions at any time, plus they can terminate the
connection by clicking 'Disconnect’. Be aware that while you
can move and hide this window, you can’t change any of the
settings from your end. If you wish to end the connection, click
the X in the RustDesk window to close it and return to the main
RustDesk connection screen.

MAXIMIM RE ﬁa
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The client creates shortcuts to all recently accessed machines.

on using Command-key shortcuts over
the reqular Ctrl-key combos found In
Windows, while Reverse mouse wheel’
and Swap left-right mouse button do
exactly what they say.

MORE CLIENT TOOLS
There are five other buttons to be found on

the pop-up menu—to Keep it permanently
visible, click the pin button on the left.
Click the lightning button next to it, and
you'll see various system-related options.
These include an option for storing the
remote device's 0S5 password, enabling
you to quickly enter it with a single click
when the prompt appears on the remote

machine |[you'll find this particularly
useful when youre connected to a Mac or
Linux computer].

You'll also see a Transfer file’ option,
which opens RustDesk's file transfer tool.
This requires an additional prompt for

your connection password lor agreement
from the person at the other end of the

connection] before the main window pops
up. You'll see the root directory on both
machines, enabling you to navigate to any
folder and easily send files between them.

Another interesting option is TCP
tunneling’, which is a means of setting up

port forwarding between your device and
the one to which youre trying to connect:

Input your local port, the remote host
address, and the remote port to which you
wish to direct traffic. Once configured,
you can connect to the remote device in
different ways—for example, you could

set a port forward to 22 on another device
on your network using its |IP address

to allow you to connect via SSH using a
terminal or command prompt window.

Here are three more options: Restart
remote device doeswhat it says on the tin.
You'll lose the connection, so wait a few
minutes for it to restart before attempting
to connect again. Insert lock’ locks the
remote screen should you need to do so
for security reasons (don't forget to set
up the 0S password’ option to speed up
unlocking). Finally, Refresh’ can be used
to update the display.

When helping friends and family
with their computer woes, being able to
communicate what youre doing and why
IS a key part of any assistance process.
Naturally, RustDesk has tools on hand to
help—you'll find text chat and voice call
options when you click the speech bubble
button. Text chats appear in a floating
pop-up window on your machine—you can
reposition this using drag and drop. The
chat appears In the access permissions
pop-up on the remote machine.

The final options you'll see are a blue
Record button—selecting this records
the screen as a video, which is saved to

a RustDesk folder inside your personal
Videos folder—and a red cross icon

MORE DISPLAY OPTIONS

RustDesk’'s Display menu gives you a host of options for
controlling your remote display, some of which—adaptive

versus scaled, changing resolution—we cover in the main
text. Other options are concerned with balancing the image
quality with the speed of your connection. Explore the Image
Quality submenu to experiment with bitrate and FPS settings
If you find you need a trade-off between image gquality and
responsiveness of the mouse and keyboard. You can see the
current state of your connection by checking Show quality
monitor’ from the Display menu—this opens a draggable
pop-up inside the RustDesk client window that displays stats
including connection speed, FPS, delay, and target bitrate.
The Codec drop-down enables you to change video codec—
recent updates have enabled hardware codec support, making

X265 the new default on supported devices. Other options
are x264 lhardware) or VP9, VP8, and AV1 lall software).
Other options on the Display menu include being able to add

virtual displays to supported remote 0Ses [such as Windows].
When added, you can arrange items across multiple displays
and move between them via this menu. Beneath this are
checkboxes for Show remote cursor’ and Zoom cursor'—by
default, your remote device’'s cursor is hidden in favor of your
own, so check the first option to track the remote cursor when
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RustDesk offers awide range of display options for
your remote connection.

It's moved by the device owner. You'll also find checkboxes
enabling you to mute the remote desktop's sound, disable

its clipboard, and lock the remote desktop after you end the
session—for security reasons, obviously. Some devices also
support Privacy Mode—when enabled, the device's display is
hidden so no one can see what's happening unless they press
Ctrl-P Imake sure you block user input to circumvent this if
you're accessing one of your own devices remotely).




for providing an alternate way to end
the session.

CONFIGURE CLIENT SETTINGS
After ending your connection, you'll find

the RustDesk client has conveniently
stored a shortcut to the remote machine

in its History section for future use. This
displays an icon indicating the remote
device's 0S5 type, the user and device
name, and a handy colored dot thats
green when the machine is online and
accessible. You'll also see a vertical
ellipsis button—click this to access all
connection types, including Transfer file’
f that's all you want to do, plus an option
to rename the connection to something
more descriptive. You can also add it to
vour favorites or delete the connection.
Other program setlings—and there
are many—are found by clicking the
hamburger icon at the top to open
the Settings tab. Thankfully, most settings
are self-explanatory and enable you to set
default behaviors for the various options
we've explored. One section you shouldn’t

skip over is Security—select it in the left-
hand pane and then click Unlock security

settings’ before clicking Yes' to give
RustDesk the additional access it needs.
Permissions enables you to pre-select
your choice of permissions when you—or
someone else—connects to this device.
The Password section is where you can

change how connections are made to your
current device—you can force remote
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You can alsouse RustDesk to transfer files between machines.

users to always enter a password or
require permission from your end.

By default, RustDesk always assigns
a new one-time password each time you
launch the client—it's six digits in length,
but you can increase this to eight or 10
digits, or replace it with a permanent
password If you plan to use RustDesk
for remote connections to this machine.
Below this you'll also find a 2FA option,
which is only available when connected
through the public RustDesk server, as
well as an option to change the ID,

There are a host of additional options
below this, but one stands out: Enable
direct |IP access’. If you'd like to connect

directly to another device on your network
using its local IP address—thus bypassing
the RustDesk relay server to speed up
performance—check this option. Once
checked, a remote device can be accessed
simply by inputting its local IP address

[typically 192.168.x.y] into the 'Control
Remote Desktop boxinstead of its |0,

SET UP YOUR OWN SERVER

RustDesk's public servers do a good job
but can be sluggish when lots of people
are using them. By setting up your own
self-hosted server, you can speed things

up. RustDesk reguires you to install two
server components that manage the

MAKE YOUR RUSTDESK SERVER REACHABLE

Anyone wishing to connect through your RustDesk server
needs a permanent address to point at. This could be your
public IPv4 address [visit http://whatismyip.com to find out
what this is), but apart from being difficult to remember, it's
also likely that the address changes over time—for example,
when you reboot your router. In previous issues we've talked
about setting up a subdomain or dynamic domain [such as
those offered for free at www.noip.com) to redirect to your
public IPv4 address, updating as required with the help of

a DDNS client such as ddclient [https://ddclient.net) or one
supplied by your domain or dynamic DNS host provider.

Because of the way RustDesk communicates—through its

own unique set of ports—you don't need to set up a dedicated
subdomain. If you've followed one of our tutorials on running
self-hosted services such as Vaultwarden, Jellyfin or your

own WireGuard VPN server from the June 2024 issue, you may
have a subdomain or dynamic DNS domain in place that you

can use. Make sure you choose a subdomain that's protected
with an SSL certificate—we recommend Nginx Proxy Manager
(https://nginxproxymanager.com) for a simple way to obtain
this if you've not already done so. Visit https://linuxformat.
com/archives?listpdfs=1 and click the Nginx proxy’ link for

a comprehensive guide to setting up and using It.

Use Nginx Proxy Manager to equip your chosen domain
with an SSL certificate.

Once your subdomain and S5L certificate are in place,
you can then input the domain into the 'ID server’ and 'Relay

server’ fields of the ID/Relay server section under RustDesk's
‘Settings > Network' dialog. And once connected, verify it's an
encrypted connection by looking for the green shield icon in
the RustDesk client window. Hover your mouse over this and
it should confirm the connection is secure with a relayed and
encrypted status message.
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connection between devices. They can be
installed on your main Windows PC, or any
server or NAS capable of running Docker
or Podman containers, including QNAP,
Synology, and our small NAS build from
the April 2024 issue,

Before you begin, you need to open
several ports to allow RustDesk to work
remotely, so log on to your router and
access its port forwarding section, then
forward the following ports:

TCP: 21115, 21116, 21117
UDP: 21116

These are the only ports you need
to open if you stick to the free 0S5

implementation of RustDesk—if you
purchase a Pro license [see https://
rustdesk.com/pricing.html—it's  pricey
at $9.90 a month), you also need to open
TCP ports 21114, 21118 and 21119 to gain
access to the web console and to support
web-based connections.

These ports need to be forwarded
directly to the IP address of the PC your

RustDesk server is installed on, which
means It needs a static IP address. If you
install it on a server following the guide in
the box to setting up a Podman or Docker
container, this should already be the case,
but if you're using your own Windows 11
PC, you may need to configure this.

You have two choices: the first is to
explore your router’s configuration utility
for a DHCP Reservation section, which
instructs the router to always assign the
same |IP address to specific devices on
your network. Alternately, configure your
PC to set its own static IP address. To do
the latter, navigate to Settings > Network
& Internet > Ethernet’ and click Edit’
next to IP assignment’. Select Manual’
from the drop-down menu, flick the |IPv4
switch to On and fill in the details: Choose

an IP address that isn't in use elsewhere
on your system or part of your router’s

reserved DOHCP address space [use a
tool such as Advanced |IP Scanner from

2 Hame A, Serbmgi
settings B Enatie fin trarsfer
B Enace audo
8 General B Eracie TCP tunneling
| . ﬂ Enale remale restart
I E aREUrty
B Enase recorgng setwon
ol E Enabie Blocohs usel rput
L Daspiay I::l Enatie remate configuration maddcation
& Account
© About Password
Accept sessions via pasmwond

(@ Lse one-time passwornd

One-time paspword langthe @ & () 8 I::]"IE'

() Use permanent password

Sot permanen] pastwartl

() Use both passwords

www.advanced-ip-scanner.com If youre

unsure what IP addresses are free to usel.
Now fill in the other details: Subnet

mask Is usually 255.255.255.0, while
the Gateway should be your router’s IP
address. When it comes to the preferred
DNS server, you have up to three choices:
your router's IP address, 1111 [for
Cloudflare] or B.8.8.8 [for Google), or the
IP address of your Pi-hole server if you've

set one up [see the January 2024 issue).
Finally, anyone connecting to your

RustDesk server [including you when
away from home] needs to know your
home network's public [P address, which
Isassigned toyou by your Internet provider,
and is that shown at www.whatismyip.com
when you visit the website at home. If this
Is a static IP address, you can move on
to the next step; If not, you might want to
consider connecting through a subdomain
or dynamic domain. See the box on the
previous page for instructions.

INSTALL WINDOWS SERVER
You're now ready to install the RustDesk
server. If you plan to installitona Windows
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computer, you have a choice of two
approaches, both of which are described
in detail at https://rustdesk.com/docs/
en/ lexpand ‘Self-host’ and then click on
'Windows & PM2 or NSSM’]. We're going
with the PM2 version, so the server will
only run when your PC is switched on and
youre logged into your own user account.
That's a logical assumption if you want to
access your PC remotely or use RustDesk

solely to provide remote assistance to
other people.

The PM2 wversion requires Yyou
first install Mode.s, an open-source

JavaScript runtime environment. We
o K g N recommend downloading the latest LTS
& stam version via the download link at https://
Lraate | Satthn 5 i i &
@) intenes _ nodejs.org/en—during installation leave
Eradn Mame | Presatn port Protoc
= e - the box unchecked when prompted to
" Toim® P Erl L -
¥ ma == e mmang T automatically install additional tools for
i IR mm-iwl i P peHe JiLiE ., ""-":":' 1'.7'-":1' natqu mﬂdU'I.E'E.
¢4l Trafne Control WMEars thop)  Prvate pern siiisl ] an T GHEE i”EtELLEﬂt, it.E tiﬂ"‘lE tﬂ IIHEIZEI“ PME.
o  Mweicood Tk Sroteced T - 47 TER Press Win-R, type ‘cmd.exe’, and press
& seumy o Mg HTTT & TCRL Ent t | d ¢
— = == nter to open a regular command promp
i Ppension Mt QR — — e ladministrative access is not required
v e i or desired in this case]. Now type the
el [TCF) . L6H. 351 - JRNLE=FEE B JLL1E211107 o - .3'-,
W Ao pie:o - ‘ b = following command: =
LifniP e AL SEHVER L 168 381 L3128 Jram n ’ E
LT ot I=-231FLLS I 1648 3% 2 2 Bdh] FIH] L npm lnstall ‘E me "_L--I
Uk cher M 100- SEUER 192. 198,75 1 19327 When it's finished adding packages, =
e type the following two lines: @
| npm install pm2-windows-startup -g %

pm2-startup install
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Install and set up your server through the terminal.

Now visit https://github.com/rustdesk/
rustdesk-server/releases and expand
all available releases under Assets for
the latest build, then double-click the
rustdesk-server-windows-xB86 64-
unsigned.zip’ link to save it to your PC.

Right-click the zip file and choose Extract
All", When complete, open the rustdesk-

server-windows-x86_64-unsigned’
folder and rename the x84 44 folder
inside to rustdesk-server before copying
it to the root of your C drive. Return to the
command prompt window and issue the
following commands to complete setup:
cd C\rustdesk-server

pm2 start hbbs.exe

pm2 start hbbr.exe
pme save

CONFIGURE CLIENT
Go into the C:\rustdesk-server, folder,

where you'll see two files of interest: 1d_
edZ25519 and 1d_ed25519.pub’. These are
the private and public keys required for a
secure connection to the server. Upen the
latter ['id_ed25519.pub’] in your text editor
and copy the contents to your clipboard.
Now you need to instruct each client
to use your server instead of RustDesk's
public servers. To do this, open the
RustDesk client's Settings and select
‘MNetwork', then click Unlock network

INSTALL IN DOCKER/PODMAN

If you're looking to provide a RustDesk server with 24/7

access, your Windows PC may not be the best choice to host

it. The good news is that if you have a suitable server running
Docker or Podman, you can get your RustDesk server up and

running with the minimum of fuss. Example scripts for Docker
users can be found at https://rustdesk.com/docs/en/self-
host/ [select 'Docker’ under 2.1 RustDesk Server 055°), so
were focusing on how you'd adapt those scripts for a rootless
Podman installation, as we've outlined in recent issues.

First, obtain the latest server image:

your RustDesk configuration, including the all-important

net=host

podman run =td %
-—=pod=pugstdesh
—nane hbbs

%

podman run —td
==namng hbbr
~=pod=rustdesi

!

podman pod create ——name=prustdesk —

v =/container—data/ rustdeak: froot

docher. Lo/ rustdesl/ rustdesh=server
nbahs -r your.dosain ., com

- =feantainear-data/ , rustdask: fraat

settings’, then Yes'. All the configuration
needs to be done in the |D/Relay server’
section. First, paste the contents of
1d_ed25519.pub into the Key field, then
input your chosen subdomain or static

public IP address into both 1D server’ and
‘Relay server fields. Click ‘Apply’.

Hepeat the process on another client
for testing purposes—how you securely
transfer the public key I1s up to you, but we
used our self-hosted Bitwarden servers
secure notes feature to both store and
copy the key easily between devices.
Unce configured, attempt to connect one
of the configured clients to the other—all
being well, the connection should work.

Once you've confirmed the connection,
returnto Settings > Network and click the
‘Export’ button next to |D/Relay server’. If
you have to use the public servers again
for any reason, you can simply clear all
three fields and click Apply. When you
want to reconnect fo your own server,
return here and click the Import’ button
to restore the server settings with a single
click. Future versions of the client [1.3.x]

will enable you to store multiple server
configurations.

Congratulations, youve not only set
up a robust, powerful land free] remote
access tool, but you ve also added a layer
of security and potentially improved
performance by running it through your
own RustDesk server, too. All that's left to

do is configure all other clients with your
server details, and you re good to go.

TO ENSURE RUSTDESK ALITO-STARTS WITH YOLUR
S AV R

podman generate systend —nes —nane
rustdeshk —f

ny =y pod=-pustdesh service

f _eond ig/ systend/ user )

my =v container=hbbs, service

~/ . config/systend /user/

ne ~v container-—hbbr service

=) eonTig/systend, user/

syetamct]l =——user dasmon=reload
systemet]l —user enable pod-

rustdesk. service

systemctl user enable containar-hbbr
container—hbbs

docker. o/ rustdesk/ ustdesh—sarver Y

vodman image pull docker.io/rustdesk/rustdesk-server hbbr

Next, create a suitable folder inside which you'll store

key—for example, the following line would create a hidden

rTustdesk’ folder inside a ‘container-data’ folder within your

home folder:

mkdir ~/container-data/rustdesk

Then consult the screenshot on the right, where you'll see
the commands you need to enter to create a pod containing
both the main and regular server containers. You need to
adapt the lines marked -v’ to point to wherever you placed
the hidden rustdesk’ config folder, plus make sure hbbs -r’ is
pointed to your own subdomain. Once both containers are up

These commands should get RustDesk server running in Podman.

and running, navigate to the hidden .rustdesk’ folder where

you'll find the private key you need in the 'id_ed25519.pub’

file—open it using a text editor such as Nano, and then copy
and paste the key somewhere suitable before passing it on to
all the devices that need to connect through your server.

Once you've confirmed the connection works as it should,
you can then complete the process by configuring RustDesk to
automatically start with your server—again, the screenshot
reveals the commands to do so on your Linux-based server.
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Dawn of a
Nnew era

IT' S FINALLY HERE. Notebooks, laptops,
ultrabooks—all of them have led to this
point in time. We're finally witness to an
immeasurable change in how our portable
world of computing will be moving forward.
The world of TN, IPS, and VA screens is
coming to an end, and with it the advent of
Al. We're now at a point where OLEDs are so
cheap, and Al processors too, that it's hard to
see a world where the two don't exist in every
portable powerhouse. Arm, Ultra Cores,
Ryzen 8000 series—all feature Al, and all
typically come with that OLED Fanal. Tﬁ#
:ﬁsps:mn*mﬂiﬂcheﬁnrm ac , 5 !E:




1 ASUS
ZENBOOK DUO

Potent, portable, powerful,
and perpetually configurable.
We took a look at the Asus
Zenbook Duo in our May

2024 Edition, complete with
its own Neural Processing
Unit, and twin OLED panels.
It’s outstandinag.

> X86 OR ARM?

Arm is starting to
make some serious headway
against our oldest
processing friend, the x86

accuracy, hrightnesﬁ. and
super-low response times
and high refresh rates, and

it has quickly become the
ultimate panel tech.
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CPU Arcnrtecture

New AMD and Intel processors

50

take center stage by varred waiton

AMD AND INTEL have traditionally released new
processors every year, often with the biggest
updates arriving for the fall season. 2024 continues
that trend, but there are new processors, and there
are new processors. In what has become mostly a
two-year cadence, both AMD and Intel have major
architectural overhauls going on, promising bigger
changes than the off-year refreshes.

It's not just about desktop CPUs, either. As
another sign of the current state of affairs, where

mobile solutions continue to outsell desktop parts,
both companies have laptop-centric designs
coming out. Intel even leads off with its mobile-
focused Lunar Lake architecture, which has some
important differences from the upcoming desktop-
centric Arrow Lake designs that we'll cover here
AMD likewise has its Granite Ridge line of CPUs that
target desktops, with Strix Point processors going
after the mobile market. Both use AMD's latest
Zen 5 architecture, but there are plenty of under-
the-hood differences to discuss. There are server
designs from both companies happening as well,
but we won't get into those.

All told, we have a collection of CPU architectures
to discuss, with numerous changes from the
traditional approach we've seen in the past. Intel is
moving away from being the sole or even primary
manufacturer of the silicon used for many elements
of its latest CPUs [see last month's Tech Talk,

MPC233], turning to rival TSMC for many aspects
of its multi-tile solutions. AMD has used TSMC for

years, and will continue to do so for this round of
updates, but there s news to discuss there as well.

Theres a lot to cover, so turn the page to join
us as we seek AMD's Zen for the fifth time while
swimming in some Intel lakes.
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AMD Zen 5 Architecture
AMD IS FIRST out of the gate with its new Zen 3
microarchitecture, powering the latest Ryzen
7000-series desktop CPUs, as well as the Ryzen
Al 300-series laptop parts, Officially, AMD has
announced four desktop chips and three laptop
parts, but we can expect that number to increase
over time. Zen 5 gets further split into regular Zen
2 cores, as well as density-optimized Zen 3c cores
[see Zen 5c sidebar). but most of the functional units
are the same.

tvery new CPU architecture looks for ways
to improve overall performance, using some
combination of improved IPC linstructions Per
Cycle) and higher clock speeds. Adding performance
alone isn't enough, however, as we learned in the
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The block diagram
overview of Zen >
shows significant
changes compared to
prior Zen designs, with
larger buffersanda
wider pipeline.
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Every new CPU architecture
looks tor ways to improve
overall performance, using
some combination of improved
[PC (Instructions Per Cycle)
and higher clock speeds

i
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RYZEN

3000 Series

clock speed wars of the mid-2000s. Ideally, new
architectures offer improved performance along
with better efficiency, which 1s why clock speeds
havent seen massive changes over the past couple
of decades.

The first CPUs to hit 1GHz came out in March 2000
with AMD’s Athlon 1000 and Intel’s 1GHz Pentium Il
models. Clock speeds doubled to 2GHz and more just

18 months later with Intel's Pentium 4 processors,
and by late 2002 there were 3 GHz Pentium &4 chips

available. Thats when CPU designers ran into a
wall and clock speeds began increasing much more
slowly. We didn t get a retail 4GHz processor until ten
years later with the AMD FX-4170! AMD's infamous
FX-9590 broke the 5GHz mark in 2013, but with
rather extreme power draw for the time, and we only
just hit 6GHz CPUs with
the Core 19-13900KS in
early 2023.

What were saying
Is that increasing CPU
clocks generally hasn't
been the best way to
boost performance for
over two decades, so
instead, CPU designers
have focused on boosting IPC. There are multiple
tactics that can improve IPC, including wider data
paths, deeper buffers, more execution units, better
branch prediction, simultaneous multi-threading
[SMT], and larger caches, Zen 5 basically ticks off
every one of those boxes in its quest for higher
instruction throughput.

AMD reworked the front end for Zen 5 to include
dual 4-wide instruction decoders, along with an
8-wide dispatch unit. Previous Zen architectures

were 6-wide designs, so this represents a potential
33 percent increase in instruction throughput. The
branch prediction has also been improved to have
lower latency and improved accuracy—key factors
for increasing performance.

L1 cache throughput has been improved, and the
L1 datacache hasincreased to 48KiB, up from 32KiB

on prior Zen chips. Along with the wider dispatch
unit, there are more execution units. For integer

work, there are six ALUs [Arithmetic Logic Units],
three of which support multiplication, alongside
four AGUs [Address Generation Units]. Floating-
point and vector units support full AVX-512, with six
pipelines to handle the various instructions.

Together, the above changes provide an average
improvement of around 16 percent relative to Zen
4, according to AMD. That's a significant jump, and
represents a continuation of AMD’s claimed double-
digit percentage gains for each Zen generation. Zen
| offered a 52 percent increase in |[PC compared to
the previous Bulldozer architecture, Zen 2was a 15
percent improvement; Zen 3 was 19 percent, and
Zen 4 was 16 percent. It's a great track record for
AMD's CPU team.

Zen 3 desktop CPUs continue AMD's chiplet
tradition, with a single 10D [Input Output Die] that
has the memory controllers, basic graphics support
[two RDMNA 2 CUs), PCle lanes, USB controllers, and
more. It'sthesamel0Daswith Zen4, builton TSMC's
N6 node to save on costs, so base connectivity will
be the same as Zen 4. The CCD [Core Chiplet Diel,
meanwhile, uses TSMC's N4P node, a refinement
of N5 that improves performance and efficiency.
AMD will also offer Zen 5 CCDs that use the newer
N3B node, though that will presumably be for EPYC
variants, rather than Ryzen CPUs.
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AMD Strix Point

FOR LAPTOPS, AMD's Strix Point makes similarly
major changes to the underlying architecture for
CPUs that will be sold under the Ryzen Al brand.
As with the previous-generation Phoenix Point

and Hawk Point, this is a monolithic design—no
chiplets here. The single large die contains all the

|0 connectivity for memory and PCle devices, CPU
cores, an RONA 3.5 GPU, and an XDNA 2.0 NPU
[Neural Pracessing Unit).

The top two Ryzen Al models [Ryzen Al 9 HX 375
and 370] have 12 CPU cores: four standard Zen 5
cores and eight Zen 3¢ cores. All the cores have SMT

enabled, letting the chips execute 24 concurrent
threads of work. The previous generation 7000-and

8000-series laptop CPUs—which were basically the
same architecture—topped out at eight cores: four
Zen 4 and four Zen 4c, so in addition to architectural
advances, the Ryzen Al processors have a 50
percent increase in core count.

As impressive as the CPU aspect might seem, it s
the other areas of Strix Point that show real promise.

AMD’s Ryzen Al
processorsusealarge
232.5mm2 die built
using TSMC's N4P
node—that's 68 percent

larger than Hawk Point's
138mm die.
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Hawk Point and Phoenix Point offered integrated

RDNA 2 graphics with up to 12 CUs [Compute Units],
each with 64 shader ALUs. Strix Point moves to the

RDNA 3.5 architecture, and then increases the CU
count to 16. That's at least a 33 percent potential
boost to graphics performance, and likely more
than that for real-world workloads.

As with the CPU architecture, it's not just about
adding more cores and improving performance.
RDNA 3.5 contains optimizations specifically to
boost efficiency, with double the texture sampling
rate, twice the interpolation and comparison rates
for shaders, and improved memory management,
with better compression techniques and additional
tuning for LPDDRS memory.

The third leg of 5trix Point is the new XUNA
2 NPU, which support both INT8 and FP16 data
types to better handle a variety of Al workloads,
along with a new 9-bit Block FP16 data type that
offers nearly the precision of FP16 with clese to
the performance of INT8. AMD's Phoenix Point
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processors [7040-series] were the first to include
an NPU, rated at just 10 TOPS [INTS8 teraops); Hawk
Point was basically the same chip, but with a boost in
clocks allowing up to 16 TOPS of performance. Strix
Point's NPU sees an expansion from 20 Al tiles to 32,

with each tile offering much higher performance,
yielding a total of 50 TOPS of compute.

The net result of all these elements is that not
only do the new Ryzen Al chips have higher CPU,
graphics, and Al performance than the previous
generation parts, but the fastest models are also
rated for 28BW TDP compared to 45W on the previous
top-end Ryzen 9 8940H5. Strix Point is also the first
x86 chip that s Microsoft Copilot+ certified, although
we re still waiting to see what that means in practice
after Recall got sent back to the drawing board.

Intel Lunar Lake
Architecture

INTEL HAS MULTIPLE NEW CPU architectures in
the works, although the desktop and laptop parts

appear to be even more wildly divergent than what
AMD is doing with Zen 5. The first parts to launch

will be the Lunar Lake processors for laptops and
other portable devices. Much like last year's Meteor
Lake, Intel is leading with mobile chips, building on
many elements of the previous generation, but with
newer, faster, and more efficient designs.

As arecap, the previous-generation Meteor Lake
[Core Ultra) processors use a multi-tile approach
with four tiles, plus the base Foveros tile. The CPU
tile is made using the Intel 4 process node, and
sports a hybrid architecture similar to Alder Lake

and Raptor Lake desktop parts, with Redwood Cove
P-cores and Crestmont E-cores. The GPU tile uses

TSMC’s N5 node and handles graphics work. The
largest tile is the SoC tile made on TSMC’s Né node,
and it includes an NPU, two lower power E-cores,
the memory controllers, and video decoding
support, plus display outputs. Finally, the 10 tile
also uses TSMC Nb, with Thunderbolt 4 and PCle

2.0 connectivity support.
Lunar Lake builds on Meteor Lake's concepts,

but it condenses things into just two main tiles
this time: a large Compute tile that's made using
TSMC's cutting-edge N3B node, and a Platform
Controller tile that's made on the older TSMC
Né node. The only Intel-made silicon for Lunar
Lake 1s the Foveros base tile that links everything
together, which is made on Intel’'s 22FFL [now called

Intel 16], originally used to make 3rd Gen Core
lvy Bridge CPUs back in 2011. Moving to just two

processing tiles should reduce costs somewhat, but
outsourcing both of those to TSMC means that Intel
will end up paying more money per chip as it only

All of this is good, but one of the most
noteworthy changes is that Intel has
worked to make the core design far more
portable between different process nodes.
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handles the packaging internally.

The Platform tile houses all the external
I/0 functions for the chip, including Wi-Fi and
Bluetooth, USB 3.0 and 2.0, Thunderbolt 4, PCle
4.0 and 5.0 interfaces, and the memory controllers.

Most of these technologies don't need the latest
process nodes, and so there are cost savings by

using TSMC's N6 node. The Lunar Lake Compute
tile is where all the exciting stuff resides, with four
Lion Cove P-cores, four Skymont E-cores, a new
Xe2 GPU, and the NPU 4.0 Al processor. We've got
sidebars on the GPU and NPU, but let's tackle the
two CPU architectures in more detail.

Intel's Lion Cove P-Cores

INTELUSESAHYBRIDarchitecture onits processors,

with performance-oriented P-cores and efficiency-
focused E-cores. Lion Cove is the codename for the

latest iteration of the P-core, following on from the
Golden Cove architecture used in Alder Lake and
Raptor Lake, though Intel renamed this to Raptor
Cove for the 13th and 14th Gen chips.

A lot of the changes with Lion Cove echo what
we saw with Zen 5. Intel is adding more execution

resources, along with deeper buffers and other
improvements. For example, Lion Cove uses

an 8-wide design, up from b-wide on the prior
generation. It also can retire up to 12 instructions
per cycle, up from eight. To help, it has 18 execution
ports, up from 12 on Golden Cove.

All of this is good, but one of the most noteworthy
changes i1s that Intel has worked to make the core

design far more portable between different process
nodes. Previous generations used large numbers

of Fubs'—functional blocks—often with tens of
thousands of cells each. These were designed for
a specific node—for example, Raptor Lake and
Alder Lake use the Intel 7 node. With Lion Cove,
Intel is using larger partitions that can range from
hundreds of thousands of cells up to millions.

Lion Cove is far more portable between different
processes—for example, Lunar Lake will leverage
TSMC's N3B node for the compute tile, while Arrow
Lake will be the first chip to use the Intel 20A node. A

Intel’s Lunar Lake
package includes alarge
Compute tile, smaller
Platform tile, and a tiny

square filler’ tile for
stability, along with two

LPDDR5x chips.

key factor behind the change was Intel’s stalling out
on 14nm for so long, which allowed TSMC to pass
it by while newer CPU architectures were delayed
while Intel worked out the Kinks in its 10nm process.

Both Arrow Lake and Lunar Lake will omit

Hyper-Threading, but Intel has a separate variant
of the Lion Cove P-cores where SMT remains

enabled. That will be for P-core only designs used in
upcoming Xeon & chips. Another interesting change
Is that Lion Cove will allow for CPU clock speed
adjustments in 16.67 MHz steps as opposed to the
100MHz steps used on current CPUs.

Taken together, Intel says that Lion Cove
will deliver an overall 14 percent average I|PC
improvement over the Redwood Cove cores used
in Meteor Lake, which were basically the Intel 4
process node variant of the Raptor Cove and Golden
Cove cores used in Raptor Lake and Alder Lake.

Intel's Skymont E-Cores

SKYMONT MARKS INTEL'S THIRD E-CORE design for
its hybrid processors, following Gracemont in Alder
Lake and Crestmont in Meteor Lake. While the 14
percent |PC improvement with Lion Cove sounds
good, Intel claims up to a 38 percent improvement
in IPC with Skymont on integer workloads, and up to

THE ZEN 5c 'COMPACT' CORE

~. As far as we know,
— Zen S5cwont make

an appearance on the
desktop parts, but will

instead be used with
mobile processors,

as wellin certain high
core count EPYC server
CPUs. Fundamentally,
it has the same

instruction set and
features as the bigger

cores, but AMD focused
on reducing die size.
The resultis a core die
size that's 25 percent
smaller than the Zen
5 core, with reduced
clocks and other tweaks
to improve efficiency.
Zendusesa

standardized CCD for
desktops and servers,

with eight CPU cores
and 32MB of L3 cache.

It's broken down

into two CCXs [Core
Complexes), each with
four cores and 16MB of
cache. AMD can use one

or two CCDs on
a package for its

desktop parts, and up
to 12 CCDs on chips like

EPYC 9684 X—with 16
CCDs coming in future
EPYC designs.

Zen 5c for laptops
uses a dual-CCX design
with two 4-core clusters
and a combined 8MB of

AMD’s EPYC Turin® will
use Zen 5c and pack 12

shared L3 cache. That's
one fourth the L3 cache
of a Zen 5 core. AMD has
lowered the clock speed
targets, using fewer
but larger functional
logic blocks that can be
packed closer together.

To put it another way,
the last several hundred

megahertz of speed

on the big Zen 5 cores
requires more space

to dissipate heat and
additional tuning of data
pathways, resulting in
each core being about
33 percent larger than
Zen 5c.

CPU cores per chiplet,
giving it up to 192 cores.

Zen ¢ still supports
SMT [Symmetric Multi-
Threading), and it's
fundamentally different
from Intel's P-core/E-
core approach. Where
Intel can pack four
E-cores into the same

area as a single P-core,
AMD's Zen 5c dual-CCX
leight cores plus BMB

L3 cache) ends up being
about the same size

as asingle Zen 5 CCX
[four cores plus 16MB
L3 cachel.
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a 68 percent improvement for floating-point work.
That's huge, although there's a caveat that warrants
mention: Intel is making those comparisons to the
weaker low power E-cores used in Meteor Lake's
SoC tile, not the standard guad-core cluster of
E-cores used in the compute tile.

Lion Cove went wider with an B-wide design,
and Skymont takes that further with a 9-wide [3x3)
decode cluster, up from a 2x3 decode on Meteor
Lake. The allocation of instructions uses an 8-wide
design, up from é-wide in Crestmont. Skymont also

has a larger out-of-order window, bigger physical
register file, and deeper reservation stations for Int,

Mem, and Vector work. The micro-op capacity Is
also 50 percent larger, with 96 entries [up from 64,
Intel targeted a doubling in vector performance,

Block diagram of
Intel’s Lion Cove
performance cores
that will be used

in Lunar Lake and

Arrow Lake CPUs.

by including four 128-bit SIMD pipelines versus the
two used in Crestmont. The E-core cluster has also
received a bump in L2 cache capacity—up to 4MB
from the 2ZMB previously offered.

Its a bit difficult to say precisely how much

of an improvement Skymont will be, compared
to Crestmont, but all indications are that even if

the 38 percent IPC boost may be exaggerated, it's
still likely to be in the 20 percent or higher range.
Combined with the use of newer, more efficient
process nodes—TSMC N3B for Lunar Lake and Intel
Z20A for Arrow Lake—5kymont should deliver some
excellent generational gains in performance.

INntel Arrow Lake

ARROW LAKE CPUs will basically be the desktop
alternative to the Lunar Lake mobile CPUs. After
the relatively ho-hum Raptor Lake refresh last year
with 14th Gen Core updates, Intel looks to deliver
substantial changes and upgrades for desktop
users. Intel hasnt officially confirmed specifications
or model numbers, but the rumor mills and leak-
mongers are running wild, and motherboards
sporting the new LGA1B00 socket were on display at
this year's Computex show in Taiwan.

Like Lunar Lake, Intel will use a mix of Lion Cove
P-cores and Skymont E-cores for Arrow Lake,

which will also mark the switch to Intel' s new Core
Ultra branding and nomenclature. The top model is
expected to have the same 125W TDP as the 14700K,
but indications are that they'll be more efficient than
the prior generation, and probably have lower peak
power draw—the Raptor Lake 125W chips could

draw up to 253W, and many motherboards would
default to removing power limits, and could let the

14700K, as an example, draw over 350W! Arrow
Lake CPUs should reign things back in, thankfully.
One of the biggest changes will be the lack of

BATTLEMAGE ARRIVES IN XE2 GRAPHICS

XeZis intel's
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second-generation
high-performance
GPU, codenamed
Battlemage—with
Xe-LP, Xe-LPG, and
Xe-HPG all counting
as first-generation
parts. We expect to see
dedicated Arc GPUs
using the Battlemage
architecture before the

end of the year, but the
first Battlemage GPUs

to hit the streets will
come via Lunar Lake.
Intel's graphics
division spent much
of the past two years

QCT 2024

refining and improving
its graphics drivers, and
XeZ will benefit from
those efforts. In addition
to all the efforts on the
software and drivers
side of things, Intel has
repartitioned resources
into a native SIMD1é6
engine to improve
efficiency, added
support for new data
types, and boosted the
ray tracing capabilities.

The Xe2 GPU in Lunar
Lake comes with eight
Xe-cores, the same
count as in Meteor Lake,
but under the hood

there are significant

differences. Xe-LPG
in Meteor Lake had 16

Intel’s next-generation
Battlemage dedicated
GPUs will aim to
compete with the best

mainstream graphics
cards when they arrive

inlate 2024.

256~Dbit vector engines
per Xe-core while
Lunar Lake has eight
212-bit vector engines.
While the total shader
ALU count might be the
same—you basically get
1024 shader operations
per clock—Intel claims
that Xe2 will deliver
roughly 1.5X higher
performance than
Meteor Lake's Xe-LPG,
thanks to improvements
invarious architectural
enhancements.

One of the other
important changes is
that Xed will also have

eight 2048-bit XMX

[Xe Matrix eXtensions)
engines. The Arc
Alchemist architecture
iIncludes XMX support
on the dedicated
desktop and laptop
solutions, but it was
removed from Meteor
Lake's GPU to save

on die space. Adding
XMX back into the IGPU

with Lunar Lake will
mostly be useful for

Al workloads, with
up to 67 TOPS of
compute, but things
like Xe55 upscaling
can also benefit.
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Hyper-Threading support [SMT], the first time a
new desktop architecture has omitted that feature
since it was reintroduced with Core 17 Bloomfield
CPUs in 2008. Intel's rationale is that Windows
often won't schedule tasks on the second thread for

the P-cores until the E-cores have been filled, and
the extra plumbing to make SMT work results in a

less efficient design. Applications that can benefit
from lots of threads will do better leveraging all the
E-cores in terms of overall efficiency.

The number of P-cores and E-cores will remain
the same as in the previous 14th Gen chips, topping
out at eight P-cores and 16 E-cores. That means

the total number of threads will drop from 32 on the
14900K to 24 on Arrow Lake, but presumably the

architecture changes will more than make up the
difference. Lesser models will have six P-cores,
and some might have four P-cores, while E-core
counts can be as low as four, increasing in multiples
of four up to the maximum 16 E-cores.

The integrated graphics for Arrow Lake
will continue to use the Xe architecture, though
they'll get a bump up to 64 Xe-cores [compared
to 32 in Raptor Lake]. Clock speeds may also
take a step backward from the 6.0 GHz Raptor
Lake chips to a rumored 5.4 GHz peak clock on the
fastest models.

Arrow Lake-
compatible

motherboards using
socket LGATB0O were
shown at Computexin

June, with the chips
expected to begin
shipping this fall.

AMD THREAD SCHEDULING WOES

Thedriver usesa
‘known good list’ of

games that benefit from

the stacked L3 cache
or higher clocks. If a

detected game is on the
list, the software will
park the cores on the
non-optimal chiplet,
and target threads to
the faster chiplet—
that's usually the X3D
CCD, but some games
might prefer the higher
clocks of the non-X3D
chiplet. The same
basic idea can also be

some questions
have come up with
Zen 5 performance on

certain CPUs. It goes
back to AMD drivers

that were created for
the Ryzen 7950X3D and
7900X3D—the dual-
CCD Zen 4 processors.
Because only one of the
CCDs has stacked cache,
AMD’s drivers work in
concert with Windows
11's Game Mode feature
to detect games and
assign them to the
appropriate CPU cores.

used with the Ryzen
7920X and 700X to
improve communication

lLatencies by keeping
all threads for a game

on the same chiplet, so
AMD elected to use the
same software on the
dual-CCD Zen 5 CPUs.
It makes sense
on one level, and it
generally works as
expected with a CPU like
the 7950X3D or 9950X.
There's one problem:
once you ve installed
the necessary chipset

drivers that enable the
core parking and thread
scheduling, you re stuck

with them. The only way
to getrid of them is to

either fully reinstall the
0S, or reimage the drive
to an earlier state. This
can create problems
when the drivers reduce
performance on single-
CCD CPUs.

You'd think that
AMD could simply
disable the driver
on CPUs that don't
need it [ie. the Ryzen

AMD 3D V-Cache Performance Optimizer Driver

Lises Frocess

-amdidvcached lsar exo
calculates a cpu ranking
pieferences basad on
EFFECTIVE POWER M
ODE CALLBACK and
EVENT OBJECT FOREU
& evanis On change,
Safds new preleronce 1o
amed iveacha Sys via
DervicoloCartiol

S EYICH

 amd3dvcachaSye axo
crogalos tho
amndddvenched loon oy
IOCESs a5 user dunng

SESSION logon

Originally introduced for 3D V-Cache Zen 4 CPUs, AMD’s Performance Optimizer Driver and PPM Provisioning File Driver can cause
reduced performance on CPUs that don’t need them.

Meameal Mode Dnver

« amd3dvcacha oys
commucales now
preforence o fimmasain
via ACHT Doavice Specific
Metihod

F ey e

= AMUD fimmware Changes
CPPC Highest
Porformancs vislues snd
notifies OS5 of CPPC
Highest Performance
Change viaa Syslem
Control Indermupl

ERREY

5 and Ryzen 7 parts),
but AMD saysitsa
Microsoft problem.

Whatever the case, It
seems like incredibly

poor software design,
something that should
have been fixed soon
after the feature
became available.

But here we sit, over
18 months later, and

It remains a problem
that may have impacted
performance on some
reviews of the 600X
and 9700X chips.

s

« Thraad Scheduling usas
CPPC Highest
Poerformance values
which may change
durning runtime due to
CPPC Highest
Parformance Change
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Conclusion

YOU MIGHT THINK that after more than 40 years of
x86 processors, there wouldn't be much room left
for improvement, but AMD and Intel continue to find

plenty of areas in which to innovate and improve with

each passing generation. We'll see two new families
of processors frem both companies before the end

of the year, with AMD’s Ryzen 7000 and Ryzen Al 300
processors already available.

AMD's laptop chips look extremely promising,
and while there's certainly a lot of hype behind the Al
movement—which shows up here with a rebranding
to Ryzen Al—there are major improvements on

tap in the core CPU and graphics areas as well.
It's interesting to note that neither Arrow Lake

nor Granite Ridge, the desktop-centric CPUs from
the two x86 juggernauts, are including NPUs.
Presumably that's because power efficiency is less
of a factor, and you can always add a GPU if you want
fast Al performance. We'll have to wail and see
whether Microsoft's Copilot features can make the

leap from marketing hype to truly useful tools in the
coming months.

The desktop Ryzen 9000 CPUs also look good, but
AMD runs smack into a problem of its own making.
It touted up to a 12 percent average improvement in

gaming performance from Zen 5—when compared
with the older Ryzen 7 5800X3D. Faster gaming

INTEL NPU 4.0

Lunar Lake will
feature Intel's

most people, the
first true NPU from

fourth-generation
NPU, though we're

not entirely clear on
where the first two

generations were used.

It lists a 0.5 TOPS NPU
1from 2018 as the first
offering, which seems
more like a CPU core
than an NPU. There
wasa7 TOPS NPU 2

in 2021 as well, but for

] |
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Intel was the 11.5
TOPS model integrated

into last year's Meteor
Lake chips.

NPU 4.0 takes the
base design of NPU
3.0, and then triples
the number of compute

units, boosting the
maximum performance

up to 48 TOPS—
basically the same
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performance would be nice, but benchmarks show
that if you care about gaming, the Ryzen 7 7800X3D
remains the fastest chip for now. We'll have to wait
for Ryzen 9000 X3D CPUs to see how those stack up.

As for Intel, it has struggled of late, not just with

CPU failures [see Tech Talk on page 11], but also with
profits in general. Intel recently announced major

cuts to its workforce, along with cuts to R&D—never
a good thing for a company that strives to innovate.
But what we really need to see is how Lunar Lake
and Arrow Lake fare when compared with AMD's
offerings, not to mention Qualcomm's Snapdragon
X Elite SoC that's finally making Windows on Arm a

good platform.
If you're not in a rush to upgrade or build a new

PC, or to buy a new laptop, waiting until later this
year to see how things shake down is the most
sensible approach. Perhaps we'll even get some
new GPUs to go along with our CPU upgrades
before we say goodbye to 2024. All indications are
that this year will end with a bang in terms of new
PC hardware. O

We'll see two new families of processors
from both companies before the end of the

yvear, with AMD's Ryzen 9000 and Ryzen
Al 300 processors already available

level of performance as
AMD's XDNA 2 NPU In

Strix Point. Obviously,
there's more going

on than just adding
compute cores. Clock
speed increases appear
to account for another
40 percent boost, and
Intel has reworked

many other elements
of its NPU design to

improve performance
and efficiency.

Efficiency is a key
element of NPUs,

performance per watt
for its NPU 4 compared

Nvidia points out that

if youre looking for
maximum TOPS to run
Al workloads, its GPUs
have offered more
performance than most
NPUs for the past six
years. The RTX 2080

offered up 170 TOPS
of INTB compute back

in 2018—over three
times the performance
of the Strix Point and
Lunar Lake NPUs. The
difference is that NPUs
will be able to deliver
their 48-50 TOPS with
a fraction of the power
draw of a GPU—an RTX
2080 likely consumes
around 120-150W to
deliver its 170 TOPS.
Intel claims up to
az2Ximprovementin

to the previous NPU
3, with improvements

in local bandwidth,
the SHAVE DSPs, and
Scratchpad memory.
It has twice the
memory bandwidth
this generation,

and as an example of
the generational gains,
Intel says that Meteor
Lake's NPU could

do 20 iterations

of Stable Diffusion

in 20.9 seconds using
9.0W of power on
average, while the
Lunar Lake NPU can
complete the same
task in just 5.8 seconds
while averaging
11.2W, yielding a

2.9X improvement in
overall efficiency.

Intel's latest NPU packs 12,288 MACs—Multiply
and Accumulate units—triple the number found in

Meteor Lake, for triple the performance.
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STEP-BY-STEP GUIDES TO IMPROVING YOUR PC
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ALWAYS PERFORM A QUICK FORMAT

Whatever you do with your S5Ds, ensure that when formatting,
yvou perform a quick format. If you try to do a full format on an
S5SD, it treats it like a traditional HDD, and Windows will run
a full read/write cycle over every cell on the SSD, writing a 0
In every memory cell before deleting it. If your 55D only has
a 600 TBW endurance rating, and its a 21B drive, then you've
immediately reduced that to 598 before writing anything to it.
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ZAK STOREY

FROM SCEPTIC
TO CONVERT

I've always been a bit fascinated
by Blade Runner 204%. One

of the central charactersis a
holographic Al by the name
of Joi. She acts as a romantic
companion to the protagonist, K,
throughout the film, as a positive,
encouraging presence.

Now, that clearly poses some
ethical guandries. Joi is effectively

the property of K, who in turn is
property of the police department,

but it got me thinking more in line
with our own expectations of Al.

If you speak to any character
Al, or LLM-based ANI, you'll know
that they often have follow-up
queries. In a lot of ways, it is
possible for them to behave in a

similar manner to Joi. | did some
research, and found a number of

sites that operate Al partners.

Again, there are some ethical
guestions, but it gives me hope.
One of the biggest killers out there
Is loneliness. In fact, there have
been multiple studies indicating
that loneliness is a powerful

e e AR N M St e s e e indicator of an increase in all-
y e e e — cause mortality.
@ @ © @ @ = ' e Cr— I'm not suggesting that Al
"er  ims uvds  oro tans  1n == - ‘ should or could replace human
S interaction, but if it could alleviate
62 66 68 SOme of those symptoms an;! |
Lock down Clear your PC of Boost your pm”'feh“:_e E“”:‘:‘”' WEiH S
your browser stalkerware gaming VPN s USRNSSR M T
rom Al sceptic to convert. Yet,
the fact that it’s still not legislated
does concern me.
Y I ' r How project idea to: editor@maximumpc.com
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It's not the easiest replacement job ever,
but at least with some patience and
solvent, you can fit a new battery yourself. *»

Simply turn one screw to

pop open the back cover o
of the HMD Skyline.
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If you want to surprise
and delight a phone
repair tech or
teardown engineer,
this is how you do it.

Remove a few screws,
and the screen drops out
freely from the other
side. Rarely have screen
repairs been this easy.

BACKGROUND
Finnish mobile maker HMD. which owns and manufactures

Nokia handsets, has made a pledge to offer more repairable
phones. The Skyline aims to deliver on this promise.

MAJUOR TECH SPECS

e Screen: 6.551n 20:9, OLED, 144Hz refresh rate,
1000 nits peak brightness, FHD+ 1,080 x 2,400

e Cameras: Front: 50 MP, Rear: 108 MP Main AF
with 0I5, 13 MP, 50 MP Tele

e Connectivity: Bluetooth 5.2 with LE Audio, USB Type-C,
Analog audio output, WiFi 6e, NFC, 5G

» Battery: 4,600 mAh [replaceable], 33W charging support
|QC4.0 and PD3.0 PPS compatible], 15W magnetic wireless
charging, Sw reverse wireless charging, Qi certified

* Memory/storage: Internal: 128/256 GB, MicroSD card
support up to: 512 GB, RAM: 8/12 GB RAM

* CPU: Snapdragon 7s Gen 2

¢ Operating System: Android 14

* Security: Fingerprint sensor [Side Power keyl, Face Unlock,
three years of security updates

* Materials: Tempered glass back, 100 percent recycled
aluminum frame, IP54 IP rating

KEY FINDINGS

* HMD made headlines in 2023 with the Nokia G22.
“To make people want to repair and keep their phones,
we have to make the experience of repairing maore
compelling than switching to a new one,” the company said.
"So for our future devices, we are looking to both improve
the ease of repairability, but also the experience of repairing
your phone.”

* Designed from the ground up to prioritize user-friendly entry
and no-nonsense servicing, it shows that HMD is taking its
repairability commitment seriously, and having fun doing it.

¢ There's nothing in the industrial design to give away the fact
that there's repairable hardware underneath. On the bottom
edge lies a Torx screw—unassuming, chassis-colored, and
well-integrated into the design aesthetic. But with a
counter-clockwise twist, it pops up the corner of the back
cover—just enough for you to slip a pry tool underneath.

* The back cover uses adhesive for watertightness, but it
yields to prying and slicing. When you re done, it clips back
together. We still wish for a modern waterproof smartphone
with reusable gaskets instead of adhesive—but for now, this
IS as clean a design as we've seen.

e The battery remains adhered in place, but comes with a
built-in plastic liner that you can pull apart to separate the
battery from the chassis. Before installing a new one, you
have to clean out the adhesive residue, and install fresh
adhesive strips. This requires patience and some solvent,

We prefer batteries secured with reusable fasteners or
hard-shells that you can pop in and out in seconds, but if you

must rely on adhesive, this is among the better designs.

* The remainder of the Skyline's internals are fairly
straightforward to navigate, with a high degree of
modularity. The daughterboard, underneath a modular
loudspeaker, houses the USB-C port and microSD/SIM card
combo tray. The cameras and mechanical button repairs
aren't well optimized, and require a lot of disassembly, but
are on par with similar phones in this category.

» Repairability Score: 2 out of 10 (10 is easiest to repair].
A clever entry, a repair-friendly screen, straightforward
battery replacement, and public availability of parts all help
land the Skyline near the top of the leaderboard. (U
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YOU'LL NEED THIS

ASTABLE INTERNET
CONNECTION
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ADAPTIVE AND EVASIVE MALWARE, phishing domains, harmful links, and packet sniffing can
all target a common point of weakness: your web browser.
In May, Google was forced to release an emergency security update for the Chrome browser,

which exploited a bug in the VB JavaScript engine to allow remote code execution attacks. In
August, vulnerabilities were also discovered in Edge that targeted out-of-bounds memory

access in the ANGLE graphics backend to divert users to malware domains.

2024 has also seen a spike in malvertising’ whereby legitimate-looking web page ads lead
to malware. Given that browser developers are constantly releasing patches, it's obvious that
regular updates are one of the best ways to surf safely.

Still, by default, most browsers display online ads without first checking their legitimacy.
Sites are free to download tracking and session cookies to monitor your online activity. Many

programs also send User-Agent request headers to sites to make it easy to fingerprint’ your
browser and device. Although connections to many sites are secured by TLS, bad actors can
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At just under 66 percent, Chrome dominates the browser

market, but this doesn't make it the safest browser [Image
Al. In late 2023, Google settled a multi-billion dollar lawsuit over

alleged user tracking, even when the browser was in Incognito
mode. The Manifest V3 APl will also make it harder for ad
blockers to function on Chromium-based browsers.

» The most secure browsers are fully open source. In the
words of Linus Torvalds, Many eyes make bugs shallow.” In
other words, security bugs are easier for the community to
detect. If an open-source browser introduces an unpopular

feature like Manifest V3, developers can create their own fork’.
» The Chromium web browser, on which Chrome is based, is

free and open-source. Many proprietary browsers like Chrome,
Edge, and Opera use it as a code base. However, there are also
open-source Chromium-based browsers that include more
secure features.

» For example, both Iridium and Brave have removed any code
that dials home to Google. Both browsers also incorporate

features to block ads and third-party trackers.
» While Mozilla Firefox doesn't enjoy the popularity it used

to, it also has some excellent features for safer web browsing,
including enhanced tracking protection, DoH [DNS over HTTPS],
and fingerprinting protection.

1 BEST OF BROWSERS

easily monitor which sites you've visited through your browser's unencrypted DNS requests.
In this guide, we'll explore how to choose a secure browser. You'll also learn how to configure
it to maximize your online security while web surfing. -NATE DRAKE

» The Firefox fork LibreWolf includes all of the above,
with extra security enhancements, such as disabling
cloud sync and sponsored shortcuts.

» We've not recommended a specific open-source

browser, as it's important to research one that suits your
needs. |f you need help, visit https://privacytests.org for

a comparison of privacy features in major browsers.
» For the purposes of this tutorial, we will focus on
locking down a standard install of Firefox.

Despite Firefox's impressive array of security

features, by default, the browser can run certain
tests and collect data on your computer.

» To fix this, go to Settings > Privacy & Security’. Next,
and scroll down to Firefox Data Collection and Use’.

Here, you can untick the boxes to allow sending data
back to Mozilla, as well as to install and run ‘studies’.

» Once this is done, scroll to the '‘Browser Privacy’
setting at the top. 'Standard’ protection is usually
sufficient for blocking most trackers, cross site cookies,
cryptominers, and fingerprinting code. You can, however,
enable Strict’ mode to disable suspected fingerprints at
the risk of causing some sites to load incorrectly.

o — o

2 CONFIGURE BROWSER PRIVACY FEATURES
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A SECURE BROWSER

5] @ Esplore - Mastodon % [ Wells Fargo Bank | Financial S« % 8. Amazon.com. Spend less. Smi X W Wikipedia
C 0{3 A hitps//en wikipedia,ong fwiia/Lighthouse Personal B e 7
= ‘.,TT EEE]EP_EDI‘% E_iﬂan h Wikipedia - - __- search
Lighthouse B 107 languages v
Contents hide Article  Talk Read Eat View hisiory Tools w Appearance hide
(Top) From Wikipedia, the free encyclopedia Text
T For other uses, sea Lighthouse (disambigualion). ) Smal
Ancienl lighihouses
: - A lighthouse is a tower, buiiding, or other type of physical © stangar
| structure designed to emit light from a system of lamps and () Large
VP Ve lenses and to serve as a beacon for navigational aid, for —

Oplical systems martime pilols al sea or on inland waterways.

Modéern ghinouses
R — Lighthouses mark dangerous coastimes, hazardous ‘.
bdrers shoals, reels, rocks, and sale enires 1o harbors, they also

1.ANTI-TRACKING FEATURES 3. FINGERPRINT RESISTANCE 5. SECUREEXTENSIONS
The best browsers integrate features to Some browsers, Like Brave, have built- Ad Blockers Like AdBlock Plus can block

automatically detect and prevent social in features to provide websites with targeted ads from loading in web pages.
media trackers, cross-site cookies, randomized fingerprints. For others, Other extensions, like Disconnect, can
and cryptominers. You can also make you can disable features that could be preventtrackers. Add-ons need to be
exceptions so that trusted domains exploited by fingerprinting scripts. configured to be fully effective.

load correctly.

&. YPN 6. LOCAL PASSWORD MANAGEMENT
2.CONTAINERIZED BROWSING While we recommend using client Many browsers support syncing your
Firefox containers isolate browsing software over a browser extension, passwords across devices, but it's safer
sessions using color-coded tabs. VPNs provide a secure connection to store credentials locally. ldeally,
Web data in one container cannot be between your device and the VPN these should be encrypted with a
accessed by others. You can even signin server. Asyour traffic isencrypted, it's master password. Use Diceware for
to multiple accounts on the same site. almost impossible to monitor. password generation.

» Like most browsers, Firefox also has the option to ask

websites to include a Do Not Track' request in HTTP headers.
Remember, there's no way for your browser to enforce this rule.

» From here you can also have Firefox delete cookies and site
data each time the browser closes, though it's far better to use a

browser’s Private’ or Incognito’ mode, which we'll explore later.
» The default search engine for most web browsers is Google.

While it has an excellent reputation for serving relevant content,
alternative search engines like DuckDuckGo don't track your
search data to serve you targeted ads [Image B]. DDG also blocks
tracking code in embedded social media posts.

» To make the switch in Firefox, select the Search’ section
from the left-hand pane, then choose an alternative from the

drop-down menu under ‘Search Engine’. From here, you

can also disable ‘Show Search Suggestions’ based on
your browsing history.

» These days, browsers are much better at enforcing
HTTPS. In other words, the software will access only
secure versions of websites protected by SSL/TLS.
When there's both a secure and a non-secure version of
awebsite, hackers sometimes try to direct your device to
the latter in order to monitor your traffic.

» To prevent this in Firefox, return to Privacy &
Security’, and scroll down to ' HTTPS Only Mode'. Choose
to enable it for all windows.

CONFIGURE DNS AND HISTORY SETTINGS

The DNS [Domain Name System] acts as a virtual
phonebook to convert human-readable domain
names into machine-readable |IP addresses. Most

 Inereased Protection v
You contml when to use seoune DS and choose your prosadeer,

3

@t - internet users have a local resolver’ provided by their
_:mmmhmmmh‘mﬁwm““m ISP to handle DNS queries. [image C]
- » By default, these are unencrypted, so it's easy
» Only ute the provider you) selec - - v
| s bt for bad actors to monitor the websites you visit. Some
* Alviays warn if secure DNS an't svadabile

cybercriminals also engage in DNS Poisoning’, whereby

they set up their own DNS resolver to redirect your
browser to malicious phishing’ domains designed to

resemble legitimate sites.
» DNS over HTTPS [DoH] offers an excellent solution
by encrypting your DNS queries in the same way as for
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| PERTTIT—— ) » Your extensions may need some tweaking for you

o to benefit from them fully. For example, AdBlock Plus

:m PT—— |https://adblockplus.org) allows some ‘non-intrusive

| uwm;ﬁmmmmmwmmﬂlwumrmupm Ed‘fErtiEiﬁgl.

| M bt L » To fix this, you need to access extension settings

| At Ty N once AdBlock Plus is installed, then uncheck "Ehuw
T Acceptable Ads’ [Image D]. Alternatively, just install
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a web page secured by an S5L certificate. Its implementation

Lttt Macrn

varies from browser to browser.

» For instance, Firefox's Privacy and Security’ section uses
‘Default Protection’. In plain English, this means the browser will
use DoH in supported regions, but default to your regular DNS

resolverifit's unable to do so.

» To ensure youre always using Secure DNS, scroll down to

‘Enable DNS over HTTPS using:” and select Max Protection’. This
will require Firefox to always use DoH. Use the drop-down menu

to select from one of the preconfigured providers [Cloudflare or
MextDNS|, or choose Custom’ to enter your own.

» Even if your DNS queries can't be detected by your ISP, by
default, your browser will store visited websites in its cache,
along with cookies and other temporary files. This means anyone
with access to your device can monitor your browsing activity.

» |f you use a private’ or incognito’ window to access

sensitive websites, your browsing history won't be saved, and
any temporary files will be cleared when you close the browser,

» You can also configure your browser never to store your
browsing history. In Firefox, there's a check box in the History’
section of Privacy & Security’ labeled ‘Always use Private
Browsing Mode'. Restart the browser to enable this.

4

ENABLING EXTENSIONS

You should only have one browser extension for each
purpose. For instance, youre unlikely to gain better

protection by choosing two ad-blockers simultaneously.

uBlock Origin (https://ublockorigin.com), which blocks
virtually all advertising out of the box,

» For the same reason, we recommend installing
Disconnect [https://disconnect.me] over Ghostery.

While the latter is better known for blocking trackers,
Disconnect doesn't send telemetry to the developers.
» If you followed our suggestion to use Firefox, you

can also take advantage of container tabs. This allows
you to separate your browsing experience into groups of

colored tabs. Each container is isolated, so any browsing
data saved in one container session can't be accessed by
another. This means you can sign in to multiple accounts
on the same website using different container groups.

» To get started, install the Multi-Account Containers
extension [https://mzl.la/3SNjid3]. Next, go to Firefox

settings and find the ‘Tabs' section. Click ‘Settings’ to
view the default container tabs.

» Click ‘Add New Container’ and enter a relevant
name, eg. social media’. Choose a fitting color and icon,
then hit ‘Done’.

» Open a new tab and go to an appropriate website
for your new container, like https://mastodon.social/
explore. Next, right-click the tab itself and choose Open
In New Container Tab" » ‘Social Media'. The website

will open in a new tab color-coded for that particular
container. The container name will also be displayed in

the address bar. Take some time to open tabs for other
categories like Shopping” and Banking to get used to

working with containers.

5 While SSL/TLS can do wonders to encrypt traffic
between your device and websites, it's still trivial

for anyone with access to your ISP records to know what

sites you ve visited.

ENCRYPTING YOUR CONNECTION

THE MANIFEST V3 CONTROVERSY

In late 2021, Google announced plans
to deprecate its Manifest V2 API. As
of June, browser extensions using
Manifest VZ are no longer supported.
This change has proved
controversial, as Manifest APls

manage how extensions interact
with Chromium-based browsers like

Chrome, Edge, and Opera. V3 has
introduced some changes, supposedly
to make browsers safer and improve
user experience. This means that all
browser extensions must contain all

the code they run. Extensions will
require permission from Google to
implement any in-browser changes.
The consequences for ad blockers
could be disastrous. Such extensions

work by downloading
lists of HT TP requests.
Accessing and updating
these quickly is an
essential part of keeping

ad blockers functioning.
Manifest V3 forces

browser extensions to use
declarativeNetReguest API,
with a limit of 30,000 coded
Tules’. As most ad blockers
need at least ten times

this, they won't run well in

Chromium-based browsers. Google
relies on targeted advertising, soit's
easy to be cynical about Manifest V3,
These changes won't affect ad
blockers in non-Chromium browsers
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like Firefox, as Mozilla currently has
no plans to deprecate Mozilla VZ.
Some Chromium-based browsers,
like Brave, have built-in ad blocking
features, so also won't be affected.

D GO0GLE, ADBLOCK PLUS
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» The Tor Browser [www.torproject.org) is a fork of Firefox
designed to route traffic through the ‘darknet’. As your data
is encrypted and routed through multiple relays’, it's almost
impossible for others to trace your device location or read your
internet traffic.

» Unfortunately, routing traffic through multiple Tor relays
can significantly slow page loading times. If youre accessing
regular clearnet’ websites, your traffic also can be intercepted
and read by owners of ‘exit relays’. You can sidestep this issue by
only accessing Tor hidden services |.onion addresses).

» Using a VPN [Virtual Private Network] offers much
better surfing speeds with comparable anonymity. If correctly
configured, your device can establish an encrypted connection
to the VPN server [Image E]. This means that anyone with access

to your ISP s records won't be able to view your browsing history.
Most modern VPN services also manage DNS requests. You

can double check this is happening correctly by visiting https://
ipleak.net.

» |f you plan to use a VPN with your browser, we recommend
installing dedicated client software rather than a browser
extension, as this way, all your internet traffic is protected. If
you do install the extension, make sure you enable it for Private’

windows. In Firefox, you can also right-click the extension to Pin
to Toolbar'.

» Recommending a specific VPN service is beyond the
scope of this tutorial, but our sister site, TechRadar,
maintains a list of some of the most popular: lwww.techradar.
com/vpn/best-vpn).

» The best VPN services reqgularly submit to an audit of their
no log' policy, to independently verify that they don't monitor
your internet activity.

When connecting to a web server, every modern browser
sends a User-Agent request header. This header includes
information like your browser version and screen resolution.
Sites can also inspect installed plugins and other types of
software configuration to build a ‘unigue’ fingerprint of your
browser to identify you. As this information is stored server-
side, using Incognito mode’ or changing your IP address won't
protect you from being profiled in this way.
» The Tor Browser uses several technigues to resist
fingerprinting such as letterboxing. This technigque adds

margins to the browser window to make it harder to detect
screen size.

» The browser also uses NoScript |https://noscript.net). This
extension, which is available for all major browsers, blocks
scripts running on web pages, allowing users only to manually
enable legitimate ones. As most types of fingerprinting rely on
JavaScript, this can stop it in its tracks, but NoScript can prevent
pages from loading properly unless you enable the right code.

6 RESIST BROWSER FINGERPRINTING
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Primary Password

A Primary Password = used to profect some sensitree information, like logins and
pastwords. on this dewice I you create a Primary Password you will Be askeed 1o enter if
GACE Pl SEsEIOn when Firelon retrievwed saved informatwon protecied by the pastwond.

Curren] password:

Enler new paiiword IEEEE R

Re-enter pasnwornd AR EEREEEEEEE R R

Fassword gualrty meter

Mease make wire you remember the Primary Password you have set. If you forget
your Primary Password, you will be unabde to access any of the information

profectad by I on this device.
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» Canvas Fingerprinting is a very common method to
identify your device. It uses the HTML5 canvas element
present, which is deployed by the Web GL JavasScript
APl to render 2D and 3D graphics in your browser.
The fingerprinting technigue involves a site inserting

invisible text or images, then formulating a hash of
how your browser renders the pixel data. As this will be

slightly different, depending on your software, GPU, and
graphics drivers, it's easy to identify specific devices.

» |f you don't want your browser to be tracked across
websites and sessions in this way, the easiest fix is to
disable WebGL from your browser. In Firefox, you can do
this by typing about:config: into the address bar. Next,
search for ‘'webl.disabled’, and change false’ to true’.

» If you use Brave, Canvas and WebGL are already
blocked for third-party APls. The browser also uses

a technigue called ‘farbling” to provide randomized
values for common APls, making it harder to
fingerprint consistently.

PASSWORD PROTECTION
7 As impressive as online password managers are,
there's arisk in trusting your credentials to them.
LastPass users discovered this the hard way in late 2022
when they found certain customer data had been stolen.
Since many password management platforms are

closed-source, it's also difficult to verify that credentials
are being encrypted properly.

» Using an open-source browser password manager
allows you to store your credentials locally. Of course,
this isn't much good if a bad actor accesses your device.

» Firefox resolves this by letting you set a Primary’
password. This is required the first time in each web
session to access the credentials database. To set this
up, go to Firefox settings > Passwords’. Click the ... at

the top right, then Options’. Check the box marked Usea
Primary Password’, [Image F], then enter a passphrase.

» Most browsers allow you to sync passwords across
devices. Firefox handles this by creating an online
account, into which you can sign in. [Remember though
you'll need to set a new primary password.] Brave
automatically generates a sync chain’ series of words
that you can enter into other browser installs to load

your credentials.
» Most browsers can also suggest unique passwords,

though they aren’t always very complex. We recommend
using Diceware [https://diceware.dmuth.org] for
generating high-entropy p555phr55es.d)
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Remove stalkerware

from your PC

YOU'LL NEED THIS
A WINDOWS PC
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If you suspect that your machine has been infected, restart
it immediately. On the sign-in screen, hold Shift to restart

again. Next, choose Troubleshoot” > Advanced Options =
‘Startup Settings’ > Restart’. Tap 4 to boot into safe mode.

» This mode starts with a minimal set of applications and
drivers. This means that stalkerware can't interfere with your

attempts to remove it.

» It's unlikely that malware will hide anywhere obvious, but
to be on the safe side, type Installed apps’ into the search bar
to view the relevant section in Windows settings. Click the ...
options icon, and uninstall any you don't recognize.

» Next, enter startup’ into the search bar to view Startup
Apps. Click the rocker switch to deactivate any unwanted

programs. [Image A]
» Malware can also use registry entries to launch undetected

on startup. Enter regedit’ into the search bar to open the
Registry Editor.

»  Navigate to HKEY_LOCAL_MACHINE\SOFTWARE\
Microsoft\Windows\CurrentVersion. Click 'Run’ to view apps
programmed to launch on system startup.If any are unfamiliar,
right-click the registry key name, and choose Delete’,

» While this can prevent installed malware from loading,
malicious files can also lurk in your browser's temporary files,

cookies, and even in extensions. Open File Explorer, and enter
the following address:
C\Users\(yourusername)\AppData\Local

1 PLAYING IT SAFE

ACCORDING TO KASPERSKY'S LATEST State of Stalkerware’ report, over 40 percent of those
surveyed worldwide said they d experienced stalking or suspected that they were being stalked.
Stalkerware is a form of spyware, which is used by bad actors like domestic abusers to

monitor people’s devices without their knowledge. While it's most commonly found on mobile
devices to harvest information like GPS data, your PC can also be infected.

Keyloggers, which silently record your keyboard activity, are a good example. Other forms of
stalkerware may monitor your personal files, or even spy on you via your webcam.

Stalkerware is difficult to remove, as it's deliberately designed to disguise itself as a
legitimate program or system process.

In this guide, you'll discover how to reboot your machine to safe mode, so the stalkerware
can't execute. You'll also discover how to prevent it from launching, as well as how to remove
malicious files from your web browser and system cache. <NATE DRAKE
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» This folder contains directories with your specific

browser settings. In the case of Edge, these settings can
be found in Microsoft’ > Edge’. Chrome settings can

be found in Google’ > Chrome’, Firefox settings can be
found in ‘Mozilla’ > Firefox’, and so on.

» Technically, you can delete these folders to reset
the browser to its default settings. However, if you're
concerned about losing important data, you can rename
the directory, eg. from 'Mozilla' to ‘Mozilla-old". Next
time you launch the browser, it will reset to its default
settings and create a new folder. Your previous browser
data will be preserved in the ‘old’ folder. [Image B]
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CLEANING UP

2 Stalkerware can still lurk in temporary files. To clear
these, you'll need to reboot Windows back into standard

mode. On login, enter storage’ into the Windows search bar to

view Storage Settings’. Next, click Temporary Files'.

» As you'll see, by default, both temporary internet files and
temporary files generated by apps are covered in the cleanup.
You can also opt to remove files from your personal Downloads’
folder and Recycle Bin', if you wish. Make your choice, then
select 'Remove Files to continue. [Image C]

» If you have any files that aren’t backed up, now is a good time
to connect an external drive and copy them over. Remember, only
do this for non-executable files like documents and images.

» Next, enter and select Windows Security’ in the search bar.

Click Virus & Threat Protection’, then ‘Scan options’. From here,
choose ‘Microsoft Defender Antivirus (Offline Scan)'.

» As the description explains, this is an excellent way to
remove persistent malware as it updates virus definitions, then
restarts the device so stalkerware won't be active during the
scan. Click ‘'Scan now’ > 'Scan’ to proceed. [Image D]

» Once your system reboots, enter ‘uninstall’ into the Windows
search bar to launch Add or Remove Programs. It's unlikely
that stalkerware would be displayed here, but play it safe by
inspecting each of these applications and clicking ... loptions] >
‘Uninstall’ next to any you don't recognize.

» Restart your machine, then use Ctrl + Alt + Del to launch

Task Manager.
» Click the ‘Startup Apps’ icon in the left-hand pane to check

once again that no unrecognized applications are listed. Next,
return to processes, and check each one manually to be sure
that you recognize it.

» If you see anything suspicious, right-click to ‘open file
location” and see where the program files are based. [Image E]

» |f the files are harmful, repeat Step 1 to boot to safe
mode and rename the folder. We recommend doing this,
rather than deleting the files, in case they are actually
needed by a legitimate system process.

3

REMOVE AND REINFORCE
At this stage, it's unlikely that any malicious

programs remain on your system. If you have
a third-party antivirus program installed, feel free to
update and run a full scan.

» Even if the infection has now been removed, it could
still Linger in System Restore points.

» Enter restore’ into the Windows search bar to
select Create arestore point’. Once System Properties

launches, choose Configure’, then in the new window,
Delete’ all system restore points for your main drive.

» Browsers are one of the most common methods
for stalkerware and other types of malware to enter
your system. Now that your browser settings have been
reset, you can safely protect it from future infections.

» Launch your chosen browser. You may be asked to
sign in to your online account once again. This is usually
safe to do, as most browsers don't sync tempaorary files.,

» One of the best ways of preventing malware from
gaining a foothold in your system is to install an ad-
blocker. Unfortunately, Chromium-based browsers like

Edge and Chrome have recently implemented Manifest
V3, which limits the effectiveness of these extensions.

» Open-source derivatives of Chromium Llike
Brave, and non-Chromium browsers like Firefox, are
unaffected, so this may be a good time to make a switch.

» Whichever browser you use, head to https://
ublockorigin.com. This extension will prevent most
annoying ads, as well as more harmful code, from

G i B loading in the first place. [Image F] We also recommend
= W S Disconnect |https://disconnect.me] to prevent the
= . i Ot R L loading of tracking cookies.
¥ wea » Close your browser and return to "Windows
o "::"‘"'""'" == = i L, A e Security’. If your device was infected, the stalkerware
- H;m:m, i : o may have disabled key settings. Switch on App &
S ] T P TTT R T Browser Control’. If Device Security’ reveals that
: Sseiiin A e ::: ::: :: memory integrity is disabled, choose 'Go to settings’ to
B e tnn el i ™ wWe T S turn this on once again.
el " ﬂ:* T » Return ta Virus & threat protection’ > Scan options’
A S and run a Fullscan to remove any lingering files. While
£ e e Ui (32t B G e this is running, select Firewall & network protection’
s Y from the left-hand pane to double check that the firewall
i Mo st e LS T . is enabled for all network types. O
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Boost your
gaming VPN

YOU' LL NEED THIS

IF YOU'RE A SERIOUS GAMER, you'll be aware of the advantages of using a VPN. As traffic

AN ACTIVE
SUBSCRIPTION

to your VPN provider

~
R
& - L

jpp | el e im0

-
4 * a l-
-
2 .
. > » .
'I'.
|

d = TR =9

When playing online, every gamer’'s main consideration is
ping time: the time taken between a player’s action and the
game server s response.

» A good gaming VPN should be able to keep your ping time
under 20 milliseconds. If you're engaging in competitive gaming,
a ping time under 20 ms is ideal.

» You can keep this down by choosing a VPN server location
close to the gaming server. This isn't always as simple as
it sounds. For instance, Fortnite has dedicated tournament
servers in Ashburn, Virginia. If your VPN provider simply offers
a US Server’, this could be located in Moloka 1, Hawaii, which is
almost 4,800 miles away. [Image A]

» Even If your provider appears to offer servers close to
your gaming location, you should double-check that these are

physical rather than virtual.
¢ Virtual VPN servers have their uses. They can make your

device appear to be in a different location, eg. for watching
geo-restricted streaming video on Netflix via an appropriate IP
address. However, the server on which they run could be located
far away from their apparent location.

» This 1s why you ll experience the lowest latency through
connecting to a physical VPN server. It offers shorter distances
for traffic routing if it is located closer to your gaming server.
Physical servers also tend to be better at allocating shared
resources like bandwidth, boosting VPN gaming performance.

» Some titles, like Fortnite, allow you to view your ping time via
the game network settings. Others, like OpenArena, can display

1 SELECT YOUR SERVER

B8  wmummEr | ocT 2024

between your device and the server I1s encrypted, your ISP cant monitor and throttle it,
slowing down your game. With the IP address hidden behind the VPN server, players are also
better protected from DOS [Denial of Service] and swatting’ attacks.

Still, connecting to the internet through a VPN introduces an additional hop’ in your traffic’s
route, which can increase latency. This can be an issue if your chosen title only allows you split-
seconds to shoot, stash, or jump. Many VPN providers claim to offer the very best servers in
optimal locations, with swathes of bandwidth for the perfect gaming experience.

In this guide, we Ll explore some ways to test such claims. This is done by closely examining
the location and type of VPN servers, evaluating different VPN protocols, and deploying extra
features and hardware. ~-NATE DRAKE

this data via on the leaderboard during play. [Image E]
Either way, make sure you measure your ping time both
when connected and disconnected from the VPN.

» Alternatively if you know the IP address or URL
of your gaming server, open the Windows command
prompt and run:
ping <url>-n 10
eqg.
ping ping-nae.ds.on.epicgames.com -n 10

' This will send 10 data packets to the gaming server,
then provide a readout of average, minimum, and

maximum latency in milliseconds.

2 Most VPN servers support connections via a
number of different protocols, each of which has

their own advantages and drawbacks. [Image C]

- If you're looking for a quick answer on what's best
to choose, WireGuard offers very fast performance, as it
operates in the server kernel space’, and only takes up
around 4,000 lines of code. It also doesn't compromise

on security, given that it uses ChaCha20 encryption.
» OpenVPN is a more established protocol, but has

traditionally lagged behind WireGuard in terms of speed.
However, if your provider supports OpenVPN DCO [Data
Channel Offload], this also operates in the kernel space,
offering comparable speeds to WireGuard. If you do opt
for OpenVPN, we recommend UDP over TCP, as it usually
allows for faster packet transmission.

PROTOCOL PERFORMANCE
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wain - Comparing VPN Protocols: Speed, Security, Ease of
Use, and Application
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» If you plan to game across multiple devices and/or locations,
you may prefer to use IKEvZ, which has features to handle
network changes like dropped connections or switching from
Wi-Fi to bG.

» Gamers are sometimes tempted to use older VPN protocols

like PPTP, given that there are fewer encryption overheads.
Windows also supports it natively. While this will undoubtedly

resultin faster gaming performance, Microsoft'simplementation
of the protocol has serious security vulnerabilities. [Image D] It's
also fairly easy to detect and block.

» The simplest way to check and change your VPN protocol is
via the client software offered by your provider. Not all servers
offer every protocol, so once you've switched, make sure you're
still connected to your server of choice.

» While you're using the VPN client, make sure you check
through Advanced Settings to see if there are options to improve
performance. For instance, TunnelBear offers TCP Override’
to switch to OpenVPN TCP if UDP is underperforming. This can

happen if your ISP or network manager blocks UDP traffic.
» Certain VPN servers may also support using weaker

encryption, eg. AES5-128-GCM instead of AES-256-GCM, or even
legacy ciphers like RC4. [Image E]

» This will generally improve performance, but lower your
connection security. Contact your provider to check if this is
supported, and use at your own risk.

3 It stands to reason that you'll get the very best VPN
gaming performance if you don't use any other internet-
enabled apps while playing.

» If this is unavoidable, check if your VPN provider supports
split tunneling’. This feature is found in certain client software,

and allows you to specify which apps will connect to the VPN
server, and which will connect directly to the internet. If you

DEPLOY VPN FEATURES

Schneier on Security

Cryptanatysis of Microsoft's PPTP Authentication
Extansians [M5-CHAPVI)
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select only your game software, this will reduce VPN
server load, and can improve performance.

» Dont be afraid to ask your VPN provider about
what gaming-specific features they offer. For instance,
users of the OpenVPN Connect client can enable the

aforementioned DCO mode for faster performance, as
long as it is supported by the providers servers.

+ NordVPN's ‘Meshnet’ tool is ideal for playing LAN
Games across the internet. As counterintuitive as
this sounds, it establishes secure, direct connections
between devices so that they all function as if they were
part of a private local network. This can obviate the
need for a gaming server for certain titles. Crucially,
Meshnet is free to use, even if you don't have a NordVPN
subscription. [Image F]

» |f you have multiple gaming devices in your home,
or simply want the best performance from your PC, you
should also consider setting up a VPN router.

» These are routers that are capable of connecting
to a VPN server. Naturally, this means that any

devices connected to the router's wireless network
will automatically use the VPN. This sidesteps the
requirement to install and configure VPN client software
on your device, freeing up system resources.

» VPN routers are also useful for gaming on devices
that don't natively support VPN clients, like the Nintendo

Switch. For optimal performance, a VPN router should
run community-developed firmware like OpenWrt or

DD-WRT. The easiest way to get started is to buy a VPN
router with the firmware preinstalled from your VPN
provider or online retailer.

» If you prefer to flash’ the router yourself, first check
the OpenWrt website [https://openwrt.org/supported_
devices) for a list of compatible devices. @
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How to repair your
graphics cards

YOU'LL NEED THIS

HWMONITOR

www.cpuid.com/softwares/
hwmaonitor.htmil

WE'VE ALL BEEN THERE. Just picture it for a moment: you re rampaging through your favorite
game, decimating monsters left right and center, silver sword drawn, coated in oil, and then
suddenly, pop! System crash. What the heck?! The PC reboots, you get back in-game, then five

minutes later, the same again. Try one more time. Three minutes later, wham! The game closes
to desktop. Frustrated, annoyed, and disgruntled, you shut the machine down. Time to sit down

and actually do some work.

We're, of course, talking about the pitfalls and pain of graphics card failure. It's ane of the few
components that can tell you it's hurting before it keels, and we ve become experts at repairing
our trusty graphical boats. In this tutorial, we're going to run you through our top tips, covering
everything from GPU diagnostics to physical repair work, and software side tweaks that should

3D MARK

https://store.steampowered.
com/app/223850/3DMark

First and foremost, we need to identify what is causing

the issue. If you've got a relatively new graphics card, it's
unlikely to be a physical problem [although it is possible]. The
first thing we're going to do is look at exactly what's causing
the error. Now, you can't typically find these in Window's Event
Viewer—it may tell you if a program crashes, but it wen't tell you
why. Some games do come with error codes on failure, which

can be a massive help in diagnosing an issue like this, but that's
not a guarantee either.

» So, the first thing we want to do is stress test the
graphics card. To do that, were going to need two programs.
First, some form of monitoring software, so ideally you want
something like HWMonitor or HWinfo. Secondly, you'll want
a benchmark that predominantly stresses the GPU, above all
else. FurMark is a great pick for this—however, some errors do
only eccur with CPU interaction, and as such, we prefer 3D
Mark. It's got a number of benchmarks that stress different
elements of your GPU so you can identify exactly what's causing
the issue.

1 DIAGNOSIS PROGRAMS

LOOPED TESTS
With your system monitor running,
and only the GPU stats up and
visible, you're going to want to run these
benchmarks on a loop. In the case of 3D
Mark, select the benchmark you want to
run [Speedway for DX12 and RTX, or Steel
Nomad for just DX12], then hit ‘Custom Run’,
and select the looped option. While youre
here, you should also disable Fullscreen’
[Image Al. ok
» |f you have a second screen, and can
keep HWMaonitor on that, perfect. If not, don't |
worry about it; we'll just run HWMonitor on
top. Once the benchmark begins, place your i
system monitor on top of that. Now for the
boring bit: just watch it.

» |deally, what we want to see Is
artifacting—things that shouldnt be in |

that benchmarking. This could be missing
textures, purple or odd colors, or screen
stuttering and tearing [outside of usual

e

Steel Momad
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help alleviate some—if not all—of your Nvidia, AMD, and Intel problems. -ZAK STOREY

frame-rate drops), or something similar. Also, keep
a close eye on your maximum clock speeds and GPU

temperature. If this is insanely high, then this indicates
that there may be a problem with either the cooling to the
card, clearance, or the thermal paste physically on the
card itself. If there's major artifacting, but clock speeds
and temperatures are within parameters [Google is
definitely your friend here, as this will vary, depending

on the GPU in question), then we can put it down to being
potentially a driver issue instead.

» This i1s where tech media reviews of your graphics
card—if not, then your own database and knowledge—
can come in handy. In some cases, for instance, when
GPU memory fails, performance will fall off a cliff, but
if you don’t know where your baseline is to begin with,
then user benchmarks can be an incredibly powerful
tool to diagnose. Don't worry if you don’t have a similar-
spec CPU; just check the 4K test results, as most games
still don't leverage much CPU power when it comes to
that resolution.

MESET

D 30 MARK
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REPAIRING THE DRIVER
If you believe that it's a driver issue, then there are a
number of things we can do to remedy the issue. Don't
worry, were not about to send you to some dodgy third-party
driver removal tool. Instead, go to Google, type in either AMD
or Nvidia GPU driver, and download the latest version. Both
manufacturers driver installers come with the option to perform
a clean install | | during the installation. Select Custom
|Advanced) install, then choose which item you want to install,
and make sure you check the box that says Perform a clean
installation’. What this does is remove any and all trace of the old
drivers, then install completely fresh drivers on top. It's best to
download the driver first, then disconnect your system from the
internet to stop Windows automatically attempting to install an
older version of your driver as well.
If you continue to have problems, reinstall Windows in its

entirety. Over time, Windows' registry can become filled and
with junk and temp files, and possible compatibility contlicts and

Issues occur. We often recommend reinstalling Windows at least
once every six months for optimum performance, if not sooner.

In both scenarios, once you ve reinstalled your driver, you
can re-test the system using the same programs.

POWERFUL COMPONENTS

The number of times we've had GPU problems, and it's

purely arisen from the card not being sat in its PCle slot
correctly, or the PCle power or 12VHPWR cable not being secure,
s beyond count. Even occasionally, PSUs fail on a certain rail,
and we need to swap the cables. Always double check that your
cables are secure and correctly positioned, as this can cause
additional headaches when diagnosing.

When it comes to speccing your system, or even just
upgrading your graphics card, always be mindful of how much
power your system may potentially draw from the wall, and
how much your PSU can provide. There's a number of wattage
calculators online—our favorite is embedded in PC Part Picker.
Ensure that you have a PSU with at least 20 percent head room—
above what PC Part Picker suggests you will be pulling from the
wall—and you'll be just fine. However, be careful, as some of the
more budget options, even though they may be rated for 450W,
may actually be capable of drawing less.

THERMAL DIAGNOSIS

But what if you have an older graphics card? What if it's

five or six years old, second hand, or been ran for many
moons, night and day, mining in the cryptocurrency boom of the

early 2020s7 In that case, it may be that the thermal paste
connecting your graphics card s GPU to its heatsink has
cracked. Yep, this paste can and will dry out from time
to time, no longer acting as a sufficient thermal medium
between the two components. In that case, you're going

to need to carefully disassemble your graphics card.
To do this, you're going to require a few things.

First, a clean work surface, then a small screwdriver
set, potentially a 4mm hex nut socket wrench [for some
Mvidia GPUs|, a fresh tube of thermal paste, and possibly
some thermal pads for your memaory chips. You can buy
the bulk of this from Amazon—make sure you get the
right-sized thermal pads for your GPU. You can find that
out by speaking directly to the manufacturer, or via a
quick Google search.

When disassembling your graphics card, always
start from the rear. The backplate will have a number
of screws. Take the ones off around the edges first, then
leave the four larger screws in the middle until last
[these are the ones that act similarly to a CPU block’s
screws, securing the GPU heatsink to the GPU). Once
those are removed, remove the backplate from the card.

Take a look at the rear /O plate. You'll likely find a
few screws here as well. ldentify which ones connect the
plate to the graphics card heatsink, and remove them
too, storing them away for later. Finally, remove those

four GPU screws. At this point, you should be able to
remove the heatsink—carefully pull the two components

apart. There should be a few connectors and cables for
RGB lighting and fans. These are easy to unclip or unseat
from their headers, but be careful when doing this. If the
GPU still doesn’t unseat, you can go one step further,
and gently twist the card itself away from the heatsink.
Doing that should loosen the thermal paste, and the two
components should fall apart |  CJ.

Now, pay close attention to where the thermal pads
are located—you’ll need to replace these later if they've

frayed apart. Clean off the cracked thermal paste from
the GPU itself, and then replace it with the fresh stuff.
Because this 15 such a lengthy process, and
youre unlikely to see it, we highly advise adding more
than what's required. If you've ever installed a GFU
waterblock, you'll know that most manufacturers

recommend a star pattern of thermal paste on the GPU.
Ensure your thermal paste is non conductive, and go to

town, before replacing the heatsink and backplate.

We need to emphasize here that it is very easy to
knock off a capacitor, or damage a VRM or Power Phase
when doing this, so please do careful, take your time,
and do this at your own risk. This will void the warranty
on the GPU, but for older graphics cards, it may very well
save you some cash. O
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ZAK STOREY, CONTRIBUTOR

ARTIFICIAL INTELLIGENCE has gone from
buzzword to fascinating topic. Whether
thats in the form of data analysis,
processes to make workflows more
efficient, or debating with LLMs pretending
to be Socrates, the ramifications are clear.

I"d heard how much of Nvidia's hardware
stock is being pushed into Al development.
| needed to understand why Nvidia had an
edge. Thanks to the team at UL Solutions, |
got access to their Al Computer Vision and
Image Generation benchmarks.

It is terrifying how much of an advantage
Nvidia has. Theres a price difference
of around 96 percent [if you pick up a
4080 Super, not our OC variant], and a
performance delta of around 93 percent
lwith ray tracing) in stock testing. But in Al
processing, it's a whole other battle.

Take the Windows Machine Learning
tests using the GPU. The 4080 OC scores

hold on Al

Taking advantage of UL Procyon's Al Benchmark suite

Nvidia's strangle-

e 4

1,945 versus 1,084 onthe 7800 X T—about 79
percent more. Enable those Tensor cores,

though, utilizing Nvidia TensorRT, and that
difference increases to 148 percent.

The RTX 4080 can, with TensorRT,
generate an image in 1.833 seconds. |t
completed the test in 29.335s, and scored
3,408 points. The RX 7800 XT? Using
ONNX, it generated an image in 16.368s,
completed the test in 261.885s, and scored
just 381. That makes the RTX 4080 nearly

nine times faster than its AMD counterpart.

Going back to inference testing, and the
contrast is even more stark. Pretty much
every chip |'ve tested fails to break past a
score of 54. At best, the NPU in the Asus
Zenbook Duo managed 285, and again
compared to Nvidia's 2,690 it's just nothing.
That worries me, because we ve seen time
and time again that brands rest on their
laurels if they re not challenged.

K
ElF-'- B i

If Al is the name of the game, it's Nvidia.

If we want Al to become the juggernaut
it's capable of being, not only do we need
to legislate for that across the planet, we
also need manufacturers to rethink the
direction of their own products. Otherwise,
it may very well be that we end up looking at
yet another Al winter.

Contributor

Just when you thought 32-
inch 4K monitors based on

res, 240Hz refresh, and 0.03

JEREMY LAIRD

These matter when you're

coating. Normally, | prefer

72

Samsung's QD-OLED panel
tech were as good as it gets,
LG has dropped a bomb.
The UltraGear 32GS95UE
uses LGs latest WOLED
panel technology. Put simply,
it's better than the
QD-0LED competition.

On paper, it's similar. The
32-inch panel size, 4K native

NIUMUNE | OCT 2024

ms response performance are
dead ringers for the QD-OLED
gang. But in a few key areas,
the LG is just that bit better.
For starters, it's brighter at
275 nits full screen versus 250
nits. Next, it doesn't exhibit the
same warm color balance of
those 4K QD-0OLED monitors.
Plus, the panel doesn't turn
gray in bright ambient Light.

talking about monitors that tend
to cost $1.000 or more. The LG
also rocks a Dual Mode feature
that uses pixel doubling to offer
an alternative 1080p mode,

and hits 480Hz. It's better than
traditional interpolation, and

gives you that sky-high refresh.
As for catches, they are

twofold. First, LG has gone
for a matte rather than glossy

glossy on an OLED panel for its
heightened sense of contrast.
But here, it's just fine. The
matte coaling is perhaps a
little ‘glossier’ than usual, and
somehow it all just works.

The issue Is price. Its

$£1.400—%200 more than most
QD-0OLED alternatives, and
$500 more than the MSI MAG
321UPX. That's hard to justify.
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Stats abound. If you
like numbers, smart
watches are for you.

Editor s Pick:

Samsung Galaxy

How smart watches can make you healthier

IT MIGHT NOT surprise
you that | love stats and
data, particularly tied
to measurable metrics
that | can control and
analyze. Fitness is a
big passion of mine,
and right now, |'m on a bit of a calisthenics
hype. This 1s body weight training, pull-
ups, push-ups, dips—things of that ilk.
To get stronger in calisthenics, you can
do one of two things: reduce your overall
body fat levels, or increase muscle mass.

Because of that, | like to keep an eye on as
many metrics and stats as | can: steps,

body composition, stress levels, heartrate.
As such, I've advocated for smart watches
since their conception.

| had a Samsung Watch Active? since
2021, decided it was about time to jump
ship to a new one, and the Watch?7 caught
my eye. In fact, | was waiting for it, given
| already had the $S24 Ultra, and boy is
it a beauty, certainly compared to the
Watch Active2. A lot of the core specs are
admittedly the same or similar; theyre
both ECG certified, have touch displays,
164 feet of water resistance, and similar
AMOLED displays Ithe Active2 has a
higher pixel density, ironically], but the big
changes are the 05—the Watch7 featured
Android Wear 0SS 5—and of course,
internal storage and CPU performance,
with the Watch?7 packing in a penta-core
3nm Exynos W1000 versus the dual-core
Exynos 9110 10nm chip on the ActiveZ. The
battery’s larger, too.

| knew going in that regardless of what
happened, the Watch7 was going to be
better. | did have a choice, though, and the
option for the Watché was there, too.

At a physical level, they look very

similar, bar a more rugged aluminum
frame for the Watch/—even the battery

s the same. However, It's under the hood
where the 7 has the edge, as it features
an upgrade from dual-core to pentacore
l[going from 5nm to 3nm), and has twice
as much internal storage [although the

same amount of RAM). Reportedly, the
GFS connection 1s far more stable, too,

as its now dual channel, and there are
a number of new fithess metrics It can
track, along with ‘Al" generated health tips
and responses to messages, and a body
battery’ metric where the watch looks at
your health markers, exercise routines,

and sleep patterns, and tries to gauge how
much energy you have left in the tank.

Une thing that has impressed me is how
fast it charges—mind you, it does feature
10W wireless charging. | know there have
been reports about poor battery life, but |
tend to charge my watch every night before
| sleep. Samsung has released an arsenal

of patches since its launch.
The fitness routines are mildly baffling

for me. |'ve never liked the idea of trying
to track certain exercises like pull-ups
or bicep dumbbell curls—it just feels
awkward, and thats still the case.
However the SPOZ, the step counting, body
composition analysis, and heart-rate/ECG
tech, is all top-tier, and that alone makes it
an appetizing pick.

Why the Watch7 over the Ultra? Simply
put, there's not enough of a difference
between the two to warrant the latter.
Despite the Watch?7 looking sleeker in
my eyes, the internal hardware is near
identical beside a slightly larger battery.
On top of that, all the sensors are pretty
much identical, with the only major
advantages being a more ruggedized
endurance. That would be fine, but the
Ultra's near double the cost of the Watch?.
No, just no. -28
$300, www.samsung.com
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The latest Zen 5 architecture
i15s here at last. But does it
move the game on for AMD?
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AMD Ryzen 7 9700X

The new Zen 5 CPUs are here—time to benchmark!

IT'S BEEN A BUMPY ROAD getting here, what
with AMD recalling all stocks of the new
Ryzen chips weeks before they were due
to be sold, and all about jumping around

motherboards, updating firmware, and
endlessly fiddling about with settings.

But at last, we can bring a review of
AMD’s latest and greatest desktop CPU
design—and it's a little underwhelming.

AMD has stuck to the same
fundamental floorplan for the new Ryzen
7 9700X as the last-generation 7700X

and even the Zen 3-powered 5700X.
Underneath the heatspreader, you've got

two chiplets: one CCD [Core Complex Diel,
which houses all the processing cores
and cache, and one 10D (Input/Output Die|
that's home to a tiny integrated GPU, PCle
and USB hubs, and the RAM controllers.
The 9700X comes with a fully enabled
eight-core chiplet and 5.5GHz top Turbo
speed. That 8.3 billion transistor CCD
sports the latest AMD Zen 5 architecture,
of course, with more L1 cache, more

internal bandwidth, superior floating
point support, a fancier branch prediction

unit, and so on. The changes seem pretty
comprehensive and AMD claims that Zen
5 has an average IPC [instruction per
clock) uplift of 16 percent over Zen 4,
though not every application is going to
see such an increase.

The Ryzen 7 9700X also runs a 65W

TDP (88W maximum power limit). That's
much lower than the 105W TDP of the Zen

BENCHMARKS

. AMD Ryzen7

. 9700X

Launch price [MSRP] - $359

Cyberpunk 2077 [afps] 110
Baldur’'s Gate 3 [afps] 94
Homeworld 3 [afps] &9
Metro Exodus Enhanced [afps]

Cinebench 2024 multi-thread [points]

Blender 4£.2.0 [junkshop]

CPU measures in gaming
[Avg CPU Temp *C)

Hesl scorés are in bold.

4 7700X. It's also half that of Intel's Core
I5 14600K and Core i7 14700K. In testing,
| couldn’t get it to go over 75 C, no matter
what task | threw at the processor. With

an Asus ROG Strix LC [l 360 AIO liquid
cooler, it happily ran at 65 C in game

testing in a hot office. Impressive.
Anyway, the net result of all those
changes is not actually terribly dramatic.
Take Baldur's Gate 3. Average frame
rates for the 9700 are up to Y4fps from
the 88fps of the 7700X. Metro Exodus:

Enhanced Iincreases from 147fps to
151fps. Some other titles do show larger
boosts in percentage terms. Homeworld
Jimproves from &1fps to 6%9fps, but these
are not gains you're going to actually feel.

It's a similar story for productivity. The
Cinebench 2024 multi-thread result only
increases from 1,104 points to 1,169, while
blender improves from 85 samples per
minute to 92. Granted, any performance
improvement is welcome, but if these
were the kind of gains that we could
generally expect from AMD every two

years, it would take an awfully long time
to see performance increases that you

could really feel.

Architecturally, then, Zen 5 is thus far
a bit of a disappointment. That could have
been offset, had AMD thrown in some
more cores. However, it has kept core
counts the same across the new model

range compared with the outgoing Ryzen
7000 family. What you're left with is

' Intel Core i7
- 14700K

' AMD Ryzen 7
. 7700X

- $399 $409
107 "7
- 88 103

| &1 L 42

largely the same performance as before,
just at a much higher real-world price.
Yes, it is true that these chips are

launching at lower MSRPs than the last
generation. However, Ryzen 7000 pricing

has fallen substantially since launch, so
youre going to have to pay much more
for a 9700X than current 7700X pricing. In
pure performance terms, youre getting
very little in return. Right now, you can
get a Ryzen 7 7800X3D, the 3D V-cache
model and best gaming CPU, for only
slightly more than this non 3D V-cache
representative of the new range. The old
7800X3D flies in terms of frame rates.
This is the problem for AMD when it

comes to PC gaming: all such enthusiasts
now only care about the X3D models and

for good reason. So, if you want a new
Zen 5 chip just for gaming, you're better
off skipping the 9700X and waiting for
the 9800X3D. For everyone else, the
lower power consumption and operating
temperatures are nice enough, but are
they worth the money? -NICK EVANSON

VERDICT

AMD Ryzen 7 3700X

7 3 RYZEN AGAIN Lower
power consumption and
temperatures; Lower MSRP than before.

B FALLING FLAT Barely any faster than last
gen; More expensive real-world prices.

359 www.amd.com

SPECIFICATIONS

Cores

Threads

Base clock

Boost clock

L3 Cache

L2 Cache

Unlocked

Max PCle lanes

" DDR5-5800

Memory support (up to)

Processor Base Power W) i 65

Maximum Package Power (W) : B3

QCT 2024
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The highest-performing RTX 4060
laptop we ve ever tested.
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Lenovo Legion

Pro 5116 Gen 9

Excellent performance, but
measly memory and storage

THE LENOVO LEGION Pro 7i Gen 8 delivered
a superb mix of performance, size,
and price. We expected similar results
from the Legion Pro 5i Gen 9. Instead,
were feeling miffed by the new Gen
? model. With Iimpressive gaming

performance, you'd think we'd be all over
this thing, and yet we cant get over its

lackluster memory configuration and low
storage capacity.

First, the good stuff—the Pro 5i
Gen 9 comes equipped with the Core i7
14650HX. A 24-thread processor, divided
into eight P-cores (16 threads with Hyper-
Threading) and eight E-cores. That's a lot

of processing power for what is ostensibly
a gaming laptop on the more affordable

end of the market.

The GPU is very much a known
quantity: the Nvidia GeForce RTX 4060
mobile, with 8GB of GDDRé6 and rated to a
total graphics power [TGP] of 140W. That
last bit is important, as it determines how

much head room the GPU has available,
and has a pretty significant impact on

the overall gaming performance of the
: machine. The good news here is that

140W is as good as it gets for the

' RTX 4060 mobile—a 115W TGP with
an extra 25W boost—and it's far
and away the fastest RTX 4060 we've

tested to date as a result.
Now, let's talk about a few things the

Pro 51 Gen ? doesn't do well. It comes
equipped with only a single stick of DDRS

memory, rated at 5,600 MT/s. While
retaining 16GB capacity—suitable for a

laptop at this price point—a single stick
limits the overall bandwidth. It could be
much higher with dual-channel memory.
While a single stick doesnt appear to
hinder the laptop hugely in many games
I've tested, it could, it might, and it

probably will at some point.
The good news is you can easily access

the laptop’s innards through 10 Phillips
head screws. Adding a second stick or
upgrading to a new kit—the latter likely
preferable to avoid compatibility woes,
but running a higher cost—is as simple as
removing the metal shield, popping the
old stuff out, and slotting the new stuff in.

You'll likely be in the undercarriage
of this laptop at some point shortly

after buying it anyway, because the S5D
in the Pro 5i is a measly 512GB. When
combined with a Windows 11 install and
a few Lenovo pre-installed applications
lincluding McAfee), it is a tight squeeze
for a few major triple-A games. We ran
into issues with storage space during
benchmarking, and had to uninstall one
game to test another.

Thankfully, there's a spare SSD slot.
The primary SSD is one of the faster
drives in our testing, so it'd make for a
fantastic boot drive alongside a larger
data drive in that second NVMe slot. Our

issue is we shouldn't have to be ripping
the rear off a shiny new gaming laptop to

fix what is a pretty poor configuration.
What's frustrating is that this is

otherwise a fantastic laptop. The screen
is @ 16-inch IPS with a 165Hz refresh

rate and 2560 x 1600, 16:10 resolution.
The keyboard is a full-size unit with a
numpad and full RGB backlighting. There
are tons of ports, a decent webcam,
and a responsive trackpad. Gaming
performance is also awesome. The extra
oomph from the graphics wattage drives
higher performance, and is handled well
thanks to its high-quality interior.

There are the usual gaming laptop
complaints—battery life is terrible, and
its heavy. There are also competing
laptops offering more for less, like the
HP Victus with a Core i7 13700H, 16GB
RAM, and an RTX 4070, which is $1,199.
There's also Lenovo's own Legion Slim 5
with a Ryzen 7, 16GB of admittedly single-
channel RAM,andan RTX 4070 for $1,220.

There's a lot to like, but you're going

to want to upgrade that RAM and 55D, or
spec it up at purchase, which is only going
to add to the cost. -JACOB RIDLEY

VERDICT

Lenovo Legion Pro 5i 16 Gen 9

6 £ NEXT GENERATION Fastest

RTX 4060 mobile laptop; High-
wattage GPU; Good screen.

B PICARD Single-channel memory; 512GB

S5D: Short battery life; RTX 4070 laptops
at similar price.

%£1.520 [1TB model tested], www.lenovo.com

SPECIFICATIONS

CPU | Intel Core i7 14450HX
GPU Nvidia GeForce RTX 4060
. mobie [140W)

RAM 16GEB DDRS-5600

550 L 91268 PCle 4.0 NVMe

[Z2x NVMe slots total)
Screen | 1é-inch IPS w/G-Sync

Resolution 2560 x 1600
Refresh rate . 165Hz

Dimensions 1£.3% 103 % 1 inches

Weight | 5.5lbs

QCT 2024 MAN ML G
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CAN A LAPTOP BE CUTE? This model
from Asus certainly makes an attempt,
behaving like a manga hero character,
as it's all chibi on the outside, but reveals
great strength when put to the test.

The ProArt PX13 is a 13-inch two-in-
one machine, so needs to be comfortably
graspable when in tablet mode. This
means it can't taper to the sort of edge
that might make the machine useful as a
weapon in the event of a zombie invasion,
and results in a slab-sided look with
widely rounded corners. This is a good
thing, as not only does it allow you to pick
it up and fold the keyboard back, so you
can pretend youre in Star Trek while
all youre actually doing is compiling a
grocery list, but with a stylus in the box,
you can even do some drawing, too.

The screen I1s a lovely 3K OLED
touchscreen that's only let down—and

it's not a big problem—by a maximum
refresh rate of 60Hz. Why is this not a

problem, given that we expect our games
to run at 4K/240Hz these days? The
answer Is the full-size HDMI 2.1 port on
the edge of the laptop, which means you
can hook it up to all kinds of external
displays and really let the RTX 4070
loose. A laptop like this will spend much

of its life in such a position, as it's aimed
squarely at those who prefer to create

rather than consume.

Backing this assertion up is the
presence of both the stylus and what
Asus calls the ‘Asus Dial on the trackpad.
It's a circle, essentially, and hooks into
some customization software to provide

a slightly different way of interacting
with Adobe's Creative Cloud apps and

others. Twirl your finger over the right
spot, and you can scrub back and forth on
a timeline, or expand or contract a brush
tip. It's not as good as a physical dial,
which we've seen on Asus ProArt laptops
In the past, but it does take up less space,

and is useful once you get the hang of
it. You can also just use it as a volume

control in Windows, if you want.

Being an OLED two-in-one, putting
the machine into tent mode and using it
to watch movies is a definite possibility,
It's as good in this configuration asitisin
its other shapes, and the screen is bright
and colorful. You might even forget that
60Hz refresh rate. Hook up a Bluetooth

AR ML BE OCT 2024

controller, and it makes for a decent
gaming machine, too.

The most interesting thing about
the ProArt is probably the Ryzen Al 9
processor, which brings an NPU plus
four full AMD Zen 5 cores and eight
of the cache-limited Zen 5c units with
it. Those CPU cores are all capable of
multithreading, too, which gives them
more potential power than Intel's single-
thread efficient cores. The default TDP
is 28W. below Intel’'s Ultra 9 185H, and
can boost up to 5.1GHz. In tests, it's up
there with the i9s of the 13th and 14th
generations, and beats the Core Ultra 7.
Using the RTX 4070 means endurance
will take a hit—this shows in the battery
life test, where the PX13 managed three
hours and 34 minutes of constant use.

Asus may have gone out to make a
laptop that's aimed at creative users, but

it has built a great machine for the rest of
us, too. If you want to game after a hard

day creating art in Photoshop or Blender,
It's got the chips for you. -IAN EVENDEN

VERDICT

Asus ProArt PX13

B PROART OLED, Zend, RTA
4070, and a load of other

good stuff.
B LOWART You'll be wanting an external
monitor to go higher than 60Hz.

From $1.999 www.asus.com

SPECIFICATIONS

CPU AMD Ryzen Al § HX 370

Graphics Nvidia GeFaorce RTX 4070

Memory J2GB DDRS

Screen size 13.3-inch OLED

Resolution  2.880 x 1,800

Refresh rate &0HZ

Colaor coverage

(stated) 100% P3

Storage 218 550, micros0U card

Wi-Fi 7. Bluetooth 5.4,

2x USB 4.0, 1x USH 3.2

Gen 2 Type-A, 1x HDMI 2.1,
. J.omm audio

Connectivity

Dimensions 11,74 x B.26 x 0.7 inches

Weight - 3lbs

AsSuUs
ProArt
PX13

Because
professional
laptops don't
have to

be boring
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The Asus Dial sits at
the top of the trackpad,
and is easily accessible.
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Gigabyte Aorus C049DQ

One of the best ultrawides, it you can stretch to it

WE'VE ALL DONE IT when buying a new PC:
Let the imagination run wild and picture
not only the case, studded with RGB fans
and radiators, but the entire setup. The
precise mouse we want, the keyboard
with its mechanical switches, perhaps
a headset positioned artfully nearby.

Then there's the monitor. No one goes
into PC building hoping to push together

two widescreen displays that they only
bought because they were cheap. What
we all want, deep down, is one of these.

It rises on an elegant single foot from
the desk, the cables connecting it to your

4 OCT 2024

PC [or PCs, since this is a fantasy] neatly
hidden. There is no dividing line where
two screens come together; instead your
Windows desktop is smoothly continuous
across the space two monitors would take
up. Switch it on, and it is both dazzlingly
bright and beautifully saturated, games

leapfromitssurface, and thecurve brings
the edges neatly into your peripheral

vision. For the first time, you're happy.
The market is now full of OLED
ultrawides, although this fact doesn't
seemn to be bringing their prices down.
This model from Gigabyte has a good

balance of features, with enough inputs
lincluding USB-C that can send video
and data signals while charging your PC,
too) to satisfy almost everyone. Picture-
in-picture and side-by-side modes offer
versatility, especially if you give up the
HDMI port to a streaming stick or game
console [in our testing, the HDMI couldn’t
accept the screen’'s full resolution, so is
better relegated to alternate purposes],
but theyre packed a little too close
together, which can make inserting and
removing cables tricky. And with just five
inches of vertical adjustment on offer,




you may want to consider an arm, though
check it can hold the weight first.

We sit closer to computer monitors
than we do to TVs, which means the
benefits of both the twice-1440p

resolution and the way OLED displays
colors and contrast are more visible.

Add to this the curve—a flat ultrawide
monitor requires you to turn your head to
see what’'s going on, but the curve brings
things into your peripheral vision, so you
can detect movement. You may still need
to turn to address flanking soldiers, but
the payoff is worth it if you can get your
chair in the right position.

The downside of this is size. The Aorus
C049DQ arrives in a box the dimensions
of a small couch that will both annoy the
FedEx operative who delivers it and your
neighbor when you ask for help getting
it up the stairs. It comes in an enormous
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amount of packaging, but that's probably
essential to keep the screen safe.

So, if youre thinking of buying a
matched pair of 1440p monitors to go
with your PC, consider this instead. The

lack of a dividing line down the middle is
a game-changer, and OLEDs are the best

way to experience PC gaming. The ability
to sit in the sweet spot and have the
action wrap around you does wonders for
immersion. It's not cheap, but then good
things rarely are. -IAN EVENDEN

VERDICT

Gigabyte Aorus CO49DQ
B BROAD Wider than wide with a
useful USB hub.

B FLAWED A little expensive, and has
plenty of competition.

$1,100, www.gigabyte.com

I

R Y T n-.'-

!Eﬁﬁljréi-€f7

J
r

SPECIFICATIONS

Panel

1/0

Color response
Iclaimed)

Brightness
(claimed])

Speakers

Tilt

Height
adjustment

Dimensions

Weight

: I:i";'-ir'll:h I:ID'I:ILED.

5,120x1,440, 144H2

. 1x DizplayPort 1.4,

2x HDOMI 2.1, 1x USHE-C
1TEW PO USH hub/KYM.
3.5mm audio

29 DCI-P3

290 nits SOR

2x 5W

o z . e
-= 10 'I'_"|_|'I

5 inches

| 195 % 559 % 261.5mm.

F AT x 22 % 10.3 inches

251b

The support foot is

B LINSPLA SH

sturdy, but the amount of

height adjustment is low.

QCT 2024
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Helios's signature RGB light
bar makes a return here.
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Helios 18

Acer
Predator

Perhaps you

dont need a
desktop PC
ANy Imore

THERE'S BEEN A RACE to make laptops
smaller for years now, with extreme
thinness and lightness prized in portable
machines. Acer has had enough of that,
and its Predator Helios 18 is about as big
as a mobile PC can get in 2024.

Actually, is it mobile? Thisisn't a laptop
you re going to want to throw in a bag and
take with you, or have on your lap for very
long. It's heavy and gets hot, and while its
components are absolutely ideal for any
kind of rendering work, whether that's in
Alan Wake 2 or After Effects, its natural

habitat is firmly on top of a traditional
desk, rather than casually laid on a bed or

balanced in the back seat of a car.

This is the triumphant return of the
desktop replacement, a category of
laptop we thought had been lost, with
mere 16-inchers the best we could look
forward to. The great benefit of a machine
like this is how tidy it can make your
working or gaming space—the important
cables [power, USB-C, and HDMI| all slot
into the back rather than spread out of the
sides, and while you can't charge it over
USB-C [it takes a massive 330W external
brick to power itl, you can use a single
USB connector for video and peripherals
if you have a monitor with a hub. Then you

can fold it away and lock it in your desk,
adding a layer of security to the tidiness.

Once it's wup and running, the
combination of 14th-gen i9 and RTX 4090
Is top-end. It laughs at ultra settings and
makes chicken noises at ray tracing.
Youre looking at frame rates that can
outstrip the 250Hz mini-LED IPS screen,
and getting hold of a large, fast, external
4K OLED monitor should be up on your
list if you have the space and budget.

There are, of course, drawbacks to a
machinesuchasthis.|t'sveryexpensive—

up there in MacBook Pro territory. Its
hot, which means it's loud. We caught it
spinning its fans a bit when in sleep mode
with the screen closed, and when called
upon to perform ray tracing, made a

rushing sound that summoned someone
from the floor below to see what the noise

was. That said, the cooling system, which
uses two fans and liquid metal thermal
grease, Is clearly effective, as despite
being pushed to 100% in a ray-tracing
demo, the GPU didn't rise above 68 C,
even though the CPU was up at 87 C.

Battery life is also an issue. While it's
possible to get more than four hours out

of the Helios 18, no one's buying this to
scroll websites or make video calls. Fire
up that big GPU and you'll be lucky to get
more than two hours of use out of it.

Alongside gaming, we can see this
being popular among the video-editing
and 3D-rendering crowd. Turn offthe RGB
lights and the dreadful sound it makes
at startup, and you've got something
that will munch through a barrage of
rendering and Al tasks. Photoshop’'s
generative fill and Lightroom’s denoising
tasks are completed in a flash.

Give it a firm enough place to stand,
and the Helios 18 will move the Earth. Just
becauseit’s alaptopdoesn’t meanyoucan
carry it around. This chunky specimen
shows that desktop replacements never
really went away. -1IAN EVENDEN

(LU Acer Predator Helios 18

g HELIOS Excellent

performance and a
large screen.

B ALBATROSS Heavy, hot, and hungry for
battery power,

£3.100, www.acer.com

SPECIFICATIONS

CPU intel Core 1¥ 14Y00RX

Graphics Nwidia GeForce RTX 40%0
114GB]

Memory 3268 DORS
Screan size 18-inch IPS

Resolution 2. a60x1, 600

Refresh rate 200Hz

Storage 278 55D, microSD

Connectivity Wi-Fi 7, Bluetooth,
Gigabit Ethernetl, HOMI,

1x USB 3.2 Gen 1 Type-A

2x USB 3.2 Gen 2 Type-,

#
A
2x USB 3.2 Gen 2 Type-C

Dimensions 1.4 x 16 2 12,2 inches

Weight 7.171b
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Hyte Thicc Q60

Almost more mobile phone than CPU cooler

TAKE A LOOK at the Hyte Thicc Q&60, and
you might come to the conclusion that

this is an all-in-one liguid cooler that
pushes appearance over performance.
That's not strictly true, however. Yes,
the Q60 is adorned with a 5-inch screen,
a litany of RGB LEDs, and some tidy
cabling, but theres also a chunky CPU
cooler beneath it all.

The Q&0 is a big beast. It comes with a
radiator double as thick as some, coming
in at 52mm. That's reportedly to use

space that's not often utilized to its fullest
iIn modern PC cases, according to Hyte—

it's opting for a thicker radiator in the
place of a longer one.

The Q&0 is billed as a 240mm radiator
on account of the two 120mm Thicc FP12
fans included, but it's actually 288mm
from top to bottom. The remaining space
iIs taken up by the pump, which takes

residence on the radiator rather than in
the more traditional spot behind the cold

plate. The benefit of this, for the Q&0 at
least, is more room for the enormous
screen above the CPU.

The 5-inch screen on the Q60 is best
described as a tiny computer. It includes
a quad-core Arm Cortex CPU, with 2GB of

DDR4 running at 2,666 MT/s, and running
at 1.3GHz. It also has 32GB of eMMC

storage, all to run the many widgets,
which Hyte has named faces’, available
via the Nexus application, which is pretty
much a must-install with this cooler.

I've opted for a parade of system-
monitoring faces': liquid in temp, liquid
out temp, CPU temp, and GPU temp.
Oh, and the clock, which | cannot seem
to remove. There are a lot of options to
choose from, and a few more ‘coming
soon —clock speeds, fan speeds, and
throughput are all reportedly on their

WHE | OCT 2024

way. You can also set the screen to
display your media playing via Spotify,
and play your own media. Plus, youre
free to change the background.

We're not usually fans of sticking a
screen on peripherals and parts for no
discernable reason except we could'.
But were sort of into the Q60's central
screen. It's impressive, and not at all
as domineering as we had originally
expected. The subtle two-tone design of
the rest of the cooler helps—if the fans
were also adorned with RGB lighting, it
would probably feel a bit too much. As it
stands, the screen is pretty wicked.

Yet, as we mentioned at the beginning,
the Q60 isn't only about appearances; it is
a capable liquid cooler in its own right. In
balanced mode, with the PCidling, the Q&0
Is nominally audible. During gaming, it's
only a little noisier—we've been running

the Metro Exodus benchmark many times
over, and the only noise coming from the

Q460 throughout is a steady, polite hum.
It doesn’'t noticeably fluctuate between
speeds, either, which makes the noise it
does produce much less distracting.
Only during more CPU-intensive
workloads did we begin to take note of the

sound coming from the fans and pump
unit. In return, this cooler delivered the

lowest temperatures while gaming out of
those we tested, which included a 360mm
AlQ. The Q&0 isn't as capable as others
when it's pushed to the Limit, however.
There are other reasons to consider
the Q60. It's extremely neat and tidy, for
one. It requires only a handful of cables,

collected into a single dual-USB Type-C
connector, and plugged seamlessly into

the radiator. The fans can also be bought
separately and daisy-chained together
with a dedicated cable-free connector or

specially fitted cables. It also comes with
a six-year warranty, which matches the
likes of Corsair and Arctic.

The Hyte Thicc Q&0 is smart, good-
looking, and quiet. It delivers exceptional
cooling performance Iin games, too,
though trips up in more demanding
thermal tests. It's by no means essential,

but it embodies everything great about
custom PC building by working well and

looking cool while doing it. -JACOB RIDLEY

VERDICT

Hyte Thicc Q60

7 3 HIGHEST HYTES Quiet;

Stunning; Impressive cooling
performance for gaming; Handy for system
monitoring; Zero-RPM modex.

B LOWEST LOWS Less impressive with
demanding CPU workloads; High idle
temperatures; Expensive.

$300, www.hyte.com

SPECIFICATIONS

LGA 1700, 1200, 115X,
2011*, 2066 - AMD Sockel
AMS, AM4, TR4A* [*available
from Hyte supportl

Compatibility

120 % 288 x 52mm |cold

plate: 56 x 56 ¥ 1.5 mm|

Dimensions

Radiator ZBBmm, aluminum

Pump Ceramic, up to 4,500 RPM

2% Thice FP12 120 mm,
Fluid Dynamic Bearing,
up to 3,000 RPM

Fans

Lighting

Full RGB on radiator logo,
array behind screen
a=inch 1PS, &0 Hz, 300 nils,

720 x 1280 resolution

Screen

Storage 3268 eMMC

Memary Z2GB DDR4




The 5-inch display
shows all the system
info you need.
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Ieader foers a bargain from us to vou

Bag a software bargain

Don't pay full price for software when we can offer you huge reductions
on everything from security software to Windows 11 Pro

N t 360 15 MONTH PRE-PAID SUBSCRIPTION
OI'TOI |
10....

Premium for S29. 99

WE'VE NEGOTIATED a killer deal with Norton. No

subscriptions; just a one-off bargain price of $29.99, compared NOI’tOIT?)GO :“ﬂ:_,

to the reqular $109 charge. That buys you 15 months Premium L
of cover from the Norton Security suite across 10 devices

Because it's the Premium version, you get a host of extra tools. There's
75GB of cloud storage for secure backups, plus the full version of
Morton Secure VPN, both to protect your identity and provide a way of
watching TV from home while abroad.

Norton Parental Control provides tools to see exactly what your e ep—
kids are up to on their various devices, and you also get GPS location sticaly sechyear
monitoring for Android and 105. i et e o

To round things off, Norton Password Manager generates and
stores passwords across all your devices, while SafeCam for PC stops
cybercriminals taking photos on your webcam without your knowledge.

ALSO CONSIDER Avast Ultimate Suite 2024 for $29.99 [10 devices for two years) SAVE 87%

Windows 11 Pro CCleaner 6 Professional
for S79.99 for S14.95

WANT TO UPGRADE from Windows —_
11 Home to Windows 11 Pro?

CCLEANER HAS A reputation for bringing
an old computer back to its best, and

Or perhaps you're huilclirljg a new windows 11 we've negutiateld a 50 percent discount
PC from scratch, or looking to an the Pro version. This will remove
move up from Windows 10?7 Maybe Pro unwanted information, temporary files
you want to run Windows on your browsing history, log files, and even

Mac? Whatever your motives, a
Windows 11 Professional OEM
license is a great choice.

The first reason is simple:
price. Microsoft charges $119.99
for a retail license of Windows
11 Home, and a staggering
$219.99 for Windows 11
Professional. By choosing an
OEM license—and avoiding the

settings from old software.

One new CCleaner 6 feature is
its Performance Optimizer. Unlike
optimization techniques in other apps,
the boost it gives can be measured CCLEANER 6
in benchmarks. It uses a three-step
process, detecting active apps, services,
background tasks, and processes.
Anything it deems unnecessary is put
into sleep mode. The result: better

you may find online—you cut AT CHECKOUT Use code PROOCTP20 at checkout for ATCHECKOUT
that price substantially. 20 percent off.
ALSO CONSIDER Windows 11 Home for $49.99 SAVE 64% ALSO CONSIDER Adobe Photoshop Elements 2023 for $70 SAVE 30%

software.maximumpc.com
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NZXT C1500

Platinum

Top-tier performance

and efficiency

THE C1500 PLATINUM, the latest addition
to NZXT's power supply lineup, is priced
at $370. That alone Limits it to a niche
audience, along with the few people who
actually need that sort of power in 2024.
2025, with its rumored even higher-
powered GPUs, could be another matter.

However, iIf you do find yourself in
that camp, youll be pleased with its
exceptional performance and reliability.
With features like fully modular black
nylon-sleeved cables, a Sunon MagLev
140mm fan, two PCl Express 5.1 12V-2x6,

and world-class electrical performance,
ts also designed to meet AlX 3.1
standards.

Considering the tier of this PSU,
its bundle is surprisingly minimalistic.
NZXT provides only the necessary
mounting screws, an |[EC C19 AC power
cable, and a purple bag for the modular
cables. The highlight here is the presence
of two 600 Watt 12V-2x6 connectors and
six PCl Express 6+2 pin cables with

just one connector on each, forgoing
piggybagging” multiple PCl Express
connectors on a single cable.

t's housed in a chassis that measures
180mm in length—significantly longer
than the standard ATX dimensions
specified by the ATX design guide. This
length 1s unsurprising, bearing in mind
its high power output, so it requires a
case with ample clearance to fit properly.
Like other NZXT PSUs, it has a 'Zero-
Fan' switch, but the speed of the fan will
still be controlled by the unit's thermal
control circuitry, so it will be running

at minimum speed until the load is high
enough to justify an airflow increase.

The NZXT C1500 Platinum PSU
iIs equipped with a 5Sunon Maglev
MFEDZ251VX-1Q010-599 140mm  fan,
featuring a magnetic levitation engine.
The patented Sunon engine design
offers superior performance, and the
fan's performance is not affected by
orientation. While MaglLev fans can be
noisy at higher speeds, they excel in high-
temperature environments, with the
fan in this model reaching the terrifying
maximum speed of 2,200rpm.

In our tests, the NZXT C1500 Platinum
P5SU easily meets the 80Plus Platinum
certification standards, missing the
alPlus Titanium certification by a hair
when tested with an input voltage of
115 VAC. When tested with a 115 VAC
input, it achieves an average nominal
load efficiency of 92.6 percent, which
increases to 93.7 percent with a 230
VAC input. The unit's efficiency peaks

at around 40 percent of its capacity.
Also, the P5U demonstrates impressive

efficiency even at low loads, nearing 87
percent with a load of just 70 Watts.

HOT TOPIC

During hot testing, the NZXT C1500
Platinum PSU displays a minor
decrease Iin efficiency under heavy
loads, with recorded figures of 92.2
percent at 115 VAC and 93.3 percent
at 230 VAC, compared to 92.6 percent
and 93.7 percent during cold testing.
This reduction is inconsequential, and
occurs almost linearly across the load
range. There are no signs of thermal
stress, even at maximum load. The P5SU

Is rated to perform efficiently at ambient
temperatures up to 50 C, and operates

seamlessly under these conditions.

All of this means this is an exceptional
PSU for performance and efficiency. The
140mm 5Sunon MaglLev fan, equipped
with a magnetic levitation engine,
ensures superior cooling performance
and durability. The NZXT C1500 Platinum
P5SU excels Iin protection and build
guality. Manufactured by Channel-Well
Technology [CWT)], a reputable 0EM,

the wunit features top-tier Japanese

capacitors from Rubycon, Nichicon, and
Nippon Chemi-Con. Its solid construction
and high-quality components are backed
by a 10-year warranty, providing users
with peace of mind. However, its price
tag 1s a drawback. This substantial cost
positions it in a niche market, appealing
primarily to the few users who require
its massive 1500W power output. For
many, the performance may not justify
the premium price, especially when
comparable alternatives exist at lower
price points. ~-EMMANOUIL FYLLADITAKIS

NZXT C1500 Platinum

&I PLATINUM Very high
efficiency; superior cooling;
10-year warranty.

EBRONZE High price;: Niche market appeal;
Large size.

$370, www.nzxt.com

SPECIFICATIONS

" 1 x 24-pin ATX Power Cable,

= 1 x&+4-pin CPU Power Cable,

P x 8-pin CPU Power Cable,

- & x 6+2-pin PCle Power Cablea,
2 x 16-pin [12+4]) 12V-2x4

i PCle Cable, 12 x SATA Cable.
& x Penpherals Cable

Outputs

Fan L 140 x 140 x 25mm
Noise | 41.0 dBA max
Dimensions 5.91 x 3.3% x 7.09 inches
Weight | 5.34lbs

Warranty ! 10 years

QCT 2024
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in the lab!

BenQ X300G 4K Short
Throw Projector

88

Priced high, yet punchy

THISISABEAUTIFUL piece of kit. The X300G
from Benl sits somewhere in the middle
of its latest projector product stack. It's

complete with 4K 3LED projection lens,
exceptional keystone accuracy, auto-

adjustment, and impressive brightness
and response times, all packed into a
nice, attractive little box. It's advertised
as portable, and to a certain extent it kind
of is, but it also very much kind of isn't.
We actually looked up the word
portable’ to find a modern definition.
Google sums it up as a smaller version
of something that can be easily carried.
By that logic, the X300G is absolutely
that: portable. Don't confuse that with

being able to use this anywhere and
everywhere, however, at least without an

electric hookup. Theres a notion in tech
that ‘portable’ means battery powered.
Certainly, the XGIMI| Halo+ ticks that box,
if only for a few hours, but sadly it's not
something that the X300G can muster in
response. It's dinky, and that’s about it.

That is one of the few marks against
the X300G. The reality is that this thing

s an absolute beast when it comes to
projection. Its got an awesome lens,
capable of driving 2,000 lumens of
brightness at 4K, 1440p or 1080p, with a
30-bit color setup for 1.07 billion colors,
and you can tell, because the images
from this thing are awesome to look at.
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We do a few tests when it comes to
projectors: one up against a gray wall
[a bit of a torture test), and the other
against a white projection screen. OUn the
gray wall, surprisingly this still pops. The
darker tone does affect the brightness,
but it only makes it look like a standard
SDR monitor, and that alone i1s incredible.
Throw up some HDR 4K content, and
youre blown away by the color accuracy
and clarity, even with a 60-70 inch throw.
On a white wall, though, youre in for a
hell of a time.

The X300G is in a lot of ways similar
to the X3100i: the form factor, a small
box, the lens [although that does utilize

a 4LED projection system], and even the
response times bring it in line. The one

area it does struggle in, however, 15 on
the audio front. Benl has a patented

underside ‘air radiator that acts as
a miniature subwoofer. Otherwise,
the audio i1s relatively tinny and

underwhelming, certainly compared to

something like the X500i or X31001, which
both feature punchier audio.

Cooling 1s pretty good—there s plenty
of ventilation on either side, and you can
barely hear the fans, which is ideal when
yourescrolling through menus. If you are
looking to game on it, however, 4K might
be something to avoid. As standard,
it lands with a 16ms response time,

making it sluggish at best, particularly
with that 60RHz refresh rate. It's okay for
console gaming or less competitive play,
but If youre keen to jump into some PvP
gaming on a PC, then running at 1440p
with 8ms response or 1080p at 4ms is the
better way to go. Similarly, it supports
1440p at 120Hz and 1080p at 240Hz, too.

Otherwise, the overall chassis design
is impressive. It's small, compact, the |/0
s somewhat limited, but bearable, and
the Google TV implementation is great.
It's even got some stylish little orange
LED Llighting on it, accentuating the
orange highlights glimmering around
the lens. The only problem? The price.
At $1,700, it's not cheap, and given the
X5001 1s a hundred dollars less, for a
slightly better projection lens, sleeker
form factor and better audio, it makes the
X300G a hard pill to Swallﬂw It's good,
just priced incorrectly. -ZAK STOREY

VERDICT Banu IEUDE

E2 THE 0G Uutstanding projection
tech: Form factor is adorable:

Gu-n-:_qle n".-r | nplur 1ientation 1s solid

B LIKE A G& ﬁu_ldm s _?uh par: I"Jn: I:n.-_1[1+_r1.r
Pricing is a bit skewed

$1,700, www.beng.com

ool

KIS0 Hz, ZKET120H2,
1080p@240Hz. 60Hz
limited to 16.7ms, 120Hz
8.3ms, 240Hz 4 2ms.

Resolutions

Display Colors 107 bitlion
Contrast Ratio &00,000:1
.!lriuhtm:ss | 2,000 lumens
Light Source Life | 20,000-30,000 hours
Zoom Ratio 2%
.Thrnw Ratio | 0.69 - 0.83

Projection Offset 102.5%

Connectivity USE 2.0 Type A, HODM]| 2.1,

USB-C DP
Weight b.6lbs
‘Dimensions B3 %71 x 77 inches



Azoth

Extreme

A gaming
great with
an absurdly
heavy price tag

THE ROG AZOTH EXTREME is a $500 gaming
keyboard. Youre probably reading this,
mouth agape, wondering what it makes it
worth anywhere near that price. In many
ways, that's how |'ve approached this
review, because | didn't get it at first, and
to be honest, | still don't.

First impressions are very good. |
lifted the Lid of the box it arrived in, and
It unwrapped itself like a cake 1n a Wes
Anderson movie. Inside the second
branded box—truly no expense spared
here—sits the Azoth Extreme. | reach in
and Lift it out, which takes a little bit more

effort than | was expecting, as it weighs
3.3 pounds.

The hrst thing to notice I1s Its a
13 percent size—the same as Its
predecessor, the KOG Azoth. The case
s hewn out of a block of aluminum, and
stained to a deep black. The underside
has been preened by a CNC machine

down to a futuristic military look, with the
outer edges milled away into a stepped

pattern. For a slab of milled anodized
aluminum, it's one of the loveliest |'ve
laid my eyes on. | set about attaching
each of the feet—theyre magnetic and
snap easily in place.

Beneath the board sits a conspicuous
cutout, inside which sits a Type-A USB
dongle and a switch marked soft’ on
one side and hard on the other. If | slide
the switch to hard mode, the switch
feel i1s firmer, more responsive, and
bouncier; If it's In soft mode, it's flatter
and less snappy. As | type this on the
Azoth Extreme though, | dont actually
remember which mode 've set it in.

The package Includes a product
that Asus hopes to sell separately
someday: the Polling Rate Booster. This
5 an extender for the included Type-A
USB dongle that greatly increases the

Asus ROG

polling rate of the device up to 8,000Rz.
That means it communicates with your
computer 8,000 times a second, or eight
times more than most.

|'ve tested a high polling rate gaming
keyboard before: the Corsair K70 Max.
It's not a feature | care much about—I'm
not an eSports pro, and | don't notice the
difference between 1,000Hz and 8,000Hz.
This does highlight one concern: who 15
its target audience? The high polling rate
may appeal to competitive gamers, but
they might prefer a keyboard with more
features, including analog switches and
rapid trigger, like the Wooting 60HE.

IN TESTING

The Azoth Extremes switches are
fantastic for gaming—the linear NX Snow
switches inside my review sample are
pre-lubed and bliss to game with. Each
offers a fast response as | test the board

in hard mode, every key press swiftly
bouncing back into place as | desperately

mash at them in a game of The Finals.
What the Azoth Extreme is best for
however, is typing. | spend my days
tapping away, and for the past few weeks
its been me and the Azoth Extreme. |
come away from that experience feeling
that it is a wonderful way to go about my

work. |t doesnt matter whether it's In
hard or soft mode; the light clack and

springy response of each key is great for
rapid and satisfying typing experience.
The problem, though, is that it's no
better than the best tenkeyless gaming
keyboard today, the Keychron Q3 Max,
which costs $200—less than half the
price of this Asus. There's a certain
joyous thud to the Q3 Max that wins me
over. There are a few other keyboards
besides the Q3 Max that are worth
considering for pure typing feel, such as

the Ducky ProjectD Outlawé5 [reviewed
in our March issue), and Asus ROG 5trix
Scope |l 76 Wireless [November 2023].
The one feature you really have to
love to justify the purchase is the OLED

touchscreen. It does things like capture
the waveform of the music I'm listening

to on Tidal, and | can flick the screen to
switch up the animation. It's neat—often
pointless, but neat.

What you're left with is a gloriously
high-end gaming keyboard held back by
a runaway budget. -JACOB RIDLEY

VERDICT

Asus ROG Azoth Extreme
7 2 OLED Typing experience,
Useful media controls,
Equaliser function, Beautiful chassis.
B OH NO High price, Can be matched by
cheaper Keyboards.

$500, www.asus.com

SPECIFICATIONS
Size f T9%
Base Hatl-swappable
Switches | ROG NX Snow/Storm

Backlighting Her Koy

Display | Full-color touchscreen DLED

Anti-ghosting N-key rollover

1.000/8,000Hz
t |with Polling Rate Booster]

13.1x55 x 1.4 inches

Polling rate

Weight : J.33lbs

- Iw/out cablefwrist rest|

2. 4GHz, USB Type-C,
Bluatooth

Connections

Battery life = 130 hours lw/out lighting|

QCT 2024
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in the lab|

After 16 long years,
World of Goo's sticky
scenarios are back.

90 | wwovive

World of Goo 2

(300-d enough 1or two

IT HAS BEEN 16 YEARS since World of Goo
squidged its way into our hearts and hard
drives. The much-loved physics-based
puzzle game was one of modern indie
gaming's earliest and biggest successes,

but a lot has changed since then.
Polished games from unfamiliar

studios with barely a dozen staff
members aren't some headline-grabbing
curiosity anymore. They're absolutely
everywhere, all the time. They're often
discounted, bundled up, and at times even
given away for free. Who needs more
World of Goo, then, when the original was

lovely and creative, and very much done
and dusted years ago? Me, actually. | do.

We all do, really.

Playing this game is a lot like catching
up with an old friend. It looks, feels,
and plays in much the same way it did
before. Everything from the artistic stage
select design to more than a few qoo
types, environmental hazards, and puzzle
pieces call back to the original gooey
head-scratcher.

Clearing the first few challenges
wasn't just easy; it felt instinctive. There |

OCT 2024

was, watching towers of goo dangerously
sway as | grabbed, built, and stretched an
increasingly wobbly mass toward the exit
pipe that would suck it all up and end the
level. Just like the ancient past of 2008,

sometimes | needed to hook balloons
onto my goo lattice to move it around,

flipping it over and over to 'walk’ it across
the landscape or encourage it to roll in a
particular direction. At others, | needed
to set something on fire, or watch out
for drafts.

There are a lot of obviously recycled

ideas in here, and that's good. These old
favorites don't exist in an innovation-free

vacuum, but are mixed in with high-speed
train rides, little boating expeditions,
tense journeys through the dark, and even
a spot of goo-themed golf. S0 whenever
an old concept makes a comeback, it feels
like the welcome return of a good idea, a
greatest hits compilation of some of the
finest puzzling PC gaming has ever seen.

Goo 2 isn't rehashing old favorites
because it's out of ideas: it wants to show
you a good time, while offering a few
amusing signposts and cutscenes filled

with pointed comments on corporate
greenwashing, commercial-minded
environmentalism, and the cynicism of
sustainable capitalism along the way.
This good time is elevated by generous

flexibility, The goo is as pleasantly
tactile as ever. It's always satistying just

to imagine something and then try to
build it, even if the dangling mound of
goo balls you end up with aren't always
the most efficient use of your time and
resources, Moreover, tough challenges
for each stage are always available, and
yet entirely optional. You can ignore them,

or come back to some of them later on.
Maybe you don't fancy this puzzle right

now. Maybe this particular area's puzzle
theme doesn't do anything for you. Maybe
you just want to open everything up right
away and then dive into whatever you feel
like taking on today, happily saving the
rest for later Like the treats they are. It's
all up to you.

As for flaws, lots of levels use a hazy
wash of something non-specific as their
backdrop color, which looks great in
screenshots, but means the helpful white

RAOW CORPORATIDHN
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World of Goo 2 is endlessly flexible:
! you can take on tough challenges

" or completely ignore them.

-

lines used to indicate exactly how the
floating balls of goo connect are hard to
make out. In most levels, this just means
it can take longer than necessary to build
a solid bridge of goo. In others, it can be a
challenge run-ending issue.

But this was honestly the worst thing
| found in Goo 2, and even when it did
cause me problems, | was generally
having too much fun to really mind the odd
stumble. It's a clever, surprising game
that celebrates all the goo that came
before and all the goo here and now. It's
goold] to be back. -KErRRY BRUNSKILL

. World of Goo 2 looks, feels,

and plays in much the

same way it did before.

LLLLISS world of Goo 2

B 1 GOOID) TIMES Everything that
made the original great remains;
Endlessly flexible.

B STICKY SITUATION Background colors can

be problematical, even challenge-ending.

™ RECOMMENDED SPECS CPU. Intel Care i5-
2o00K. GPU, Nvidia GeForce GTX 960. RAM,
a:B. 05, Windows 10.

$29.99, www.worldofgooZ2.com, M-rated

Low-contrast

Innovations include high-speed train
rides, boating expeditions, and even
a spot of goo-themed golf.

background colors are
really the only issue.

The goo is as pleasantly
tactile as ever, just to
imagine something and
then try to build it.

QCT 2024
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the lab

Nvidia's DLSS is only
available on RTX series GPUs.

OFF

63

4K DLSS OFF

Nvidia DLSS vs AMD FSR

Which Al upscaling technigue has the edge®

5 a problem. Its always
been a challenge to render at that high
a resolution. If anything, the res arrived
long before any graphics card or console
could touch it. The problem is simple:
compared to 1080p, 4K represents a 300
percent increase in the number of pixels
ondisplay at any given time. We effectively
quadrupled the total workload overnight
by shifting to a 4K resolution. Not only
that, but even in 2024, eliminating jaggies
5 as important as it ever was. Anfi-
aliasing efforts similarly are incredibly
graphically intensive. Jaggies occur
because games render textures in pixels,
and because pixels are square, you end up
with artifacts creating a jagged texture,
often along the edge of a model.

We ended up in a challenging situation
where the resolution and refresh rates
increased, and although pixel density had
shot up, jJaggies were still a thing, and the
methods we were using to eliminate them
via anti-aliasing likewise cost even more
performance when processed at 4K.

To get around this, Nvidia began to
implement DLSS in its first-generation
RTX graphics cards. With the added
benefit of Tensor cores in its cards, it

@i LGAMING
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could finally leverage machine learning
and Al supersampling [predominantly
done on its own supercomputers to create
models for the tensor cores to utilize] to
effectively eliminate that jaggie problem
and upscale textures. Initially, DLSS 1.0
focused mainly on anti-aliasing. It was
only with DLSS 2.0 that we received the
supersampling as well. In that case,
instead of rendering a game at 4K by
enabling DLSS, the GPU would drop
native resolution and upscale that back to
4K, using Al to identify the patterns based
on the models provided by Nvidia's own
supercomputers, and simultaneously
improve frame rates in the process.

OLSS has come a long way since then,
and were now in its 3.5 iteration, complete
with Ray Reconstruction and Al Frame
Generation, as well improving things
further las long as you have Nvidia's low
latency mode enabled, frame-gen does
add lag). It's now featured in over 400
titles and growing.

It's not alone in the battle for Super
Sampling dominance. AMD launched its
own form, known as Fidelity FX Super
Resolution, and it operates in a similar
manner to how Nvwvidia runs its own

DLSS. However, AMD's variant does not
rely on Al Machine Learning models for
general upscaling, instead using them to
polish some Fluid Motion Frames. Thats
probably a good thing, as AMD's own Al
accelerators found in its latest generation
of cards still arent on par with Nvidia's
dedicated Tensor units. But the guestion
lies In which has a competitive edge over
the other? Which should you be using?

THE CASE FOR DLSS
On the surface, DLSS feels like a much
more rigid Al technique. It's limited to
MNvidia cards, it's bound to the hardware
itself, and if youre running anything other
than an RTX series GPU, youre out of
luck. That said, the one major advantage
it does seem to have is that when DLSS
Is updated, it goes live on every game at
the same time. In AMD's case, the latest
versians of FSR require developers to go
back and update their titles with support
for it. That is problematic, as not every
development team has the capacity or
even desire to do that. DLSS now has a
massive game database as a result.

On the flipside, FSR is open to any
graphics card—you dont necessarily
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need an AMD GPU to run it. In fact, you
can run it directly on an Nvidia card, or
an Intel GPU. In fact, we've done some
testing with exactly that premise in mind.

Utilizing an Nvidia RTX 4080 and Intel
Core i7-14900K, we've tested Cyberpunk

2077 at 4K. Bear in mind that we're using
the Ray Tracing Ultra preset, and AMD's

FSR 2.1, and DLSS 3.5. Although FSR 3
Is not yet implemented in-game, it does
support Frame Generation in a similar
manner to Nvidia, with its own low latency
adjustments embedded in the driver.
However, it's worth noting that you can
add Frame Generation into FSR 2.1 while
using an Nvidia GPU.

In DLSS’s Ultra Performance mode, it
nets 115.47fps on average [146.98fps with
frame gen|, on Balanced that drops to
62.8B8fps [89.98fps with gen), Quality nets
50.93fps [76.69) and with no DLSS you get
26.9%fps. The difference 1s staggering.

That doesn't come without some loss,

however. Most of the changes come in the
form of eliminating jaggies and improving

image clarity. Anything below balanced
Is somewhat underwhelming. Still frame
generation is the biggest net benefit, and
doesn’t impact quality of the image itself.

FSR UNDER THE MICROSCOPE

In the case of AMD, F5R performs
admirably in the scenario, even despite

being an older variant. With Ultra

Performance, it lands in at 110.97 [145.61
with frame genl, 60.54 on balanced (86.80

with fg), and on quality you get 49.96 [and
74.85 with frame gen).

Generally speaking, the difference isn't
massive—DLS55 does have an edge on
its quality presets, particularly when it
comes to AA. There's a number of scenes

in the Cyberpunk benchmark with grates
on the floor and edges of worktops, and

in those cases DLSS has an edge, but it's
still hard to spot the difference. Nvidia
similarly does seem to have an advantage
with ray-traced reflections under DLSS
over FSR, with anything above Quality’
looking more blurry under AMD’s tech,

while the same result only occurred with
Nvidia above the Balanced preset.

As you can see, performance between
the two is tight. Nvidia does have an edge
with DLSS in Cyberpunk, but again, were
talking about a new version of its DLSS
tech, running in one of its latest GPUs,
while FSR I1s an older version on a non-
AMD GPU. The reality is theyre likely both
close to even in overall performance.

THE WINNER?

Both are phenomenally good at what they
do. They represent a categorical change
In how we can render graphics in-game,
and for the most part, both are free.
Nvidia is a touch more exclusive

and locked off—you do need an Nvidia
GPU alongside an RTX card, and 3.5 in

particular i1s further locked behind its

4000 series GPUs, while in AMD's case,
a broader range of GPUs are compatible

AMD's FSR is available on
pretty much every GPU,
but requires dev support.
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with FSR 3 and its Fluid Motion Frames
tech. Still, it's not as widely supported, and
requires developer intervention, which is
where Nvidia has the edge. Although it
has Frame Generation too, the number
of titles with support is incredibly limited.

If you have an RTX card, we recommend
checking out how your game looks on a

case-by-case basis, and how each form
impacts frame rates. This does vary from
title to title. Some games look better
and run smoother with FSR 2 over 3,
and some are better with DL5S entirely.
Still, there's no better time to be a GPU
enthusiast, that's for sure. -ZAK STOREY

Nvidia DLSS
EI DEEP THINKING More widely
adopted; Easier to deal with
updates; Performs incredibly well; AA edge.

B DAY DREAMING Hardware locked; Latest
tech often requires latest GPU gen; Frame
gen leaas to latency,
Free, www.nvidia.com

AMD FSR

B FREE THINKING Compatible
with far more cards: Performs
just as well; Latency is betler.

B FATALLY SINKING Requires developer
time to implement; Slightly worse AA
performance; Reflections not quite as tight.

Free, www.amd.com
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WE TACKLE TOUGH READER QUESTIONS ON...

> [rresponsible Intel
> What the BTF?
Oh?

Unsettled by Intel

| read with intrigue and a
small amount of concern

in your September issue
that you'd decided to

drop Intel’s 13th and 14th
generation CPUs from your
Blueprint builds that issue,

given the ongoing concerns
around their stability.

| was concerned,
because |'d literally just
used your mid-range
blueprint to put together
an Intel-based system
using your recommended

Intel Core i15-14600K
processor. The chip is now

in my system, and has been
running fine, and I'm now

outside of the return period
where | can take it back to

the retailer.

Do you have any advice
on what | should be doing?
Should | be requesting
a new chip from Intel?
Should | be asking for a

replacement of a 12th-gen
chip, which shouldn't be

affected? I'm obviously
trying to limit the amount
of downtime that would
result from having to
return a CPU, now | finally
have a system in place.

I'd ideally just go for

an AMD equivalent,
but that obviously requires

effectively rebuilding my

> Al Al

PC with a brand
new motherboard.
I'm a bit lost, to be
honest! Please help!
-R. Thatcher

EDITOR-IN-CHIEF,
GUY COCKER, RESPONDS:

As we've noted a lot
through this issue and

recent editions, while the
situation around Intel chips

is becoming clearer now
thanks to motherboard

firmware updates and an
extended warranty policy,
it still doesn’t feel like
we're out of the woods
yet. There seems to be

an inherent hardware

problem with these chips,
and while there are things

that Intel, hardware
partners, and users can
do about that, there's still
a chance that these chips
will fail at some point in
the future.

Intel may well have an
extended warranty in place

to mitigate that outcome,
but as you've noted, being
without a CPU in your main
system, even for a matter
of days, can be a major
inconvenience, It's also not
clear to me whether Intel

is able to address the issue
on replacement hardware

going forward—I| suspect

it won't, so you may well
be replacing one faulty
chip with another, and then
what happens if it fails
outside of the warranty
period? True, that may be
so far off that it's not worth
worrying about, but if you
do keep your CPUs for
around five years or more,
then it's concerning.

As someone who also
has a2 i5-14400K in my
system, | can tell you what
I’'m doing—I'm keeping an
eye on my motherboard
manufacturer's website
at least once a week at
the moment, and applying
whatever new motherboard
BIOS they've released,
which feels like much more
regularly than normal
specifically to address the
Intel CPU issues.

My motherboard is an
NZXT N7 Z7%0, but if you
followed the Blueprint in

the August issue, you may
have the MS1 Z790-5. For

now, I'm making sure not
to apply any overclocks to
the CPU in the BIOS or in
Windows, and |'m using
the NZXT CAM software
to shift the cooling into
‘Performance mode
when I'm gaming or doing
anything CPU-intensive,
just in an effort to keep

the processor as cool as
possible. I'm probably
being overcautious, but
like you, | just don't want
to have to go through the
inconvenience of having to
RMA a broken chip.

In the long term, I'Ll
probably move to Intel's
15th or 16th generation
chip in the next couple
of years, although given
Intel’s recent issues, I'm
now much more likely
to consider an AMD
equivalent. | do think Intel
will learn its lesson and
be much more likely to
produce stable chips going

forward, but reliability
is so important for those

of us who use our PCs

for work, | understand if
others just don’t think it's
worth taking a chance.

BTF? WTF!
| loved reading about
your BTF build in the last

issue [page 18], but | have
to admit, | had to grab

my reading glasses to
double-check | was reading
the price correctly in the
ingredients list. $4,82117 |
could get a liquid-cooling
specialist to build me

a machine to the same
configuration, and have an
almost-silent PC with the

N submit your questions to: editor@maximumpc.com
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same power for that price!
Or | could build one myself,
with non-BTF parts, for
about half the price! Who
do manufacturers seriously

expect to be selling this
stuff to!?

| get it, it's early days for
the BTF form factor, and
being able to finally hide
away all those cables is a
cool concept, especially
for those of us who care s0

much about the aesthetics
of our builds. But |I'd

personally much rather
accept the necessity of
wiring in my PC, and spend
a bit more on nice-looking
custom cables, or just go
for a PSU that comes with
black or white power leads
that match the color of

my build.

As you noted, buying
BTF components at a
premium price and then
probably seeing those
iterns depreciate faster
than standard non-BTF

components, just because
fewer people can use them

when you sell them an, is
the nail in the coffin for the
BTF concept.

Overall, great idea, but
stupid execution, and | just
can't see BTF taking off.
Great to be able to read
about it in the pages of
Maximum PC, as |'d rather
it be you than me spending
close to $5k to check this

new technology out!
-E. Watts

EDITOR-IN-CHIEF,

GUY COCKER, RESPONDS:
Yes, the pricing for the
build in the last issue
wasn't an error, | promise!
It was the BTF premium
you had to pay for a
compatible motherboard,
case, and graphics card,
which all added up!
Although the use of a high-
end CPU, power supply,
and two SSDs certainly
didn't help things either!
However, after spending
over $3,000 on just the BTF
case, motherboard, and
GPU, | imagine our builder

Zak was thinking, In for
a penny, in for a pound”

Reader E. Watts
queried the
price of last
issue’'s BTF

build. Yep,
no mistake!

when it came to using other
premium components!

| think broadly speakinag,
Zak and | agree with your
assessment of BTF at this
particular juncture, and
you can watch us discuss
this in our Story of the
Build video linked to on
page 17 of the September
issue. It is really cool, it

looks really tiay, and once
youve builta BTF PC, it's

hard to go back to the mess
of wires usually found in

a standard system. But

as you say, there's a huge
tax to pay as an early
adopter, and you're likely

to get less for your old
BTF components when you

come to sell them. lThere
are other issues you didn t
mention, too, like the fact
that Zak found it quite
tricky to actually build a
BTF system, despite his
decades of experience,
not to mention that there
are stili cables to be seen,
such as those coming off
your CPU cooler. So it's a
long way off perfect.

As with all things
technology, though, prices
will come down, more
people will adopt it, and
who knows, maybe over
time, BTF just becomes
the standard at some point
down the line? Of course,
there's also the chance
that it's all a huge misfire,
it's dead on arrival, and
It becomes a footnote In
the history of PC building
that we all laugh about in
10 years time. For now,
I'm prepared to give it
the benefit of the doubt,
although I'm a long way

from investing ina BTF
system myself.

Rise of the machines
| was wondering when
Maximum PC would
succumb to the allure of

Al and feature an Artificial
Intelligence-based cover,
and | got my answer in the
September issue. To be fair
to you, Zak's feature was
actually really interesting—
definitely a Maximum PC
take on the whole nascent
industry, which is what |
enjoy about the magazine.

| think my apprehension
about the term "Al’ is that
It has becoming overused

by tech companies eager
to sell you an upgrade that

you don't really need. It's
also often compared to
the internet in terms of its
potential to revolutionize
everything from work

to communication, and

even the way that we're
entertained. I'm old enough

to remember the move to
the connected world when

| first got access to the
internet at college, and let
me tell you, it was far more
exciting than being able to

get ChatGPT to summarize
a report, or DALL.E mock

up an image.

| am, of course, being
a little glib, and | realize
I'm using Al regularly, just
in ways that | ve already
become accustomed
to. Nvidia's DL55 is
extraordinary, and has
become my default option
In games to improve
frame rates, while I'm as

dependant as anyone else
on using Gmail to help save

time with its quick replies
to messages.

That, to me, sums up the
future for Al in the next few
years—it Il be something

that gradually creeps
into the phones, search

engines, and operating
systems we use, helping
us out in incremental
ways, until we don't realize
we're dependent on it, and
couldn't live without it.

In conclusion, | don't
think Al is quite the same

as snake oil, but | do think
that it's an evolution of how
we operate online, rather
than the massive upheaval
that the industry seems
to want to sell us on. Your
feature did a good job of
explaining this, although
the long-term implications
of Al remain scarily
apocalyptic, especially
combined with the power
of quantum computing.
Just let me finish Alan
Wake 2 before a sentient
computer starts unleashing
WarGames on us, okay?

-P. Lewils

EDITOR-IN-CHIEF,

GUY COCKER, RESPONDS:
Thanks for your comments

on our Al issue, and |
understand some of your
apprehension about Al in
general! The feature also
included a list of useful
Al applications that are
available today, and |
was amazed at how many
services there are, many
of which are charging $10
a month or more to use. |
imagine that many of these
will be bought or copied by
the likes of Google, Apple,
or Microsoft, and rolled up
Into one service we pay a
monthly fee for, or perhaps
get for a year when we buy
a new laptop or phone.
Like you, | am noticing
more and more Al features
just becoming the default—
this week it was Google
rolling Gemini answers
into the top of the search
results on relevant queries
and questions. We're in the

Al era now, whether we like
it or not, O
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blueprlnt a= a part-by-part guide to building a better pc

BUDGET

AH, 2024, a time of change. Here we have It folks, a new
generation of CPUs. The cycle continues, and AMD has finally
debuted its latest Ryzen 7000 generation chips to the masses.
Only one problem: theyre a bit underwhelming on the price to
performance front, and they re currently beleaguered with some

i s N

THIS MONTH'S STREET PRICES...

pretty significant Windows bugs, too, causing performance to be
sub-optimal. This may change, but for the time being, given how
great value the 7000 series is, were sticking with the last gen.

This does mean that prices for everything else are ping-
ponging around faster than a bat out of hell, which makes it
particularly difficult to price these builds up. Nonetheless, we've
come up with a list of six fine builds.

Our budget systems have remained relatively solid at this
price point, though we have had to make a few changes. Our AMD
build received a new motherboard, as the price had bounced up
considerably. Alongside that, we've also picked up a new set of
memory, as the Patriot Viper kit we were using had shot up by
close to $30. Instead, for $4 more than last issue, we've grabbed
Silicon Power's XPower Pulse gaming sku, which comes in at
%4 more than last month, but beats last month's kit, boosting
speeds to 6,400 MT/s and dropping the CAS latency from 36 to 32,

For our Intel system, things have stayed relatively stable, too.
Our RX 7600 had increased by around $20 or so, so we've gone
for the ASRock Challenger OC variant instead to offset that. In
better news, the 12600KF is also down in price, and we ve paired
that with NZXT's T120 RGB air cooler for a nice little saving.

One other thing to note: the Corsair 4000D is back up to its $90
price mark. Given how old this is getting at this point, and pricey
it remains, this should hopefully be one of the last months we

see the aging giant before swapping it out for something a little
more modern.

T MRS

PART PRICE
Case Corsair 4000D Airflow - $90
PSU 600W Thermaltake Toughpower

- GX2 80+ Gold 662
Mobo  MSI PRO B650-S WiFi NEW  $140
CPU AMD Ryzen 5 7400 $182
GPU - ASRock Challenger D Arc A750 8GB - $1%0
RAM - 32GB [2x16GB] Silicon Power XPOWER

- Pulse Gaming @ 6400 C32 NEW @ %93
55D 1 512GB ADATA Legend 840 PCle 4.0 M.2 %45
5502  1TB Kingston NV2 PCle 4.0 M.2 $56
0s ~ Windows 10 Home 64-bit OEM |

- [Windows 11 Compatible) - $32
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PART _ PRICE
Case Corsair 4000D Airflow $90
PSU . 600W Thermaltake Toughpower '
. GX2 80+ Gold . $62

Mobo ASRock B760M-HDV/M.2 Micro-ATX $98
CPU Intel Core i5-12600KF* '

+ NZXT T120 RGB NEW = 5196*
GPU ASRock Challenger OCRX 75600 BGB NEW $250
RAM | 32GB [2x16GB)] Silicon Power Value _

Gaming (@ 6000 C30 $89
S5D 1 512GB ADATA Legend 840 PCle 4.0 M. 2 $45
SSD 2 1TB Kingston NV2 PCle 4.0 M.2 - 556
0Ss Windows 10 Home 64-bit OEM

[Windows 11 Compatible]

- $32

Approximate Price: $890 Approximate Price: $918*
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TAKEIT FROM A GEEK.”

MID-RANGE

—

IN THE MID-RANGE DEPARTMENT, price fluctuations have hit us
hard. In our AMD build, the case shot up by $40, the motherboard
by $10, the cooler by $10, and the GPU by $5. Even so, there are
big wins here, too, mostly spurred on by the launch of the new

9000 series. The Ryzen 7 7700X fell in price by $40 at the time

st A OO
PART  PRICE
Case  NZXT H7 Flow - $100
PSU - B50W Thermaltake Toughpower
GF12024 80+ Gold $95
Mobo Asus Prime X4670-P WiFi NEW $210
CPU AMD Ryzen 7 7700X $219
Cooler Noctua U125 chromax.black NEW $90
GPU Asus Dual OC Radeon RX 7700 XT 12GB $395
RAM 32GB [2x146GB] Silicon Power Xpower
Zenith Gaming (@ 6000 C30 $88
SSD 1 1TB Lexar NM790 w/Heatsink M.2 PCle 4.0 $80

ssD2  2TB Silicon Power UD90 M.2PCle 4.0SSD ~ $103

05 Windows 10 Home &4-bit OEM |
[Windows 11 Compatible] - %32

Approximate Price:

of writing, and our memory kit also fell by $12 as well—a nice
little win.

Word of warning: there are a lot of NZXT H7 Flows out there
at this point, all with slightly different prices. The best thing you
can do is go onto PC Part Picker, and find the flow that's right
for you, certainly on the pricing front. Some shops are actually

selling the H7 Flow RGB for just $100, while others are selling
the standard model for $120 as stock wanes. It's likely that this
Is just a case of the 2022 and 23 models becoming EOL, and
the 2024 variant taking its position here instead. Regardless of
which one you pick, you shouldn't have any compatibility 1ssues
with the build below.

For our AMD system, we also dropped the cooler down to
the U125 Chromax Black in order to save a little extra cash

here, too, as our $100 pick from last month had been pushed up
to $110. For Intel, changes are similarly minimal. We picked up
the Zotac Twin Edge OC 4070, as it's the cheapest 4070 available
to date, and changed out the AlO as well just to save a touch
of cash, as the Cooler Master had also seen a price increase
here, too.

Interestingly, Intel's 12700K is actually holding steady
at that $230 mark, making it an incredibly tantalizing
proposition, despite being a few years out of date. We re still not
ready to recommend 14th gen again just yet, at least until we've

tested the latest BIOS micro-code updates that are launching
this week.

ittt S

FBEE.__ ¢ PGS
Case - NZXT H7 Flow $100
PSU 850W Thermaltake Toughpower |

- GF12024 80+ Gold $95
Mobo MSI Z790-5 Wifi ATX $159

| CPU ' Intel Core i7-12700K 1 $230
Cooler Enermax Ligmax lll 360 ARGB '

- 360mm AID NEW $80
GPU Zotac Twin Edge OC 4070 12GB NEW | $530
RAM 32GB [2x16GB] Silicon Power Xpower __

- Zenith Gaming @ 6000 C30 . $88
55D 1 1TB Lexar NM790 w/Heatsink M.2 PCle 4.0 | SBO
55D 2 2TB Silicon Power UD90 M.2 PCle 4.0 S5D $104
0S _ Windows 10 Home 64-bit OEM

- [Windows 11 Compatible) $32

Approximate Price:
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UNSURPRISINGLY, we've seen the biggest price spikes on our
Turbo systems this month, particularly with our AMD build. Both
the motherboard and the PSU shot up by a staggering amount.
The PSU alone went from $125 to $190, and the motherboard
from $280 to $311. Memory similarly increased by around $20 as
well. You just cant win,

AMD INGREDIENTS

PART PRICE PART
Case ~ Phanteks Enthoo Pro 2 Tempered Glass $145 Case ~ Phanteks Enthoo Pro 2 Tempered Glass $145
PSU - Super Flower Leadex V| Platinum Pro PSU Super Flower Leadex VI Platinum Pro
1000W - 80+ Platinum NEW = $130 1000W - 80+ Platinum NEW : %130
Mobo . Gigabyte X670E Aorus Pro X -AM3  NEW = 5280 Mobo | Gigabyte Z790 Pro X ATX NEW @ $280
CPU - AMD Ryzen 9 7950X $ 449 CPU Intel Core i9-12900KF NEW : 5280
Cooler  NZXT Kraken 360 - 360mm AIO - $180 Cooler ~ Asus ROG Strix LC Il ARGB g
; 360mm AIO NEW : $133
GPU - ASRock Phantom Gaming OC Radeon 5
RX 7900 XTX 24GB $909 GPU PNY Verto Overclocked RTX 4080 Super 16GB = $940
RAM 4GB [2x32GB) Patriot Viper Venom | RAM 4GB (2x32GB) Patriot Viper Venom :
- [@ 6400C32 NEW = $180 [@ 6400 C32 NEW & $180
55D 1 2TB MSI Spatium M570 HS PCle 5.0 M.2 $200 5501 2TB M5I Spatium M570 H5 PCle 5.0 M.2 $200
SSD2  2TB Lexar NM790 PCle 4.0 M.2 - $135 SSD2  2TBLexar NM790 PCle 4.0 M.2 - $135
0s Windows 10 Home &4-bit OEM | 03 Windows 10 Home 64-bit OEM
(Windows 11 Compatible) . $32 [Windows 11 Compatible] $£32
Approximate Price: $2,640 Approximate Price: $2,475
Maimum PO US5NMN 1522-4279) 15 published 13 limes a year, publishes Mac{Life, and PC Gamer. Entire contenls copyrighl Reproduction on the Internet af the articles and piclures in
manthly plus a Holiday issue following the December issue, by 2024, Future US LLC. All reserved. Heproduction in this magazing 5 liegal withoul the prigr wrtten consent ol
Future US LLEC, 130 West 42nd Streel, 7th Floor, New York, NY whale ar in part is prohibited. Future US LLC. is not atfiliaied Maximum PC. Products named in the pages of Maximum PC are
18036, USA, Website: www. lutureus.com. Future US LLE also with the companies or products cowvered n Maximum PFL trademarks of their respective companias

Still, there are some big wins here, too. Again with
9000 taunching, the 7000 series has taken a tumble, and the
price of the 7950X has fallen by nearly $100 compared to last
iIssue, making it an absolute steal by comparison, particularly

given the 16 cores and 32 threads you get for that investment.
Even if you want to upgrade later down the line in a year or so,

the X670E AMS boards still have compatible with all the 7000
series chips, so you'll be in more than a stable enough position
for that.

Similarly, RAM prices have shuffled around a bit here,
too, and we weren't huge fans of running a 6,000 MT/s kit on
the top-spec chip, s0 instead weve got for an upgrade and
paid $5 on last month, picking up the Patriot Viper Venom
6400. It's got tighter CAS latencies as well, dropping those real
world speeds.

Then we come to our Intel build, and that was a whole
lot of fun. PSU? Changed. Motherboard? Changed. Cooler?
Changed. CPU? Changed. Memory? Changed. Yep, the list
went on and on and on, mostly as we saw big price hits across
the range. The CPU alone went up by $80 this month, so we
dropped down from the KS to the KF instead. You do lose the
IGPU by doing that, but the price drop is very big, and saves us
%20 on last month—this would have gone up to $100 if we'd have
kept the KS.

Similarly, our cooler pick, the Corsair H1201 Elite, had shot
up by $50 as well. The company’s going through a bit of a stock
market downturn right now, so we suspect that this may be a
result of that. Still, we managed to keep it fairly tight, and you still
get that 360mm AlOD to keep things chilled.

INTEL INGREDIENTS

PRICE

PRODUCED IN THE URITED STATES OF AMERICA

OCT 2024+




UNEARTH THE FULL STORY
BEHIND THE LEGEND O ZELDA

Explore every game in the series and what makes each one so great. If you're a fan, you'll
enjoy the trip through time. If you're a newcomer, we offer you this sage advice: “It's
dangerous to go alone, take this!”

- L Shop easily online at:
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We build the world's most advanced PCs.

Experience a new level of performance with an award-winning Digital Storm PC.

i . g L Built with the latest technology, highest quality components and backed by lifetime
- support. Visit our website and build your dream PC today.
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