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E n JCORSAIRA

VIRTUOSO RGB WIRELESS

High-Fidelity Gaming Headset

The CORSAIR VIRTUOSO RGB Wireless delvers a high-fdelity audio experience for the most
dizceming players, comhbining uncompromizsing sound quality with all-day, all-night eomfart from
its premium meamony foam earpads and headband.

Connect to vidually any device with uiira-low latency SLIPSTREAM CORSAIR WIHELESS

TECHNOLOGY, 3.5mm wired, or 24bit'BeKHz USE wired, Make yourself heard with a
broadcast-grade, omnidirectional detachable microphone with exceptional dynamic ranga.

find out more at corsair.com
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GIFT YOURSELF

TRUE GAMING PERFORMANCE

You Deserve the Best 4K Ultra
Settings in Every Game

Personalize your laptop
with HD UV Printing

NEURON

EVO16-5

eomoRs | §TITY FREE Lifetime 24./7 Service & Support
JHNCE | _i_L E Online Financing Available

Intal, tha Intal lago, Intal Insida, Intal Core are tradamarks of Intal Corporation or its subsidiarias in tha U5 andfor other countrias.
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STUFF YOUR NEW PC
NOT YOUR STOCKINGS

Fully Customizable with
Patented Variable Mounting

MILLENNIUM

ORIGINPC.COM @originpc IB D @ ¥ ORIGIN

HIGH-PERFORMARNCE

019 OREsI M BC Corporation. &1l rights reseread. ORIGIN 0" Symbels are tradamarks of ORIGIN PC Carporation.
Al other trademarks are property of their respective cerners.




table of contentg | where we st =t

22
LIQUID-COOLED
MONSTER

Haw wre put togrether
our 56,000 Ryren 4K 511
Qarming beast

IN THE LAB

B | M oL 2018

inside

HOLIDAY 2013

22

LIQUID-
COOLED
MONSTER

38 46

10 IS THE TAKE CONTROL
MAGIC NUMBER OF YOUR

Intel’s 10th-qen Core CPLUs .H.UDIUBUDRE

are here, bul the poweraf 100s Rip, conwart, and strearm your
provong & LtHle prablemaslical.... callection to any davica

76

FALCON
HORTHWEST ;
TALON _
B
| -
80 \-\.‘-—________
NVIDIA
GEFORCE 86
GTX 1660 TEREAMASTER
SUPER F5-422

VORI TRLL T eI T

10

16

b

58

20
94

30

BORDEELANDS 3

Streaming wars; Flash nearly dezd;
Twiller goos apobilical: Wi 7 due dale:
E& back on Stearm; mare..

The aight be=t G-5ync monitars
available right now.

FCle Gen3 M.2, PCle Gend M.Z, or SATA
Sl —which wears the storage crown?
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u\w-- THRONES

THE COMPLETE EIGHTH SEASON

LOOK FORIT ON

r'/ mm DIGITAL, BLU-RAY,

AND 4K

GAME OF THRONES: THE FINAL SEASON
AVAILABLE NOW ON DIGITAL, BLU-RAY"AND DVD!

0TS HAME BT OFFKE, INC. ALL RIGHTS RESERYED, HED" ARD EELATED SERVICE MARKS MRE THE
PEOPERTY OF BIOMWE B31 DFFIOE, NC

LOOK FOR IT ON
DIGITAL AND
BLU-RAY
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editorial

Alan
Dexter

SOME DREAMS SHOULD
BE ATTAINABLE

This manth’s
cover build s es=enbially a Uream
Machine. It's heautiful, packed with
zpme of the latest hardwars, and 15 a
total monsterin terms of periormance,
Hawving ==id that, when it comes to
component selection, we've kapt a
close eye on value for money maore
thar qur Oream Maczhine traditionally
does, sowhile, at 56,000, itisn't exacily
cheap, it doesn't cost the sart of monay
that would normally net you a car or a
neves raorm for your house,

So, no, athoally the system we've
huilt this issue isn't actually a Dream
Maching, but in terms of performance,
it's wery close, and it's an incradikle
P all the same. IF youve ever wanbed
to produce the kind of machine that
yvou could show oif to your triends and
farnily, this is it. Boasting custom dual
water-cooling lopps, stunning attention
todetail, 2nd a final design that wouldn't
look out of place at most computer
fairs, this really is a machine to behold
and show ofl. Itism't what anyone would
really call easy ta put together, but with
snough pstience, money, and our help,
Yo can achieve your own monster PG,

Incase you'rawaondaring, this system
uses an AMD CPU, the Ryzen 7 3900X,
as we see it as the current pinnacle
of consumer deskiop processing lat
l=ast unbil the Hyzen ¥ 3Y00K drops—
at the time of going to press, AMD has
just revealed the hnal details of this
chip, along with info about the next-
gen |hreadrippers, which we'll cover
in more detail next issuel. But what
of Intel? This month, we take a look
ab its Ith-generation  processors,
[ mayre predominantly laptop focused,
but there are some offerings  for
desktap az well—although, as ever,

~ subrit vour questions to:

it is=nt straightforward, and with
multiple architectures and production
processes in play, it pays o know what
youre paying for before you pull the
trigger. Turn to page 38 to find out more.
We lalk a lot about managing music
and videps here in Maximum PO but
one area that atten gets overlooked is
audinhanks. This issus, we correct that,
with a complete guide to taking control
of your audichooks; pulling your books
trom various services and saving them
lzcally, and organizing them in & way
that makes sense. We alzo look at other
sources for auciokooks, including free
options that you may not know about.
In our tuterial section, you'll find
plenty ot helptul advice for doing mare
with the hardware you already have,
kicking oft wiath VirtualBox fints and
tips. The rise of Docker may mean
that i1tz one-stop contziners can be
the way to go for specific tasks, but
taking complate control ot the system
for maore general use still warks in the
tavar of traditional wirtualization, and
beirg @ master of that will Relp you get
maora things done. This s tollowed by
a tutorial on how 1o get the mast from
high-retresh =creens, and why just
leaving everything at the whim of your
agraphics driver means that you won't
b getling the best possible experience,
| hope you enjoy the 1ssuel

Alary Lleslor s Makimuom LS ool
aditor and 5 punisher of haradwars, He's been
a fach journglist (e sver 20 vears, and has no
problem upsetting the FC industry as 3 whole.
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The fight s on for your video streaming subscriptions

will see the stari
of a major fight batweean the
fech and media giants over
the wideo streaming market,
and huge amounts of money
are ahout o be thrown at
your screen to earn your
subscriptions. Metwark TV is
on the decline—a generation
has appeared that doesnt
cansurme  media  thalt  way
anyrmare. Why wait when you
can bingeY Why use cable
when yauwe got the Interre?
Is Llva IV dead¥ Mp, theres
always room for sport and
rews, and it's alzo making the
jump to the Internst. Some
streaming services include
live telsvision channels, and
fhere are also exclusiely Live
™ =ervices, zimad at cable-
cutters. The good news is thatl
the fierce competition means
there are going to be some
very good deals,

Metflie has lead the push
intg streaming, ard become
a Fortune B00 company m
the process, [t has about T40
millizn subscribers. Amazon
Frime has, well, neone cutside
Amazon 15 sure how many
subscribers it has, as its video
streaming 15 bundled eith
cther services, and Amazon
doesn't share s numbers,

but there are over 10U million
Amaron  Prime  membears,
Ihese ars the two big players
and so far Metfliv has l=sad
the held, with Loz ot decent

ariginal  content, inzluding
some that wins Oscars.
The Motion Ficture

Aszpciation eshimates there
arg &13 million subscribers
worldwide, in 3 market worth
%72 billion, and estimated 1o
grow to over $30 billion by
077, This already competitive
market 15 about to get a good
shaking due to the addition
aof two more gants this
Movernber: Disney and Aople,

Apple TV will cost $4.9%
a manth, undercutiing the
competitian. Apple will slso
be throwing in a free yvear's
subscription of you buy a new
piece of Apple gear, 50 the
inital subscrizer base 1= going
to grove wery rapidly. Where
Apple will struggle 15 cantznt;
it has signed some big names
bt 1t doesnt own the big back
catalogs that many of its rivals
have. However, Appls s rich
and this is the kind of problemr
that can ba cured with money.

Cisney bought 20th Century
For this spring, which also
brought Hulu into its stable,
Ihiz will b2 run alongside iis

Why wait when you can
binge”? Why use cable when
youve got the Internet?

10 | s | oL zods

sl sy

NUlU Dengpt

ETFLIX peacock

& tv+ HBONOW

Fight! All these, and many more, want your maney. There is going
fo be an awful lat of video to watch next year.

new Disnsy+ service carrying
rmore acult materizl, while
the Dizney brand kezpz the
family-ariented material. It
has an impressive store of
content, including  Disney
cartoons, Fizar animations, as

well as the Marvel and Starc

Frars  framchises.  LDisneys
costs 3699, while Hulu will be
bundled with EFSM+ at $11.59
without ads, or $5.99 with ads.

In =pring, HEO will 2xpand
its aperations with HBO Max.
[hizs%14.%% =ervice has access
o 3 massive library from
WarnerMedia, NEBCUnversal
i also joining the fray wwith
Peacock, due im &pril at an as
vel undiscloses price. It has
access ko the combined back
catalog of NBC television and
Universal Pictures.

Every big media company
wanis a slice of the MNetiliz
market, but Metflis deesn't
make any proht. The tactics
ueed by oall the players
are  similar: Keep prices
competitive, get the numbers

up, and invest in content.
Top-tier content is hideously
expensive; dmazon 1= bo put a
reperted S000 millizn into its
Lord of ihe Hings series. Frofit
is something you make much
later—HEO Max 1zn't 2zpected
e rmake any until 2025

Ihere's over TUD streaming
services in the LS, offering
everything from  Live TV,
b specialist  on-demand
content, to media gianks with
everything, & Lot of choice—
and a lot ot subscripbions.
People seem bappy 1o pay for
one or beo subscriphions, but
how about three, or four?

Ihere has already oeen one
viction. Dony's PlayStation Vue
15 to close in January., Somy
caid it has “decided to remain
focusad on our care gaming
business,” I0was a tough sell
at Z4b a month. This will get
ugly, and there will be blood,
Howeavar, we'll get a Lat of top-
notch content, at reasonable
prices, it you can decide which
seryvice to use, =CL
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GET THE MOST FROM WINDOWS 10 WITH
OUR GOMPLETE GUIDE

All that you need to make the most of your Windows PC or laptop,
including the best tips, tricks and tutorials!

3

i .

. Windao N

% The Cg“\p\ete M?T‘t;g

/\H\
Theindepe d UN SAI'E |
PeEndent handbook for\Nindows

Ordering is easy. Go online at:

e | WWwW.mvfavouritemaagazines.com

Or get it from selected supermarkets, newsagents, or bookstores
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TWITTER GOES
APOLITICAL

Media giant to ban all
political advertisements

TWITTER I8 T0 BAN all political and interest
advocacy ads. The news was broken by
Twitter's CED, Jack Darsey, in a Twitier
thread. He zaid that “forcing™ Righly
aptimized and targeted messaging “brings
significant risks to polibics.” He =zays that
thiz is a power that “shiould he sarned,
not bought,” arnd "this izl aboul frze
expression” The only ads Twitter will allow
are ones far woter registration. Twitter's
decisicnwill please some, althaugh it be
dificult to enforce complately; "political”
can be difficult to define.

What of Facebock? The company has
beenunder heavyfire for net doing erough
to remove disinformation. Mr. Zocksrberg
cited the First Amendrent o defend
the company's policy, free speech baing
held as paramount. Facebaok is afficially
neutral, which has sllowed highly spurious
cantznt to go unchecked, Fucksrberg
stated recently that "In a democracy, |
dan’t think its right for private companies
to censor polticians or the news.”

Over 250 Facebook employess signed a
letter to £uckerberg saying the policy was
a “threat tewhat Facebook stands for” The
letter proposes that political ads be clearly
marked and Limited in their targeting, and
impasing & spending cap.

Dorsey and Zuckerberg don't get on,
lhe bwo founded companies with guite
different agproaches o user ancnymity,
and howe fo use their plattorms. Maither
i% bevend taking a potshot at the other's
siance. |he use ot polbical messages
in social media is contentious. 3o many,
azpecially the young, use such platforms
te gather news, and the ability 1o use
Al learning to micro-target people with
tailored ads is o powerful teol. The Lack
at requlation l=zaves both companies
founders freete decide whatis acceptable,
We can sxpact theze bwa bo continue to
shige at cach ether for a while vet, =CL

FLASH NEARLY DEAD
FROM HERO TO ZERO

GOOGLE HAS ANNOUNCED that it is to no longer index Flash files
for its search enging, making Flazh content imvisible to most
people. Alittle premature perhaps, but Flash is dying quickly now.
Adobez s due to stop distributing and updatiog it before the enc of next
vaar. The latast version of Chrome has it disabled by default, and the nest version won't
run it at all. Despite this, of the top 1,000 websites, aver & percent sport Flash content.
Whiy iz it dying? Flash is resource-heavy, and uses elderly viden decoding, so
it drains phore batteries quickly. It is alzo propriety, Le. not free, unlike the belier
noen standards that followed, IU0s vulnerablz to hacking, too, and Adobe was sluggish
irhixing those vulnerabibtizs, Iniis day, Flazh was everywhers, adding amimation to the
static wehsites of the "?0s, 2nd powering a genaration of online games. It also enabled
Internet upstart Youlube bo distribute videos. Flazh will Live on offling, as zn animation
taol, but soon youwon't be ahle to find, et alons play, Flash files online easily, =CL

WIN 7 END DATE |
The nagging ~

starts in earnest ..
Jdanuary 14, 2020. What happens after

Windows 7/
the end of support? Mot much—it will

continue towork, but there will be no official support. More importantly,
there will be no security updates. Probably. If something really nasty
happens, Microsoft can issue an “emergency” patch [it has done this before).
It you ' re running Ofhice 365, you'll still get security updates until January
2023, but vou won't get any new featuras or improvements. Other versions of
Office will get bug fixes for their planned Lifespan, which runs from Dctober
2020 far Office 2010 to October 2025 for Office 2014. Internet Explorar 11
is less lucky; it'LL stap being updated along with Win 7. If you really must
run a Windows 7 PC, Microsoft will sell you an Extended Security Update
[commercial customers only]. Current estimates have Win 7's market share
at around 35 percent. That's a lot of PCs [and a Lot of upgrades to se Il). =CL

THE DAYS OF WiIN 7 are numberad;
Extended suppart 1s due to end on

Tech Triumphs and Tragedies

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

TRIUMPHS

HEW 50NY PSVRY

Some interesting patents

shaws Sony iswarking an a new
wireless YR headset for the PS5,

BRIGGEST BATTERY EVER
Mew York is ta build a 316MW
lithium-ion storage battery,
anough to power 250,000 homes
fareight hours.

£600M IN THREE DAYS
Call of Duty: Modern Warfare
hed a record-breaking first
veeakand and is the top-selling
prernium game aof the yeaar.

TRAGEDIES

ERICKED HOMEPODS

An 05 update to Apple’s
HomePod caused some to
crash irrevocably; the update
has since been pulled,

GO0T YOUR NUMBER
Gaagle and Facebook have
been extracting, indexing, and
tagging license plate numbers
from photes without asking.

REMOTE CONTROL CAR
Months after returning a rented
Ford Expedition car, a man can
still control it from his phane.

=T
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EAHAS ANNOUNCED that it plans ta migrate itz games back to Steam, starting with Sfar
Wars Jedi: Fallen Order. Obher Litles will make the jurmp over the next few manths. You
still need an EA account, and Driginis still part of the setup process, for now at least,
Efisalzo bringing itz EA Access subscription service to Steam.

Steam wasn't very popular when it appeared back in 2003, Initially used to update
Valve games, that all changed when it becams mandatory il you wanted Lo play Halk-
Life 7. &Twhich paint, the servers crashed, and there was a lat of onling moaning, By
2007, it had brought most of the biggest players inthe business onboard. These davs,
it dominates game distribution, and has earned its creators an estimated 24 billion.

However, Electronic Artswasa noticeable absentee. tlaunched itz own distribution
service in 2017, Intended as 2 direct Stearm rival, Origin never really gaingd enough
support out=zide £A. This relegated it to an extra reguirement if you wanted to play
E&'s tap titles, which is tiresome when the rest of your library is on Steam.

Why the thaw? EAvice prezident Mike Blank summed it up: "We wani Lo be where
the players ars,” St2am is too big to ignare, but it's not immuns to competition, Epic
Games has ks own service, Epic, launched last year, built anthe back of the success of
Fartnite, which earmed the campany animmense pile of cash and millions of players.

Steam takes a 30 percent cub of game revenue, Epic will take 12 percant. Given
that prafit margins an a game are a fraction of the price, that is a hig incentive for
publizhers to jump ship. Steam has responded by reducing rates a Lttle if you have
sales of cver $10 million, but its fat margins have attracted a well-fundad rival. -CL

Star Wars Jedii Fallen
» *ordar, the firzt big
" §Elpctronic Arts title on

Stearm for alght years.

Google Buys Fitbit

Fitbit has mot had a good year
Competition from cheaper rivals,
production troubles, and a failure
to break into the lucrative smart
watch sector has lead to financial
trouble and a plunging stock price,
Google has stepped in and bought
the company for $2.1 billion, 70
percent more than the stock price.
Google has its own fitness tracker,
but previously relied on others

Atom Gets New

Microarchecture

Intel’s ultra-low voltage =84 CPLU,
the Atom, is getling a new core,
code-named Tremont. The 10nm
chip has "Core class” branch
prediction with ouwt of order
fetch. The front end boasts a pair
of decode clusters, each with
decode units, to enable parallel
out-of-order decocde, and thers

for the hardware, Now it has its
owen hardware, and 28 million
active wsers, Meanwhile, Fithit
gets all the software resources
it needs, The obvious questian is:
Who now owns your data? Fithit
issued a statement that “health
and wellness data will not be
used for Google ads.” If you have a
Fitbit, you will be given the option
to delete your data, That's some
comfort at least. —-CL

i% up te £.5MB of L2 cache. Intel
reports that performance of early
samples is 30 percent or better
than the previous Goldmonmt Plus
design. The Tremont core is due Lo
appear first inthe hybrid notebook
Lakefield chips late this year.
This stacked design puts a Sunny
Cowve core and four Tremont Alom
cores, along with Genl11 graphics,
the 10, and cache, all in one neat
layered package. -CL

xCLOUD
STREAMING
GOES BETA

Rival to Google's Stadia
is on its way

MICEOSOFT HAS started signing up plavers
tor a public beta test of itz «Cloud servce.
Like Google's Stadia, =Cloud will render
games on racks of servers [basically lots
of ¥box machines], and stream the screen
image back io your cevice. You can play
demanding  top-tier games an o fairly
humble devices, as long as your Internst
conrection car handlsit, That's the theory
anyway. s not a8 new idea. the main
problem has zlways been latency; Canyau
get tha might level of rezponsiveness while
running a game remately? Reactions
are pin-sharp orn modern consales, and
plavers will expect the same on xCloud,

lo participaie in the beta test you
need a device running Android 6.0 and
Blustooth 4.0 or betier, and a Bluetaoth
controller, typically an Xbox contraoller,
although not all are compatible. You also
need a connection of 10Mb/s or better,
Imere are threz mitial games: Sea of
Thieves, Gears 5, and Halo 5: Guardians,
A decent test of the systemn’'s capailities,

Microseft  has  ancther  streaming
sgryice In bata, Xbox Games Streaming,
which dees o similar trick, enly your game
15 streamed tram your £box to an Android
device, Qtherwise the requirements arg
similar, but i ngeds 4.75MbSs upstream
bandwicth, and & latency of 125ms or
under. Yau can now plsy Xobox games
remotely on your smartghome, althasgh
origimal Abox and Xbox 360 games are not
currently supperted,

iCloud goes hezd to head with Google's
Stadia, which sheuld have dropped by the
time you read thiz—the pthoal launch
date is Movember 19, The List of games
announced 5o far runs to 44, and includes
erclusives, along with a few currently
unreleased games |including Saldur’s
Gate 3, This should be good. -CL
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CREATIVE BLOQ

Guriosity ahout

life in all its
aspects, | think, is
still the secret of
great creative people.

LEDO BURNETT

The number one destination for
graphic design news, views, and how-tos

creativebloo.com
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Do You Really Need

Jarred Walton

to Upgrade Your CPU?

Just when things seemed to be settling down, a whole new wave of
processors is descending upon us. AMD’s third-generation Ryzen
CPUs are proving to be potent competitors to their Intel counterparts,
and while 10nm mobile processors from Intel are shipping, the battle for
the desktop is beginning to look grim.

But Intel isn't ready to conceds just yet, which
I why it Llaunched the Core (?-?500K5—a CPU
that can legitimately clock at 5.0GHz an all cores
without breaking a swesat.

That's the least of the news, howavar, The i9-
FI00KS iz just a pre-emptive strike against AMO's
continuing onslaught, During the next month, [l
be looking at no tewer than tour sdditiznal extrems
CPUs, all wwing for veur cash. First is AMD's Ryzen
¥ 3950, the 1&-coref/32-threzad procezsor that's
wrapping up the mainstream socket AMA Family,
In am interesting twist, this chip won't include =
cocler, and AMD recommends a liquid-cooling
solution, so0 1t's 2 lot hke Intel's K- and X-series
parts, Hext will be Intel’s Cascade Lake-¥, the
third round of 14nm++ Skylake-X parts, topping out
vt again with an 18-core/3é-thread part, the Core
1¥-109808LE. There will be other chips fleshing out
the family, but the big news is that Intelhas slashed
prices i hall relstiva to ks minth-gen parts.

That's because &MD is fercing Intel’s hand, with
g third generztion Threadripper tamily an 2 new
TREAD platferm, It's like socket sTRE, except with
additional FCle lanes—plus the PCle lanes are all
Gend, The link to the chipset is also an =8 Gend
connection instead of x4 Gend, so tour timas the
bandwidth, The cherryon topis that AMO will again
pifer 3Z-coreféé-thread and 24-corefiS-thread
CPUs, except this time | expect performance will

he much better than the second-
generaticn  [hreadripper paris,
thanks to the refinements AM0 has
made I the £en 2 architecture.
It's am exciting time for CPUs, in
obtherwords, but it doss bring up an
interasting guestion: Who should
be lpocking to upgrade to the latest
and greatest parts? There's no
single correct answer, of course.
Some pecple want the best, and
they'll happily throw down tor the
fastest CPU on tap. Others only
wanttoupgrade whentheircurrent
rig hecemes too slow—which might
mean & chip that's only one ar beo
years old, or it ceuld be a Core i5-
200K CEU trom 2017, or anything
in betwesn, Fean't tell you whether
vou really need to upgrade, but |
can bellyouwhat to expect in terms
of pertormance impravements.
The fastest mainstream CPLU
trom two vears ago 15 the Cors
iT-8700K, which could  usually
fet B0GHz  wath  owverclocking.
The new i9-2F00KS runs 5.0GHz
“stock”  Jand can overclock ko
2.26Hz with a good cooler|, and
it's up to 0o percent taster in som=
warkloads, The catch is that in
other workloads, such as games
and everyday office tasks, the
difterence s tar less proanounced.
Even with the fastest current
graphics card, an HIX 2080 T,
you'll only see about a 5 percent

difference in game frame rate on
average—and that's at T0BUp.

Compared to a slightly alder
Core 1/ -4700K, with half the cores
and threads, never mind the lower
clock speeds, performance In
saome tasks can be more than twice
as fast. Gaming performance,
though? It's still only about 15
percent taster on average. Even a
Corz iT-4770K waon't really put the
hurt an gaming pertormance. [he
iF-FRI0KE is nearly 50 peroent
taster st 1080p ultra, but only 10-
15 percent faster at 1540p ultra—
which 15 what you d Likely be using
with such an extreme GPLL

But far the =subsst of users
wha  always want more  CPL
pertarmance, hang an ta your
wallets, Intel may have chopped
prices om its HEDT lineup in halt,
hut AMID s filling the gap. The 24-
core |hreadripper J760X will sell
for $1,37%, while the kig behemath
A9Y0K takes over Intel's farmer
51,9979 stomping grounds. 'm still
locking torward fo seeing it chew
through multithreaded waorkloads
such as Cinebanch, even iF it will
probably trail the 700K in gaming
pertarmance. b's a wonderful time
ta he 2 hardwars enthusiast,

Tarred Walton has been a

PO and gaming enthus asl
far aover 30 voars
I. .I rERETl] IE_ ED"E m

15



'Whelher you
buy into the ;
TUF series s stripped-back
zesthetics is a mattar of
laste, but thizisa solid
G-5Sync IP5 monitar.

A chzapsr
oplion Lhat
might not look
as flashy as
aothers, but gets the job
dene well wilh anti-glare
znd Tmis responses time.

RIGHT NOW

This G-Syne
monitaris

reasomably priced for
z 4K screen, thanks ta
its lack ol superilucus
HOR fzatures.

&k,
144Hz, and a Lon
of ports make this
cne of the besl
GE-5ync monitars,
sul Lhe price hurls
at close to $2,000.

Exzcellent G-Sync
performances on &
curved display, plus

SBSSIONS, 100,

I1's expensive, but
thiz ultrawide beauty packs a T00Hz retresh rate—
overclockable to 120Hz—with a sleck design to bogt,

16 | v | ol 2019 | pesigurae oo

lantastic color contrasl
with a blue-light mads
for mighl-lime garming

Yes, the
soreen shroud s
wieird, but this 4K
dizplay doles oul
stunning graphics
wilkwsul oo harsh
a price tag.

Overclockable
to T65Hz, this
could be the best 1440p
maonitor available. Its
rezasonably priced, super-
responsive, andwill last ages
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Alex Campbell

Why We Respect Ubuntu

Canonical’s Debian-based Linux offering or loathe i,
Ubuntu has an important role to play in the Linux ecosystem as one of
the most popular OSes for desktop and server applications. With Ubuntu
19.10 hitting the net back in October, it might be good to think a bit about
what Ubuntu’s release cycle provides for the Linux ecosystem.

Dctober means a Lot of things in the United States.
It marks the month of Halloweern and the baginning
of the holiday season. Bul for Linux users, it also
marks another annual tradition; the releass of a
new version of Uountu.

Just as Intel has long followed the tick-tock
release cycle tor its CPU archutectures, UJbuntu
follows a regular rhythm forits release. But unliks
a simple bick-tock, Canoniczl releases Ubuntu in
whiat feels like a 4/4 timea signature in music, with
gach relezse acting as a beat, or quarter note.

For those not familiar with Ubuntu versions,
it's fairly easy to know when the releases were
pushed. Yersions are numbered with a two-digit
yvear, tollowsd by a bwo-digit month, and oplionally
the letters LTS For example, the Latest releaseis
numbered 17.10, signifying Dctober of 2077,

Every ewen year, Canonical pushes out a long-
terrm suppart (LT S| version of Ubuntu in April. This
LTS release can be considered the downbeat, aor
bezginning of the measure. The last downbeat [1/4]
was in 2008, with 18.04 LTS, The immediate offbeat
[2/&] that vearwas 18,10, which was followed by the
newt dewnbeat [3/4) with 19.04. The cycle finished
with the last beat [4/4] in October, with 1970,

For most users, | recommend sticking with LTS
releases, which are supported by Canonical far
five years, However, going with one of the cther
releases can be fime, though thers may be mors
bugs. Mast non-LTS releases—especially the odd
Dctober relesases—serve as teshing grounds tor
fratures that will apgear in the next LTS release.

[here's a reasan for this kind ot schadule. Sure,
Uburity may not officially get e use new kernels
as =aon as they're availlable. And yves, sometimes
versions for certain packages may be a version ar
more behind what you'd find in a rolling-releass
distribution, such as Manjaro or QpenSUSE
lumblewsed. But what Ubuntu's LIS releases
provide s a systemn for developers o target;

&
3
-
E
g
]
F
&
a

considering many distros [such as
Mint] are based or Ubuntu, the LTS
target makes aven more sense.
ALl well and good, But ans thing
stands cut about nor-LTS Lbuntu
wersions: |hey anly receive nine
mornths of support and updates
For people running businesses
or sarvers, that’s not acceptable,
even If it's fine tor your average
user who's happy with upgrading
the system every sie months.
although Ubuntu's LTS versions
are a good target, Ubuntu doesn't
always play nice with Dehian, the
distra Ubuntu 1s based on. While
Lburtucangensrally use packages
designed for Dekian [thus the
deh package format), if yvou try to
use packages designed far Ubuntu
on Debian, you're plaving with fire,
[hisis a sore spat for =ome in the
Linux community, and ong among
many gripas that some people have
with Canenical. But one can't deny

The Ubuntu 19.10 desktop.

Lbuntu's role in creaating an easy-
te-install-and-use desktop distro
that brings new users to Linuws,
Should everyone use Ubumbu?
Of course nat, But it can he & good

metric. |t you want =something
more stahle, try Dehian or Red
Hat Enterprize Linux. Fedora

fallows 2 six-manth release cycle,
too, but deprecates =ach wversman
after 13 maonths, If yau want the
latest security updates, kernsls,
and featurzs, a rolling-relzase
distro based an Archor OpensUSE
Tumhlewesd will serve you better
[if vou're OK with the risk of the odd
update hreaking somethingl.

It you're buillding a workstation
or hame sarver, or are preparing
samecnes hrst Linux syskem, an
Lbuntu LTS is my first choice,

Alex Campoell 15 a Linux geek
wihio enjoys learning about
cormpater Sccurity

I. _.I rERETl] IE_ ED"E m
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BY CHRISTIAN GUYTON

PCle Gen3 M.2 vs. PCle
Geng M.2 vs. SATA SSD

The faurth generation of peripheral component interconnect express—PCle, for those of us
without time to waste—nas arrived, and mare Gend M7 drives are appaaring. But is 1t truly
superior to PCle Gen3? The fourth generation s still inits fledgling stage, while the range
of Gen3 M.2 drives is expansive and varied. Then there's their predecessor: good old SATA

1B

SSO. Which deserves the storage crown? [No, that's not a real thing.] Let's find out....

ROUND 1

Value

Uh-ob! FCle Gend stumbles right cut of
the gate. Whila the new M._2 550s boast
incredible specs, those specs come
with a lesz-than-excellent price tag.
Even the cheapest Gend 550 is geing
to zet you back over 5100, with larger
sizes, such as 2TB drives, running
over 5400, The performance gain over
Gend simply isn't significant enough
to jushity the price shitt, unfortunately.
Meanwhile, Gend M2 prices have
dropped since the relsase of the new
generation, meaning it's now a great
time to make & purchass. & terabyls
of  high-speed  Gend M2 slorage
s currently awailable tor scarcely
more than $100—a far cry from the
expensive HOOs of yesteryear.

You might expect SATA S50s o be
the cheapest, and you'd be abs=olutely
right—but not as right as you may
think. While low-capacity SATA drives
[120GE and belowl are still an absolute
bargzin, the price ditference betwesn
ITE SATA and Gend M2 drives is
2asily measurable in doubls digits,
net triple, Given the huge performance
ditterences between the 54 1A and M2
formats, that's not a big gap. While
small SATA S50s are useful s boot
drives for budget systems, overall it's
dithicult to recommend building a new
PC without including an .2,

Winnar: PCle Gan3 M.2

i | HoL 2019 | gasieoars o

ROUND 2

Performance
& surge back into pole position from
Gend. [ his catzgory 15 a no-brainer—
FLle Gend is fast Really fast, There's
notmuch 2lse to discuss, The transter
format has 2 theoretical maximum
rate of BEHS 2, and while current drives
don't hit those speeds, iUs sl casy to
seg & real-time transfer rate of B5E/s.
Cle Gend drives tend e cap cut at
around 3.26E/s or below, while SATA
drives are lucky to hit BEOMEBS S, Paying
anything less than top dollar for Gend
Salsis almest sure e resultin speads
rmare in the rzalm ot 2,268/ s, too.
There's more o gerformance than
tramsfer spesds, though; Gand drives
beat up faster than Gend models,
which hzat up faster than SA0MA
ones, As these temperatures rise,
pertormance throttles, which makes
transferring Large files problematic
without good cooling solutions. Xa¥Yd
motherboards come with dedicated
fans to mitigate addibional heat from
Gend M.2s, which doss Relp. SATA
drives handle heat well and perform
admirably acress Llarge traonsfers, but
when theirr base transter speed 15 sa
Low To Degin with, it's just not enough
bo tully justity SATA drives over M.
We'll give the win to Gend PCle M2 for
those blinding tast speeds, but reslly
it's whatever is best fit for purpese.

Winner: PCIe Gang M.2

ROUND 3

Compatibility

A while back, we woule hawe given
this to SATA any day of the wesk.
s practically impossikle 1o buy a
madern motherboard that doesn't
support multiple SATA connections,
and that has been the case tor a while.
Howewver, M2 2280 ports have now
become more commonplace, making
vour cheice of motherboard less of an
1zsue it youre looking to install an M2
drive, It's worth bearing in mind that
it yourz looking to use a PCle Gend
550, yvou're going to need an X550
miatherboard and a third-generstion
RByzen processor, which does limit your
opkions quite =eversly.

Gend drives, on the other hand,
have no such Limitations with popular
modern boards, &5 long as wou're
not going back more than a couple ot
generations, you can snag both Intel
and &MU motherboards with at least
one M2 slot capakle of supporting
PCle Gend. S&1A geis bonus points
for wsuwally supporting  nomerous
channels, otten up to six parts, even
on cheaper boards, while M2 ports
take up more zpace an the board, =o
it's rare o see more than o oF thiree,
It's & small price to pay for not having
e wse cables, though, which gives the
edge to the M2 tormat—and in that
arera, PCle Gend is still king.

Winner: PCIs Gen3 M.2



SATA drives don't loak flashy, but
they're reliable and afferdabla,

There aren't many
Gend M. Z drives
availabla yat; this
Gigabyte Aorus is
one of the few.

Samsung is the
king al Gend M. 2
drives right now,

ROUND & ROUND 5
|
Efficiency Capacity And the

Fowor-wise, 2A8TA has a slight edge
here. There's not much in it—broadly
speaking, power consumplion scales
up as you incresse both the capacity
and transfer specd of the drive, but
cnly by a small amount. & SATA and
Gend M2 drive of the same capacity
rmight differ in power by a single walior
lzzs, while a Gend M2 drive would be
perhaps 2W or 3W more. Gend drives
have superior power management,
though, consuming very lttle power
when not actively reading or writing.
Sz we mentioned earlier, SATA drives
handle heat well lin part dug e their
larger design], but with the right
precavtions, M2 temperatures should
never reach a point where theyre
negatively impacting day-to-day use,
It'= & close call here, espacially
censidering that 005 of all varieties
never hit the power draw tfigures
of components such as GPUs and
coolers, which can be more than 10
times as demanding, All in all, it's
a very tight decizion and |were we to
assign weightings to these categeries]
ethoiency  1sn't the biggest tactor
youl should consider while deciding
between SATA znd M.Z, unless you're
attempting to build an extremely Low-
poweer system. With that in mind, we’ll
give the win to SATA, but only by a hair.

Winnear: SATA S5D

Altheugh the technology behind M2
550 capacity 15 improving, SATA still
has the edge, Architectural limitations
mean that current commercial M2
drives—both PCle Gend and Gend—
are ettectively Limited to & maximum
capacity of 2ZTB. Larger PCle drives
are avallable, but they either use an
escteric farmat other than M2 2260,
or simply cost an outlandish amount,
such as Samsung s ATE PM9E3, which
will set you back 33,500, Sure, 418
SATA drives arent cheap, but they
don't hit guadrupls digits, making
e much mere accessible for the
average consurmar. =ven larger 5004
E50s are available, But again, theze
aren't just something you can arder
on Amazon, s worth censidering the
lower bounds here, too.

SATA drives are typically available
im @ wider range ot capacitizs, and
are cheaper at the lower end, oo,
alithough wery =mzll capacity drives
are swiftly beceming an arkiquity that
no manutacturer iswalling tao produce.
SHll, o good-guality 120GB Gend M2
15 still goimg to run your wallet mare
than o 120GE SATA 550, and Gepd
M.25 are currzntly only avalable as
crrall oz BO0GE, which cbyviously has o
stern price tag aftached. In the battle
for capacity, then, the victor is SATA,

Winner: SATA 55D

Winner Is...

Thers are arguments to be made for
cach of these tvpes of 350, PCle Gend
provides blisteringly fast transter
speeds; SATA s cheap and effective;
PCle Gen3 occupies a comforiable
mmiddle ground. For that reasan, Gend
i= the winner; it's the best of both
worlds, providing speedy transfers
at a reasonable price. Unless youre
really on 3 budget, it's hard not to
recommend M.2 drives ta anyone
planring anupgrade or an entirely new
build. Gand M.2 550z are plentiful,
not oo expensive, and provide a huge
perfarmance boost over SATA drives.

Really, though, it's important to
rememoer that all of these drives are
perfectly viable choices depending on
the purpose of your build. A small but
super-specdy M2 S50 can be perfect
as a boot and primary storage drive,
with twia cheaper and larger SATA
drives supporting it for additional
storage, SATA drives are perfect for
budget builds; PCle Gend 15 deal for
workstation systems, where the user
will be maving numerous files around
cn the regular, We'll give the win to
Zend M.2 here, but the real winner Is
the one that you decide in your heart,
{And in your brain.] (&
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quickstart

Surface RT Updates
| have a Surface RT, the old-
school hrst edition, and hope
vou can advise me. | had
ditchad thiz archaic device
far an &ndraid tablet, which
wiarked great, but alas was
taken by an ex-girlfriend in
a =ituation | alsowish you
could help me with (bt will
spare youl. | write a lot,
50 brought the RT back to
life—ar sa | thought. The
problems are beyond belief.
|'ve checked with Microsoit,
Goeogled until my brain hurts,
and this Surface BT iz just
urable te update properly or
use the Store, which makes
it further obselete because
| can't receive anything
considered new 181 RTI,
thanks toc an error regarding
nebwork speed. 've checked
my Internat cannechian, and
it's fine. 've attempted to ge
Ethernst, but there's nothing
compatible, | even bought
Microsoft s JsH Ethernet
adapter, &molout of luck, or
15 It possible to revive an B 17
=Ryan Anthony

THE DOCTOR RESPOMDS: All
these problems are related,
and you can resolve them by
resetting your Surface, bub
nat in the usual fashion—it
wouldn't be Microsoft if
there weren't some tortuous

>

i
. .'-. | |

! % %
) e

THIE MCMNTH THE DOCTOR TACKLES..

> Surface Solutions

> Handling Handoffs

Believe itor not,
the ariginal,
neglectad
Surlace RT

is officially
supporied
until 2023,

process to jump through.

Thankfully, this convoluted

path has been trodden by

others, sowill hopefully werk,
Connectyour RT to tha

power, then restare it using

its recovery image—=head to

hitps:/fsupport. microsoft,

com/surfacerecaveryimage

to obtain this if necessary,

and follow the guide at https.ff

supportmicresoft.comy

kb/4037673/ it you need it.

Once doneg, go through the

setup process, then goto

the Power and Sleep settings

to set "When plugged in” o

"Never”—given the amount

of time you'll have to wait

for some of these updates to

appear, it's critical you prevent

vour Surface from sleeping.
Mext, head to Windows

Update bo perform the first [of

many| searches for updates.
This first ane could take

the best part of an hour, but
once dane, should bring up a
firmware update. Install this,
restart and return to Windows
Update. Ignore the tact it's
found more updates—a
critical one |[kb29193568] is
missimg, 50 search again, and
it should appear in the list, at
which peint install the updates
and restart when prompted.
The update process hangs
it wvou try it again at this point.
You meed to download two
updates manually: kb3173424
and kb3172814, Save these to
vour Surface’'s "Downloads”
felder, then switch of f the
Wi-Fi [ves, reallyl, manually
install k3173424, reboot,

manually install the secand
update, then rebaot again.
Mow Eurn your Wi-Fi
back on and—if all has gane
to plan—atter around 10
minutes ar 5@, a slew of new
updates will come your way.
Oncein place, you'll hopefully
discover your nebwork issues
are resolved, while you should
also nowr be able bo access the
‘Windows Store to install apps.

Can't Open Hyperlinks
| have a challenge far you:
AL some pointin the recent
past, pozsibly when Chrome
wias installed behied oy
ocack, | lost the ability to
directly click on a hyperlink.
| have tried everything |
could find on the Internet to
fix this headachs, including
reirstalling and remaeving
IE, Chrame, Firefox [my
o owser of choicel, and
Edge, all to no availl. The
errar occurs if L elick on a
nyperlink, regardless ot the
program., The error messags
5: "This operation has been
canceled dug o restrictions
nettect an this computer.
Please contact your systom
administrator.”

| may need o use lex’s
“Windows Made Fresh”
articls, but | am very &
concarnad about what wll ?
stop working.... -Will Collier =

AY

doctor@maximumpccom

20 | ok | noL 2018

I .\,.'". I TREE |




THE DOCTOR RESPONDS:
Without knowing exactly what
youve done, the Doc can anly
oiter generic advice. Three
cteps to follow are reassigning
the default browser in
Windows—switching fram
one browser to another and
back againvia Start =+ Apps
= Detault apps.” IFthis fails,
try clicking "Set defaults by
app’ trom tha same dialog
when the list appears, selact
"Firefox,” and click "Manage”
to try to reassaciate HTTP and
HTTP% antries manually.

You may also need to reset
your browser to its defaulis—
open Firefox, click the menu
button, choose Help <
Traubleshooting Information,”
and click "Refresh Firefox.”

Still mo luck? Tirme to
dive into the registry: press
Win-R, type "regedit” and hit
Enter, then navigate to HEEY _
CURRENT _USER\Software!,
Classesh. Within this key
locate the . htm key and change
its [Default] value to htmilfile.
Repeat for .html and also
shtml, .xht, .xhtm, and .xhmil
keys, if they exist, Restart yvour
P, and you should find that
you can select Firefox as the
default browser again.

Restore Single Screen
I'vie been using my Windows
TP tar yvears with two
monitors: one in landscape
mode, the secondary ane in
portrait. I'mi going te set up
my new P2 in the sams way,
but 'l keep the old PC—
mainly tor backup—but use
orly one menitar with i,

| krowsr boww to set up
my new PO for use witk
two dizplays, but have =
guestion about switching
from a bwo-monitor display
toa single ane: Will [ need to
tirst recantigure programs
that have been set ug for
bavo monitors so they'll
wiork correctly with a singli
display, or will everything
revert autematically o the
ore display?  —-Douag Schafer

THE DOCTOR RESPONDS: You
shouldn't need to reconfigure
anything, Doug. Programs

should anly use both displays

IS ITFTE v O

s LA

when they're both an and
detected: if one 1s disabled, all
the elements on the secondary
dizplay are dumped back on
the main display at the edge

of the screem that adjoins the
display you disabled. You can
then reconfigure them tor the
single display.

The best thing to do s
caonfigure this while both
dizplays are still connected:
Open "Settings = System
= Display™ on your old PC,
scroll down to the "Multiple
dizplays” drop-down, and
sebitto "Show only omx™ %"
being the number allocated
to your display accaording to
the “Rearrange your displays”
image]. Click "Apply” and
you'll instantly see what
happens when you revert to a
single display—you can then
confirm this before tidying
things up, and disconnecting
the second display.

Wi-F1 Mesh Issues

| have an Orbi RBRSD fub
with satellite. The primary
coverage 15 2,000 square
feet, The averall saturaticn
znd signal strergth 1= good.
Stationary davices, like the
W=, sync and mainiam good
strength and speed, My issue
15 with mokbile devices—
Galaxy phones and Kindle
devices, Asyou move through
the house, there is either ng
hardoif from ane Oroi device
to the ather, or the handaoff is
=0 slow that you drop tha Wi-
Ficannection—which means
2 poor or lost callwhen I'm
using YWerizon Wi-Fi Calling

- )

Metgezr blames my phones,
bul Lhey worked wilth a $40
metwork extender. What am

I rmissing ? -Greg Grubb

THE DOCTOR RESPONDS:

The Orbi was ane of the first
mesh devices released, and

it seems ta have suffered
mare tham its fair share of
teathing problems. These
early implementatians rely an
client devices ta datect which
signal is strongest and swikch
accardingly— Galaxy devices
are notorious for stubbornly
holding an to weaker signals,
Later mesh systems include a
rmanagement cantraller whose
jobitiste scan for mobile
devices to make sure they'ra
using the strongest signal,
forcing tham to switch when
they dan't play ball.

The anly real workaround
is bo reduce vour Orbi router’s
transmit power, so there's
a greater variance in signal
strength between it and the
satellite, making it easier for
rmichile devices to detect when
to switch. You can both verity
and alter the Orhi's signal
strength wia its web client by
mavigating to “Advanced Setup
= Wiraless Settings =it can
be reduced to as little as 25
percent. If this isn't doesn't
work, place a physical barrier
araund the router [putit ina
drawer, for example],

Still mo luck? Given you've
anly got one satellite, it might
be time to ditch it in tavor of
bringing that 'Wi-Fi extender
back to life. t's cheaper than
ditching the entire systern for
a newer mesh system.

Try reducing your
mesh reuter’s
signal strength
fmobile devices
struggle ta

awiteh ta slronger
satallite signals.

e~

Rapetitive Repairs
| purchased a refurk Lemawa
LE30 with Windaws 10 Pro

and 550 about a year age. It's
recently started bringing up
the autormatic repair on every
baotand restart, starting
rormally once iUz run ks
diagrostics, I've repaired

the MER, run fixboot ang

sfc fscannow—any fix | can
fird on the Internet—withaut
success. | tried rolling

back with Syztem Hestore
and using reset. Froblem
remains. |'ve even tried a
different 350 ltransferring
my Windows install via True
Imagel—same result. &n
in-place renstall keeping
existing apps warks for a
couple of reboaots, then it
comes hack. My last option is
fowipe the drve and reinstall
everything. Doyou think this
will wark? Anything elsz |
could try? =Lionel Grindstaff

THE DOCTOR RESPONDS:
Given you ve gone to the
trouble of taking a drive
image, the Doc recommends
going for the nuclear
option, wiping the drive, and
reinstallimg Windows from
scratch tollowing our guidein
the Qetober 20719 issue, You've
pretty much eliminated all
other petential causes—make
sure you create installation
media from the Windows
Media Creatien toel, as this
installs a clean version of the
Latest build of Windows 10
If the prablem persists, you
hawve a deeper=presumakbly
hardware-related—issue, but
you'll be able to roll back your
system using the drive image,
If—as we suspect—the
problemis fixed, but it later
comes back, then you'll
need to make a note of what
software or hardware yau
recently reinstalled: focus
your search for solutions
around Googling “automatic
regair” in conjunction with
the program or device in
guestion, in case it’'s a known
preblem, and you can pinpaint
an exact cause to resolve the
issue, Failing that, remove the
culprit to hopetully eliminate
the problem, ¢
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LIQUI

it

MONSTER

4K SLIBUILE

LIQUID-COOLING IS A FICKLE THIMG. It's complex, intricate, and hilled
with far deeper considerations than any standard PC build. There's a
hmezse and beauly to i, and a risk involved. [he very best systems out
thera incorporate it into their wonderful forms, yet the ideas and dreams
of many a master builder often don't come to fruttion, at least not ho
they were first imagined. If you're nat committed o mastering this
powerful art, and to avercoming the obstacles each build throws your
way, it'll shake you off just as sure as the turning of the world

Ihis build has been a real challenge from start to finish. From the
spansor list, through the design phase and build process, 1o its real-
world performance, every =ingle element has come with itz own =ef of
defeats and victories. And vet, it is easily one of the best systems we've
ever produced. [aking advantage of one of the Latest Hyzen 3000 chips,
and combining it with net one but two SLed EVGA RTX 2080 Super GPLUs,
it was designed to truly push the Limits of what you can achieve inside
the impeccably orchestrated NZET HMD case. Vs a machineg that asks
questicns: Are beo 2080 Supers mare cost-eHective than one 2080 1Y
How much perfarmance car you get from the very best Ryzen chip, in
one of the wery best Hyzen boards, when both are bguid cooled? 12 the
cost truly worth itin such an A10-centric chassis? Hopefully, we can shed
some light an zll ot thosz questions today

Build aside, we are often asked whether Liguid cooling is worth it And
the anzwer s that it depends onowhers you place vour value. Financially,
docsit make sense? Absolutely not, IUs the hypercar of the PCwarld—in
reality, you could get just a= much pertormance tor a fraction of the cost
by investing in some good fans and o chunky A10, But artistically? It's
beyond all measure, and the joy and pride you geftrom completing a build
that is unigue, that is truly vours, and that perferms as magnificently as
one like this does is priceless.
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LIQUID COOLING INGREDIENTS
FART

CPU Block

FPU Blocks |Zx] EK-Yector RTE 2040
RGE [Mickel & scatal]

BFU lZs] EM-¥ector RTX
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e bR
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A B L L L E R LR Lo
£ e o e o R e e el e e R
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linzl, sleawed prmpl

W T W ]
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::: 360 0Tr gl
s | MBS "
i B Tuhing [tx] EK-HD Tube 10/12mim
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LR
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i T B
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(X N
L] Er- .
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(T 1] Fitiings
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LT
Fndeded
ESEAAS S
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LA
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HARDWARE
COST. $4,036

cPu

AMDO RYZEN S

3900X sso0

It might not be super-
hot for high-end
averclocking, but this
12=care processor

will handle just about
any game we throw
atit, even CPU-bound
large-scale strategy
titles. With a base clock
of 3.8GHz, there's not
much this chip can™ do,
wehether it"s 8K editing
or 4K gaming. The
reported boost clock

of &.6GHZ is attainable
inindividual cores, and
it parforms admirably
vehen using auto-
overclocking features,
The support for PCle
Gend means that we've
gok room for a PCle Gend
M.2 drive running at
maximum speed, togo. ALl
in all, this is one of the
best desktop CPUs on
the market right now,

RAM
3268 HYPERX PREDATOR
RGB (@ 3B00MT/S sass

interconnect intertwining  with this Z2GE kit of
allthoze care complexes  HyperX Predator RGH.
aperates, meaning higher  Throw in some flashy
multicore pertarmance. Lighting, a CAL Latency of
With third-gen Ryzen, 17, and this fineby-tuned
taster vou can get that the sweel spot lies al kit of =hicks will be more
memary clock rate, the 3 AD0MTS s, and wa're than enough for all our
taster the Intinity Fabric taking advantage of that 4K gaming aspirabions,

Hyperk makas some
tamtastic meamory kits
for high-gnd huilds,
znd Ryzen thrivesz on
high-speed RAM. The

CASE

NZXT H/10I ¢200

Mn awesams case

for an awesnms

build. [he H¥ T s the
crown jewel of MZET s
mid-tower range,

with USE-C suppart,
cable managermsnt
channels, and integrated
FiGE lghting. More
specifically, thare are
bw LED strips, which
can e controlled iz

a smart hub hidden
kehind the cable

bar. I he termpered
glass window uses a
single thumbscrew

fer removal, making
apening the case for
adjustments casy,

MLET s 1conic H-saries
cable maragernent bar
rmakes a raturn, too,
which iz handy, There's
also & usetul remavablz
Bracket for fitting Fans
ar radiaiors, simplitying
aur cooling setug,

I .\,.'". i TREH 1
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PsU

12000 EVGA SUPERNOVA

P2 80+ PLATINUM
MODULAR POWER
SUPPLY gz2as

A modular PSU with a mildly hilarious
number of ports—many of which we'll
use for this build, With %2 percent
Platinum-rated efficiency and a huge
1,200W capacity, the SuperNOVA P2
eliminates power bottlenecks just by
existing. Two GPUs would put a strain
on any system's power management,
but not here; with this much power,
we have ample room far everclocking
every part of this system. It's a hefty
unit, at ower ?lb, and is optimized tm
support linked Nvidia GPUs, too, It
also comes with an unbeatable 10-
year warranty, so there's no need to
worry about it blowing up and leaving
you withoul power,

-'I.'.--'

Pl

system through even
the moast nail-biting of
battle royales. There's

MOTHERBOARD
o ROG CROSSHAIR
W FORMULA ssss

It's a bit on the pricey side, supportfor FCle Gend
but everything about the
Crosshair VIl Fermula
screams quality.” From
the sleek RGE lighting

550s, of course, but
also gold-plated audio
jacks, a thermal sensor
connector, five-way

to the Wi-Fi & support, optimization that

and comprehensive |I"|‘||II‘{I'|I'BE overclecking
onboard heat performance, and
managament salutions, boa many ather nifty
this motherboard will features to list here. It's
pick up and carry your a powerhouse board,

the perfect base for
this build, keeping
bottlenecks off the table.

ﬂ Erﬂm"'-”i

" HYME M2

- il
.40 0 s [ 1R DL LT

S50 1

118 CORSAIR
MPE00 M.2 PCIE
4.0 NVME 55D g0

What 1= an A5Y0 mobo withouta PUle
4.0 M.2 drive? It's an old Scottish
proverb, we swear, Really, thaugh, this
systerswould be incomplete without
a sp=edy hourth-gen M.2 550 as 1ts
primary drive. These PCle 4.0 drives
are scarce right now—at the tims of
writing, only 10are available, spread
across |ust tour manutacturers—obut
perfermance is broadly similar, and
this Corsair MPSO0 is the best value
for a 1TB Gend M.Z, at Less than $200,
Expect awesame transfer spasds in

the realm of SGESs.

S50 2

2 1B SAMSUNG 9/0
e PL IS5 M2 PCIE

3.0 NV l"f’“: SSD g4ase

118 ot storage wouldn't be enough tar
this build, The Grosshair VIl Farmula
hias bwa M2 slotbs; were hlling both.
Far cur second drive, we've got a high-
quality Samsung model, the 370 Evo
Plus, bringing an extra 2TE of storage,
Gamsung s drives aren't cheap, but tha
performance here is guaranteed, with
sorma of the fastest transter speeds
vou're Lkely to see en amy third-gen M.2
drive. Oddly enough, Samsung has yet
to make the leag te PCle 4.0, but that's
Qi —as this isn't our primary drive, we
don't necd the dizzying speeds of Gend,
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liquid-cooled monster

GPU BRIDGE

EVGEA GEFORCE RTX

NVLINK BRIDGE 3-5L0T s9s

& sirmnple pizce of hardware that looks
Like =omething Batman would wear on
his wrist while baating up namelass
henchmern on the mean streets of
Gothant. This is what gives aur double-
FPU setupts cadence; aphimized for
Ak gaming and ray tracing on Myidia
EPUs, EVGA's MYLIink iz one of the
best GPU bridges arpund. Qursis the
{hrea-slot spaced madel, alkhaugh a
four-slat version is alse available for
Larger motherboards. [here's some
natty BGE Llghting onit, too, if you're

mnclined to make your build more colorbul,

ACCESSORIES
COST: S370

28 .'-l.v.mt'll HOL 208 | masin ey

GPU

=WEA GEFORCE RTX 2080

again. Which 1z why we nesd the
EVGA NVLink bridge [see |eft]
{o canmect them. Locking at the
cards themselves, were pairing
a coupls ot brand spanking

new GeFarce RTA 2080 Supers
from EVGA; specihically, the XC
Uitra Gaming model, with BGR
of GUORS YHAM, and a boost

CABLES
CUSTOM CABLEMOD
CABLE SET gz

We're using custom cables
for our power supply. |5 that
necessary? Mavbe not. But
these are braided,
high-quality, and

look better than the

EVGA SuperNOVA's

stock cables. Go to

CableMod’s website and

you can build your own custom
kit—in this case, & 24-pin ATX
cable for mobo power, eight=pin
and four-pin EPS cables for the
CPU, and two bridged 8+&-pin
connectors for our graphics
cards. We've opted for flexible
Paracord sleeves in red and
black, with 400mm of lLength
(700mmm for the EPS cables).

SUPER 8GEE xC ULTRA GAMING s1.4e8

That's right, we're using twe GPLIs

clock of a stonking 1,840MHz.
[he original BTX 2080 was no
slouch; the newer Superversion
ups the performance by 3 modest
amaunt without damaging the
price tag. hare's tull ray-tracing
suppart, too, of course, with
snough power to handle propar
ray-traced reflections without
tanking vour trame rate.

aglStraam PE
= Calil CopSiream PE



COST: $1810

EKAVARDAR
EVO 1T20ER RGB

Six 120mm fans for
aptimum case cooling,
each providing high static
pressure with double
ball-bearing setups

500-2,200rpm and full
PWM control, these are
for high-performance
systems. The RGE lighting
is bop-quality, too, with

come with a unique smart-
stop function, which fully
swiktches off the fan when
minimum fan curves are
set below 25 percent and
intermal temperatures are
sufficiently Low, saving
power and reducing naise.

that provide a truly nine imdividual LEDs per
low=-nalse expariencea, fan—more lights than

With speed ranges of blades. Lastly, these fans

L /A ! |:_-I II Il ] ¥ '._. I i |:_'|
VARIOUS EKWE COMPONENTS

We'll get into the nitty-gritty of these
oarts during the build, but essentially
weTe using a full selection af EK
components for our custom locpain ths
syatem. That means numersus £5- and
F0-degree connsciors, plugs, sxtendears,
and a full meter of EK-HD tubing. Most
mportantly, there's the ER-X10F Revo

DE—that's our full-sized PWM pumg,
charged with kseping the Hud inthis
conling long flowing. We've alsa got
bwio ER-Vector walsrblocks for our bwao
GFLs, spacifically the RTX 2080 RGE
modsls; they re compatible with our
Z0EN Supers, and bring some additional
Lighting ettects to this buld.

oL MAYHEMS
ULTRA PURE HZ0,
MAYHEMS
AURORA RED Z250ML
CONCENTRATE,
MAYHEMS AURORA
BOOSTER SILVER
We're using five liters of Mayhems"
Ultra Pure H20 coolant beo fill the
tubes and reservair, with its Aurora
Red dye to color it. The Wkra Pure
coolant lives up to its name, with
a 10-step purification process and
minimal electrical conductivity,
Lastly, we're adding spice in the form

of Aurora Baaster Silver, which adds
reflective particles bo the coolant.

PHANTEKS
GLACIER D140

Ordirary loops are for suckers.
Cesigned to fit an &ATX cass with
space Tor a 140mm rear fan, the
Glacier D140 mzkes planning 2
cuslom cocling locp & cinch, thanks
to dedicated ports for CFLU and GPU
cocling. Fitling around your rear 110,
it has plenty of zirvents 1o ensurs
good case airflow, and uses tailored
rubher sealing with excellant
durakibily against lermperalure ano
stress. It also looks cool, with &
rirrored backplate and inlegrated
addressable RGE lighting,

TOTAL OVERALL

COST. $6,216
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BUILDING
THE

MONSTER

A STEPBY-STEP
BUILDAT GUIDE,
DIVING INTO THE
COMPLEXITIES OF
THIS AQUATIC BEAST

_EMGTE CF TIME: 20-30 HOURS
LEVE_ O DIFFICULTY: HARD

ADD GPU BLOCKS

IT'S ALWAYS SCARY laking a graphics card aparl, because
youre messing araund with something that's insanely
prpensive, On the Mip side, lguid-cooling anylhing below an
RTX 2080 or equivalznt tends to be difficult ta justify from
a cosk-lo-performance perspeclive, so il's prelly much
abways the mors expensive cards that you strip apart. In
pur case, iLwas lwo RTX 2080 Supers, which were provided
by EVEA, We've combined them with teo of EK's Vectar BTX
walerblocks, along with some mirrer-finished backplates Lo
hzlp both dissipate heat and throw light around the system.

&

SEAT THE CPU BLOCK

WE KHEW WE WANTED ko go with a mirror-finish EK block
for this ang, and fortunately the company produces a variant
of itz new Velocity Lime with a diagonal hnesh that matches our
dsus motherboard styling. The only downside is that it comes
canbigured foran Intel setupasstandard. There s anadditional
Fyzer brackst included, hut thare zre no instructions provided
or avalable ornline or how to actually swap it in. [o do that, yau
have to dicassemble the black [there are four &ller screws an
Lhe bottomn), swap out the original brackel, then secure if all
down again, making sure vou don't forget the rubber o-ring, &
real nail-iting moment.

INSTALL STORAGE

FOR THIS BUILD, we're slicking wilth M.2 slorage. Mol only is
it the fastest in the business, but it's also really convenient
when youneed o save space and reduce cable mess ima buld,
We've gone for a Corsair MPEDT Farce TTE FCle &.0 drive and
d Samezung Y70 Evo Plus 2TE PCle 3.0 drive, both hidden away
under a heatsink on the Formula. You have to strip the Corsair
drive oul of ils massive incorporaled bealsnk for Uus by
Fopping two clins an the side, but once that's done, you're goad
Lainstall il into vour motherboard. Don'Lworry, you can always
retroactively reinstall itinte its heatsink aft=r.
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FIRST INSTALL

S50, THIS IS our first look at how everything's going to hit inside
the case, and it’s tight. We ariginally intendead to run a 2H0ml
reservolr hornzontally below the second GEU—however, duge to
incompatible tolerances [read: It didn’t fitl, we had to opt for an
alternate solubion. Fortunately, wed requssted bwo ditferent
sizes of reservoir for just this situation,

RADIATOR COMPATIBILITY

IFYOU PLAN Lo build & similar system in this chassis, beware
of vour tap rad thickness. We're using ons of EX's PE Jé60mm
radiators; iU's aboul 1.5 inches thick, but the g panel comes
imta contact withit st the rear of the casewheninstalled. Thers
i5 & way around this: You'll note the lop panel is construcled
of a metal shzet and a plastic sheet stuck ogsther, Carefully
unscrew e plastic sheel, pull il apart, cul the plastic Layer i
halt, reatiach it 1o the metal, and the tap panel will sit flush.
Probler with thal iz you'll achieve zero airflow [although il
looks great for a photashoat], What you really need to da is
install a skinny radialor in the rool. We recommend one of
EK's SE Zé0mm radiators, as they come inat 1.1 inches, giving
you some room for exhausl. Or if you're handy wilh a THC
rmachine, you could cut some ventilation holes in the top pansl.

7

FRONT RADIATOR COMPATIBILITY

OM TO THE FRONT RADIATOR, nd the compatibility 15508 hare
comes from your tubhing runs, and ~ow you install your fans,
It youre utibizing two J&Umm radiators, as we are with our
oo, theres only one way you can rur your fans—with them
on the inzide. This gives you & Lttle breathing room when it
comes o cannecting the radiator 1o other components. We
also recommend keeping the Gl/4-inch ports for your front
radiator at the hottorn of the case. Mate that we have remnowved
the cable bar enbirely here, sowe can get beller access to the
fromt of the case,

ATIGHT SQUEEZE

FOR OUR 150ML RESERYDIR, we're mounting it directly inlo Lhe
cable bar. However, it's 3 tight squeere around our two GPU
slocks, The culout in the cable bar is specilically designed Tor
reservair mounting, and it works well. It's alsa waorth noting
thal we evenlually ended up changing the lop of the reservair,
osecause the full-height version, complets with downpine, that
you see here s oo big Tor an angled 0-degree Hill port Lo be
added without conflicting with the cabls bar, and as we don't
seed the down lube, due Lo our leop configuration, iU's no biggy
swapping it for a lightwsight ane.

w31
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liquid-cooled monster a8

E INSTALL THE PUMP THINK ABOUT YOUR BENDS

22 | wEE | oL 09

WHEH IT CAME TO INSTALLING our purnp, we knew we needed
it to connsct to & pass-through that pierced baoth the cable
bar and the 5U cover. We've used a male-to-mazle extension
fitting o attach the inlet of the pump to the G1/4 pass-through,
which will then connect to the reservoir above, We've also
drilled four holes in the PSU cover, hidden behind the cahle
bar, and have mounted the pump to the cover, EK includes a
handy markup ternplate for you to use. It was tricky 1o install,
but orica the pump s on, b keeps the whole pump-res atair
looking far tidier than running & combi unit, You can also ses
that we've pre-emptively installed the P5U and iis czbles as
well, just to get them cut of the way before we commence cur
tube-bending =lage.

H VISUALIZE YOUR RUNS

AT THIS POINT, you're locking al the end of day one of our build
phiotoshoot. We've now gat the majority of aur fittings installed
and are ooking for ways of connecling everylhing Logelher.
Thiz might saurd silly, but the best advice we can give you iz
o spend a lot ol ime in this phage simply slaring al your case.
Fiqure cut where you wart your tubes o go, what the best
angles are, and where you'll need exlensions. Then go and
sleep an it. The sstup we finzlly ended up with was very, very
different from the one we had envizioned right al the beginning.
In cur cass, we ended up dropgping the distribution plate by 3
lew reillirmeters, and changing oul some of the lillings enlirely
to get better tubing runs.

1L .\,.'". Lo 1

ALWAYS START OUT WITH =imple tubing runs hirst. You can't
see it in this shot, but we've zlready done the straight tube
runring frorm the tront radiator to the top one, and the ones
surraunding the top of the distributicn plate. It's always smart
bo tocus aon doing simple, clean YU-degree bends. [here's a
termptation when it comes to Tube handing to overcomplicate
things, and introduce multiple bends to one length of tubing,
butwe guarantae you that it'll lonk 100 times better if vou keap
it simple arnd take advartage of angled httings nstesd. Here,
you can ses weve got our GPLU bridge tubss in, our bottom
distribution plate tube 1, and we are test htting a—clearly
wraong—CPU tube as well.

CPU RUNS

OUR FINAL SETUP for the CPU s Lhis parallel logp
canfiquration. We'va had to stagger the tuking runs in a step
Like this due Lo the new EK Torgue litlings being, well, massive,
We've etfectively used faur 4b-degree fittings hers ta achieve
Lhis snakehead effecl, o ensure they align perlectly with the
ports on the topmoast GPU, but they' Ll anly bwist so far 2ach way
until trey hil each olther and conflizl, or slop the straighl Lines
weTe after. With ane staggersd baloerand ane uptap, it means
wi tan skl run bwe straighl lubes, with single ?0-degree
bends without warry. Im fact, we kinda Uke it




—i
[

PUMP-RAD MASTERY

DESPITE BEIMG perhaps the simplest fubing rums, thes
is s7ill sams of our proudest work, \With 2 combination of
exiznzion and rotary httings, we've maraged o connect the
furthermaost G1/4-inch port from the radiator to the pump
using a =ingle plece of straight acrylic, hen we'wve run another
single straight piece of fuhing direct from that haottam radiatar
lzgain with two ¥0s and an extension] stramght up to the top
radiator without a proklern. Simples, but eficient

RESERVOIR PROWESS

THE TWD RUNS connecling the reservoir o iLs componenls are
by far the mast difficult. This ?0-degres bend is vary short; the
Closer you are Lo the bend radius with vour cul, the harder iLis
to get the campression fitting cap on it, ready to s2cure ta the
litting. We've had o use & P0-degree Alphacosl retary fitling
irm the bottam of the res at the back, because the EX Tarqus
litbings are so large you can'l (L Lo of therm in the porls,
Alphzcocl's are skinnier, sa installing ome hidden fitting ir
lhe back enzures we can gel Lhe lubing run we want, withoul
compramising style or loog arizntation. The tube connecting
the bollom GPU Lo the reservoir in thal Alphacool fitking iz
also tricky. Ws 2 long 90-degree bend, which iz fine, but a5 we
have Lo secure il wilh the GPU in place, iU's difficull 1o see, 5o
tricky o know if it's secured properly. Double-check you'we
Lighlened vour besin place as bestyvou can belore hilling.

NVLINK BRIDGE CONFLICTS

WHEN RUHMING TWO CARDS wiith walterblocks, tinding an
MYLirk bridge that will fit is always geing o be a problem,
In our case, the ones we had conflicted with the ports o the
blocks, so we've had to strip one down. Fartumately, with
Lhe EYGA bridgs, 1it's & fairly painless procedure. Four small
Fhillips screws in the back erableyou to remove the fop plastic
caver, showcasing a separate piece of PCE with the REE LEDs
an tep, and & small riblbon cable onthat connects the LEDS to
Lhe rest ol the MVLink bridge. Discaonnect the cable, apply a
little heat via 2 heat gun to remove the majority of the glue, and
voila—youwe got a pretty snezzy-looking MY Link PCH bridge,
working, and ready to go

il

FILL IT UP!

RIGHT THEHN, on 1o the filling. Remember Le putl plugs in all the
G71fé-inch ports you're not using |Dattam af the reservoir, an
Lhe pump, the distribution plate, GPUs, and =0 on), and you're
gqood to go. We're using Mayhems Aurpra Concentrate mixed
with some Ullra Fure H20 and Aurora Silver Booster. When
running & parallel loop like this, the procedure is much the
same as usual, Fill the res, cyvele the pump, and conbinue unlil
full. The main difference isyou're more likely to get air trapped
in places you don'Uwant il This well rmove Lo he res over Lime,
thanks ta flow rate and pressurs, but try to make sure yau
dor't gel air rapped in the CPU block if you can, because |
dramatically aftects temnps and performance. In fact, once
filled, physically Llling Lhe caze or shilting it on 1o ils side
and running the pump again [only when the system is full and
sealed]is g good way of 2hulling the air W the reservair,
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liquid-cooled monster

b

LIQUID-COOLED
CONCLUSIONS

Questions asked;
questions answered

UMSURPRISINGLY, when it comes  to
Lguid-cooling PCs, the more experience
you have, the easier they hecome to build,
However, even after spending thres days
together, and the system was finally
primed, our photographer and systemn-
builder turnad 2 each ather with a look
ot contusion: Ib's naver bhis easy. Usually,
if it can go wrong, it doss. Yet we hit cur
deadling, nothing leaked, no tubes had to
bereplaced or reseated, and it all worked,

[ he system looks incredible, but as
with all builds, it's not without its flaws,
Do, what would we changs, what would
we do differently if we had more time, and
vehat willwe do going foreward?

TUBING TWEAKS

The higgest issue from an
azsthetic perspactive
iz some of the tubing
runs, maost notably the
ane  that  connscts
the boltom of the
distribution plate
fo the second GPU
It's & tight ?D-degree
bend, ftor sure, but
we're nob satisfied with
the  downwsrd angle.
There are  two ways  we
could tix this. We could add an

gmm exlension spacer bebween the bwe
F0-degres fittings to lower the height ol
the bottom-connecting ?0-degres fitting,
and theretore reduce the angle of tube,
of we could lower the distribution plate
by a fraction of an inch behich iz relatively
casy, a5 iUs only mounted via four Allen
screws in the back].

That last solution may seem extreme,
ezpecially as 1t could adjust the angls
of the top three tubing runs as well, But
vee re conhident we could get around that,
3% the top VEM run is comprised of Dwe
4h-degres bittimgs, which we can robate
1o compensate, and the betiom YEM run
also has talerance to do the same.

The reason this is preferable over just
inztalling an dmm extension s because,
as its at an angle jutting out toward the

Jh | owawE | noL 2000 | gasicuoncou

window, adding a spacer could cause the
bottom htting to corme into contact with i,
praventing us from being zhle 1o secures
the window in place.

The hottom-most YREM run is also
trustrating, &s the tube 1= slightly too long
wherz itconnacts to the F0-dagree fitting,
putiing sxtra pressure on the hitting, and
pushing it backward. s zecure for
niwy, but cwer Girme 1t could torm a leak
if we're not careful, The solution wauld
be to shorten that run by using & hle to
sand down the edges a touch. However,
that might maks 1t harder o secure the
COMPpression cap, &5 it has togo around a
F0-degree bend first. It's not impossible,
just frustrating, and harder to ha
certzin whether the tubs 1z
seated correctly,

Lastly, the top tuzing
run conrecting  the
uppermost port on
the distrioution plate
fo the uppermost
rad could alsn do
with a ftresh piece
of tubing and a new
YU-deqgresbend, asik's
ver s slightly shiort on
the distrizution plate sids
lwe've compensated with an
Brnm extensian fithing hare).

HARDWARE CHANGES

Dutside of those slight adjustments,
there’s mat much we'd change trom a
hardware perspective, Dur Biggest issue
15 that iop radiator: Even with our iop
panels plastic interior cut in half, when
the pansl 1s secured on the chassis, it
comes into direct contact with the edaes
ot the radiztor, so the only ventilation tor
all that exhaust 2ir is a small slit at the
back at the pansl. That's not ideal.

The simpglest solution would be o
replace 11 with a skinmer 5B edition
260 radiator, similar it thickness b
that tound im many Alds. That said, we
guite Like the exira surface area gained
by the PE edition radiators, sspecially
considering  our hardware, For our

testing, we removed the top panel to
provide sutficient exhawst to the tans
bensath, butthe long-term plan is replace
the panel witha milled shest ol aluminum,
with holes cut out for eetra wentilation,
Fziling that, acrylic orwood may suthce.

PRECISION PERFORMAMCE

Mow the design choices are cut the way,
its time to talk numbers, and answer
some of thase guestions we posed at the
beginreng of this arbicle, The g talking
point for us comes down 1o those twin
SLizd [or, we guess, MYLinked| GPUs: the
EVGA GeForce RTX ZDE0 Super XC Ultra
Gaming cards.

To be honest, ZL0 has leng been
something  we  havent  really  ewver
recommended, and when support for it
started towither sway with the 10 series,
we assumead it was 2l but dead. Howeswer,
It seems that this 1z currently Nwidia's
hest kept secret. In &K in particular, the
upkick on orunrming two BTX 2080 Supers,
5 opposed to & single RTX 20B0 Ti,
Is astromomical.

4K & 1440P GAMIMG

In our 4K game benchmarks, we saw an
ayverage of Y4fps in Miodie Earth: Shadow
af ¥arznd B2 fpsin Total War: Warhammer
N, compared to oofps and 44tps trom our
single liguid-conled 2080 T build zerc-
point. That's an imncrease in performance
of alrost &8 percent in Shadow of War
and B4 pereent in lolal War—again, that's
compared teoa single 2080 Ti, not a single
2080 Super.

Mow, it would be unfair of us not to
mention some cost bgures here: Dur
SLI setup comes in at around 31,410, or
51,510 with the WYLink bridge; the 2080
Ti on its cwn comes in at $1,219. So, for
290 mare, youre gething up to 84 percent
mars performance in 4K in certain titles,
Dt course, you have sddibional povwer draw
to take into consideration lour system's
total draw s around V28W under tull load,
versus ATAW for the same rig and a single
[}, and you have the drawback lzs shown
by Assassin's Creedl of some games not
taking advantage ot the other GPL,

That Last gart is more interesting than
wou might thimk, 1 you run HWAMonitor
throughaut your  Benchmarking, you'll
spot how GEU loads vary across hitles.
In games that are properly oplimized
[Tota!l War Warhammer I, Middle Earth:
Shadow of War, Star Citizen as examplesl,
vou'll usually =ee Fh percent Load on both
cards; on games that aren't (World of
Warcrafl, fissassin’s Ureed], the figures
will Tluctuate around B2-%0 percent Load
o GHU 1, and 1h-20 percent load on GPLU
2. It's not all bad news in that scenaric, as



CPU BEMCHMARKS

ZERD-POIMT [REAM KILLER
Cinebench R15 Single (index! | 231 186 [-19%]
Cinebench R15 Multl (noas! 1,701 3,218 16%%)
TechARP x2é& rips! 37.61 G4BT 729

[Ie5] 109 M4 0%, ] al% &% O A0% % 1004

STORAGE BENCHMARKS (M=
ZERD-FOINT DREAM KILLER

AIDASE Memory Bandwidth &45,883 55,073 [21%]
AIDASS Memory Latency insi 50.3 a2 [ %]
E501: CrystalDiskMark Sequential Read | 3,522 4,B8Y |39
5501 CrystalDiskMark Sequential Write | 2,237 4,148 [36%]
S5D1: CrystalDiskMark 32-Bit &K Read 406 &8 [40%]
5501 CrystalDiskMark 32-Bit 4K Write 314 490 (56%)
E502: CrystalDiskMark Sequential Read | 3,518 3472 [-1%]
5502: CrystalDiskMark Seguential Write | 3,244 3,133 [-3%|

S502: CrystalDiskMark 32-Bit &K Read 425 427 [0%]
5502: CrystalDiskMark 32-Bit &K Write A60 a55 |-1%]
{155 10% N 1L L% nn &s T RIO% Bnss: 1004

1440P GAMING BENCHMARKS v ips)

ZERD=FOINT DREAM KILLER

Total War: Warhammer Il 75 116 [55%]
Middle Earih: Shadow of War ar 130 [47%]
Assnasin's Creed Odyasey 84 &0 (179
1% 10% 20% Al £ 50% &% o o0 % 10005

&K GAMING BENGHMARKS favg tpsi
ZERD-FOINT  DAEAM HILLER

Total War: Warhammer I L B2 [H&H)
Middle Earth: Shadow of War & QL4 |£3%)
Adandsin's Creed Odyasey 35 G2 (200
0% 105 20% e Lt 50% 0% T 00 0% 1005

SYNTHETIC GAMING BENCHMARKS /indes)
ZERG-FOINT  DREAM KILLER

3DMark Fire Strike 1080p 22,503 33,086 [47%]
IDMark Fire Strike Ultra 4K 6,801 12,837 |59%)
30Mark Port Royal Ray Tracing 5957 13,404 [125%]
IDMark Time Spy DX12 2,775 20,506 [110%)
(1Y 10% 0% T L hll% &% s EHES ETTE S i

TEMPERATURE BENCHMARKS 2/
ZERD-FOINT DREAM HILLER

CPU: Prime 95 Blends Test b &7 | 2%
CPU; Cinebench R15 75 78 [-1%]
BPU: 3DMark Fire Strike B Bé [-3%]
GPU: 30Mark Port Royal 58 GE [14%)
CPU: 30Mark Fire Strike Cembined 72 A1 [-15%]
GPU: 30Mark Fire 5trike Combined 5% o [0%]
= 10% % I i o % &5 T R 9% 1005,

Qur zers-ssint conzisis of 2 Uguid-cooled 200 celidded Intel Core i7-800524 2 5035 12 J2GE of ZIRL @ 2200 T, an Aous ROG Maximus X Serrmuiz 2 Uguid-renled Asos GeForee BTX
PR Ti, s Sernenrgg 370 Fra 31208 M2 FCIe 550, srd 4 Sarvsung 970 Faa Flus 178 M2 FCIle 5500 Higrssl reoundes Cemnpesalors shirsn; all games Ceslal gl ligheel sessilile prefis
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liquid-cooled monster

the second card is nob drawing anywhere
rear as much powsr, or running as hot,
but it's still something to note. We did
some festing in Wol o examine how GPU
load and SL1were managed with different
APIs. In 0X12 mode, GFU 1 would take
ah-70 percent load, and GFU 2 would
Lake 1f ercent. In DX11, bizarrely, the
cards would split the workload, with bath
maxing out zt around 43 percent load.

Back to frame rates for a second, and
we will briefly say that at 1440p, vou will
natice less of an uptick in performance
than at LK, as frame rate startz to lean
mare on the processor. However, in
garmes that support if, you're zhill Looking
at B0-&0 percent performance bonus
versus asingle 2080 Ti

RYZEM, PEO, & AUTO-0VERCLOCKIHG
If you read last issus's review of the
fsus  Crosshair WL Formola,  you'll
know we rated it wery highly becs
of its fantzstic FBOD [Precision
Overdrive) performance. In shart, the
sare baked nto the Hyzenm 3
saries that measures various tage
and termperature parameters ac
processor and YRMs, The cosler you can
kzep them, and the highsr the guality
of the poweer phase solution, the longer
the processor remains at s highsest

boost clock. Combing that with Ryrzen's
aulo-overclocking  feslure, and  wilk
=uffi|:i1=-n ing, you'll get some serious

Tu qive ,-ull an idea, m (b zolutions
are designed o owithsland lemperalures
;; after that, they throttle the

the relatively Low

and the impre

the turbo cloc

astronomical—in the long-term fests, in
particular—compared bo our stock review

=n-':| Th sec ur'rj in Fr.I F-'-=r|':||.-r Cur I|r|u rJ-
cooled Formula achieved tu I:Hr,..-r- 1,118
5 in
r-.uth l:lut us
ock amyeshera.
tof cashtoinvestinz
1o purely some slightly faster
processor performance, but ifikcomes as
& side effect of coaling the CPLU and GFL?
Well, you might as well enjoy ik, right? 0f
course, our 2080 Ti rig was powerad by ar
Intel Core (7-8058K, and as such, with half

Fry Render, all =
tweaking the ove
Of course, it's 2

o &
= Mg
M,

the cores and half the threads, that ponor
procezsor was murdered "ere
except the single-core figures, even when

EVETYW

really @ fair comparisa

TEMPERATURES & TOLERANCES

As for temperatures, this s where things
getinteresting, As aur systemis running a
parallel loop, theoretically temperatura
cshould be higher than with a serial lnop,
ezpecialy if you don't have sufficient flow.
This system has its own personality, and
it took us & while to fully understand it
properly and get it to a state whers it could
benchrmark most efhiciently.

What we mean by that is that, thanks
to that parallel loop [coolant  can
thearetically pass straight through the
betiorm GPU and out into the reservair,
withiaut circulating arcuna the top GRU or
the CFU|, there's 2 few requirermeanis that
need 1o be met before temperatures are
whalwe would consider stable.

Firstly, running a parallzl loop reliss
entirely on pressure within the system
itself. If youwe gaot a high enough flow
rate from your pump, you'll find coolant
will move throughout the system with no
|_-. ue. As long as coolant 15 moving, heat

sxhausted from the radiztors. When
wa hrst started priming and sstiing the




system up, we forgab o switch the fan
hezder that the pump was running an bo
full ‘-FI."F"I'.I which meant that coolant was
maving very slowly pastithe CPU and down
back into the GPLL At full speed, however,
thanks fo the Mayhems Adurora coolant,
you can clearly ses that all the conlant is
sround thess parts,

3 o Air bubhlzs are a big deal,
Ir‘llhE a serial loop, where bubbles
maturally mowve 1o the reservoir over
trme, in & parallel loop, they have a habit
of getting caught in the top of the tubs
connecting the TPU to the GPU—or, ave
worse, getting stuck in the CPU block,
which you cam't see into, of course. It
ook us & lot of time tipping the rig back
and forth.and rumning 12 im0 warious
arientations, before could  rmiowe
all of the air 1o the rezervoir, and then
replace it with coclant. Even after & weaek
at continuous use, there are stll small
bubbles appearing in the lopmoest tube on
the CPU. So, yeah, it defiritely looksz g
byt if you're after pure performance and
less tuss, it's a hellota lot ezsierto run a
serial lonp,

Thosze =5 aside, our femperature
wats came out gquite well, During our
“rime?> Hlends test, we maxed cut at
37 G, Cinebench B15 saw that figure rise
and 1im our graphics tests, the

We

o V4 ¢,

CArds performed
adrmirably, wilk

the highest card
reporting 2% in

Firg Btrike and &6 C

in the ray-lracing
powered Port Royal
benchmark.  Ino au
combined CFU and GPL
garme e

Wk TaW

CPU =itting at a cormnfortable
£1 2, and the hatlest GPU st 59 C.

J|.|h|"...ll_.||1 r|1|
to sesing in Zl
cooling, o il's nothing v
cerned ahout.
Compared ta the Intel, RTA
aur build is i
the board. H !
as many GPUs and twice as many cores,
with the same amount of radiztor surface
o expect temperatures to he
ever, the RTX 2080 Tiis only
es cocler than our toprm

Ning were
rnqﬁrh

degrees cooler than its I-i:',.'I-En g avo0x
competition. s alsoworth noting that the
Core i7-B086K was delidded, and the TIM

we faced few hurdles that really

connecting the dis to
the heat spreader had
been replaced with
Liguid metal, which
Pypically recucss

ternps by 10-15C.

THE END?

Ir our eyves, at least, this
PC is quite ibly the bast
eystem we've avar built. The
arzenal of hardware within iz what we
consider to be some of the hast high-2nd
componemnt: u can get, weairdly mizing
good value with an insane price tag. The
cooling 15 unigue, 2nd dezpite our ..-r|g|n=||
concerns regarding & parallel se
performs admirably. SLled 2080 5
ars nathing short of incredible in scme
games, and the processor also perfarms
reallywell, &van at &t
lhers are, aof courss, things we will
probably  change the nexst few
months, but as far as the build itzelf went,
st us

oWer

back, and despite the cramped conditions
inside the H7 101, it" ase that has saome
serigus cooling potent

ls it perfect?  Absclutely not—it's
Insanely expensive far a start. Hut, damn
it, this is Maximum PC and huilding
Imsane rigs s inour blood, h

-
.
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You could argue that

the 10th-gen Core
isthe successor ta the
Core 2 Dug frem 2005,
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IT'S HEEN FIVE LONG years since Intal's
viery first 14nm CPUs came to market.
That’s worth repeating. It's taken Ffully
five years for Intel to roll out the 10nm
successor to its  14émnm  production
nade. This from the coempany that has
led the industry im manufacturing
integrated circuits for decades. More
than anything, it's Intel’'s advantage in
chip manufacturing that has dafined the
company. But only now is it ramping up
production of 10nm silicen as part of its
maw 10th generation of Core processars.

Of coursa, this is Intel, and nothing
is ewer simple. Strictly speaking, Intel
trickled out a few dual-core 10nm chips
in 2018, But if you can poimt us at an
available retail product that uses these
ultra-rare Cannon Lake chips, you'd
be smarter than us. 10th-generation
Core CPUs thus represent the first
true availability of 10Am processors
from Intel. Likewise, while Intel's
naw 10th-gen Lline-up dees include

5 THE
MHALIC
NUMBER

Intel's 10th-gen Core CPUs are here, and
with them its 10nm production process.
But, as Jeremy Laird found, the power
of 10 is proving a little problematical

both 10nm silicon and an exciting new
microarchitectura, it also encompasses
not just one but beo 14nm designs based
on existing microarchitectures. Intel
10th-gen, in other words, means a lot of
different things.

That's just 10th-gen as we know it
taday. Don't be surprised if it becomes
even more complicated. And that’s just
the products themselves. When it comes
ta branding, something Intel seemingly
sges primarily as an opportunity to
confuse its customers, the company
is arguably achieving new Llows with
10th-gen. The mew nomenclature is
s0 complicated and contradictory, it
feels like you need a couple of MBAs,
a law degree, and a PhD just to grasp
the basics. But don"t despair. There is
some gendinely new technoelogy buried
beneath the brain-dead marketing.
What's more, wa'ra here to do the donkey
work for you, and make sense of Intel's
marketing madness. Let's begin.




Intel's 10th gen [ ®

BEFODRE WE OEEF-DIVE inta 2ll those new
10th-gern chips, there's an elephant that
nesds escorting from the path ahead. We
speak of the extraprdinarnly long delay
o Intel’'s 10nm production process, the
successor to Tanm r all ks many tormes.
Sccording to Maoore's Law, 10nm tech
cught to have been i full o by Lale
2014, After all, Moore's Law famaously
predicts the doubling of transistor density
evary coupls of years, and thus essentially
dictaies a new process fechnology trom
Intel svary fwn years,

2074 =zalled by, as did 2017, In 2078,
Intel released a very small number of
dual-core processors based an s 10nm
node. But they were wvanishingly rare
and not true retal products. Even Intel
described those initial 10Am products as
lowr volume.” T we ware cynics, we'd say
they existad anly o that Intel could claim
that 1nm was in production and on sale.

Whatever, it's only now that 10nm CRLs
from Infel are bruly availlable, albait with
restrictions, &t Launch, 10nm is pursly for
mabile plattorms. %o, what happenedy
Inevitably, Intel hasn't been expansive in
its explanations, but two fundamental
issues have very likely besn at play.

Orme: Intel was particularly aggressive
with 10nm with regard o transistor
density. ~ar some birma, the nomenclature
attached to production nodes has hacome
disconnected fram the size of izatures in
chips. In ather wards, the featuras inside

"14nm” Intel processzor—the transiztor
garesa, the logic cells, and 50 on—are not
actually linm. By Intel's own hgures,
lénrn feature size actually ranges from
d2nm through 39%nm. [ hat's the =ame tor
all major makers of integrated circuits,
lhe node mames have becoms labels,
indicaters of a given generation, rather
than directly retlecting feature size.

Amywiay, with feature size decoupled
fromn the node nomenclature, the label
“Mnm” dossn't dictate transistar density,
[hat's down to decisions made by Intel.
For 10nm, Intel aimed for “hyper scaling”
ot denszity, inthis case a 2.0 improvernant
in the number of transistors by area of
integrated circuit. That compares with
a scaling of 2.1x with the transition from
Jdnm to FZnm, and Zhx improverment
when lénm cames an skream,

Making matters worse, Intel wenft
after this hyper scaling just as itbwas alse
runmimg up against the Lmitations of ks
existing approachto producing chips using
Lithography bazed on ultraviolet [UV] Light.
It's the wavelength of the light usad that
informs the mimimom =ize of features in a
chip, UV Light weavelengthis in the order of
200nm. Using muliiple masks and other
tools, it's possible to produce feature

MWINE | HOL 2070 | e o
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10th-gen Core previews graphics technology that Intel will use bo take on Nyidia and AMD.

sizes smaller than the actual wavelangth,
Bt wath 10nm, Intel was pushing up hard
against the limitatiens of UV light, 10nm
is the end of the Line for LY Lithography. At
the same Time, the technalogy for extremes
WY or =W Lithography, with wavslengths
beloer T3nm, wasn't ready.

GEMERATIONAL SHIFT
I that= the 10nm story, what sbout the
10th-gen narrative? While Intel's 10th-ger
Core processors include new Tnm chips
there's much more besides. But we'll
start with the 10nm hardware, because
that's where the newest tech is found
10th-ger chips that are T0nm also
debut a new CRLU architecture, known as
lce Lake. Depanding on how you measurs
these things, loe Lake reprosents the first
sxtensively revised Intel x84 architecturs
since at least Skylake from 2003, and just
possibly the first Intal Core chips in 2006
For lee lake, Intel has cooked up bath
2 new microarchitecturs tor its CPU
cores, sunny Cove, and new graphics
tech, dencted Genll Graphics.
Tegether they form the basis of

Intel's key CPL and graphics technologises
going forward. The latizr half of the
equatior  includes  Intel's  uzcoming
dizcrete graphics cards, which are Likely
to be based on the same architecture as
the Genll integrated GEU inlce Laks.
Headline e Lake features start with
a claimed 14 parcent improvement in
per core, per clock CEU performarce

cormpared to Shkylake. Mext up o1z o=
2.5% increase in owhat Intel calls Al
pertormance, the addition ot AMXETZ2

instructions, two  times faster HEVE
video encode, integrated Thunderboli 4,
DisgplayPort 1.4a, and & whole let mere.,
In other words, lce Lake 1s no simple die
shrink  with a  Tew

teveaks., |It's
the first




mnajor overhaul from Intel in a long time,
veorthy of the 10th generation tagline.

For now, lce Lake is limited to mobile
applicabions and 15 excluzively availlable in
dual and quad-core variants for low and
ultra-low power apphications. Thus, lce
Lake iz targeted at thin-and-light laptops
and below, the laller emcompass=ing evan
slimrmer form factars, such as tablets

Arguably less worthy of the T0th-gzen
designation ars the other members of the
Line-up. For now, the most ztraightiorward
10th-gen CPLUs are the new HEOT [high-
end dezkiop chips], the beasis bazed on
ntel sworkstation and server techrology.
Hrnown as Cascade Lake-X, theyre 14nm
chips, ranging from 10 to 18 cores,

Feature-wise, theyre dead ringers
for their  Bkylake-X  predecessors,
which  offersd  essentially the =ame
microarchitecture and the same cors
counts. Howewer, the bDig news wath
Cascades Lake-¥ is pricing. Whila the 7D-
care Skylake-X chip waz priced at $%8%,
the equivalent Cascade Lake-X model is
just S5%0. Similarly, Intel has slashed the
arice nf the 18-care manster from 1579
n Skylake format o just $97Y for Cascade
Lake-¥, Inshort, Int2l has pretty much cut
oricing in half. The reaszon? AMD and the
massively increased competition it is now
oresenting, especially in the form of ks
latest Ryzen 3000 series processors and
mminent third-gen [hreadripper CPUs.

The fimal part of the 10th-gen puzzle,
for mow at least, 15 another set of mobile
CPUs, this time based on existing T4nm
oroduction techmology, an architecturs
derived from Skylake, and designated
Comet Leke., Just Lke the |lce Lake chips
we mentioned a moment ago, thess
Comet Laks processors are low and ultra-
lew powier madels, but alarg with dual
and guad-core variants, Comet Lake alsc
marks the first timme that Intel has offerad
Low-power six-core configurations.

Yes, you read that right. You can now
ouy & laptop based on & brand new 10th-
gen Intel Core processor, And if it's dual
ar quad-care, it may e low ar ultra-Llow
soweer, it might be Tdnmm or T0Rm, it mighs
oased on Skylake brorm 2012, or it might be
a brand new architecture, Exactly how it
makes sense that both aof these families
of CPUs, plus the HEOT multicare chips,
are zll desigrated 10th-gen 15 beyond
aur cemprehension, But what we can say
for sure Is that it makes tor a massie
headache when it comes o actually
recogrizing these CPUs in shipping
produsts, narticularly  with
regard to the mobile CFU=.
Bllow ws o elaborate,
Iraditionally, Intel has
designated its Low and

DHRE WE MENTION DESKTORS?

Intel’s 10th-gen CPUs are
here. But wait—what about
the desktop® For mow,
there are three different
farmilies af 10th-gen chips
and none are mainstream
desktop processars. 5o,
what gives?

Aecarding to the
narrative that has
emerged over the last year
or so, yup, the problem is
10nm. Rumaors suggest
that Intel is still having
problems clocking the
new process up, and also
with yields. The first issue
seems to be confirmed by
the Llow clock speeds and
relatively unimprassive
TDPs of the first 10nm
Ice Lake mobile chips.

By way of example, the
quickest quad-core Low-
power lce Lake CPU tops
out at 4.1GHz, while the
fastest of the new 14nm

Comet family, also part
of 10th-gen, hits 4.9GHz.
In the ultra-low poser
area, Intel rates lce Lake
at ¥Wto Comet Lake's
TW. In some regards,
those camparisons may
be misleading. It's trus
that lee Lake's Sunny Cove
CPU cores bring more
performance per clock, but
the overall picture doesn’t
seem o be of a production
process in rude health
and delivering the typical
benefits of a new node.
Ina desktop context,
of course, it'sthe clock
gpeeds thal are maost
warriseme. If the 10nm
nede really s the better
part of a whole gigahertz
behind T4nm in thal
re-gard, the 18 percent
burnp in per clock
performance that comes
with those Sunny Cove

coreswill be neutralized
by the lower frequencies.
What with the well
documented overall
delay to 10nm—araund
three years=—it's not
surprising that rumors
based on supposeadly
leaked rosdmaps and
suggesting Intel may skip
10nm for the desktop and
go straight to Tnm hawve
emerged, However, Intel
has explicitly debunked
such stories. A recent
official statement from
Imtel said, “We continue
to make great progress
on 10nm, and aur current
roadmap of 10nm products
Imeludes desktop.”
0f course, “current
roadmap” 13"t quite the
same as " definitely being
launched.” We'll belleve
10nm mainstream desktop
chips when we seg them.

IGE LAKE DESIGN APPROACH

NEW CORE AND
GRAPHICS

-
-

NEW TRANSISTOR
TECHNOLOGY

lee Lake |3 great far Laptaps, bul what abaut desktaps?

ultra-lowe power chips with "7 and
" zignifiers, respectively. By way of
example, the eighth-gensration Gore i5-
d250l) was a quad-core low power CELU,
with & 15W TOF and a masimum hoost
clock of 3.5GHz, whilz the Core (#-8500Y
was an ultra-lowy power doal-core model,
with a 4 2GHz boast clack, and a bW TOR
Is it a little confusing to have 2 dual-core
Coreid and 2 quad-core Care b Perhaps.
But the LI and ¥ designations at least
made it clear what clazs ot CPU you wers
dealing with, so there was logic of a kind,
Hut not with 10th-gen. Oh, no. In toial,
there are currently 19 different 10th-gen

NEW PLATFORM
INTEGRATION

mobile CPLUs te choose from. If we begin
with the Tnm lce Lake chips, the new
nomenclature gaes like this, Tzke the
naw Core 1-1050EY as 2n example. It's
a quad-core 10nm maodel with the mast
powertul "Imis” graphics option. Initially,
the branding is fairly straightferward, The
177 s Intel's established brand moditiar
indicating 2 high-performance model
withina given range of CPUs. Mkt up, the
0" indicates a 10th-gen Core processor,
Lptar, =0 good.

The next two digits, the "85, identify
both the specihc SHU in guestion and
its status as a low or ultra-low powsr
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Intel's 10th gen

&

THOSE NEW 10TH-GEN CHIPS IN FULL

In wehat is increasingly becoming an Inkel tradition, the new 10th-generation Core processor family is nothing if mot utterly baffling.
5o, here's every one of the new chips, along with their key specifications.

INTEL 10NM ICE LAKE-U SERIES MOBILE

Carea/Threads Base/Woast [GHz] LiCache TP HPL Umits EPU Clock [MHz]
Caore i7T-105BGT 48 2,336 Ax B 2 1t 1,100
Cora i7=1055GT &1 1.3/15 4MB 15% i 1,100
Core (5-1035G7 408 1.243.3 SMB RE Cbh 1,050
Care i5-1035G4 48 1.1/3.3 A B 13 L8 1,050
Core {5-1038G1 &3 1.043.3 4ME 15W 32 1,050
Core (3-1005G1 24 1.2/3.8 4MB 15%W 32 o5l
INTEL 1ONM ICE LAKE-Y SERIES MOBILE
Cares/Threads Baso/Boast [GHz| LZECache TOP GPU Umits GPU Clock |MHz)
Cora i7-1050GT 4/a 10434 aMB oW b 1,100
Core 15-103087 43 0.843.2 & H it ey 1,050
Care i5-1030G4 4d 0.7/3.2 &AM H o &8 1,050
Core i3=-1000G4 el 11432 4MB "y 48 200
Core (3-1000G1 i 1.1/3.2 4MB E 32 i)
INTEL 19NM COMET LAKE-U SERIES MOBILE
Carea/threads Base/Boast [GHz] L2 Cache TOP FPU Umits FPU Clock [MHz)
Core i7-10710U &2 1.1/1.%9 12MB 13% 4 1,150
Cora i7-10570L 4da 1.8/4.3 4MB 15W 24 1,150
Core 15-102100 48 14039 sMBE 15% 4 1,100
Care i3-10110U é 21417 48 B 15 T4 1,000
INTEL 19NM COMET LAKE-Y SEHRIES MOBILE
Cares/Threads Base/Boast [GHz| L2 Cache TP FPL Umits P Clock [MHz)
Core iT-10510% & 1.2/3.2 iMB ™Y 4 1,150
Cora i5-10310Y% 4/a 1.1/2.8 4MB ™ 24 1,060
Core 15-10210¥ 43 10487 &b H iy £y 1,050
Care i3-10110% a 1.043.7 LM H ™ T4 1,000
INTEL 14NM CASCRODE LAKE-X SERIES HIGH-EWD DESKTOR
Cares/Threads Easu/Boast [BHz| LECache TOP BPU Units FPU Clock |MHz)
Core i9-109B0XE | 18/36 | 3.0/4.8 24.75MB | 145W | NiA MY A
Care |9-10940K 14126 3.374.8 19.23MB T149'W M/fa I
Core i9-10920X | 12/24 | 35/45.8 19.25MB  145W NI M
Cora i3=10700X 120 38T 19.25MB - 145W hiA

Erofessor,
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fevieals

‘5" in this case indicating lowe
power—alternatively, 07 would signify
an ultra-low power chip. Keeping upf
Finally, the "G7°
graphics power, with "7 designating the
fop ter of Genll grophics, with fully &4
execution units. IFyou've got all that, you'll
ro deubt immediately grasp that the Gore

1L .\,.'". Lo 1

the level of  graphics,

ib-1030G4 s a guad-care 10nm ultra-
Lo ponwrer BW loe Lake processor with
2 top lurbo spesd ot 2bEHz, and Genll
with 48 execution units, right?
Mo, wehile this 1= 3 brezk from the
past, it follews a certain Logic, So,
gll Intel mesds to do 1= shick with
that Logic and we all have half o

NI



chance of keeping up. Except that isnt
what happens. For starters, even within
the lce Lake series, there's a Core i7-
MedEY, which breaks the 75" and 70"
indicatars for low and ultra-low power,
Sut thats nothing compared to the
confusion that cccurs when vou add the
alternzle Comet Lake 10th-gen mobile
OrOCSS50rs inta the mix.

[hat's because Comel Lake retains
the ald “LI" and “¥” designators. Thus the
Corg (#-10710U 15 a low power 15W 10LR-
gen  l4nm processor with six cores,
zen.2 graphics, and a top lurbo speed of
4. 70GHz, while a Core i5-"T0310% is anultra-
low power YW guad-core chip, agamn
with Gen®h graphics, and a maximum
lurbo speed of 4.1GHz.

Quite how Intel imagines mainstream
consurmars can follow any of this, we
nave no idea, Vs not entirely clear, far
that matter, wihwy Intel felt the need to ofter
twir parallel low and ultra-low power TP
series within the T0th-generation line-up.
Howevear, we suspect that concsrns over
1Unm production capacity are at the heart
of the ratter

| he nexi obwvious guesiion 15 which of
the two 10th-gen mobile families should
you go tor That 15 & very tough guestion
woanswer, unless you sither demard
six cores or owarl the best possiole
inteqrated graphics perfarmance. In the
first scenano, only 14nm Comet Laks can
deliver. In the second, you want an lce
Lake Processar wath ibs fancy new Ganll
graphics, But for everything else? It's
unclear at best.

Orithe one hand, lce Lake offers a more
ethicigntarchifecture that does more work
cer clock cycle, On the other, Comet Lake
SHUs tend ta clock hugher. As tar batisry
life, that's confusing, toa. You might
expact Tnm tech to be clearly superior
for hattery life, but the 10nm lce Lake
ultra-low power models, for instance, are
rated at W, while the equivalznt Comet
Lake options are pegged sk YW,

In practice, your choice will often be
dictated by other teatures, such as screen
technology, chassis quality, and 50 on,
Sut if you've marrowed down your cplions
and are left with both flavers of 10th-gen
CPU and Little 2lse o base a decision on,
ver'dl lean toward the 10nm aption for
ts stronger testure =et. txtras such as
inteqrated Thunderbalt 3 and suppeort for
QisplayFart 1.iaz maximize canmactivity
options, particularly when it comes to
adding future high -res displays.
Back on the desktop, of
course, itsa lot ezsizr. On the
HEDT side, the pricing of
10th-gen Czscade Lake-X

makes it a massive step

BET READY FOR SOME

DECENT GRAFHICS

Ower one teraflop of pure
compute performance,
suppaert for ultra-high
resolutiom HEVC encode
and decode, impraved
display pipelines, an
enhanced rasterizer,
variable rate shading, over
double the performance
in A0 rendering, and
support for adaptive
synt. This, ladies and
gentlemen, is the elevatar
pitch for Intel’s new Genll
graphics technology, as
seen in the new 10nm lce
Lake mobile CPUS,

In terms of actual
In-game frame rates,
Intel reckans that the
fastest Genl1l integrated
graphics core is typically
around 80 percent
faster than the Gen®.5
graphics found in elghth-
generation processars,
and sometimes over 100
percent faster. Much of

1080P GAMING

that improvement is down
to increased complexity.
Gen1l graphics tops out at
&4 execution units to the
rnaxirmurm &8 of its Gen®.5
progenitor. However,
the 48-execution-unit
iteration of Gen%.5 was
limited to a small number
of SKUs, whereasthe
&4-unit Gen11 graphics
is found im nearly half of
the currently availlable |ee
Lake processors, including
ultra-low power versions,
A0 performance aside,
Genll brings seme ather
very nice enhancements. [t
supports twa HEVC 10-bi
video encode pipelimes in
parallel, and in berms ol
display output, Gen11 can
drive three 4K screens at
the same time—two via
DisplayPort 1.4 HERZ, and
another courtesy of HOMI
Z.0b. Alternatively, it can
drive dual 5K displaysara

AVERAGE FPE |HIGHER 16 BETTER]

Is 10th-gen Core whare Intel finally gets in on the game?

single 4K display at 120Hz,
Mice. Yery nice.

Butwhat is the
relationship between
Genll and Intels new
discrate graphics chips.,
due next year and Known
as Intel Xe? Officially,
we dan'l Know, Bul our
expectation is that Xe will
be based on the same
building blocks as Genll,
but with seme additional
enhancements, including
hardware support for ray
tracimg. For those discrete
cards, the indications
are that initial SKUs will
Ime lude GPLIS with 128, 254,
and 512 execution units.
Given that Gen17 with &4
units is broadly good for
1080p gaming at 30fps
and decent detail Levels,
the higher-end e chips,
with nigh an 10 times the
complexity, make for an
interesting proposition.

torward in terms of value. You get doubls
the cares at any price point compared to
Skylake-£. As tor manstream desktop,
there are ne 10th-gen chips at all, for noes,

Owerall, then, this 1= the most
interesting  new  generation  of chips
tram Intel in & long tirme. But also the
messiest, 1t includes Intel’s first new
praduction mode in tive vears, and 1ts most
significant architectural overhaul in at
l=ast four years, not to mention debuting
what will probably be the hasis of Intel’s

graphical assault on Myvidia anag AMD. But
armalgamating the genuinely nes 100
products with & burch of rebaked 1€nm
chips under a single 10th-gen banner,
then caoking up soms of the most batfling
branding et devised, is alse a source
of trustration. At this point, the term
‘generation” as Intel uses it means pretey
much zilch. Sbill, you now know exactly
whal o expect frem the CPUs Intel has
deemed to describe as 1Uth-generation
Cere processors. For awhile, at least. (5
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ONTROL
F YOUR
UDIOBOOKS

Rip, convert, and stream your audiobook
collection to any device, with Nick Peers

YWHEM IT COMES TO MEDIA, vour FC has
everything coversd, right? There's Kodi,
Flex, or Emby for stariers, managing
YOl music, mevies, and TV with aplomk,
Except there's something missing....
Evervens loves a good story, and
gudichooks  lalang  withk  radio-style
dramatizations] provide an easy way to
devour books when focused on other
tasks, whether driving long distances
ar tweaking your PCOs hardware. [The
obvicus place to go for an audicbook
fie 1= Audible, but i ties you into a
proprictary  ecosystem  that  requires

”' you bo purchase your books outright via
= one-off fees or a recurring subscrigtion,

Furthermore, you'rs indebted to Audible's
oW apps and servers for accessing your

bocks. That's tine it vou're & tan ot paying
for streaming services, but the Lkes of
Flex, alang with audic-only services such
a5 Logitech Media Server, enable you 1o
stay in complete control of your media,
50 why shouldnt that be the case with
audipbooks? There's no reason. You can
incorperateyour audiokook collectionints
zxisting strearming services, but nome of
them quite hits the mark, Which iz where
WE ZOME M.

In this exhaustive guide, we'll start by
brirging all wour audichooks—whether
COLfree downleads, or purchased through
Audible —under ore roof. You'll mip Cls
cwactly the way you want your books
divided up, then tag yvour files consistently
lcomplete with high-guality embedded

artwork] to make browsing, managing,
and listening to audiobocks a pleasure

Unceyourmeadiaizin place, we'll reveal
how to set up a dedicated audiobock
zerveron your PG or MA&%S, ensbling you to
stream your audiobocks toany device in
your home—aor thurther aheld F vou want
accessan the go over the Internet, There's
even oftline zccess through your cell
phione should you wish to be able to Llisten
to wour books in the most remote spots.

Weve spent months developing this
project, experimenting, tweaking, =and
tearing cur bair out so you don't have to,
It's bbme to give your audiobook collaction
thee prominence it deserves, so simply
turn the page to put our carefully crafted
rescarch o goeod use
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audiobooks | 4
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YOUR FIRST STEF is to bring all vour
audicbooks under one dimital rock.
Start by creating a single folder—
Audiobooks” —somewhere  acceszible,
such as inside your Music folder, Inside
here you'll store your audiobooks using
the following folder structure: Callectiant,
SAuthor\Book. In other words, each book
has its own folder, inside which your
audichook can be housed in mulbiple files
[such as individual chapters, episodes, or
partzl, to aid navigation and plavback.

As an aside, the Collection falder laval
1= optional, de=signed to work with your
audichook server's support for multiple
usars, soyou canrestricl access to books
on & per-user level. More an that Later,

Mext, you want o migrate all your
audichanks inta this folder structure. I
you're an Audible user [past or presant],
check out the box BDelow on using
DpznAudible to download UCOHM-fres
MP3 copies of vour purchased books to
incorporats into your new sstup.

You can alsa ahbtain audinboaks from
other online sources—books n the
public demain (typically out-af-copyright
clzssics| have beennarrated byvolunteers
and placed on varicus wehsites, many of
vehich haws been produced by Librivor,
s head to ffips-librivoxcrg to browse

its catalog. Choose the "Whols book [zip
filel” option to download the book as a

DOWNLOAD

AUDIBLE BOOKS

series of MP3 files, one per chapter. Each
hle 1= tagged with author, title, and other
key details, and you can also download
cover art ko embed into the hles. More on
verifying those tags and embedding the
artwork later. Far now, once downloaded
extractthe contents of the zip file intoyaur
Audicbooks tolderaccording toyour tolder
structure: for  example,  Audinbocksh
ClazsicshHerman Melville'\Moby Dick.

RIP YOUR AUDIOBOOK COS

Anpther way to add audiobooks 1o
vaur Lbrary is to rip them from CO. We
recammend iTunes [install it through
the Microsaft Storz| for three reasons: It
has & built-in zudiobock library to awvoid
cross-contamination with  your music;
it C0 leokun database includes many
popular audiobooks, trom Harry Foller
to Stephen King: and it can jain multipls
tracks into a single file when ripping. This
helps mitigate those audinbook CDs split
intovery shorttracks to make them easer
to mavigate on GO plavers.
Afterinstzlling, cpen i lunes, and insert
vaur first audinbook CO. After 2 short
pause, you'll hopefully see the "C0 Lookup
Results” dialog appear, with at least ans
match o choose tram. Select the first in
the list, and click "0K.” Review how it's
namsd each track—ideally, you'll sze the
chaptars clearly marked, but if not, click

ey

am =
]

—— e
=

-
Tk

the “Optians” buttan [the cog next to the
gject button], and choose "Get Track
MNarzs" to chonse another from the list.

[Fyou caniisllwhichiracks correspond
to specific  chapters, double-click a
track name to start playing i, to see it
the chapters are spoksn at the start of a
track. Once entified, select all the fracks
that make up chapter ane, click “Optians,”
and zelect "loim CO tracks"—you'll see
the eelected tracks are now all linked o
imdicate they'll be mipped az a single hile.
Repeat for other chapters on this disc,

Eefore ripping, click "C0 Info” to review
the audichook's key matadata—youll alsn
need {o click this to manually enler the
imformation f the GO lookun database
found no matches. Yerify the “Artist” is
the author, and if necessary, tweak the
sudiobock btle in the album held—or
“album” name if it refers to multizle discs
or paris. [his neads to be identical across
all the audinbook’s discs to ansurs they e
ripped to the zame folder. Use the "disc
number” fields to specify the disz number,
If the gerre is currently szt bo "Spoken &
Audin,” change thisto “Audinbook," unless
It's & dramatization rather tharn & straght
reading. Finally, werify the compilation
box s unchecked before clicking "OK”
fallowed by “Import GO

lhe “lmport Setlings”™ box pops up.
Selact "MP3 Encoder” for the “Import

. Ta add your Audible
=25 collection to your

new DRM=free audiobook
collection, you need
Opeandudible, a tool for
managing and dowrloading
Audible books you own

to your PC, Head over Lo
hites:./epenaudible.org

to dewnload the setup file,
Launch it, clicking “Mare

info =» Run anyway” when

the SmartScreen filter pops
up. Once installed, launch
OpenAudible, and press Cirl=K
to connect to your Audible
account using Opendudible’s
built-in browser, Close the
window and, if necessary,
press Cirl-K to connect again,
then choose “Controls = Full
Library Syne™ to view all your

MR | HOL 2079

previous purchases in the [ —

rmain OpenAudible window,

By default, all downloaded
audiobooks are converted to
MPZ [verify this via "Edit =
Preferences”), To download a
single audiobook, right-click it
inthe lower pane, and choose
“"Download.” Keep an eye on
the “Audio Book Info” pane,
which tracks the progress of
the download and conversion,

OpenAudible downloads
audiohooks as single files—if
you want bo divide them into
parts, choose "File = Split by
Chapter.” Browse to C\Usersh,
{usernameNOpeniudible:
mp3 [substitute {username}
with your usernamel, where
you'll find all the converted

files, Select one and click

1 .\,.'". Lo 1

[
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"Dpen,” then select your main
Audiobooks folder, and create
the required Author/Title
sublolders before selecting
the Title and clicking “0K." If
Audible has chapter data, your
files are split accardingly.
Once complete, switch to
MP3Tag, and follow the advice
in the main bext to renumber
the tracks correctly, then
automatically retitle and

........

remame each file according to
how you want te do so lsuch
as "Chapter 01" or "Part 027).
Finally, the artwork has anly
been embeddead into the first
title, 5o selecttitle 1, right-
click the artwork, and choosea
"Copy cover.” Now select the
remaining titles, right-click
the artwerk again, but this
time choose "Paste cover”
before clicking "Save.”
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The SubStreamer app for iFhone works beautifully with Booksonic servers.

and Chaplter 106] or use a lool zuch as
Frae MP3 Joiner [wwoer corvertaudiofres,
comftree-mpi-joinerhbtml] to combine
them inte & single file. Free MF3 Joinar
5 & hny poriable tool that doesnt
reconvert the files—it just stitches them
together. Launch the app, then click ths
first "Browse” huttan to szlect the fils
containing the hrst hall of the chapter

Jsing” box, and click "Custom” under
“Hefting,” Audinbocks dont require tap-
quslity =ettings, so0 mimmize the space
they take up hy setting the "Sterea Bit
Hate" to d4kb/s. Leave the other settings
as they are and click "0OK” twice. Wait for
the disc to be ripped, then repeat faor any
ather discs in the audiohook set.

JOIN CHAPTERS

f yours mpping @ multi-disc audichook,
theres a gond chance some chapters will
be =plit across two discs. You can elther

pefora clicking the second “Browse’
bution to select the second halk, Finally,
chopse & suitabhle output name  |such
as Chapter 107, and click "Join.” Once

ATH-M5RT—
headphanes

heavyweight.

verify tha new file exisis alongside the
origiral two, which vou can now dzlete,
By default, 1Tunes rips all COs to its
pwn iTunesi\iTunes Media\Music folder.
Mavigate here to hnd a folder named
after your audishook™s author, Qpen this
o reveal the audiobook tolder, which
yvou should move to the Audiobooksh
Collection\Author taldar you made earlier.

TAG YOUR AUDIOBDOKES

Orce you've ripped your first audinboosk,
you need fo Gdy up the iags. Hecsuse

high-res audin

fromthe aural

Audie-Tachnica

leave them as they are (say Chapter 10a

BUILD A LOCAL
AUDIOBOOK LIBRARY

|! Hawing brought all your
= audiobooks together,
now all you need todo is
play therm. If you only plan
tao listen to them an your PC,
both iTunes and MusicBee
[hitps:astmusiches.com]
offer dedicated audiobook
views, enabling you to not
Just split vour audiobooks
from your music files, but
also lake advantage of
specific audiobook features,
such as the ability to pick

up from where you left off
during playback.

If vou plan to go down the
ITunes route, we recommend
moving the Audiobooks folder
back ingside the default (Tunes
MediaMusic folder. Afer
being added to your (Tunes

library, you'll find them
automatically classified as
music, You can move them
across by right-clicking a title
[or titles) and choosing “Get
Infe = Options tab.” From
here, change its "Kind" to
"Audiobook,” It then vanishes
from the Music library [switch
to Audichooks view to get it
back]. Sadly, the way iTunes
works isto sort the audiobook
library by title, so multiple
entries for each audiobook will
appear. Ta fix this, download
the AudiohookSartMName
script from http:/fsamsoft.
org.ukfiTunes/scripts. asp—
once done, select all your
audicbooks in ITunes, then
double-click the script. Click
"Yes," and wait for a minute

complete, click "Open Quiput folder” to

ar sa for it to perform the sort
silently im the backg round.
If your security software
protests, you should either
allow the script to rum,
or temporarily create an
exception for CAWindows',
System3I2wscript.exe.
MusicBee also has a
dedicated audiobooks view—
after adding your audiobook
folder to the Ubrary, you

Qe aine e on

audinbnoks

use the sames tagging

U e R RET T
e e oty e g

=T IR r

need to right-click each
author or narrater in turm,
and then choose “Send to =
Audiohooks” to transfer them
to MusicBee's Audiobooks
view, The primary advantage
of doing this is that MusicBee
will rermember where you
stopped listening to an |
audiobook, and then pick up i
from where you left off the I
next Lime you epen it
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audiobooks —

SYSTEM a5 your
music  files, you
have to “translate”
guthor  =nd  narrator
information to the correct
music-based tags. First, you
resd & tagging tool—our go-
fo app 15 MPdlag, which you can
download and install lor run 2s a portahle
appl from '
Launch  MF3Tag and  browse  to
Sudicbook\CollectionbAuther. Highlight
your audiobaok falder and click "Selsct
Folder” to apsn it. ALl your ripped files
should appear in the main pane, Start
by reviewing the unwersal tags in the
left-hand pane: Select all the tracks
and ignore "Title” [which says "<kesp="
indicating it contains multiple wariables
for each individual hlgl. Instead, focus
cn Cartist,” “Album,” TAlbum Artist,” and
‘Composer.” We recommendsd putting
thie narrater's rame in the "Artist” field,
and the author's mamez in the “Album
Artist” and Composer” fields, Verify
the "Album” iz the book's title. Make any
amendments, change the "Disonumber”
field ba "=blank=" and click the Hoppy disc
iconin the top-left to save your changes.
You can now turn to the tiles that make
up your audiobock. Start with the "Track”
figld im the main pane |screll right to
aceess jtl—this needs to be renumbered
sequentially from top to botiom, and
the guickest way 1o do this is o select
all your tracks, then choose "Tools =
Auto-numbering  wizard,”  Make  sure
"Tracknumber” iz checked and it's sat to
beginat track number 1, then click "0K.”
Mow review the “Title” teld. Each
title is an amalgamation of the titles of

AL i
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tracks you've joined

lo change this manually

click inside the first title, then type wour

replacement title, and press Enter io mowvs

on b the next ke, I, however, you simply

want to narme each bitle for ks component

chapter [Title— Chagter 07, Title—Chagter

02, and so an], speed things up by creating
2 custem acticn,

Salsct all your tracks and choose
Actions > Actions.”  Click  "Mow,”
name yaur action group "Quick chapter
titles” or sometking similar, and click
"0K.° Clck "Mew™ again, and choose
“Format walue™ as your action  tvpe
followed by "OK.” Salect "TITLE™ far
the field, and type the following inte the
"Format string” box before clicking "OK™
Mialbum®% - Chapter Snum(Mkracsk®,2)

Click "DK" again to return ta the "Action
groups” window, check "Ouick chagler
titles,” and click "OK.” ¥ou'll ses each
title renamed accordingly: Book title—
Chapter 01, Hook title—Chapter 02, and
so on, Don't warl the leading zera? Type

%title% - Chapter %track® intc the
“Format string” box instead, The actior
can be duplicatsd and modified to replace
“Chagter” with, say, "Episcde” or "Part.”

Finally, we want to repame the hle
names. We're using the convention “The
Calorado Kid—01.mp3,” "The Caolorado
Kid—0z mp3," and scon, Make sure allthe
tracks are selected, then choose "Corwvert
==  Tag—Filename” You're promplec

=

i

Booksoenic has a built-in player, accessible
through its web interface,

to select a Format string—type the
fallowing into the box, and click 0K
walbum% - Snum{%lrack®,2)

ADD ALBUM ART

Mopw your audiobock  hles
are correctly tagged, there's
Just ane fhing mis=zing: arbtwork, (o
embed this into each file, select all your
tracks, right-click the bElank arteors box,
ard choose “&dd cover” Once selscted,
the artwork should appear in the bos, st
which point click  Save,”
Werecommend sdding a square image
i IPEG farmat of the audinbook = artwork
that's GOUx&U0 pieels. Wheara can you get
this? You could scan in vour CD cover, or
look cnline at gilgeYimeges google com:
tvpe the bitle of the book along swith
"audiobook” and sze what comes up. Click
“Teols,” then "Size = Large” to filter out
smallerimages, then roll over each rasult
o see whal size image is available, Click
pre, then righi-click i, and choose "View
irmage” ta bring it up inyeur browser, Save
this to your Downlozads tolder, ther open it
ir an image editor if necessary, 1o reduce
1is size to a0Uxs00 betore saving 1t im JFEG
format, ready to embed into your file,

BUILD ¥YOUR AUDIOBOOK LIBRARY

While It's possible to keep your audiobook
lirary on o single PC—see the box on
bullding a locallibrary, pg. 4% —ehere's the
fun in that? Beoksonic (httpbooksonic
oral 15 an sudiobook strearming zerver
that enables vou ta stream audiobooks to
any device an your netwark. It's a fark of
Subscnic, o well-knowe music streamer,
so 1t can be used on a wide range of
devices, including Android [Booksonic
app, =4], 105 [SubStreamer, free], and
Windows [MusicBee—see box, pg. 49,
Your main chaice is where toinstall the
server: There are installers for Windows
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Supersanic is a native Windows client for accessing your Booksaonic collection.

and Linuz it wou want to host b on o your
PG, ar you can install 3 Docker imags
btipsoihub dockercominilineserverl
oocksonicl, as we did on our QNAF NAS
viz Contaimer Stabion. Setup s simple on
Windows: Run through the installer and
t's in place, set to auto-start with your
PL. Right-click its system tray icon and
choose "Booksonic Control Panel” fostart
ar stap it, and enable https for 2 securs
cannection [via port 4643 by default].

The Docker image comes with a full
set of comhguration instructions—aon our
GMAR, we copied cur Audinbooks folder
nio the MAS's shared Media folder, and

created two "volume from host" instances
under “Shared Folders™ for  foonfig
painting to Ceontainer/booksanic/oontig
and faudiohooks pointing to /Mediaf
Audiobhooks respachively. We also chosse
to point joonfig to Container/booksonic!
contig. Other than mapping port 4040
fram the host to the comtainer under
Metwaork, thatl was il

CONFIGURE BODKSOMNIC

Once set up, log into the Booksonic web
nterface: Upsn your browssr and typs
ocalhosta0407 ifyou installed it onyaur
PC, or T192.168.xy:4050° [substituting

CONFIGURE YOUR I

BOOKSONIC SERVER

of access=—including which

- B

"y with the correct part of vour NASs IR
address). You'll see a login screen—entar
“admin” for username and passwaord, and
click "Login.” Read the "Geiling Staried”
message and click =to raveal a slide-out
menu. Choose "Settings = Userstab” and
pick “admin” under “Select user” Check
"Change password” and enler a rew,
strong password hefore clicking “Save.”
You'll be logged out—log in with the new
password, then follow the advice in the
hnal bowx ta hrsh conhguring the servar,
Mow vou can switch attention to your
clients—5ubsonic desktop clients are thin
on the ground [try Superscnic from the
Windows Storel, bul you can accezs znd
play through your weh browser orinstzll a
mobile app. such as the athicial Hooksonic
appon Android or SubStreamer on i05
laking SubStreamesr as an ezample,
on first launch, enter your server’s LRI
plus pori number [sa "19E 188 xyas00”
for internal-anly connections), and your
uzername and password, and it cannecls,
downlozds datz from wour Library, znd
enables you to browse and Listen to ot
through a slick user interface—when
promplted, click "Run Now" to perform a
one-time optimization, You can browse
wour Likrary, play back from any fiile, and
dowrnilozd boaks for offline access, You've
crezted ar Audible alternsbive that works
with all your audiobooks, and is accessible
from just about amywhere —well done! (5

|_. To start configuring
1= Booksonic, visit
"Settings =+ Media folders”™
to specify where your
audiobooks are stored. This is
where you can take advantage
of Booksonic's suppaort for
multiple users, dividing up
your library inkto subfolders,
then creating separate
libraries for each. Click “Save
to enable your changes, and
"Scan media folders now” to
start populating Booksonlic
with your books.

Once done, swilch o
the “Users” tab ko create
individual profiles for other
people in your household [or
further afield if vou're opening
access to the Internet].
Configure individual levels

libraries they can use—and
set a bit rate if you're worried
about bandwidth, Finally, click
"Save.” Users can then log
inte Booksonic with their own
account, and configure things
via the “Personal,” “Players,”
and “Shared Media™ tahs.

To see how your Library s
shaping up, click the "Home"
link, where you'll eventually
see them appear in all their
glory, artwork intact, Click
one to view it up close—=here
vou'll find Mo description
available” and "Marrated by:
Unknown" fields appearing
above the artwork. To fix this,
place your descriptive bext in
afile called “desc.txt” and the
narrator's name in a file called

“reader.txt”—both of which
you store in the book’s folder.,

Fimally, your Booksonic
server (s accessible anywhere
an yaur hoeme network, but
you can open itup for Internet
access, too. You need a
dynamic DNS address, such
as the free options offered at
www.nolp.com, then configure
your router to forward port
4040 to your server’s IP

Qe aine e o

address. If UPnP is enabled,
vigit “Settings = Nelwork™ in
the Booksonic web interface
totry automatic configuration;
you'll also find a link to https:/f
poriforward.com if you need
router-specific instructions
for setting up port forwarding
manually. Once done, point
your mobile app at htlps//
yourname.ddns. net:4040 to
access it from anywhere,

HOL 2099 K
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I SHIELDS UR

\ Twenty-three USE ports.

« Twenty-three! Are you kidding

“1us, M5I7 Yas, the X570 Creation.
has & whopping 23 USB ports,
14 of which are situated on the
rear I/0, which comes with its
own pre-installed shield. One
of those is & high-speed M.2
slot, and the remaining slots

, are suppoerted via connectors
on the board itself.




: XTRA, XTRA!

This motherboard comes with an added
bonus: an M.2 Xpander-Z card, which plugs into one
of the board’s PCle slots to provide two more M.2
slots, camplete with fan. The Xpander is a seriously
i well-made piece of hardware, with solid metal for
r\ heat spreading and a dedicated fan control switch.

N

MSI Prestige
- X570 Creation

HOW WUCH MOMEY should you spend on a motherboard? Mora,
says MSs Prestige series, Mo, more than that, teo, If you're the
sort of persom wha relishes the idea of dropping half a grand on
your motherboard ithis could be the board for you. It's part &f the
570 selection of Iinar-:ls. and as such comes with all the latest

R L% EET et 3 ik pells and whistles,.most impertantly the introduction af the new
H’,:_“ "™ _ % o 3, PCle 4.0 connections for M.2 drives and expansion cards.
p 5 L : We've alse gol Wi-Fi &, 10G super LAN for incredible
. : e b | intra-network transfers, and some extremely sophisticated
" CTA i mulliphase power design that provides maximum perfermance
\ 3 i - ¢ for overclocked CPUs. Heat management is perfectly handled,
: ! R y ' with steel guards for'the DIMM slots, and & massive heal pipe that
p ’ ULT RA'CDGL = almpst curves around the entire board. Then there’s the main heat
The on-board fan uses i plate, which has'a stylish metallic design Iwhich matches the rear
a dual ball-bearing setup to v ' /D shroud), and conceals two superfast Lightning M.2 slats with
| produce minimal moise, even .1 slicky heat pads,
when any attached 55Ds are ; ] Honestly, there are too many features for us to discuss here.
running at load. The same We could talk aboul M31's Zero Frozr technology, supporting this
goes for the fan on the M.2 miotherboard’s integrated fan, orthe support for AMD's Turbo USE
Xpander card, 5o even if you've feature, or even Audio Boost & funclions, As the name implies, this
gok both running, there's no board is perfectly suited to creators wha demand a powerhause
nead to worry, Between this i a% the beating heart of their system. The BIDS includes a "creator
and the three chunky heatsink center,” which enables users to switch between different system
modules, heat management is modes for oplimized performance, whether you're o vides editor

completely sorted. ar you work on modeling 30 architecture. -CHRISTIAN GUTTON




ALL THE TUTORIALS, AND ADVIGE YOU NEED TO
SUGGESSFULLY INSTALL AND USE UBUNTU.

Linux is taking over the world, and the last frontier i1s your desktop. Find out what all
the fuss is about with the ultimate guide to the most popular distribution, Ubuntu.
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. * .
Everyining you need o know %
1o %E:tyﬁtar ’i%.d With Ubunty L \OWRA

Ordering is easy. Go online at:

e WWW.mvfavouritemagazines.com

Or get it from selected supermarkets, newsagents, or bookstores
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STERP-HY-STER GUIDES TO IMPROWVING YOTUTR PG
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DAKACE BOOSTER

CHCONTAINER

CHECK FRAME RATES WITH XBOX GAME BAR

xbox Game Bar has had a lot of useful features added over the
years, to the point where it's actually pretty good now. It's got
achlievement support, system metrics, and capture tools—all
helpful for the serious gamer. The latest addition is a real-
time FPS counter, which can be pinned as an overlay in just
about any game. It charts a graph, too, demonstrating how

stable your frame rate is.

M
bl i

Pl

58 62 70

High refresh rate
monitor tweaks for
cornpetitive gamers

Enhance WO
video soundtracks
with Audacity

Arvances
VirtualBox tips
and tricks

—

CHEISTIAN GLU¥TON

HEATSUNK

I'vie mentisned thiz before, butit
aggravates ms, so 'l do it again.
Whal's wilk the eurrenl chsession
with stutfing bulky heatzinrks on to
B2 drives? The last drive | looked
at had RGE lighting and wouldn't
lilbetween the PCle slols onomy
motherboard without removing
half itz plastic ceating. Elsewhere,
| see minuscule screws to remove
a zolid block of copper, or clips
that app=ar easy to dislodge, but
shred my fingerlips.

Motherboard manufacturars
arealil, Leo. Every new mid-rangs
or better mobo szems to have its
owvr [lashy rew cooling selulicn
far M.Z drives, with dedicated
fanz or X570 molberboards, and
every variety of thermal guard
under Lhe sun.

Thiz is swiftly becoming a rant,
ard ey DK wilh thal. Why do some
motherboards camsawith 2 single
Tull plate thal covers all the .2
elats as well as the integratad fan?
Warse sl il the manulaclurers
wianted to slap RGHE lighting an
Lop of Lhal plate, there's going Lo
b= cables with tiny connectors ta
contend with as well. 'm zick of it
If ' buying & high-2nd M2 550,
resl assured | caraflord a migh
end motheroard. On the ather
hard, more affordable boards and
drives seem tatzlly lacking im the
healsink deparirment. We can'l
win—unless yau know exactiy wha
| have o bother al Samsung Lo gel
this nonsense sarted out...

R P . A Iy .
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presants: L

THIE MOMNTH WE DISSECT...

Fairphone 3

Removing

the mobo, we
discaver a bunch

ifixit of spring contacts.
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FARRHas [ The atarting "G things come inthrees,” the Dutch sacial enterprise

point for muszt have thought when planning the Fairphone 3, its
this manth's newast ethically made mobile device, sporting a modular
teardown is and repairable design.

& working

Fairphone 3.

* 5.85-inch IPS display with 1080x21460 resolution [427 ppil

* Qualcamm Snapdragon 632 Sol

= AGE of RAM znd §4GE of storage

» 12MP /1.8 rear camerz and front-facing 8MP 2.0 carmera
# 3 060m AR batlery

* Fingerprint sensor, headphone jack, and IPG4 rating

= \%e start by remoaving the back cover—no tools needed.
Compared Lo the bumper-like casing of the Fairphone 2—
aswell as the two-piece “slim™ versian that replaced it
rmidway through the product cycle—this is definitely an
improvernent. [ you liked the added pratection atfered by
Lhe bumpger, noworries—ils included in the box,

* Rernoving the battery is also easy as Android P—it lifts out
using the notch at the bottorm. With recessed contacts and
sturdier plastic casing, it's a well-protected throwback
we're happy bo see. AL T1.PTWR [3,060m AR at 3.858Y], this
juice bow is not the biggest around, but it should get you
through the day—and it it doesn't, you can carry a spare
and swap it aut. It beats the Google Fisel 3a in capacity
[11.95%Wn| but can't quite touch the IPhone Xs Max
[12.08Whl, lat alone the Shift 6m [14,3Wh], The underside
of the battery bears an encouraging message:  Well done.
You're what progress looks like.” Speaking of which, it's
tirma to make same mare teardown progrezs. Onward!

Fairphone decided La forgs the nifty display lock
mechanism fram the previaus iteration, opting far
slandard Phillips 00 screws instead. There's even a Ling
9 screwdriver provided. With the screws gane, we unsnap
o the display from the frame—revealing the same poga pin
" cannectar plus breakout board canfiquration seen in the
™y Fairphone £, Mole the map of the Demecratic Republic of
Congo here, illustrating the conflict-fres sourcing of
L rminerals such as tantalurm, tin, lungsten, and gold.

The Fairphone 3 comes with a family of modules: tog
module, camera module, and bottom moduls, much Lke i
the Fairphone 2, The loudspeaker now gets its own closed
madule |as cpposed to being part of the battom module],
and connects to the rear of the Dottom moduls, If you hope
fo uparade your Fairphone 2 with these modules, it's bad
news: Modules and their inner parts are not compatiole
But their housings are said to be produced from 2l
percent recycled polycarbenate, s there's some reuse,

Repairability Scare: 10 out of 10 (10 is easiest to repair].
Fey componenls ke the battery and screen have been
prioritized in the design 2nd are accessible either without
Lools orwith a regular Phillips screwdriver. Yisual cues
inzide the phone help with disassembling and replacing its
parks and modules. Replacing complete modules is very

You can lear many af easy. Going for theirinternzal parts is zlso possible and
'.'.' : the modules apart as requires a Tors screwdriver. Beplacement guides and
S well—a real boan for — spare parts are available via the manufacturer’s website.
= fixing prablems. Most components inside the modules are individually
':'.- replaceabls, althcugh some are saldered on, ()
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Tips and Tricks

YOULL NEED THIS

Dowwnload from weewy

srlualbng org for your
Windoews or Linux PC

dent they? Whether ¥ ree ook ng b bry oul an

alternative aperating systern or want to resurrect an old versian of Wincdows tor carnpatibility

U poses, Wi are the answer And thanks ta Wi '||'|H:--I e |'|:'|-"||:|-i"|_| '.'-|'|"||.'-|||-_;:|- |‘::|'.r.':-|"|"|'_|
that answer doesn't cost you a singls cent.

VirtualBox is pretty straightforward to use, of YWs
up and runring to cover your varicus bases. But perhzps performances isn't guite what yau'd
like it to be, or you're wondering whether there are olher uses Tor virtual machines you've nol
thought to explare. Inthis tutarial, we'rs going to delve icta some mare advanced tapics to make
sure your drtual machime 15 perlormmg alils best

lhere's stutfto speed upyour ¥ 's performance, such as ensuring yau've enzhlad hardware
virlualization in the BIOS, plus Lips ard tricks Tor whilizing your hargware beller, from selling
up multiplz displays tofine-tuning your ¥M's network s=ttings ta give it just the right amaount of
access ilneeds We'll exarmine ways Lo resize vour virtual disk images laswellas create images
from physical drives] and introduce you to the cammand-line VBo=Manzge tool. Encugh chit-

ol IIII:_-'I'II'.I'-",':II'.'. I:I|::||I:l|',IZ|l:||!|I I':I:.I

chal, itz Lime o slep your VirlualBox knew-how up Le the next level. -KICE PEERS

EHABLE VIRTUALIZATION

Most medern precessors, whether Intel INT-x or AMD

[AMD-Y], support wirtualization technology. This helps virtual
rmachines tap directly into the hardware o helg improve their
performance, and only a tool would run VirtualBox without them.
You can quickly verify that virtualization is both supparted anc
enabled on your PO by right-clicking the laskbar and choosing
“Task Manager.” Switch to the "Performance” tak [elick "More
details” if meceszary], and check the "Virtuzlization™ setting
uider TCPUT T it's absent, your processor doesnt support the
fzch [time for an upgrade?]. If it's there, but listed az "Disabled,”
youl reed b consull yveur mobg manual for the setting vou need o
enable in the BlIOS—tar example, an the M2l X470 Gaming Flus
mmaha for AMD Byzen CPUs, vou need to go to "Overclocking =
CPU Specifications,” and enablz "SYM Maode” [ L

Onceenabled, openVirtual Box, select avirtual machine, anag
click “Settings.” Select the "Systerm = dccelaration” tzh, where
you can check the “Enable VT-x/AMD-V" box, If veu also see an
"Enakble Mested Faging” optian, maks sure it's also checkad to
allow your hardware o handle certain memary management
functions, and otter an additional boost.

There's also a "Paravirtualization interface™ drop-down, set
fo "Default” by, er, default. This ensures that Hyper-Y is selecied
for Windows guests and KVM for Linug guests, The "Legacy”
option should be avoided in all cases sxcept whers your WM was
created veors age inaversion of VirtualBox before 5.0
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SETUP MULTIFLE DISFLAYS

Your wirtual machines can—05% permitting—

handle multiple displays, just like your main
PC. These can be run as bwo wirtual windows within a
single display, butit's mare practical torun them an twa
physical displays, as vou would your reqular deskiop.

Start by wisiting the "Display = Soreen” sectian
of yvour ¥h's settings. Make sure the mazimum HEAM
[N7BMB or ?58MB depending on the guest] has hean
aszigned to your VM's videa memory, then push the
“Manitar Count” slider ta 2, Thers will only he 2 green
bar betwesn 1and £ it you have two monitors attached ta
vour PG both are switched on, and the desktop has been
exiended betwesn them.

You'll see a “Scale Factor™ slider setting, tog—
thiz 15 primarily tor higher-res displays. Ignore the
recormmended 175 percent setting for your &K display;
we hnd 200 percent 1= much clearer. You can configure
the scale factor independently for differently cized
displays: Just click the "All Monitors™ drop-down to
select epach display in turr, Also verify the VBOXSVGA
adapter has been szlected as the graphics controller

Orce configured, start your virtual machine and
press Hight Ctrl-F to run it full-scresn. |Fit's showing an
the wrong display, roll the mouse b the bottom-middle

RO, DAk



IMPROVE PERFORMANCE IN VIRTUALBOX

1.5WITCH GRAPHICS CARD

IFyou've got twao graphics cards
installed, right-click the YirtualBox
desktop shortcut, and look fora "Run

sure you choose yaur more powerful
graphics chip.

2, AUNYME ON AN S50
Avoid trying tarun virtual machines

4. CHAMGEYOUR POWER PLAM
Open “Settings = System = Power
& sleep,” and click ~Additional
power settings™ to choose the “high
with graphics precessor” oplion—make performance” plan; you may find a
CPU-specific aption [such as "AMD
Ryzen Balanced”).

& UPGRADE YOUR RAM
Mow’s the time to upgrade your PC to

[

P e R

BE. ADDMORE CORES

Open your ¥M's "Settings =» System
—» Processor” tab to allocate more
processors to your YM=—quad=core or
even octa-core is possible with a CPU
possessing 14 threads.

&. INSTALL GUEST ADDITIONS
Make sure the Latest version of the Guest
Additions is installed, as these install

from platter-based hard disks—setupa 16GE or even 32GE of RAM, allowing you graphics drivers that enable you to take

dedicated 550 for all your ¥Ms, and cut
dawen an your thumb-twiddling time,

of the screen, and choose "View = Virtual Screen 1 = Use Host
Soreen 2" tomove it o your secend display, where it should scale
up properly according to your previcus  Scale Factor” zethings
a5 an aside, you can reconfigure these settings from the same
"Wiew = Virtual Screen x” menu if they're incorrect].

oo You o should find  wour secondary display starts up
aufomatically with the first, whether displayed on & secondary
maniter or in a virtual window [Image Bl If it doesn't, check for
ancption to enzble it under the "View = Virtual Screen 2" menu.

METWORK SETUP
Typically, when playing with vour WM's network settings,

vau'll choose ane of twa “Attached to:” aplions: "MAT™ for
Internet access anly, o "Bridged™ te connect your WM 1o your
network. Sometimes, howsver, neither may be desirabla, but
thankfully VirtualBox makes it possible te chocse more flexible
setupsz with a rangz of cther options.
o Let's start with “Internal Metworking,” which enables you
bo join bwa or more WS in their own private network while
locking out outside devices, By default, this internal netwark

to allocate a decent amount to your ¥
lor run multiple YMs at oncel,

advantage of 20 and 30 acceleration to
improve basic display performance,

iz called "intnet,” but you can change it it vou wish [just
be sure 1o change the name across all youwr YRSl [T
vou'd Like o include your host PC [but no other network
devices] in that petwork, choose “Host-only Adapter,”
which crestzs a loopback interface bo joim your WMz to
the host, but ng one else, For slighily more access
b the cutside world [for example, to make i possible
fer other network devices to access virtual servers
indirectlyl, try "HAT Metwork.”

w Both "MAT MNetwork™ and “Host-only Adapter”
require additioral global conhguration betare vou can
use them, Wisit "File = Host Hetwork Manager” to set
up Ethernet adapters [camplate with IPva/IPvs addrass
masks for vour Vs and PCI Before enabling "Host-only
Adapier,” and "File = Preferences = Metwork ™ to zetup
MAT nebworks for your VRS e join,

s+ |F wou want your ather network devices to connect
oo wirtual server on your newly created MAT network,
start the ¥M you've ass=igred to of, and maks & note of
the IP address it's been allocated within the ¥M. From
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COMMAND-LINE USAGE

The VirtualBox GUI is a wonderful front end for ¥irtualBox, but
it"s not all-powerful, ALl available commands—and many maore
that arem’'t available from the GU—can also be issued from the
command prompt [Windows| or terminal [Linuxl, thanks to
the ¥EBoxManage command.

Before wou cam use YBoxManage im Windows, vou need to
register your VirtualBox directory as a path from which commands
can be issued via the command prempt: Type “environment”
into the Search box and click the “Edit the system environment
variables” shortout that pops up, Click "Environment Variables...”
to bring up the Environment Wariables dialog, then scroll down the
“System variables” section, select “Path,” then click “Edit.” Click
"Mew” and enter the path to VirtualBox, typically:

‘C\Program Files\OracleWirtwalBeox

Click "OK" three times and you can mow issue YBoxManage
commands ¥ia the command prompt. The tool is covered in deplh

in Chapter & of the VirtwalBox manual [

|, but it follows this basic syntax: (WHaxManage

. For example, to start your virtual
rmaching called “Windows 817 frem the command line, issuno

the fallawing:

You can also create batch scripts in tools such as Notepad to

automate multiple actions at once—see
for details.

the VirtualBox “Preferences = Network” dialog, click the “Edit™
button followed by "Fort Forwarding.” This enables you to route
access to the virtual servers through vour main PC—so, for
example, ifyou'd setup a vM running BookZanic, vou'd configurs
port ferwarding to allow other network devices to acoess it via
your main PC's I[P address.

MORE FILE-SHARING DPTIOMNS
Mavigate o a WM's "Settings” dialeg and you'll see 2

"Chared Folders” aplion that enzbles you to create paths

o specific folders on your host PG Simply specify your host
folder or drive, check "Autc-mount” tar instant access, and znter
a drive letter [such as T for Windows guests, or path [/medial
shared] for Linux guests if you want to mount itto a specific point;
ctherwise Leave it blank, and VirtualBox does the hard werk for
you. Your drive or folder appears Like any ather network share.

wAccess should work straight away for Windows guests, but
Linux guests may throw up permission errors. In that event,
cpen a terminal window within the guest, and izsue the following
command, substituting =user=" with your Linuz usarname:
5 sudo usermod a6 vhoxsl ~users

+ Heboolt your guest and vou should now have access. The
VirtuolBox Guest Additions den’t support older operating
systems, so if you find you're unable to mount shared folders ar
connect o a network, anather way to transfer files 1o the VM s
fo use WirtuzlBox's ad hoc V150 featura—basically a wirtual 150
file that's mounted s a CDar OVD arive, With vour %M running,
qo to "Devices = Optical Orives = Create ad hoc WIS0." Use the
Top bwo panes o pavigate o2 specific felder, then drag files ang
folders into the bottom pane [Image CI. Click "0K” and 2 virtual
arive with your selected files appears in the VM, Sadly, you can't
tranzfer files out of the YM from here. Alsc make surs you
access the drive by righi-clicking it and choosing "Open™ in your
Windows gquest, because 1t may ctherwize throw up an errar
about 3 missing apgplicaticn.

Virtualization i1s, broadly speaking, the emulation

of hardwars through software, so ever though
it appears you're chopsing hardware devices when
picking an audic contraller, netwark adapter, orgraphics
controller, they're actually software-based. Thiz means
a trade-off in performance, and restricts you to certain
types of devices, but on the upside, they've been chosan
to maximize compatibility across different aparating
systems land VirtualBox typically chooses different
options depending an the guest you're configuring).

e WirtualBox 15 slowly developing more ophionz to
access underlying hardware. The LUSB aption is one
such example lalthough, even here, the U=B controllers
are eoftwars-hased], as is the option to choose your
physical COar VD drive under "Settings =» Storage,” by
selecting "Host Drive” from the drop-down menu, The
U5H option iz particularly handy—add wireless support
tayaur guest viaa UEE or Bluetooth dangle, for example,
or plug in & controller to play some wintage games
[Image D). Note that you need to source—and install—
drivers for these in the usual way within your guest 05,

s Install the Oracle WM VirtualBox Fxtension Pack
Lenesnciualboz orgfekiilownlozds]l and you gain a
couple of additicnal hardware pass-through features to
play with. The major one allows hosts bo directly access
any connected webcams by selecting them from the
"Devices —» Webcams™ menu, while Linux hosts alzo
gain theorstical access to an experimental PO pass-
through option that enzbles you to access regular PCI
and same POle cards directly, too, Mate: [fyau're loaking
to gain direct access fo a graphics card on a Linux host
with the thought of potentially running Windows games,
it's a lomg shot at best. You might have more success

pxperimenting with KV |ym'g.‘,['||:||g-|-51|;|;|,u'|;| instead.

ACCESS DRIVES DIRECTLY
6 Another experimental feature makes it poszible

to attach entire physical partitions or drives to
yvour WM, giving therm direct accesz o their contents.
This comes with awarning about data less and reguires
mastery of the¥BoxManage command-line tool[see baxl.
If that doeset put yeu off, and you accepl responsihility
f|:|r potentially wming an entire drive, press Win-H, tyvoe

iskmarmt.mac” and hit Enter, Make a note of the dick

nurnber af the drive you wish b access, then izsue the
following wia veur hest's command promgl or termiral:
S VBoxMenage internalcommeands cresterewvmndk
dilename "CAUsers\=user_pame>\WirtualBox
VM= _foldar name='=fils_name=yrmndk" rewdisk
WAPhysicalDrived

5 MAKE USE OF PASS-THROUGH DEVICES
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s Substitute the path with where you wish fo store the
YMOK file, and give it & suitable name, Replace # at the end of
PhyzicalDrive with the disk number you recorded earlier—for
example, BWAPhysicalDrives .

» This creates a small wirtuzl YMOE file that pointz Lo
your actual drive, You can then attach this as a data drive

to your chosen wirtual machine viz its “Settings = Siorage”
page [click the floppy drive icon with the plus sign to add a new
storage attachment]l. For more information—including how
to access individual partitions anly—see winwvictyalboworgf
manual/ch0% html#ravedisk.

» & safer option might be to conver? your physical drive to a
YOI wirtual image—it'll bz larger, obvicusly, bul vour data will
remain safe, Read on to discover how,.,

RESIZE YOUR VIRTUAL DRIVES
? You know the drill: You created a WM with what you thought
was adequate space at the time, only now it's no longer
encugh. Simple expansion of wirtual drives is a straightforward
task within YirtualBox itsell: Just choose “File = Wirtual
Media Manager,” zelect your drive under "Hard Disks.” ard then
push the slider right, or enter your desired drive size lup to a
maximurm of 2TE].
s Bub what if vou want to reduce a drive's size for any reason?
"n’lrl.uaI.E-:u-: pr-:.'-hlblts thls g0 you need bo head to hitps:Sforums.
U3 =204 to download and run
the poriable I:ll:nne".l'ﬂl tool. This warks by cloning the virtual
drive, so your arigical VO is left unmtouched—simply  paint
your WM o the new YOI hle after it's been created in place
of your existing one,
» To reduce the size of your YOI, simply select “Increzse
virtual drive size to” and enter a smaller amount (thaving checked

L]

vou've left enough free space al the end of the drive/ into
the box, CloneVDI zlso supports converting disk images
te YOI from other wirtualizabion formats, including
Microsoft [VHD), YWare [VROK], and Parallels [HOO].
You can zlzo creale & virtual disk image of a physical
drive: Make sure you run ClansVl as an administrator
to gaim sector-level access to the disk, then simply type
WAPhysicalDrive# as cutlined inthe previous stepinthe
"Spurce” box, and CloneVOIl will detect if. Choose vour
destination, click "Proceed,” and follow the promots,

» More detailed instructions an using Clore¥DIl can
be found inthe “release notes tt” file that accompanies
the program.

HEADLESS AND DETACHABLE
B If you're running & WM as a wirtual server, you

mzy not need ta have a window into its oparating
system, in which case you can switch o a headlass
sarver oy clicking the down arrow next to the "Start”
button, and choosing "Headless Start” You'll see the
virtuzl machine start up in the "Preview™ window, but
there will be ng other indication s running. If you
subzequenily need zccess bo i, click the "Show™ button
te bring it inte view [Image EL Once done, click the
close window bution, then—when prompted—chooze
“Continue running in the background.” and click "OK™ to
return boits previous headless state.

o VirtualBox also offers o “detachable” option—this
iz practically icentical io headless, but starts up with
a screen, S0 you can log in mandally, fer exampls, but
vou can close the window without shutticg down. Again,
clicking “Show” brings things back.

TRY NEW VIRTUAL MACHINES

Running most modern and
versions of Windows (7 follow the guide at

anward] and Linux is simple
inVirtualBox, but it's capable
of emulating a wide range of
older and niche 05es, too,
Fancy dipping your tog

inta the Raspberry Pi's

How abaut emulating
an fndroid tablet? Use the
Android x84 150 as a basis—
Rasphiam desktop? Debian visit
Buster with the RPi Deskiop
has just been released—
dowenload the 150 from

for a guide to follow.
Older Windows versions
can betricky, too, thanks in

parttoa lack of support far
the Guest Additions. A series
of installation tutorials
exists on the VirtualBox

forums [look under "Gemeral
= Howitos and Tutorials =
Windowrs Guests”), but a
simpler solution for Windows
45, 948, or Me is tovisit

speaking of Windows,
heard about the React0S
project? This attempt to
render a lightweight form
of Windows inan open-
source environment is well
developed, sowhy not give
itaspininVirtualBox? Get
an 150 fram

—try your
older apps in this first before
struggling with an older
version of Windows.

for arange of ready-
made VDOl images. And
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ompetitive Gamers

YOULL NEED THIS

Younced 120Hz or above.

bout what s really important in a competitive gaming setup, and they'lla

t2ll yau the same thing: The truth hertz, A= nice as it is ta have RGE everything whirling sway
UNdar $our nancs, and an RTX 2080 Tich |"|i||._'. cut frames like tissue paper going thin |_|||
an industrial mulcher, it's retresh rate that often provides the biggest pertormance bensfit of
ol I'II:IIi'-\.'I': I gl il:II il' (=57 N II:
smagthness with the mouse are all marginal gains that 2dd up o samething substantial at the
Lap level. And because we all Tancy ourselves as an undiscovered STmple, we go cul and buy

the kind af componentry that the pros use, last in the fantasy that every failure and subsequent

sasier plaver mosement 1] ediction, and ar overall sens

B2 | wwswE | HoL 000

Depending o your GPL, Leabagoing in our enline carcerswas simply the resull of inferior hardware
you nesdthis to tweak and In the case af high retresh rate manitars, thougk, making the purchase alons '=nt gaing
roonilar performance Lo unlock the extra performance. Know whal will? This handy bow-le, There's an element o

personal preference at play hers
Lmal bagh refroesh rates allord you,
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S5ET YOUR REFRESH RATE IN WIHDOWS

The new panel’s out of its box, hastily assembled on to its

ztand, and an exciting new light glimmers farth. Excellent—
Bt voure not going 1o feel the benefits just yet. Your first port
ot call 15 fo night-click anywhere an the deskiop, selact Mvidiz
Contral Panel,” then navigate 1o "Change resolution”™ under
"Display,” and check oput the refrash rate option on the right
[ 1. Ifyour previous moenitor refreshed at 60Hz, Windows
will probably still use this setting for the new screen, too, unbil
you tellit otherwize, Do so by opening the drog-down menu ang
selecting the highest refresh rate availlable. You can also navigats
b bhis opticn by finding your monitor in Windews Device Manager
and hitting "Properbies.” You should see and fzel a difference
irrmediately when you meve the cursor around en your monitor
ance the higher retrash rate 1s selected and applisd.

OYERCLOCK YOUR MOMITOR

Some monitors alse include the ability to go beyond the

purporied refresh rabe by “overclocking.” Mo nesd o
stand ready with the fire extinguisher, though—although there
1= & small chance of damage with any torm of FC hardwsars
everclocking, this is pretty tame stuff next to ramping up the
care clock an vour 21,000 GPU. You need to enter your manitor's
digplay mend [by pressing the buttons onvour panel and waiting
for the inevitably terrible menu to zppzar], then navigaie o the
overlock setting | . On the Acer Predator XB24TH, for

1L .\,.'". Lo 1

. but the following steps will help you maxe out the advantage
FHIL IWANIUE

example, there’s an overclock menu within general
systermm setbings. It your monitor doesn't have a built-
i method of overclocking, you can furn to softwars to
up the hertz. Mvidia Control Panel, Radeson, and Intel
Graphics Control Panel all feature custom resolution
options that Lt you set 3 specihic refresh rate manually.
Maote that the higher you ga beyond your panel’s
tactory sethings, the higher the risk of frame-skipping
or potertially damaging yvour hardware, And remember:
Ihere’s no point running & retresh rate any higher than
the framea rate you can consistently achieve in game,

DISABLE G-5YMC

lhiz s a heartbrezker. You made the investment.

You beught into G-Sync, And now you're going to
turn it oft. Why't Because although G-5ync bas greatly
reduced input Lag wersus regular eld Vayne, it's still
not a5 low as going without, And in games such as
CoG0 and Quake Champians, where reaction time and
precisiondre pEFEITIEI.J'lt. youraimis tominimize lEtEI‘lC:."
whiorever it comes from., G-Syne makes things leok nice
and smocth, but that's not the same asbeing respaonsive.
s the difference between a luxury road car and atrack-
spec racing vehicle: Une's qouing tar comifort, the other
for performance. After a few more steps, you might want
to circle back and re-enable if, but we'll get to that.

WO



A NEW IMAGE

Why does refresh rate matter when
we've been spending o many years

[and dollars| chasing the FPS dragon?
The answer is probably “marketing,”
because frame rate is only one half

of the equation, Your GPL is the
bottleneck in rendering new images
be the screen, but your refresh rate

is the bottleneck in how often those
images are updated on the screen, 5o,
if you have a £0Hz monitor and your

still anly being updated 40 times

per second, &nd if you're gaming at
&0fps on a 120Hz monitor, the same's
true, Frame rates beyond 40fps do
appear smaokher at 40Hz, though,
due to decreased input latency, It's
just not showing a complete frame
any quicker than &0 times per second,
And that's where refresh rate comes
im. &t 120Hz and 120fps, your image is
updated 120 times per second, with no

game’s running at 120fps, the sereen’s

Mow the impartant part. Lead up vaur game, making

sure Veyne s dizsabled in the display oplions to mirimize
latency, and just take its temperature, Play & few rounds with
your new refresh rate [lmage Cl How are you performing?
Areyouexperiencing any stutters, noticeable input latency? Does
yvour mouses sensibivity feelOKY Vs pozsible that yvou might nezd
tooraise ar lowear the latter to suit the new smanther responses
vou're getting from the higher refresh rate. As for stuiters and
frams zkips, these might creep in if you've overclocked your
mankora bif too far. Exit the game and reveri back to the highest
factory refresh rate available, then ses whether yvou're sftill
getting stutters. If youre not, you over-owerclocked. If you ars,
it's likely a2 GRUSCRL issue,

4 TESTYOUR PERFORMAMNCE IN GAME

Hzrz comes yet another reluctant momeani—turning

graphics setlings down, Mobody lkes to deit, but if yeure
going b make the moszt of, zay, 144Hz, you nzed bo be olaying
ot Least 2t 144fps, and o rock-solid 144fps ot that, And it should
go without saving at this point, but maks sure Yeyno is disabled.
You can wse Mvidia Control Panel’s frame counter or in-game
benchmarks to figure cul vour performance, then dial down the
settings accordingly, Smoke effects and shadows can be the first
up against thewall, along with any fancy Lighting sffectz. fyou're
getting really desperate for performance, you can lower texture
quslity, too—ust make sure the settings you're changing aren’t
mraking it more difficult to spot enemics ingame,

5 LOWER SETTINGS 50 THAT FPS MATCHES HZ

Mow's the time to consider whether you'd rather have the
cimothness and zero sereen-tearing that G-Syne offers,
or the responsivensss and minimal latency of going without. In

6 EXPERIMENT WITH G-SYNC AND BRIGHTNESS

LN - BT
L 3 in
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wait between the GPLU and monitor.

EAME SETTIMGE

truth, this comes down 1o a combiration of your chosen
germe and a zplash of personzl preference. More of
the CH5:G0 cr PUBRG pros are sitting there with G-Sync
enabled, but in a titke Like (ota F or Sigrcraft i, where
you're pot aiming with pinpoint precision or moving the
camera around with mouse treslook, the latency might
not make much difference 1o yeu. If not: hooray! ALLthat
extra money you paid on that monitar wasn't for nothing!
IF 5o, well, at least you've got vour K:Dta look at,

= Mow's the time to make your exparience even uglisr
by messing arcund with in-game brightness and raising
it umtil eremies in darker areas are clearly wisible, but
not e mivch that veu lose the definitien bebween objects
and surfaces, Mo, it doesn't ook mce. But of you're going
te go the whole hog en this, ignore the "barely visible”
cantiquration imags.

SWITCH TO 4:3 RATIO
A final ruk of saltin the wound for the aesthetes:

Let's stretch your aspect ratic out so everything
looks fat and wrong (Image D] It may seem like a weird
move ab hirst, but the majority of C5:60 players use
a 43 aspect ratio on 169 screens, for Dwo reasons,
Firstly, running at 12B0x%00 an a modern machine gives
vou tons of frame rate 1o play with, and arguably even
mara importantly, the stretched azpect ratio makes
your targets bigger on your soreen, & sneaky move, but
one that pays dividends when it matters. &nd with your
garme new thercughly ruined in the eyes of the casual
observer, you're ready io compste without the slightest
excuse that vour monitor's letting you down. o
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EW

YOULL NEED THIS

Dowmload 2 free trial from

< filel

Luminar 4

nd sees Skylum’s image-editing app really come into
its awn with new &7 cleverness and = general overhzul of its featurss. It still rezembles
|'|"'|_|:- it a folder ard lot | |

tzke yaur pick of which to edit. It's nan-destructive, so you never save aver your original file,

i:'_||"||"-||""| Frare fhan -"ll":|ll"'ll":|ll with ite ah |i|:_.' i ||"'.|'t|.'|:_.' Py
instead LU P ti q & new one Ehat repres
[he Al features are particularly interesting, providing image analys's and improvement
opliors thatcan be applied as a one-shol "Look” or asan "Edil” thal gives you moare conlral over
the gutcome. There's everything from all-over image enhancemsant to smart sky replaczment
and porlral-centered lools,
A tree trial of Luminar can be obtained from bigskelumcomiluminar (drop down the
_urminar menu al the opl, whers you'll also Nind & Tull beginner's guide. We produced Lhis
tutarial using a pre-release version of Lumirar &, and while the basic functicnality will be the

2ts VO o II-III:.I"
- 3

same, some nterlace lealures may leok different on the iinal release. -1aM EVENDEN

MEET THE INTERFACE

For all its powerful teols, the Luminar interface [

takes some getting used to. It's determined to do things ks
way, which means unlike any other apg. 1T alsoe doesnt belicwe
in toclbips. Hover your mouse over someathing tor a5 long as vou
like, and o snippet of text is coming tovaur aid, The usual menus
are in the usual places, and “Undao” still lives an the "Edit” menu
sooyou can press unfamiliar buttens with no fear of something
gqoing badly wrang. some vzeful toals are spread cul across the
top of the interface, such 25 the Eve that reverts the view back
fo your original image. Mext to the Eye 1s a split-view button that
provides a before and after representation of vour image, with 2
draggabls divider you can position to see the eftect of your edits,
Crop” and "Export” have their own buttons, and the "+ at the
tar-lett gives impoart options, of which there are two: impart s
whaole felder of images, cheosing fram a filmstrip that appears
on the lett, orimport individual images, aka Quick Edits,

STARTEDITING

Once youve gob an image, there's o couple of ways Lo

procesd. [ he guickest s to use one ot the Locks, one-shat
filbers that Live in a filmstrip of thumbnails ab the bottom. One
ot the hirst parts ot call, it you're looking for 8 quick tune-up ot
your image, is the Allmage Enhancer, inthe "Essentials” section
vwhich analyzes your images, and applies color and cantrast edits
T it autormatically, s not perfect, butits better than many one-
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shot filters. If the effect is too strong, every Look has a
slider that can tone it down [ 1.

OTHER OPTIONS

If you're editing a landscaps, there may be more

appropriate aphicns. Many types of photography
have their own set of Looks, and there's an Al Landscane
Enhancer that's more targeted to roelling hills and blue
cskies, We're also fond of 'Warm Sunset and Autumn
Colars, which add a touch of the goldern hour toan image.

LAYERS

Looks are ene-shot: You click themr, cheose their

strangth, but there's nothing else you can do.
vl weant B build up o series of Looks, however, you can
da it using Adjustment Lavers. The "Lavers” button is
fourd all the way over to the right of the interface, and
locks like a stack of squares. Using the "+" button here
enables you to acd an Adjustment Laver on top of your
current imags, which lets you use another Lock. You can
useany of the Edits, too, whichare found under the pencil
and ruler buttan under the "Layers™ ome. We gquickly
made an old-Tashioned almost-sepia ook by placing the
Landscape E&W Look aver the top of the Warm Sunsst
Lock, and fading the BEW back with the Opacity slider
uzing the Lighten Blend Made [ 1.

kAL U SO Tl =
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EDITS

Dpaning up the bEditz pansl mmitially gives you some

basic crop, ratate, erase [a hit like Fhotoshop's context-
aware fll, but not guite as advancad, still clever and etfective,
thoughl, and clone stamp tools. To get to the real meat of the
Edits, yvou neasd Lo press ancther button—any of those at the tar-
right, Luminar’s insistence an doing things its own way can ba
frustrating at hrsi, a5 it can make it hard to find what you want,
but with practice, it all becomeas familiar. Edits are split inte
Ezszentials, Crestive, Fortrait, and Fro, wilh some old tools at
the bottom ina set called Deprecatad. Foraur landscape, we can
usa any of tzsentialz, butin Creative, there’s a real star waiting.

SKY REFLACEMENT

Luminar & can recognize the sky in your image, mask

oft everythung else, and either work on just that area or
replace it completely. [t startsin Essentials, with &1 Sky Enhancer
under “Al Enhance,” but the Al Sky Enhancer in Creative 1s really
gond fun, ¥You can chonse from a built-in selection of cloudy,
dramaic, or sunsst skies, orusayour own. [he app removes tha
shy fram yourimage and replaces it with the one of your cheice,
evan going so far as to adjust the hghting in the rest of the image
te match, It does a pretty good job, tao [ 1, although it
still gets caught up if there's samettung Like grass ar hair partly
nbscuring the herizon

PORTRAITS

Ihere are many tools in Luminar £ aimed at enhancing

partraits, including seme face-detecting &A1 Edits to go
with the ons-shot Looks, There are the usual sottzning and
smicothening optiens, including a Leok named Female Portrait,
which i1s disappointingly sobt-focus compared to the ruggsd
over-sharpening of Male Portrait, Elsewhere, veu'll find some
nice black and white options, too. In the 2dits, there's an Al Shn
Enharcer that affers the autamatic remeval of “defects” such
as molss or scars, but otherweise just =ottens the skin. There's

i Husrr et o e d o b e WA

Face Light, which claverly just brightens the tace in the
image while leaving the background alore, and sptions
for slimming the face, enlarging the eyes, "improving”
[seems to mean darkeningl the eyebrows and lips, as
well a5 whitering the testh. These head shghtly too
far inte caricature territory sometimes, but the facial
recagnition tech that's behind thair targeted edits seams
sound [ l. Being non-destructive, every Edit and
Layer can be toggled on or oft using & swilch on ther
respective pancls, and Egits com be reseb using an arrow
button in the same place.
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R&D .

Push Live System
Stats to the Cloud

YOU'LL NEED THIS

RASPBERRY Pl
Any model is 0K

TELEGEAM IS AN EHCRYPTED private messaging service with an open APl that is really easy
ko uze. In this tuterial, we're building 2 Telegram bat—code that reacts to commands issued by
the user from inside Telegram, Qur betwill give us the latest CPU temperature, CPU usage, and
current avzilahlz RAM for a Raspberry Pi [Image A]. -LES PoUNDER

e On oour Raspberry P, we now need to install the
Pythan library for this tutarial, Opern a terminal and type:
5 auda pip3 install pyTelegramBot API

o Glose the terminal when complete.

CODE THE FROJECT
Dpen your preferred Python editor [IDLE, Thonny,

Mu, ar similar] and create a new file. Save the file
as lelegramBelbpy” and remember to save often.

w We start the code for this project by first imparting
Librarmes that will provide the bonctionality in our
application. The first is the “telegram™ library for
Pythan, then we import "bme” bo control the pace of the
code, Finally, we import a library to enable Python to
investigate systemn resources.
irmport Lelebot
import time
irmport psutil

= lhe next st2pis to creatz an abject that will provide
alink for our code 1o the Telegram bot, This is handled
wig bhe AP key, unigue to cur bob. The object th creales
the link:
th = telebot. Tel=Bozl*Yaur AP KEY HERE")

e With o connection to Telegram created, we now
creake & handler that reacts to a specihc message from
the user, The message is fstats and inorder for it te be
iwentihied by the code, we need to crezte a test. The test
is ina function that checks the contents of the message
| magtext | io ersure that it 15 not blank, znd that it
contains the fstats command:
i@th.message_handlerffunc=lambda meg: magtext is
nel Mone and Ystals” in msglext)

& Medel B
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Before any code can be written, we first need o sign up for

a lelegram account [Image B]. There are many clients far
Windows, Linux, and mobile devices: for this tuterial, it woule
be prudent to install the desktop cliznt, Dot if you are completing
the tutorial on 2 P, you can use the web version, With the
account created and lelegram installed, we can now stari to
croeate a bot that reacts to messages, To do this, we need o use
the BotFather, an automated script that handlss the creation
and maintenance of Telegram bots. Open a browser to https:
lelegram mebattaiher then tell the BotFather that we wish to
create o new bol:
Smeswrhot

v Follew the automated instructions and after a short while
your new bolb s created. The Botkather provides a UHL to start
cur bot, and ar AP key, Copy the &P key somewhere safe—we'lL
rieed this later. Click the lLink to start 2 conversation with your
rw ROt You'll see o "Start” button at the bottom of the screen—
click this to start the bot. Thatisallwe nzed io doin lelegram tar
mwy, But wewill come back ot Later.

I SOFTWARE SETUP
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Free RAM

ACTIVATE!
Mext s the creation of 2 tunchion, =snd_welcome | that
triggers the start of a flurry of activity, First a variable
temparature s created and in there we store the output of the
camrmmand to read all of the sensors an the Fio Bot the output fraom
this command 15 quite densely packed, =0 an the nezt line we
update the contents of the variable sethatit targets anly the CFL
temperature sensor. For the hingl step, we convert the returned
varizhle into a list, snthat the contents can be easily selected.
def send_welcomelmezzags):
temnperature = psatilsensors_temperaturesi)
temperature = (temperature['cpu-thermal'][0])
temperalurne - Ii:,':[Ir,'lng'n:';,lI :_|r|,:]

As well as showing the CPU temp, we slso want to show
the CFU usage as a percentage, and the amount af free RAM
avallable. t's just one lne of code fo get the CPU usage and
slore it in avariable called epu | But for the memery, we first
nead to =ave all al the memory information to & variable called
memory , then extract the current available memory, which is
storad ina listwith anindsx of 7. This makes it the second itemin
the List, Then we use some math b convert bytes to megabytes,
and the roundl) command to produce an easily readable value,

cpu = psutilopu_percsnblinterval=1)
memory = peutilvirtual_memory()
memnery = memoeryl]

memory = roundimernary S 1024 S 1024)

Still inside the function, the next three lines handle replying
to the usar with the details of the server. First is the CFU
temperature, Using the  threply_to Tunction, we reply te the
original message via a string. The string containe 2 sentence that
tells the user what the data is, and irserted inte that senterce s
the cantents of the list tamperaturs that we crested earlier. But
v only need o specific piece of information, which is stored in
indax 1of the list—this iz the CPUtemperature in Celsius, At tha
end of the sentenoe, we add the letter "C7 te identify that we are
using the Celsius temperature scale.

th.reply tolmessags, 'CFU Temperature is
+stmtempearature[1])+'C")

The next bwo lines provide the data for the CPU usage and
the amount of free mamary. [Theywark ina similar mannerto bhe
temperature ling,

th.reply_tolmezzags, 'CPU Uszags iz retrlopui %)
thrsply tolmessags, Free RAM is “strimamory+HEB']

FIMAL CODE
lhiz 15 the end of the function, so we can now maove on
o the final section of code, which is a loop te continually
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check Telegram for updates | polling |, and to handle
any error meassages, and the user sxiting the code.
Lsing exception handling, we first try pollicg Telegram,
but if the usar requests to ext, an excephion 15 raized
and the code ends, Ancther cxception is when an
error 15 raised—thiz typically happens atter an hour of
o, If s, the code pauses for 15 seconds before the
lopp repeats,
while True
try:
Ehupolling’)
except Kevhoardlntermpt:
print{’EXIT"
hreak
pxeept Excaeplion:

tirme.al=epilh)

The code iz now complete and is ready 1 run.
Start the code, then go to the [elegram application, and
send the fstats message to your bot [ |. This
triggers the bot code to run and gives us Live stats trom
aur Raspherry PiL1t's as casy os that!
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YOULL NEED THIS to use the sams video-editing software as wyour favorite film-makers?
ightwarks has been used or Puip Fictian, Heat, The Walf of Wail Streer, and many mare—and

you can use it for Your owam dens, o0

Dowenload the froe coftwans

Thie core appis free, but if vou're a pre, you' llwant to shell out for extra teols and the highest

From geenerlwlis com, resalution exporting; for most of us, though, free is just great. The app contains sverything you
nead to sdit mavies and expoct to carmrmon file formats and services suck as YouTube

Bzfore you decide to make Sfar Wars in the shad, a ward of warning: Video editing is very

depr .‘|'|||i'||'_| 0n :.-.'-|||' F‘F._ i it |'|"'|_|||' Se a5 .-:|--"|'| |'|i'||_|-' -'.'|'|"|‘: oowdbiile '::l:.l'l'.'- ..'-.'|"||'|'|:'_| [Rg]s}

ropss. And dan't let other pragrams run when you're editing video—your app nesds as much
power as your PC can give il -CARRIE HARSHALL
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CREATE A NEW PROJECT

When you launch Lightworks, yvou're taken te the "Local

Frojects” screen. Unce yvou've worked on some projects, the
various rectangles are replaced by their titles and thumbnails
but to begin with, everything 1s empty. The app doesn't have the
familiar Windows meny bar—for example, the setlings bit is
accessed by the gears ican in the bop-right corner. Click "Create
Mew Project” and you'll see the "Mew Project Details™ pog-up.
You nesd to give your praject a bitle, and the app also asks you to
choose a frame rate—rthis is how many frames per secona the
Yideo will ba. It you dom't hawve a specithc ome inomind, Just stick
with the “Aute” aptien. If you wish, you can also add quick notes
inthe tzxi held to describe your praject.

FIMD ¥YOUR FILES

If you're nesw 1o Lightworks, it provides sn-scoreen tips

but wou can turn them off. The Log view 1s where you
lecate and organize the source material for your preject: your
video clips and your audio tracks, When you re working on a new
project, the "Project Contents™ it is blonk. Click "Lecal Files”
fo browse o and import the video clips that you want to use.
Dne of the key reasons Tor choosing Lightwerks is that, unlike
many video editors, ik doesr't just work with one or beo video
file formats; it canimport pretty much anything, which is a real
boon it you're pulling in widza from compact cameras or some
smartphones, Simply browse o the folder containing your video
and zelect the clipls] you plan o use.

IMPORT THE CLIPS

Ve ot immediately obyvious, but the videos inyour "Local

Files” pansl aren't added to your project unbil yvou impart
therr, Tode that, selectthem, then click the " Tmgort” buttenin the

B8 | s | oL 2009 | gedn e

loveer left-hand corner | . This can sometimeas
make your PC look as though ks crashed, especially an
lower-powered PCs, but be patient—the process can
take a tew minuies, especally with long, he-res video.
You'll mow s2e a three-panel view: clips in the tap-lefr,
previeyws at the top-right, and the project timeline at
the hottom. Don’t worry if you don't have any videps of
wour own to edit—yau can do what we've done here, and
download rovalty-free videos from gpeww pesels oo,
I hese videns are available for you to uze anywhere tor
free, including commercial use.

IMSERT ¥OUR FIRST CLIP

lo make wour wideo, you need to put the

companent parts on the timeline. s & little
like Lago tor video: You pul one clip here, then anothaer
one alangside it, and another after that, Drag vour firs:
clip to the wvery beginming of the bbmeline. You'll see that
Lightworks shows threa things, not one, here: The bitan
the W1 row = the vides, while Al ard AZ are itz left and
right audio tracks | l.

AaDD AMOTHER

PMost video projects are made of mulbiple clips

joined together, Drag yeur second clip en to the
timelire, just atier the first one ends. Whan you get very
close, it spaps to the end of the first clipg, so there’s no
gap. Once zgain, we have three tracks here: one vidzo
and two audio. Lightworks <olor-codies each of your
clips, =0 if's easy fo sz which one's which.

ADD A TRANSITION
Unless wou're doing it foer deliberate  effect,
it'’s generally a bad idea to mave between very




difterent clips without saome sort atbransihion, suchasa tade ora
wipe. To add a transition hetween clips, right-click the hit whare
the two clips mest gach other, and you'll see the "Szquerce”
pop-up. Select “Transitions = Add,” and choose the ane you
want. You can adjust iis sethings here, too.

ADD VIDED WITHOUT AUDIO

o far, all of ourviden clips have included their own audis,

but =ometimes your video will come without any audio at
all. &5 you can ses, twa of the three clips here dan't have audic
tracks [ ge L. Wou can eazily add audio by importing it and
dragging it to the timeline, or you can click the micraphans icen
immediately below the preview [it's in the strip of small icons] te
record A woice-nowver

TRIM YOUR CLIPS
Irimmimg a clip gets nd ot the beginning or end of it 1o
coarimeclipsin Lightworks, right-click over the clip you want
ta trirm, and you'll see the "Segment Commands™ cplions. "Trim
In” enables yvou to grab the edge and pull it e te get rid of bits yeu
don’t want without atfecting other clips. Use "Slip” and “Slide” if
vou want to adjust where ene clip ends and another begins

ADD EFFECTS

If you click the "WFX" tab, you can do some interesting

things tovour video, The first time you click the tak, you're
tzken to the color correction screen. ¥You can do bwo commen
tasks Rere: You can adjust the colors ina <lip so it looks mare
natural ar blernds betterwenth the rest of your project, or you can
make mare dramatic changes toits coler, This is ar extreme
example ob what happens when you change wideo settings
[Ima |—weve whacked the brightness right down to give a
mare dramatic effect on cur sunrise. Like any kind af tiltering,

Sample text

unless youre furning everything up to 11 for artistic
reasons, it's usually best ta do as little 25 possible when
you color correct; too much can maks your toclags look
distinctly add,

ANDYOUR TITLES

[t wou look closely abowe the color correction

neader, you'll see & little "+7 sign. This is
where you can add items such as scrolling titles or the
video IDs you get on music video channels and YouTube
clips. You can also gt b by right-clicking a wdeo clip
in the Y1 track and choosing “Edit = Effects = Add =
Titles.” We've gone for Star Wars-style text that ralls up
the screen [Image E]

CHAMGE THE TEXT

Your ttle setbings appear in a new sechon

underneath thie "Coler Correction™ bitof the "VFX™
window; scroll down ta =ee all ot il Simply replace the
sample text with whatever youswant 1o see, You can alzo
adjust the typetace zize and opacity, its positioning, and
its shadow or outline, Those two are particularly handy
where the video maoves trom dark to Light ar vice versa.

e ADJUST THE AUDID

Click the “Audic” tab to add equalization or

crossfades ta your sound. Ihere zre same
presets for reducing background noise, o you can roll
your own, too, &djust volume levels by dragging the blue
arrews on the sound meters at the top-right [ 1.
Io export vour project, simply return o the "Edit”
screen, right-click the timeling, and select "Sequence
Commands = Expart.”
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Video Soundtracks

I5 the s
Ferhaps you're a YouTuberwhe wants to give vaur videas an edge, ar a O0Y film-rmaker seeking

YOULL NEED THIS

S o - '\...' - o
enhanced 2udio ane

Thizs crass-platform app

sound effects, Before s

aut what can be dons on the easiest editor of them all: Aodacity. [b's available an Windows,

odebase and intuitive interface that has beoome

sund dull, or the background noisy?

.. H--.U = " Sl . .-' . H.. .-'. .. T i - " e P
NEING e aF FAoney ek |.||_|| diting suites, check
4 4

< availlable for Tree fror InLE, and naclls, with a mature :||'|-'|||i|'|_|
v audacitytzam.org. ot astandard among sudio enthusiasts.

IT you wanl Lo beeak your video's sound, you need o extract it lirst, then pul il back in the

video when you're dons, sowea've included a short guide o this—see the bax on the apposite

page. We pcked Baenlive [ol

our siden cdibor, becauso il s y B

the pest known on Linux, For

those just wanting some fun stuff 1o play with, we'll cover the sillisr stizcts first, then move an

Lo praclical effects o help polish your audio
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GETTING STARTED

In its default form, Audacity comes with o Limited number

of plugins under the "Effect” menu, which we'll examine
first, Seroll dowver to the battom of the st and you will probably
dizcover some Slugin” submenus containing a list of extrz
effects, These wers available on most installations we tried, but
v Can b guarantes their pressnce, so we'll cover these extrs
effects later.

Most ol the etfects here follow the same tow of lighlighting
some audie, opening the "Effect”™ mend from the main menud
then choosing your etfect. Usually, a new window cpsns with
pmerous setlings and o Preview™ button, enabling you Lo
adjust any necessary values betore you change your audio
Howeower, not all effects follow this workflew, and scme reguire 2
Little more explanation.

PITCH SHIFTING

Changing piteh enakles vou to tune audio up or down, 5o

you can make scmeone sound like either 2 chipmunk ar
James Earl Jones. However, unlike the change of sound you get
from speeding up or slowing down & record, pibch shitting does
this without changing the tempa or length of the audia,

Emable the ettect by selecting your audio and choosing
“Effect = Change Pitch,” The new setlings window is broker
into bwe parts: "Pitch” and "Freguency™ [ l. For the more
tonally aware, "Pitch” is the place 1o start, Here you alter gitck

T0 | v | oL 2019 | gein soare e
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JOHM KNIGHT

by starting from & musical note, and then chopsing the
note you want to shlt into—whatewver targat you chooze
iz displayed inthe numbar of semitones below,

It all of that 15 gobbledegook to you, Just use the
“Frequency” slider. Pull the slider right far something
higher, and Left tor something deeper. A indicator tells
vl what frequency vou'll shift from and ta, as well as
the percent of charnge taking place.

Silly voices aside, pitch shifting has mary practical
uzes. Forinsiance, it cansimulate an alder voice, or how
snmeans soundad in their yauth, In the musical world,
itis often used to compensate bor changes intempo and
recording speads, letting a recording be adjusted to fit
another performance wiathout changing any notes, or to
adjust songs to anothar tuning,

WaH-WAH

[his eftect reproduces the sound ot 2 wah-wah

pedal, Famous the world over since the 1960s,
thiz sound 15 used mosily by gquitarsts, where the
signal phases in and aut te create a funky, trippy sound.
Parhaps the most well-known szample 15 the flamous
guitar riff from “Voodoo Child [Slight Retural™ by Jimi
Hemdriz. In a conemnatic setting, & wah-wah sftect could
be wsed in cheap movies for alier invasions or a rippy
dream sequance. lo give it a bry, select your portion of
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sound and choose “Effect = Wahwah.” Flaying with the sliders
in the "Wahwah " window, we found the "Resonance” control had
the most immediately tangible affect, whila the "LFT Frequency”
shider changed the speed at which the effect phasaed inand oul.

= Guitars and B-movie sffects asids, wah-wah can add a
neve dimension to different instruments, such as during a bass
solo [ask any Metallica fan), or to add a little something to vocal
performances. For zimilar effects, try playing with any phaszer or
flange plugins [Image B].

REVERSE AUDIO
Thiz efect is pretly obvicus: Select zome audic, click

“Effect = Reverse,” and that portion of audio is reversed,
However, be careful where you plzce thiz in the waveform. If
it's in the middle of 2 lump of frequencies, there could be avery
rough jurmp in sound, along with a clickirg or pooping noiss,
Make sure that you either use this somewhere with saome blank
space either side, or zee the Later sections on fades and clicking
and popping o clean up the saund.

REVERE
Adds that big rezomant sound you get in stadiums, and

is often built in to guitar amps and karaoke machines. If
vou've aver hit the reverb pedal ona piana, you'll know instantly
the difference hatween a narmal piann saund and the massive
sound vou get with reverb. Music aside, vou can use reverb to
simulate different environments. For instance, you can take
spoken dialogue that scunded clherwise tiny and transform i
into something that seunds as though you're in an enormaus
theater or aircraft hangar.
= Ta give it a try, select some audio, and choose “Effect =
Heverb” from the main menu. In the new Heverb” window, vou
can tweak all sorts of options like "Room Gize,” “Pre-delay,”
"Sterec Width,” and so an. "Room Size” is fairly self explanatory:
A value of 1 might scund like youre in a bathroorm, while 100
may sound like a stadwm. If you click the "Manzge” bution at
the hattom-lafr, you'll find 2 number of factory presats, including
voczl settings, diferently sized rooms, and a cathedral.
= With creativity and experimentation, you can create some
clever egnvironment soundzs. For instance, oy turming down
the "Ream Size” and "Stereq Width,” but cranking up the “Wes:
Gain,” we werz able to reproduce a very conwincing sewer pipe
environment, Used judiciously, revers can transform gour
student OIY mowvies into something that feels mare epic, or
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EXTRACTING AUDIO

After you've imported a video clip in Kdenlive |"Project
=3 Add Clip®), extract the audio by choosing "Project =»
Extract Audio — Wawv 43000Hz." This exports your current
audio into lossless wave audio far editing with something
like Audacity.

Once you've finishied with Audacity, import your audio
by clicking “Project = Add Clip” again. Any added clips
are added ta the "Project Bin" panel. These clips can be
dragged on to the main editing field, and placed an any
audio ar videa track you Like—by default, a new track has
multiple audio and video tracks ready to use.

To piece together your final preduct, first drag your
video clip on to & video track, and mute the audio by
clicking "Disable audio” in the control bar on the left of the
track. Now add your newly mastered audio by dragging
the audio clip from the Project Bin on to an audio track.
Make sure both the audio and video tracks are praperly
aligned at 3:00, and your new movie should be ready to
go. Try the preview window in the top-right to make sure
everything has worked properly, and export your new
video by clicking “Project = Render.”

perhaps impari some slage presence bo 3 performance
ntherwise devoid of charizma.

ADDING MORE EFFECTS
B It vou're keen to play with more effects, the
Audacity website has a dedicated section for
plugins, available on the Download page. Audacity has
suppert for LADSPA, LVZ, Myquist, and YaT plugins,
Although LADEPA znd LVZ2 plugins were originally
designed for Linux, many of these effects have been
ported to Mac and Windows. However, Life is easier far
Linug weers, becavse your package manager is beund
be come up with decent resultz, and zny plugirs should
become available iroyour extended plugins menu.
# If the pluginz aren't in your menu, they may need
e be epabled in the plugin manager, under "Effect =
Add/Bemaove Plugins.” Here, you can zee everything
available, whether it's "Mew,” "Enakled,” or "Disabled.”

FADE CONTROL
Fadez are easy to axplain and use. They are what

happer when a piece of audio starts or finishes
with a gradual increase or decrezse in volume. Hather
than havirg an abrupt start or finisk, iUs o way of
gently tranzitioning in and oul of passages, making the
experience mere pleasant for the listener,

» Fades are very easy todo. Tefade in, select from the
beginming of your audio to the point you weant full velwme,
and choose "Effect = Fade In” from the mam menu.
To fade out, select the audio frem the point you want it
to start decreasing untbil you want silznce, and choose
“Effect = Fade Out.”

s Audacity's approach to fades 15 admittedly crude
compared e semething Uke Arcous, Otractor, or
Fro Tools—thozse apps have much more advanced
furclionality—but af least iUs inbuitive, IFyour fades are

n B WED I s of e T
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toco drawn out ar sbrupt, it may be warth adding more
silence te the beginning of the track and maving the fade
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turther up, or applying the tads more than once to adjust the
curve 2t which the valume spikeas,

Mot orly are fades handy for transibions, bot they are
genuingly useful in clzaning up broken audiz, as we will ses
Later in this tutorial. Ullimately, tades are an essential part ot
any professional’s toelkit, because they make your videos less
jarring by avoiding sbrupt halls in audig, as well az making
smooth transitions and cool exits.

CROSSFADIMG

[his ore sn'tin the main "Effects” menu, buiit is among

the extended pluging and is probahly installed by default,
Ihis technigue can be tricky to explain, but hopetully aur picturs
[ | will clear things up, Cressfading takes bwo sound
sources and slowly tranzibions bebween the bwo. Inoa mulh-
track editor like Audagity, this eguates o having two tracks
with 2 section at pverlzapping audio, then smoothly transitioning
between the bwo,

Firsiyounesdiohave yourtracks sitling one above the ather
sooyou can highlight the section of audio at the end of the first
track, and the start atthe sudioin the second. Bather thar having
one track simply end and then the track below start, thers reeds
Lo be some averlapping audio, o Audacity can tade betwesn the
bwea, 5o make sure cach track has some tail audic”™—a couple of
szcands should do. IF you dan't know howe to mowve audio, select
the Time Shift tool from the main teolbar or press Fo,

Mow, with the select tool, highlight the tail sudio of the top
track, and while your meuse button remains pressed, drag the
pointer down to the second track, highlight the first second ar
b of new audio, and release the mouse button, To apply the
etfect, choose "EHect = Plugins = Crosstade Tracks.”

dudacity now fades out the tep track while simultaneously
fading in the boftom track, with each track momentarily running
over cach other. Crossfading is very comimon in Righlight reels
and mantages, and allows scene chargses without bumps in
audio or awkward silences—it is absclutely cssential for Dls
jumping between songs.

CLICKS AMD POPS

If there are sudden loud clicking er popping sounds

through your speakers, theyre usually caused by very
sudden changes in amplitude—often o result of badly pasies
audio. [ here are fwo ways to hie this, First, you can try 2elzcting
the audin, and cheosing "Effect = Click Removal.” However, the

1L .\,.'". o 1

lower the threshold you set, the more likely it will have
crackly side effects.

For & more certain fix, find the bad part of audic,
and zoom in clozely on the wave, Highlight & portion of
the end of the wave, and apply "Fade In” or "Fade Dut,”
depending on which end of the sudio you're fiming.

WOISE REDUCTION

Audacity's nnoise  reduction ool uses A

ditterent worktlow to most plugins ard can be
initially confusing. First, Audacity neads a “naise profile”
imarder bo ganalyze the treck and know what to cut and
what to leave alone, To get started, find and select a
blark section of recorded audio that has background
noise, such as hiss, ground noise, traffic, ar whatever is
bathering you. Mow, from the main meny, choose "Effect
= Moise Reduction,” In the new window that appears,
click the "Get Moize Profile” button. Audacity now drops
hack te the main windoes

Mow choose all the audic you want to clean, which
i= likely to ha the whols track, Opan the Moise Recuction
window again |"Effect = Noise Keduction”], znd before
touching anything, click "Preview” to see how the frack
sounds with the getault settings.

If the results aren’t to vour Liking, start with the
"Moise reduction [dBI” slider, which turns the effect up
or down. s tempting to just crank the setting way
up, but the more noize reduction you apply, the more
a weird “swimmy” sound will appear, along with wary
dull audio, much ke a low-guality web mip. The trick is
to strike a halance betwean removing enough naise for
clarity, while still sounding natural.

The “Sensitivity” slider broadens or narrows the
number of freguencies et in. On some test audio neara
husy read, D sensitivity Let in all naise, but as we movad
the =hder rmght, hrst the trathe nose dizappesred,
then the bird noises went, and finally wa were left with
Justdizlogua—albeit vary thin and unnatural-sounding.

The last slider, "Frequency smoathing [bands),” is
tricky to describe. lurmed completely down, it had some
very strange artifacts that sounded like sci-fi androids
trom the als were talking in the background. Turmed all
the way up, the dialogue seunded more natural, but with
astrangs phasing eftect, almost bke wah-wah. Howeswver,
find the sweet spot, and it can really offsat the "swimrny”
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low-fi =ound of ton much noise reduction. If you're still not
gettinganywhere, zt the bottom are two choices under "Moize™—
“Reduce” and "Residue.” "Reduce” is the default setting and is
whazl you will have bzen using so far. However, swilch over Lo
“Residue,” and you can hear what Audacity is cutting aut. If any of
the sound you're trying to keep is in the Besidue audio, back off
on the "Hoise reduction” and “Sensitivity” settings.

w Ulbirmataly, if you can strike the right balance belwesn the
three sliders, you should he able to improve the clarity of your
audio, while adding a touch of professionalizm.

BADSTERED TO MOMNO
There is nothing more amateurish than a video playing

sound through only cne speaker, but fear not—mono iz
here to the rescue. You might think meno is 2 relic of ye olde
bmes, bul morg s perfect for certain zpplicabions: Vs exactly
centered, it comes through clearly on any sound setup, and it's
half the file size.

» Mano is an excellent choice for simple spoken monclogues
Iyes, that's vou, vloggersl, end any stereo music tracks can run
alongside maono tracks in Audacity with no problem. For stereo
tracks that have gone wrong, caonveriing to mono ceniers the
audio, and much of your audisnce wan't sven notice the lack of
stereo effects, or even carz if they do notice.

= Thare are twn meathads for mens conversion. For older
versions of Audacity, click the track menu [Left of the track], and
choose "Split Steren to Moo ™ Yau now have two separate mono
tracks, one cf which you can juzt delete. For newer releases of
Audacity, from the main menu simply choose "Tracks = Mix =
Wiz Sterec Down to Mono.”

» Gning the ntherway, through clever use of isolation and pan
conirols, vou can create new stereo soundtracks for old movies
[[mage O]—seae the hox an the right.

Co you have a soundirack with incanzistent volume
[Image EI? You can regain some consistency with
compression and normalization. But what's the difference?

w While nermalization raises seund levels across the track
to something more consistent, compreszion takes a mare
aggressive aperoach o scund dynamics, making quiet parts
louder and loud parts quister. Mormalization has less disdain
from sound engineers as it still allows for some realistic
dynamics, but compression’s brute torce approach iz popular

I 2 COMPRESSION AND NORMALIZATION

TutpE Thanneh: B s

TAKE IT TO THE
NEXT LEVEL

If you're frustrated with pure mic audio and want to make
your saoundtrack more flashy, you can use clever tricks to
add positional sound. For instance, if you have multiple
people taking turns to speak, or perhaps sound effects,
such as tires squealing or gunshots, you can isolate these
sounds by copying them into a new track, and muting their
presance in the original source. Then, in the new track,
you can simply use the pan slider to assign their position
within the stereo landscape.

Technigues like these can even create steren tracks
out of old meno sound sources, This can get tricky when
multiple sounds play at once, buk clever use of EQ and
technigues such as vocal isolation [or vocal removal] can
help cut ouk other naises and focus on the sound you're
trying to isolate,

The truly ambitious might try a surround sound
canversion [Image F]. Audacity’s interface isn’t really
built to handle surround sound—the GUI is designed
around mong and stereo—but creating surround tracksis
possible nonetheless. Although we won't be showing how
to make surround mixes here [there are plenty of YouTube
tutorials on khis if you want bo know more], we will give
yau one tip to get started.

Enable "Use Custom Mix" in the "Import/Export” tab
of “Preferences,” which opens a new mixing menu when
you export your work. However, dan't do this it vou're anly
going towork in stereo, because it will greatly complicate
your workflow. And, as always, remember to keep a
backup version of your original audia!

with radio staticns zs it guarantess everything can ke
heard—wvery impartant if you have 2 weak radie signal,

» To marmalize your audio, select your whols track
by double-clicking the audic, and chogse "Effect =
Mormalize.” The cption to normalize your masimum
amplituge to -1.0dE is a good choice for dynamic music,
but turr it up to 0dE if you dor't care about dyramics.

v To campress your audic, select your whole track
and choose "Effect = Compressor.” We don't have space
e fully cover compression, but the Deio most impartant
opticns are "Make-up gain for - dB zHer compreszing”
and Compress based on peaks” The first option cranks
the volurme right to the edge of the wavetorm, just before
it distorts, "Compress bosed on peaks” can have weird
side-eftects depending on whether itz enzbled. Use the
“Proview” butten e seewhether you prefer it en or off.

» Be careful with compression—whispers saund like
explosions, while explosicns sound like whispers, and it
makes everything sound like a beer ad.

o Qnce you've finished with your audia production,
vou need to export your weork. Under “File = Expori”
there is o submend where vou can choose 1o cxport 25
PRI, WAY, ar GG —or just choose "Export Audic” if you
necd a different format, IF you intend to share the audio
online, use a compressed format, such as MP3 or 0GE,
Bt if you're about to wse the audio in o video editor, use
saomething lossless, such as WAY, a5 the final product
will have compressed audio and video anyway, O
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in the lab | ™

Falcon Northwest Talon

20th Anniversary Gaming PC

This falcon is as beautiful as it is deadly

WHEN WE ASKED induskry veteran Falcon
Morthwest to provide us with a deskiop
that could crush benchmarks and
had a long-haired dude on the side, i
delivered—no questions asked. Joking
aside, the latest iberation of the company’s
popular Talon gaming PC is testament
o FNW's excellence and experience in
building awesame PCs. Falcon's towers
are bullt for gamers and power users, and
vihilz you might want a slightly different
configuration fer video editing, our 20th
Anniversary Talon was made ta crush any
gaming benchrmark into a fine powder.
Falcon Morthwests Talon has base
maodel  configurations  ranging  from
$32,000 to %£,000, and that's without
checking any optional boxes. Our build
came with all the trimmings for the tidy
sum of 35,314, and included a pair of
RTX 2080 Supers, powered by a Ryzen 9
3900X CPU, with 32GE of G.5kill Trident
Z3,200MHz RaM. To top it all off, an AlQ
cooler emblazoned with the FNW logo
kept the CPU temperature hovering
around a steady &0 C, even under Load.
Custom builds typically boast excellent
cable management, but Falcon went
beyondthecall here—itwas difficult to tell
where all the cables were stashed, giving
the imterior of the case an eerily vacant
look. While FNW is known for excellent
build gquality, its aesthetics have always
been muted. Newer configurations,
however, including the 20th Anniversary

BENCHMARKS

Cimpbanch A5 Mulli [Indax]
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varsian of the Talon, are available with
either custom UV printing or a handful
of pre-selected "Exotix” paint jobs. Our
configuration sported a custom paint
jab, with a slick UV printed side panel
featuring none aother than Geralt of Rivia,
whose muscular frame was merely an
aperitif te the power contained within.
The side panels swing open and Latch
with a magnetic closure, so yvou don't
hawe to unscrew anything to access the
components. The front panel can also be
quickly removed to expose the front dust
caver, The frent 1F0 features dual USE-A
ports and a single USB-C port onthe top of
the case, along with a 3.5mm audio jack.
The rear |/ is packed out with 11 USE-A
parts and ane more USB-C, courtesy of
the Asus Crosshair WII motherboard,
which also provides integrated Wi-Fi.,
The interior of the case has both
GPUs in a traditional Lateral mount, with
an MYLink 5LI bridge te concert their
efforts. The Ryzen 3200X is cooled via
an AID 2B0mm radiator connected to a
pair of frant-maunted 1&0mm RGB fans.
& single fan in the rear helps maintain
airflow to the rest of the case. The case
itzelf i= a sturdy aluminum mid-tower
that measures 17.25 x 8.75 x 15.5 inches,
and weighs around 40Lb. Mot prohibitively
large or heavy, but definitely nol flimsy;
the Talon feels like it was builk ta Last.
And last, The Talon performed
brilliantly against our top-tier zero-point,

RipJawves

ro PCle 550, All besks perfarmed at 8% at

matching arimpraving on the benchmark
scores in all areas, although making the
most of both cards in these post-5L1 days
is difficult, If you need to de &K gaming at
&0fps with all your sliders turned up, the
Talen can provide that kind of power,

s with nearly all pre-built custom
PCs, you're paying for a service, which
can be a small price for not having to deal
with things such as cable management
or painting a buff man on the side of your
computer. Bul it's important bo know
how much of a3 premium you're paying
for the guts of your PC, All the Talon's
parts, tallied up, cost around 53,400,
which means the custem case, three-
year warranty, and subsequent assambly
add around $1,700. The total still beats
similar custom builds from Qrigin.

FHW debuted the ariginal Talom areund
20 years ago. This model had the same
excellent components and build guality,
but was almost deceptively ordinary in
its appearance, While you are paying a
prermium, the botbom Lline is that if you've
got the cash, the Talen can provide you
with uncompromising performance in a
unique package, ~ALICE NEWCOME-BEILL

YERDICT

Falcon Morthwest Talon 20th

9 Anniversary Gaming PC

O SOARIMG Awesome
performance; slick aesthetics; clean build,

B BORING Expensive,

SPECIFICATIONS
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The Talon can really
get its claws stuck into
anykhing you throw at it,
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in the lab -

Asus ROG Mothership

Not a little green man in sight

RATHER APPEOPRIATELY for a computer
named after the lead wvessel in am alien
armada, the ROG Mothership looks like
samething from a science-fiction mavie.
More specitically, the bulky design and
weight evoke an air of "?0s comedy
sci=fi, like something a grumpy Agent Bay
might struggle to use while Will Smith
hovers in the middle distance. Unlike
the technology of the time, however,
this Mothership 15 a computational
powerhouse, packing ewverything fram
540G of memory to a minth-gen Core |9
pracessor, and more.

Like a Microsoft Surface Pro that'’s
bean on a particularly gloriows Burger
King diet, this hulking laptop's keyboard
folds down and detaches from the main
body, but don't be fooled=—this 1= no
conwertible machine. The keyhoard
doesn’t told around to the back ot the unit,
and while it does have a Surface-esque
kickstand, the Mothership’s glorious 4K
display is not touch-controlled. This is
a desktop replacement, for someone
viho needs to set up & powerful machine
wiherever they go, not a tablet for a train-
riding digital artist. If you tried to set
this beast up on your tray table tor a bit
of Skyrim on your transatlantic flight,
you'd be swittly ejected by some irritated
fellow passengers.

In Fact, it’s a little unclear exactly who
the target audience is for this product,
Don't get us wrong, it's awesome, and
we want five of them, but at $10,000, it’s
ditficult tor even the tlushest shopper 1o
raticnalize a purchase, Like a murderous
alien that comes to appreciate the natural

BENCHMARKS
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beauty of humanity, the Mothership is
havimg a mild identity crisis, The Republic
of Gamers tag implies that this is strictly
a gaming-focused system, as does the
black-and-gold design, and flashy RGE
lighting, but heaps of RAM, a 4K scraen,
and some [0OK, somewhat dubious]
portability sit it more within the purview
of creative usars. It's perfectly situated
for connection to an external 4K monitor
or twa, making it effectively a great
carnerstone for a home office setup.

Yes, it's great for gaming. With a
GeForce RTX 2080 GPU, it's mo slouch im
the graphical department, although it
does struggle at hitting the 4K potential
that the display ofters. Set it at 1080p ar
1540p, though, and you'll be able ta enjoy
top-notch frame rates in just about any
game. The keys are responsive, with a
reasanable amount of travel, although
a wireless gaming mouse is perhaps a
necessary purchase, as the keyboard
doesn't have a USB pass-through.

However, this system also works
prettywell as a content creation rig. 44GEB
of memory 15 a respectable quantity for
editing and rendering, and the Core i¥-
FYE0HK CPLU is practically as good as it
gets with laptop processors, comfortably
able to handle CPU-bound tasks. Any
video editor warth their salt would likely
be pleased with the Mothership's specs,
while a hardcore PC gamer might look
at the price tag and decide that they're
better off sticking with a custom-built
desktop. There's plenty of overclocking
potential here, at least; in fact, included
in the box are two AL adapters, both

ey TN 0% 0%

= Trson 500, wath an Iriel Core o WJIH,
performed at 10802 a1 the highest

of which need to be plugged in for
maximum overclocking.

Ferhaps our most pertinent criticism
falls an the designm front. When attached
o the main body, the keyboard's hinge
is a little too flexible for our liking,
meaning that the entire assembly shifts
a little when typing. It doesnt feel like
it's in any danger of breaking, but it was
& minor annoyance that drove us toward
using the detached configuration, which
deactivates any RGE effects you've set up
on the individually-addressable keys,

The only ather beef we've got with this
laptop=nother than the fact that calling
it a “laptop” is faintly ridiculous—is
the kickstand. It's razar-thin, instantly
reminiscent of the Surface kickstand. The
problemis that the Surface isanulbralight
guasi-tablet, while the Mothership is
anything but. Here, the kickstand
is tricky to set up, and feels like it could
be easily damaged. These are minor
annoyances, howewver; the Mothership
is still an awesome powerhouse ot a
product, and the high price can just as
easily be considered a premium for
Asus’s work incramming all that tech into
its chassis. ~-CHRISTIAN GUYTON

WERDICT

Azuz ROG Mothership
SPACEFLIBHT Graat for 1440p
gaming; detachable kevboard
works well.

E CRASH LANDIMG Some flimsy design
choices; extremely expensive. == -
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The Mothership is cooled by two
powerful fams and eight heat pipes.

i TN HOL 2018 k| 79




in the lab -

Nvidia GeForce
GTX 1660 Super

A good card to fill a narrow gap

EARLIER THIS YEAR, Mvidia launched its
new GTX 16-series with the GTX 1660 Ti,
GTX 14660, and GTX 1450 seeking to join the
ranks of the best graphics cards. The lack
af ray-tracing hardware is interesting
after last year's RTX Z0-series, but it
makes sense for the mid-range and
lower markets. When Mvidia refreshed
the RTX limeup with the Super models, wa
didn't expect to see that extend into the
GTX range, yet here we are. The GTX 1440
Super now exisls, leveraging the same
Turing architecture and TU116 GPLL

We're not saying the card s bad by any
means, butit ends upoverlappingthe GTX
1660 Ti im many respects. It still has the
GPU core counts and clock speeds of
the GTX 1640, butitgets GDDRE mamory—
which was one of the main differentiabtors
between the 16460 and 1640 Ti. Even mare
curigus, the GOORS memary is clocked at
14Gb/s, compared to the 12Gb/s speed an
the 1640 Ti. Basically, it's weird to have
a lowveer-tier card that's both better and
worse than an existing higher-tier card.
At least the price is lower,

The main specs are no surprise. It's
the same TUTT6 GPU, still with 22 SMs
enabled, now with 14Gb/s GODDR&. It's
important to note that the 1680 Super

BEHCHMARKS
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is intended to coexist with the other GTX
16-series GPUs, rather than replacing
anything. That means Mvidia now has five
GTX 14-series parts instead of three, The
other interesting aspect about the GTX
16-series s the lack of hardware ray-
tracing features. There's driver support
for DirectX Raviracing, but generally
speaking, youwon't get much above 30fps
even at 1080p. With the RTX 2040 now
starting at around $320, the GTX 1640 Ti
is in a tough spol. With the 1650 Super's
price of $229, that's a big enough jump
that the Super feals like a viable option.
Hopefully, this comes as a surprise to
no one, bul the GTX 16460 Super ends up
performing just 3 bit slower than the GTX
16460 Ti im pretty much every test we ram.
Owerall, the 1640 Super is 3-5 percent
slower than the 1640 Ti, and its about
1520 percent faster than the vanilla GTX
1640, The faster GDDRE memory didn't
provide the newcomer with any vickories,
but considering it has a ¥ percent deficit
in GPU cares, that's to be expected.
Practically speaking, there's almost
na difference in real-world perfarmance
when looking at the 1640 Ti and 1460
Super. Short of rumning benchmarks,
na one is golng to be able to discern

+ MNvidia GeForce 6TH 1640

! §9/3R
T

+ 1457
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a 5 percent difference, and tweaking
ome or bwo sektings down a notch would
make up for that deficit, Sure, a heavily
owerclocked 1680 Ti going up against a
stock 1460 Super might show a larger
gap, but a heavily overclocked 1460 5uper
should also come out slightly ahead of a
1640 Ti runming reference clocks.

The more pertinent question is why is
Mvidia releasing the 1840 Super? Does it
fear AMD's BX 5500, or perhaps the lower
prices an the RX BE?07 ‘We don't know.
Whatever the reason, the fact remains
that the 1680 Super is better walue
overall, It's officially $50 cheaper than
a 1460 Ti—a difference of 18 percent—
while performance is within 5 percent.

The thing is, while a %50 difference
im price ism't that big, particularly in the
high-end amnd extreme markets, far
mainstream and budget builds, where
every cent counts, the GTX 1460 Super is
an easy recommendation, It's nearly as
fast as its big brother, it costs less, and
it outperforms anything AMD currently
offersinthe same price range. And it does
all that while using less power, [fyou can't
go much aver $200 for a graphics card
upgrade and youre still running a GPU
that's seweral generatioms old, say hello
tothe GTX 1460 Super, ~-JARRED WALTON

YERDICT

Hvidia GaForce GTX 1660 Supear

B SUPERCHARGED Good 1080p
performance; battar valus than
1460 Ti; provan Turing architeciura,

B UNODERPOWERED I'-l'Il::.:,ing KT leatures:
crowded price paint.
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The 1680 Super comfortabhy
outpertorms the original 1660,
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AMD Ryzen 5 3400G

The new king of integrated graphics?

WITH THE 34005, AMD rmight have Intel
over 2 barrel inthe graphics departmant,
[Mis new chip s the most sophisticated
AMD AP chip on the markst, with four
cores supported by Hadeon HX Vega 11
integrated graphics. IT's alsa the most
sxpensive, but not by much; the 24000
costs $160—only 520 more than the
current price ol itz predecessor,
the 400G, Both uss Vega 17 graphics,
but the 35000 uses a 12nm architecturs
rather than the 2L00G% T4nm. With =olid
memary support and an excellent 4.YGHz
base clock, the 34006 lonks like it might
be the new king of integrated graphics.
Of course, AMD's main competitor far
this chip 1=nt its own last-gen CRU. The
oppesition to Radzan Vegais Intel's UHD
Sraphics, with the closest comparison to
Vega 11 being UHD &30, as found in CPLs
such as the Core 13-H350K and 12-B5U0K.
But Intel has a new challenger muscling
rm yery soon: its mew Iris Plus graphics,
which  boasts massively  improved
performance over UHLO. Intel 15 shaping
up to deal & serious blow te AMDS
pasition in the AP market, sowhat does
the 3400E do to selidify that position?
Well, those graphical cores coms
with 704 stream processors, and AMDs
simultaneous multithreading technology
means there are eight CPLU threads to
play with, It also get= a leg up on Intel by
including an excellent stock cooler, the
Wralth Stealth Spire, making the 340006 3
great chaice for cheap systerm builds, Its
2asy to install and compatible waith Z00
and &00-series AMD mobos [but soms
older boards will require a BIOS update).
One nf the ohvinous downsides is that
the 24006 doesn't have the Snm fen £

BENCHMARKS
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architecture used i the highsr-end
Ryzen 3000 chips, Instead, it's Zen+, 3
zpri ot halhway house that's maore Liks
the original Zen format with some added
exiras, found in the pertormance models
of the Ryran 2000-zseries CPLUs, such as
the d&00%. While there's nothing wrong
with the Jen+ architecture, it's rnow
over a year old, and the lack of a Jen £
APL makes Ryren's lineup all the mors
vulmerable to the arrival ot Irns Plus. fens
also lacks PCle 4.0 support far superfast
.2 drives, & big disadvantage compared
to the nan-AFL Ryzen 3000 chips,

PRICE AND PERFOERMANCE
Ot course, what really matters 15 bow
well the 3400G performs in the real
warld. Fortunately, it's pretty good. Whils
FIED s & tad steep for a mid-range &P
it's decent tor anaight-thread workhorss
CPU, and the 340006 is good value when
compared ta the other J000-s2ries Hyzen
chips. The Ryren 7 3T00¥ costs a litls
mors than double the price of the 340005,
and parforms twice as well an average in
most tasks utilizing all corss. The 340005
does excellently in single-core tasks,
still interior to more expensive CHUs, but
fantastic considering the price, Manuazl
overclockingis unimpressive linLine with
the majority of 3000-zeries Ryzen CPUs).
but automatic pverclocking wusing Hyzen
Master will see a solid adaptive everclock
of around 4GHz, squeeszing an extrs
Dpercent or 5o from your perfarmance
Pertormance compared to ths
provious-gen Raven Ridge CPUs [in this
case, the Z400G] is 2-10 percent better
on average, although 550 read and write
ratez are relabvely unchanged. [his

A&MD Ayzem 5 24000

Bierwder 280 Beta BRW |ppsl 1241 1,142
Cinabanch R15 Singls fMultl {Indazx| 147805 15& 318
POY-Ray 3.7.1 SingleMulti [pp=] SO3, 9% B I L
PCHark £ lIndax] 1,690 1457
Cry=talDizk & Sequentisl Read Wribes [H8/=] 14L920,2TY BT e
Takal War: Warhamsar 1l [Fpe] 14 i1

Feul scores are i b, Our Lesl bed conssl= of an ASRoch X570 Teicsi, 3205 o Dorsair Wergesnoe ROBE Pro
TORA-ZFNN, 4 Corssir Newiran 260EE SATAINESD, and a Be Ouisl! Dark Foesr Bmo 1200, A gamss are Deelad
at theer nighest graphical profie with &8 turned an, at 10200

iIsn't really surprising, though, becauze
maximurm transfer rates over PCle are
typically capped by the drive being used.
Conversely, parfarmance in gaming
15 impressive, with frame rates Z0-30
percent better tham the 24005 While
THEDp gamirg on the 42006 150t really
viahle, 720p gaming ahsaolutely is,

Price-wise, the 3400G 15 25 percent
more expensive than the older Z400G—
although the alder APU can be found for
a little cheaper than its RRP of 2130, The
pertarmance 15 goad, ves, but in terms
of raw value against power, it's not quite
up to snuli. The cheaper Hyzen 3 20006
may be a better call for those looking
to zssemble a GPU-less system, or the
incredibly cheap new Athlon 30005, The
24006 1= great, don't get us wrong, and
it rmight be the hest CPL with integrated
graphics on the markest right now, but
products that sit at the top of their
cateqory are obten nat the best value, and
that's the case hars,

AMD Ryzen § 34006

RYZING Excea
graphics; solid clock speeds;

grial slock cooler

B FALLING Lackluster overclocking
potential; no Zen 2 architectura; not the
best valua APU around

5150, hitpoVerod.com
SPECIFICATIONS
Base/Tarbe Clack i 1.7GH& 2hH:
CoresfThraads i s
Lithography v 12nm
Catbi i tMRB 13
Memory Sappark DORa-2933
Memery Channels 2
Max FCle Lanes |
Graphics ! Radeon R¥ Yega 11
TOF OGN
Lo guegns | HOL 2013 K
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The eimple black and gold
finizh looks great without
being distracting.
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MSI MEG
X570 Ace

Ace in the hole

THE WENT ARRIVAL in the vanguard of
¥570 motherboards is M5I's latest, the
MEG X5Y0D Ace. It brmimgs all the new
bells and whistles, fram PCle 4.0 to
Wi-Fi 6. It's lovely looking, too, with
sweet gold accents and an “infinity” RGB
bghting pamel that utibizes a strip of LEDs
between two mirrored planes to give the
appearance of an endless void reaching
down inte your system, It's nothing we
havent seen before, but that doesn't
make this board’s design any less coal.
"Cogl” takes on a double meaning
here, im fact, because an integrated
fan, M.2 drive thermal guards, and an
extended heat pipe that runs parallel to
the DIMM slots mean that temperature
management is top of the list for this
maba. Those M.Z thermal shields are
individually detachable, too. Mo giant
awkward panel to remove here, just a
single screw and clasp, with a sticky
heat pad underneath. Plus, theyre
really easy to remowve completely if you
want to use your 5505 own heatsink.
This convenience shouldn't feel alizn
to us, yet boo many X570 boards we'we
seen recently opt for a single large heat

BEHCHMARKS

ME HEG X570 ACE

Tech ARFs K26 [fps]
Cinebemnch R1% Multi lindex)
Fry Randar [m:s|

AIDALL Memary Latency [nsl

plate, aoften connected by a cable to the
motherboard itself for lighting purposes.

&t %370, it's at the steeper end of
motherboard pricing, so it's got to do
a lot of work to justify its existence. It
sets about doing so almost immediately,
though, with dual eight-pin  power
connectors for overclocking the CPLU,
and steel-shielded PCle and DIMM slots.
It certainly feels Llike a high-quality
product, with sturdy metal parts, and very
convincing lighting that we sadly can't
show here [photography is a complicated
business, yalll. There’s a handful of
guestionable design decisions—why only
tour SATA poarts, when most ATE cases
have capacity for six or more?—but far
the most part, it's worth the price tag.

Ona particularly interesting feature
is the "game boost”™ averclocking dial. A
physicalgight-pointdialbesidetheboard's
power and reset buttons [with a digital
equivalentin the BIDS), it allows access to
seven CPU overclocking presets, plus the
default automatic setting, MS| bangs on
a lot about power management systems
im its promotional material, and for ance
it actually rings true; with cur Ryzen ¢
700X socketed, slapping the preset to
4 3GHz got us a nice stable overclock, just
below the 3700X's reported boost clock.
Tha Ryzen 3000 chips still have problems
hitting their supposed maximum clock
cspeeds, but the Ace seems determined bo
cqueeze all it cam from the chip.

fAs an infomercial might say, wait,
there's more! Manually overclocking
the 3700X to that frequency with the Ace
demands a veltage in excess of 1.3¥, as

i ASRock X570 Taichi

633

it would on mest other boards. However,
using the boost dial, we hit 4. 3GHz acrass
all cores with a maximum wvoltage of
just 1.088Y, even when stressing the
processar with benchmarking software
such as Prime¥é and Cinebench. That's
imcredibly low for such a high frequency,
resulting  in stunning  perfermance
without endangering your chip with
pxcessive voltages, The Ace demands a
relatively high amount of power overall
compared o some other X570 boards, so
it's good to see, We used a fairly robust
AlD cooler for tasting purposes, but even
taking that into account, we never saw
any nolably high core lemperatures,

General performance with the Ace
is solid; through all our testing, we
never stumbled across any issues.
Benchmarking tests had respectable
results, and getting our memory running
ak full speed was a cinch—no meddling
around with timings required. The BIOSis
accessible, minus irritatingly low mouse
sensitivity, and the support for Wi-Fi &
alongside both Inkel Gigabit and onboard
2.5 Gbps LAM means that conmectivity is
never going to be an issue. Boltom line:
This is a great matherboard. I1t's a little on
the expensive side, but it you're buillding a
powerhouse system, this is definitely the
way to go. -EHRISTIAN GUYTON

MS1 MEG X570 Ace

B HEGALODON Incredible auto
pvarclocking; great power
management; individual thermal shields.

B MEGALOMANIA S-I,ig hitly power hungr'!.';
similar parfarmance on cheaper baards.

SPECIFICATIONS

Chipsal/Socket BRI S

Form Factor
Memery Sappart 120GD | &, 600MT{ =

M 2.2 Support Iz M2

CrystalDi=h QD32 Sequental Read IMBYs) B.801

SATA Suppsri

hx SATH S0Es

&Lkl
A/155

CrystalDisk QD32 Sequential Write [HE8/s]
Pawses Draw 1dla'Losd [Waltal Max PCle Suppeart
Total War: Warhammer || [y fpsd 58 Rear L0
Loeest Volkage [ £.0GHT MYelis] 1.07

Maximrum OC Achlaved [BHE @ Volls|

Lermin: Aatinurm
: arnommees sas
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TerraMaster F5-422

Awesome NAS that won't hurt your wallet

PROFESSIOHAL-GRADE MAS units tend o
costaprettypenny, withnewfeaturessuch
as 1ELE support and Btris snapshot file
security frequently driving the prices up
into bour hgures. Sa, when lerraMastier
revealed the FO-427, 2 five-hay MAS box
with supertast Ethernet, extenzive HAID
suppaert, and simultansous access for up
bo Ul users, we were infrigued. [hen
suspicious, as the Fh-427 costs just 400,
practically halt the price of & comparable
professional MAS system from industry
big-names such as Synalogy and LDMNAF.

Yet, as we set up and testad this
device, we were hard pushed to hnd any
problems. Yes, the exterior is nothing
special, with some cheap-feeling plastic
parts, but 2 MAS box deesn't have to look
good. | he outer chassis 15 solid metal,
sufficient te prevent significant damage
from anytrang dropped onib. There aren't
any physical security features, such
as locks tor the drive bays, which 15 a
shams, but unsurprising given the price.

SGethng up the Fh-422 15 simple. [t
can support up ta T8TE of storage per
bay [a whapping FOTE in total], be those
canventional MAS HODs ar 2.5-inch
S50z —although using an 550 a5 a cache
drive will disable ane of the other drive
bays_ Installing the drives 1= =asy; the
hrackets =lnt out of each haywith a front-
fzcing clasp, and all the required screaws
come packagad in the bog

Imere’s plenty in the box, In fact; a
magnetic scrawdriver means you doen't
nesd any addibional tools, and there's

& | HOL 2079 | eaineu s nin

zn Ethernel cable alomg with the power
supply (which included multiple regional
zdapters in our wersion, tool. There's
also a pair of axtra feet, should ong of
the wumit=s rubber zupporis go AWOL.
Disassembling the FE-422 isn't too 2asy
but the H&M 1= upgradsable oF you're
willing to go through the pain barriar

On te the network functionality. Once
the FH-422 is plugged in, there's soms
sutomated setup that can be dane wis
the TerrabMaster web front end, then
yaure ready to go. Sort of While the
browser app works  relatively  wall
producing a facsimile of a deskiop tor
yau te manage yaur files and monitor
the hardwars, 1t has a tew ssues. Urag-
and-drop functionality is a hitwaonky, and
transferring large tiles repeatedly in the
same session causes stahility issues,

Setting up direct nebwork access
through a FC's file explorer requires
yau to download lerraMasters app, ther
directly map the netwark drive using the
7 zddress. lerraMasters onling guids
is easy to follow, regardless of whether
yaure a savyy sotbware head. Direct
access to the FR-427 via a nabwork drive
wiarks grest, with no stability problems
encountarad during our tests. We teated
the transter speed using the Crystalllisk
benchmarking software and it kit the
tremsfer mit of our gigabit nebwork;
there's nat much danger of this machine
baotilenecking your transter rates.

The app suppartisincredible, toc, The
Fo-L£&d's Desktop 10515 compatible watk

Plew, WordPress, Docker, and mare, with
new apm connectivity coming ifto beta.
Syn: locls Tor Google Drive, OneDrive,
and Dropbox are all in beta. [ts perfect
for inkegrating with existing cloud-based
starage for small businesses or homes,
Conversely, the 4K wideo encoding
alengside apps like Plex can furn this
imto a great base for home entertainment
|or &ven connecting via the mohile app for
some quick movie streamingl. While the
Fh-477 does have an HOMI part, it doesn't
currently lunction properly, sa you'll shill
need a system o connect toyour TV,

Data sately 1z assured by lerraMaster,
ton. There are  automated  regular
backups, mult HAID array security, Ak
falder encryption, and an optional cloud
drive data backup. ITheres a wealth of
rustermization  aptions, which  makes
the Fh-4:2% ideal lor enthuziasts looking
to snag their first MAS box. Yes, we'd
typically recommend you build your awn
MAS box—coustom systems are usually
cheaper than pre-built—but there's just
no way to preserve the compact size and
eftactive O%; excellent featurez at an
excellent price

TerraMaster F&-4232
O HASA Competitively priced;
numeraus R&I0 options
fantastic app support.
BEMASTY Mo HDMI functionality; S50
Cal Cining loses b

security features.

ays: lack al phy

S&00, hitp:/f1erra-master.com

SPECIFICATIONS

CPU Uuad core Inks
Leleron Ja2h
A 1.8GHz

Mamiaiy LR

Mamory Capacity 17GR

Eays ]

Starage Capacity YOIe

Frower Supply ! L

Forts 1x HDMI, 2 U0
Tape-&, 2x 1GEE
F.-45 1z 10GBE
R-£5 AL adapler
Siza HY 5 2% % b inchies
Welghd 411k



Noctua
NH-D15
Chromax

Black

A cooling colossus

12 amek coonima warth it? The folks
at Moctua =esm to think so, as Lhey
doggadly refuse to produce liquid coolers
ter CPUs, stickimg woth chunky metal
heatsinks with fans clipped to their sides.

he shick new Chromasx Black model of
the MH-DI1% is no exception; a2 massive
heatzink split into two towers, =ach
cannecting to six heat pipes leading to a
comparabively dirminubive cooling plate.
From here, there are two chunky 140mm
ME-475 tans to atiach, one on the side
and ane between the two cocling stacks,

As owith many of Nociug's air coolers,
the WNH-D10 is sart of a hassles o set up,
It's mothing too arduous, anly reguiring
the installation of & bracket on top of the
maobao's included backplate, but thick
plastic washers make it a kit frustrating,
It alzo comes with one tan pre-instzlled
hetween the heatsink towers, which has
bo be removed to access the screwhsads
and attach the cooler ta the motherheard,
Perhzps we've become complacent, too
comfartable with clip-on AMD Wraith
coolers and simple AIQ umits.

It's  surprisingly  light,  despite
its copper heat pipes and numerous
alurminum  fing,  but with  both  fans
attached, it's serously bullky. 1t stands =ix
and a half inches tall, instantly excluding
it from most smaller cases, and while the
heatsink is shaped to allow for full use
ot all the UIMM= on a motherboard, the
massive fans offer ne such allowances,
Whils larger boards should be able
te cope with the size, standard four-
UMM Al X poards leave Litle room, and
anythirg smalleris barely am oplion,

Yau can remove ans fan, using only a
single one bebween the heatsink stacks,
but thiz does reduce the periformance.
The reduction in cocling is slightly less
than you might exzpect, which s 1d=al,
given that our test bench mobo barely has
space for both. Boards with bulky rear
M0 covers will have problems, fercing

the secand far ta be mounted higher than
it should be, potentially reducing artlows.
The fans are seriously powerful, but
tharktully dom't make too much noise,

The hox alsn includes a pair of low-
nalze sdapter cables, which  shightly
reduce the maximum RPM to kesp the
naise down, and = sphtter for boards
withiout sufficient CPU fam caonnectors,
[mares a lot of stufl in the boe; wa Love
hover thorough Mectuz is, including not
only brackets, screws, and washers tar
fitting the cocler to a variety of CPUs [any
AMUO Byzen or Intel Core chipl, but also 2
Prillips head screwdriver, and a tube of
itz excellznt M1-HT thermal compound.

Logsking ab the numbers, the MH-D150s
na slouch. Comparad to the respectabls
AMD Wraith Pricm [which comes with
our test bench CPU, the Ryzen ¥ 3700%],
the MH-D13 cutperformsit by a mederate
margin, cutting 2 C fbrom the CPU
termporaturs on average ACrass J 'q'CII'iL'!lj-'
aof tasks, bath at the bazeline 3.46GHz and
overclocked ot 4 2GHz, running at 1.1%
and 1.4Y respectively. Ihe performance
is admirable, But noomore impressive
thar the average AID coaoler

That's part of the problem Rere; while
the MH-D12 15 an excellent product, air-
anly cooling just can't guite Measure U
to AlD coclers ar customn Liquig loops.
Moctua's cooler will run you 3140 at
present.  although the shghtly older
nen-Chromax version of the HH-OMS
is avallable tor around %100 This does
somewhat raise the guestion of why
& black paint job costs so much, but
even a $100 price point is significantly

more than plenty of good 120mm 410

coolers. In tact, ks even pozsible to
pick um a twin-fan Z40mm A unit from
3 respected manutacturer lke Cooler
Master ar Corsair for under $100, which
15 prachoally guaranteed to outpertorm
most air coolers, On halance, we'd say
that the NH-D15 is just about pertect
if wou happen to prefer air conling, but
utbimately it won't always be the best tool
for the job, Don't worry though, Moctua,
wa still love you! -CHRIETIAN GUYTOH

Hoctua HH-D15 Chromax Black
B CHROMAXIMUM Excellent air
coaling: works well wilh ane

fan; lots in the box.

E CHROMIMIMUM Far more expensivein
black; too bulky far many cases

$740, hitpedinoctuz, &t

SPECIFICATIONS

¢t Inkzl LGATEQ,
LiGad 51, LEAT 155,
LiGAT 154, LEAZDTT,
o LiGAE0aS, ane AMD
i ARG, AMALE], AT
i Frd i, EM2IH

Secket Compatibility

Cooler Size 140mm

Cooler Dimenzions B.dx 5% % 5.0 inches

Cold Plate Material : Capper

Fam dir flew ! B2.5Z2m

Fam Maice | PRdRA

Warraniy . Sl gaars
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Razer Seiren Emote

Razer gets emotional

THIZ MUST BE one of the stranger
products we've raviewsd, Razer's neweast
micraphone 1= essenbally  just  the
original Razer Seiren X, with one very
specihic addition: an eight-by-eight grid
of RGR LEDs that allow for B-hit icons
to be displayed through the bBlack mesh
on the kack of the microphane. It's a
pretiy niche feature, we're not gonna lie;
a girmmick aimed at Twitch streamers
whowant to appear in the cormer of their
stream for their millions |ar, mayhe,
tenz| af screzming fans.

It actually does lock pretty cool,
'he Emote uses Hzazers new Strsamsr
Companion App, which enablas you to
sel up a wide varely of custom alerts
using the LED display, whather that's
a thumbs-up when a lwiich wussr
subscrikes to yveur chanmel, ar & pulsing
laye hearlt in responss {o cheers. lhe
app cames pre-loaded with  dozens
ot animated and stzbic emaops, even
allowing for custorn light responses
to key phrases in the chal. 1t sllows for
a small degree of streamer-audisnce
interaction, where the streamer can give
their viewers a word to type in the chat
in arder to elicit a specthc emajp on the
micraphone's display,

Ihe  degres ot custormization s
impressive, with the app even including
an editing tool for producing your cwn
B-kit icons, You can also upload your
own Bz GlFs, although these can be
tricky to find, and don't always behave
well with the Lighting eftects; due to the
extremealy small pixzel pitch, producing
caolors ather than the standard eight HGE
LED options is effectively impossible,
That =aid, the pre-lpadsd cons provide
mare than enough wariation o keep
tmings interesting. You can also designate
a “hackground” icor that displays on the
Emote passively bebween slarts.

Mow, to the hardware inside it, When
we szid that this was esszentially the
Razer Seiren X, we weren't being entirely
trutifol; while 1t does share the same
chassis as the X—right down an identical
redfgreen LED mute button and volume
dial—the microphong inside is slighily
mare sophizticated. With a hypercardiod
pickup pattern, itreliakbly picks up speech

fram any posibon around it which s
particularly helpful, given that using it
for its propar purpose will likely mesan
that the “frant” i= facing away fram you

[he gain control s preliy =olid,
enabling the mic to pick up sound
etiectively when correctly st up, but
it daes mean that background noise
someblmes breaks through. Keyboard
clicking, in particular, can De quite
audible 1m recordings using the cmote,
which is quite 2 shame [although alse a
problemn that the Sziren X has). Turning
down the sensitivity can work to tune
ambiant zound out, but the bas= guality
suffers as a result, which can prove
frustrating if vou have & voice as deep as
cur reviewer, Belle Delphing should he
sate at least, although sadly the Emole
dossm’t come in pastel pink,

Qur maim cribicism asnt of  the
hardears, though; its the softwars,
Hazer sotbware has alwsays been a muld
pain—hetween  forced  installs  whan
plugaing in & new device or driver
incornpatibility issues, and setting up the
‘plug-ard-play,” Seiren Emote iz not as
straightforward as it should be. You'll
reed Hazer Synapse 3 for microphone
contral settings, but yvou can't adjust
the Lighting eHects using that; only the
campanion app can de that & number
of  other  slements  are needlessly
complicated, Setting the lighting slicer
fo the minimum in the custom con
editor dnesn’t turn off that LED for same
reason, insiead settimg it to color code
050505, which results in & dull glow, You
can turm indrvidual LEDs off properly,
but you have to manually set all the celor
values to zero to do that.

Ltirrately, this is o highly specialized
product. Some peapls will buoy ko
the gimmick—don't geb us wrong, we
actually guite Like the Litle B-bit display,
but given that the Emote costs nearly
fwice as much as its predscesscor, the
Seiren X, we can't really recommernd
it wholesale, We fear that the targef
audience is simply too small; high-
powared professional streamerzs will
want superior audio guality, while mere
casual Twitch gamers might be put oft by
the higher price tag. -CHRI:

AN GUYTOH

Razer Selran Emote

B SMILEY Excellent audio
quality: greal custemizalion
aptians; bright display.

B FROWHNY Software is a hassle; very nicha
audience; not worth the extra cost

$180, biiptirazercom
SPECIFICATIONS
Frequency Respanse ' 100H:-20kHz
Sample/Biirate , GHEHZA-hit
Eable Length " e
Polar Patlerns | Hyazrzardiaid
Element + Blectret condenser
Prwar Censumption W, Wl A
wasicy e geo | HOL 2019 | vasone | 89
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Guns ara tha great joy of the
game, You never Know what
you'ra going to gat next.

Ty
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Borderlands 3

Death 1s just a brief setback tor the inancially solvent

THERE'S SOMETHING aboutl Iwins in gamas
at the maoment. \We played as them n
Wailenstoin Youngblood, and fought themr
in Far Cry Mew Uawn. In Borderlanas 3,
woe just sort of sigh, wish they'd shut up,
and consider skipping the cutscene.

The Calypso Twing are streamers—
Horderlands Lking nothing better thar
to satirize its own audience—and cnoe
theywe decided to set themselves up in
competition with wou, you <an expect 2
siream of obnoxious wid=zos calling you
outl, Barderlands’ world is one in which
Lhe biggest jerk rizes to the top, so they'rs
appropriate villains, but it mostly feels
Lika they'rs there to keep up the barrags
of knowing references to Internet Life,

[ he game it=elt ditters Lttle from is
predecessors, Qpen oworld, cel-shadeg
style, wehicles, constant  weapor
upgrades, and leat to be foung, Missions
fling wouw across the planet Pandora and,
for the first time, Deyond, Traveling to
ather warlds alloes the series o {aks
a break from the desert world iUs been
stuck with since 2009, with the jungles at
Eden-& and the stand-out metrogolis of
Mzridian providing visual retreshment.

The rest of the game is pretly much
business as usual, however, The Calypso
Twing are in charge of a charming bunch

called the Children of the Vault, whe
provide the bulk at the cannon todder tar
vour Vault Hurnter, wha can be chasen from
tour imihial archetypes, then customized.
Vaults are caches of advanced technelogy,
the pressnce of which has mantansd =z
planet-wide eoonomy. Mot that you need
to find waults io progress—new guns,
energy shields, grenades, ard other loot
pour trom swery box, corpse, washing
machine, lecker, and toilet

The game 15 obsessed with foilet
hismor, but the true jov of playing it is
in the weapons. lhe develaper claims
“Billions™  of combinations, ard  nat
knowing what youre going o pick up s
the main driver behind your ransacking
of every cupboard and crate. Guns that
chain lightning betwesn enemies are fun,
Guns that, instzad of reloading, are
throwen ot enemies and blew up like 2
grenads gob us through a tews encounters.
The manufacturer of that last gun has 2
gimmick that, insizad of reloading, you
throw yeur ermply gur away ard 2 new ene
zppears 0 your hand, which 1= possibly
sofme sort of comment on modern life's
dispopsable consumption, or just an
excuse for a cool materialization effect.

Enemy grunis run at you, with a bit
of flanking ang use of cover thrown in,

but mest of the tme you gun them dowr
in open areas betore taking onoa min-
boss to complete a mission, and getting
a new gun. kFast travel 1= generocus, as
are yehicles, so getting areund the Large
maps 15 no trouble.

Borderlangs 7 seems to be an attemp
fo out-do the previous gameas In all ways.
It bigger, noisier, more obsessed witk
the restroom, and when the jokes tall Hat,
they fzil harder than ever, Setting up ae
antagonist as someEone S0 annoying you
cant wail te pop 2 bullet in them worked
tor the =eries before, but once the novalty
and Laughs wear off, you realize you're
hiour=s deep in a highly repsbitive activiby—
capecially once there's nething Left o de
but collect better loot. -tAw EVENDENR

SIS Bordarlands 3

6 EBORDERING Fast combat
engrrmous world; insentive
waapens; some good jokes.

B DISARDERING Socpharmarse hurmar: drab
apening planat; Claptrap is back.

A RECOMMENDED SPECS iT -';-T-"]"].-'H'.-'zar B
JA00: 1468 RAM: GeForce GTX 1040 AGE/S
Radeon X 590.

bed, hita¥aordediands cam, ESRE: M
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Tom Clancy's Ghost
Recon: Breakpoint

Interrogating goons givae clues
ko the location of enemy leadars,

il T

& LRI |

Hiding by laying prone is an
effective way to avoid pursuit.

| Aszsaulting anamy bases gats you
L new weapans and extra currency,

Actor Jon Bernthal's likeness

iz spookily accurate.

Clancys Ghosts take on a tech bro and the Punisher

PRETTY SO00N, weTe going to need a new
genres tlash to describe games. Instead of
“shooter” or "puzzle-platfermer,” perhaps
we should just put "Ubiscft.” Games
under the Ubi umbrella trade systems
and deas Like bactzna trade anhibiobic
resistance, This means you know exactly
what you'rs going to getwhen you start up
the game, whether iU's Assassin’s Creed,
Walch Dogs, ar The Division.

Ghost Recon has been part of the
open-world mush since $017s Wiilolands.
Sreakooint i similar in many ways,
but  your spzoal forces inhltrators
are in action on the fictienal island of
Aurpa, rather than the resl country of
Bolivia, Much less chance of setting ff a
diplomatic incident that way. [he bad guy
this time is an ex-Ghost, Lt Col, Walker.
Hz znd your custom Ghost Lead, call sign
Momad, have a past, and you're going Le
know about it whether you like it or not.

Shot down and alone, with Walker's
new buddies the Wolves hawving iaken
over the island and it corwenient high-
tech drone tactary, it's up to you o =neak
around, shoot everything that moves, and

nelp out g bunch of farmers who are
oratty handy with rifles themselves,

The game is a four-player co-og that
can be soloed, but lacks the bots of
srevious entries in the series. 1T vou ge
n alone, you're on your own, apart trom
a couple of drones your keep down veur
oants. This doesn't matter, as the gams
is one of stealth, maximizing the damage
that can be done tram one position, then
meving on before you're noticed. IE may
take longer to clzar 2 compound this
way, but thanks te realistic gun damage,
you'we goi a chance unless cornered and
overwhelmed,

You can be a member of tour classes,
st they boil down to sniper or nat-sniper,
ezpacially 1t you're playing solo. Mecics
may Be handy for dedicated co-op players,
out the Hexibility of carrying 2 mifle and
sub-machine gun, along with pistol and
granades, makes Sharpshooter the most
useful class, Levels make an appearance,
ton, with powered-up enemies marked as
coapecially dangerous, Equiprment flies by,
the i1zland apparently groaning under the
weight of guns stored wpan it with maore

able o be unlocked by hunting in bexes or
bought at =hops and campsites,

Ghost Reconappears o be a matural fit
tor the open-world formula, but we hind
surselves lookicg back approvingly on
the days when thers was a =ingle mission
por level ang a hand-picksd team. While
¥ou can swap out yaur guns at any point,
power yourself up, and craft 26 many first
aid wits, grenades, and rocket lzunchers
a5 you can carey, it Lacks the focus of
tecons past, and were not sure there's
anything here that will remain long i the
memory. -LaN EVENDEN

S Tom Clancy's Ghost

Recon: Breakpoint

GHOSTLY Gaad-laaking; lots of
collectables; enormaous world to explore
B GHASTLY Dpeon woerld daesal suif the
franchise; bugs; lats af microtransactions.
M RECOMMENDED SPECS Ryzen 7 1700X
or Core i(7-AT00K; 1568 RAM; RE ST00 XT o
GTX THED.
560, bttpsalighestoraconubesattcom, ESRE: M
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in the lab |

AMD HAS HAD A GREAT YEAR. Its had a
great couple of vears, to be fair, but 201%
will go down a5 the vear that the company
rezlly brought the fight to Intel. Zen Z, as
found in the Ryzen 3000 processors, has
been a huge success, and everyone, bar
some die-hard gamers, is now eyeing up
the red team's chips tor any fhuture build or
PC purchase

And it only looks to get worse tor Intel...
At a recent pressntation, AMD released
the final details of the Ryzen ¥ 3%50%, the
clightly delayed lé-core, 32-thread CPL
that takas on the mantle of the king of the
Ryzen 3000 ling, The latest addition 1o the
farmily has a base clock of 1.26GHz, with 2
hoost clock of 4.7GHz, calls om T2MBE of
cache, and yet mantains a relatively Low
TOF of 105W, AMD is recommending all-
in-one cooling for this ane it doesn't ship

with an air cooler|, which is a bit of shame,
but understandable at this level and price
point [S749],

lhiz wasmt the only chip talked
about, though—there was also plenty of
information about third-gen Threadripoer,
namely the 3%40X and 3970X, ralling
in with 24 cores/48 threzds ard 32
coresféd  threads  respectively.  The
interesting smppst here s that these
new Threadrippers are or a new TRXAI
plattorm with a new s1HE4 socket, which
means yau'll nead a2 rewe motherboard,
We'll have more on these next issue.

There was w2t another processor
announced  that caught my  atizntion,
ton, and that is the &thlon 3000G. This
dual-cors, four-thread, 3.5GHz, unlocked
chip costs a mere $4% It may only have
Wega d graphics, and 15 based an the len+

| ;
ALAN DEXTER, EXECUTIVE EDITOR

This Way Comes

(. AMD closes out 201% with a flurry of new chips

The Ryzen 9 3350% is imminent, but it's
not the anly treat AMD has lined up.

architecturs, but I'm already excited about
the kind of work it can be put to. That really
isn't a Lot of money for a fully-functioning
micdern CPLU.

JOANNA NELIUS
Hardware Staff Writer

JARRED WALTON

Senior Editor

I've heen spending a ot of
lime wilt Twane, @ prograrn
for weriting interactive
fiction. | love lext-based and
branching rarrative games,
such as Life 15 Strange, so
| decided 1t take a stab at
wriling rry own. || did spend
eight vears studying creative
wriling  and  Literature.)
Coding has never been my
strong  point,  though, I've

92  wwive | HOL 2079

tried learning on nvy cwm with
books and online classes,
but rathing has ever stuck
beyond basic HTML and C55.
Its been a lot easier with
Twine, Maybe iU's because
much of the coding in Twing
i5 macro-based, and s all
specific to Twine, Whatewver
the case, | linally leel lke |
understand  variables  and
other basic coding concepls.

Qeainnyr e Lo

Good things come to thaoss
who wail, and almesl exaclly
are year after its P34 anc
¥oox Dne launch, Red Dead
Redemption 7 has arrived
ore PC. And boly cow s i 2
hig honking game—literally!
Iz ealing up T12GE of my
SE0, But it will a1l ke stk it
because the PCversiorill e
the definitive way of playing.
Unfortunately, I'm currently

stuck running menchrmarks
instead of getling rmy cowboy
on, and Rockstar has mads
my life difficull. There are
no presets, the game also
aulo-detecls your hardware
and tends to adjust settings
irways vou might nol expect,
and thers are 39 individual
graphics sellings Lo playwath,
Definitely 2 case of too much
ol & good thing.

4N AL ]
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Editors' Picks:
Digital Discoveries

Hardware lead, Bo Maoore, and staff writer, Christian
Guyton, reveal what has been helping them relax

TURTLE BEACH ELITE
ATLAS AERD
lurtle Heach has

been making gaming
headsets for nzarly 1h
years, but | never paid
much sttertion, mostly dus toits lendency
far ower-the-top  ‘gamer”  aesthetics.
However, one recent oftering has caught
ry eye: the Elite Atlas Asre,

It's a wireless gaming headsest with
a few nifty features. Looks-wise, it's
shill get & Lot of the gamer aesthetic
that Turtle Beach is known for, but it's
significantly less chunky, and teatures a
nice monochrome black. Sound is good,
thanks to oUmm spesker drivers and a
unidiractional mic that helps anly pick up
your vaice, 1t also features a sobtware-
side tweeak called “superbuman hearing,”
which tunes gams sound so thal enemy
footsteps, sweapan releads, and  other
subile game cuss are loudsr than normal.

Sound quality aside, the most exziting
part af the Elite Atlas Aero s 1is earcups.
Specifically,  the PreSpecs system, o
switch that createz a small indentation
in the carcups e accommeadate glasses,
helping alleviate the painful pressure that
comes from wearing a headset over your
glasses toran extended period of time.
$150, wesew turtlebeach com

GETTING OVER IT

O, to give it its full title,
Gethng Chver I with
Hennett  Foddy. Yaou
rmight have heard of
this game, but calling it
agame is somewhatuntruthiul, s 'msure
the titular Foddy would agree. The game
developer's voice marrates your strugale
fo clinth up a towering, 20 mauntain using
anly & hammer, conirolled solely by mouse
rmovements. [Es an impraciss scisnce, and
Lhe shightest rmiztake can mean a severe
sathack as vour hero launches himself
marrily trom the cliff face.

Foddy's narration is aware of this, He
dopeszn't taunt you; he just punctustes your
climb with observations on your progress
and rumiraiians aon the nature of game
development, Sometimes, when you Tail,
his deadpsn wvoice gently encourages
you, reminding you that youwe done this
sechion before, and you can do it agamn.

Gedting Over Itis a challenge; cruel and
untorgrving, often unmacessarly dithcoolt,
but never guite impessible, Almost every
new obstacle will take even the savviest
garmer 3 while to overcome, but there's no
judgement whan you tail. And | have. & loi.
But | Love it; each time | pick the game ug, |
get a Litile turther, & Little maore convinced
that | have what it takes ta reach the tog....
$"-". t! “.: _.-I-l.; ;“l: pel

GEEK

APPROVED

Asus AiMesh
AX6100 Wi-Fi
System

WE ALL HEED Wi-Fi to survive, from
checking social media to doing othce
work. If you're a gamer, a streamer, or
vou work with videas, you need it even
mare, And for Wi-Fi, we nesd routers;
not wery exciting, but #=sus has dane its
best to make its latest option lock conl,
[he AiMesh ALA100WI-F1 system has a
symmetrical, spider-like design acrass
two routers, designad to encompass
even larger homes with a maximum
coverage at b,h0U squarse feet.

With new high-speed Wi-Fi & and
connechivity to any other routers in
vour home, the AX&100 provides total
cowerage, ewven supporting  legacy
Wi-Fi 5 and 4 systems. Thanks 1o the
nitty Target Wake Time option, 1t can
eveEn minimize wait times for router
signals tor your devices, allowing them
to sleep when a router signal is not
reguired, saving batizry. I alsa comes
with Bsus's AiPretection Pr, a family-
oriented Internet =ecunty program
that cormes with all the vsual bells and
whistles: parental controls, blacklists,
antivirus centrol, and more,

The AXGIOD comes with tools for
hardcore gamers, oo, With system
zdaptive (oS, it can prioritize game
packets owver other network traffic
to reduce lstency. On tap of that, it
alse uses Asuss hilariously-named
‘Wlkast, =oftware that seeks out the
fastest route belween your device and
the game =erver to lower ping by up to
A0 percent. IUs good stuff, with an casy
setup =ystern that makes integrating
the AXEI00 inte vour existing home
router system a smooth process. -0&
5393, hitpYasus.com
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Webcam Problems?
& Google search suggests
that the Microsott Litecam
HO-3000 doss not wark
wilth Microsoft Windows
10, gither 32-hit or &4-hit,
lhe same i= also true for
the Lagitech G920, Were
any ol the eight webcams
reviewad on page 19 of the
Uctober issus ot Maximoum
FCrested successfully with
Windows 10 6&-bity
~Robest Rae

EXECUTIVE EDOITOR, ALAN
DEXTER, RESPONDS:
Given that the Lifecam

Is a Microsoft piece of
hardware, you'd assume
that it would definitely
work with Windows 10,
but there do appear to be
plenty of users who have
had problems—although
we never had an issue in
gur testing. Some reports
have the webcams working
fine, only to be knocked
cut by the big Windows
updates, and then working
again after others. Hardly
an ideal situation. In
theory, though, all of
these webcams should
work jll-:.l finme with the
built-in Windows 10
drivers, although you

can use the Windows 7

drivers if NECessary, As

Vv V.V

The Logitech C?20 webcam
should ke Win 10 compatible.

for the Logitech C%20,
we've had no problem
with that either, although
again, same people
seemed to have problems
when Windows 10 was
first released, but this
situation appears te have
been tixed with an update.
So, hasically, while some
people did have problems
with their webcams with
Windows 10, such issues
searm to have been fixed
now, and we certainly
haven't encountered any
problems ourselves.

AMD Appreciation

| love the magazinge —
started reading it around
010 I'we been o computer
nerd since the late 19803
and 1%%0s, building mostly
gaming PC=_ During those
wiears, Dwatched Cyrix,

N submit your questions to:

& wonwm  noL 2019

Qi st

WE TACKLE TOUGH READER QUESTIONS ON...

Intel, and the more viable
ARD duke it aut aver
processars, but always
stuck with my flagship,if
yvou will: Intel. My hirst

PC was a Packard Bell
3B65x [which was actually
a huge jump fram my
landy 2000]. Thiz thinking

followed me into adulthood,

and my “graduated” |1
career titles, It's funny,
because now ‘nerd” izn’t
associated with PCs at all
in the modern age, a=z I'm
reminded as my kids fix
everyibhing mobile for me,
and has taken an a3 new
meaning, but | digress.
wias always interested
in AMD, but just couldn't
pull the trigger, hecause
new builds are tinancially
risky, more so today. I've
been called many things

for this—Fanboy, indecisive,

andfor conservative—but
I honestly wouldn't chance
it, ewen by 20TY, as Hyzen
rolled out, Teday, however,
I've happily been running
a Ryzen 5 2400 for going
on & vear, and the earth
ctill turns! When it came to
value tor monsy, It couldn't
be Beat, and deserved
aserious lock from the
reviews aswell,

I did buy Intel for all ot
those years, aleng with

Muidia, EVGEA, Asus, and
soan, because of some
sense of loyalty, but more
hecause of “what worked”
in my opirman. Mow | look
at the hrave new warld

of equipment arg have

nao such flagship. | can't
balizve AMD did it—1 didn't
think Ryzen/7en would

da this well, but in my
experience, it's dane a lot
mara than zavertzed. And
it's & relisf to see options—
yeah, just twao of them, but
it's astart,

I'd Like to thank vou guys
and gals for doing the hard
work far all of us herein
vour puhlication, Word of
mouth wasn't enough, and
l'wouldn™t have broken
my 20-something years of
Intel Loyalty without your
reviews. 've written this
letter, by the way, because
| think thers ars athers aut
there who just buy what
works. |hat standard is
vanishing now, AMD has
always been as good 1F not
hetter than Intel, but far
me, 1t took this combination
of price, options, and aver
the Hyzan format baing
similarly named to what
I'd been accustomed to
in Intel, 37547, to finally
change my mind.

=Ryan Anthony



[NOW ONLINE]

WHY ARE GAME INSTALL
SIZES GETTING SO BIG?

Wiz recently sad that tradibional spinning hard drives zre
dead ta us, but same of the latest games are trying very
hard {0 make us reconsidar. Where we used to feel that
ITE of storage was more than sufficient and 3TE was
spacious, mulbiple games have come ool orowill soon
arrive wheare the install size is more than 100G8., We
certainly don't need every game we awn installed on our
FCs, but we do like to keep 2 collection around for testing
and zuch. And with Red Dead Redemplion 2 ready {o zuck
up 1E0GE, and Sall of Duty Madern Warfars thinking it may
evertually need 175GB, it got us wondzring.

Jdust what is going an with game sizes that we're
suddenly jumping from S0GE being a large inztall to nearly
thrae times that much? We remember when entire warlds
at gaming could be cantzined on just 2 single Hoppy disk—
ar maybe a collection of floppy disks. Whatever. The paint
15, 1t wee were still daing physical distnibubion media, we
wolld be looking ab games that would reguire 20 DVDs,
250 CDs, ar 2 mere 121,500 3.5-inch flopoy disks. That's
the 1.A4ME “high density™ variety, naturally, not the earlier

YEZUKH wersion....

RFead the full article: kiinshit e/ 2PPGUY

EXECUTIVE EDITOR, ALAN
DEXTER, RESPOMDS: There
is mothing wrong with going
with what vou know, but at
the same time, being aware
of where the great deals
are is important as well.
Glad to hear we've assisted
yvou in making the switch,
Ryan, and that you're happy
with your Ryzen-based
build. Hopefully, though,
this will just result in Intel
coming back stromger tham
ever, because competition
inthe market definitely
benetfits us all.

CRiN |

Budget Builds

| have read several of
yvour issues and 've found
that none of the budget
builds contain anything

O RIEESTAR

chezper than & Hyzen

3 2&00—For example, a
Ayzan b 10D0X or 2 Hyzen
37300X. I've anly been
reading Maximum PO al a
Bockstare near me since
your June £01% 1zsue, and
I'm wendering why you
haven't used a Hyzen b

1500% ar a Byzen 3 1200X in

any of your builas.

=Rector-Stingray

EXECUTIVE EDITOR, ALAM
DEXTER, RESPONDS: We
FI’{‘TI;'I" to use newer
hardware inm our builds,
because this future-
procfs you the most, and
even budget systems
benetit from having a
solid upgrade path, This
is the reason we went

for the Ryzen 2 3200G in
the budget build feature
in the December issue,
although you could drop
inaprevious-generation
220006 or 26006 without
any changes, and save a hit
ot money in the process,
&5 far the two chips
you menkion, the first
generation Ryzen CPUs
were impressive when
released, but thers
have been significant
impraovements with Zen+
and then fen 2 since then,
sa that's where we wauld
recommend dropping your
money if possible, although
the first-gen Kyzens do
represent great walue for
money. The only problem
with the twao chips you've
spacitically mentioned
iz that they don't have
integrated graphics, so
yvou'll need to include
adiscrefe GPU inyour
spending as well, which
is fine if you're looking
to game, but net ideal for
genereal use.

Your Own Netflix

| have a customer request
to build the ulfimate Plex
server that can rip OVDs
into a ridiculous =tarage
array to create their own
"Metflis.” Do you have any
articles covering such

3 build, orwould you be
interested in taking on this
challenge? -Mike Cox

EXECUTIVE EDITOR, ALAN
DEXTER, RESPOMDS: This
iz actually a really good
idea, and one that we'd
absolutely be interested
in pursying in the future,
Watch this space.

The Ryzen 3 32006 |3 ideal for
future-proofing a budget build.

VirtualBox is a great tael for
running virtual machines.,

Virtual Power
I'm getting & build started
and | need your helg: I'm
huilding a wirtualization
rig. | need o be able to run
five tn six virtual machines
at ance. | dan't do much
gaming, maybe a litile
first-person shooter [Ghosi
Recan, Rainbhow Six, and an
on|, so l dan't need much
in the way of graphics
| 'wanl {o use one of the
new F000-series AMD
Byzen CPUs. | would Like
to have S4GE of RAM, [ots
ot storage, and run Ubuniu
0%, 1I'd really appreciats
any help yvou could give mea.
=William Harrold

EXECUTIVE EDITOR, ALAMN
DEXTER, RESPOHDS:
Wirtualization henefits
from having lots of cores,
plenty of memary, and

a healthy amount of
storage, which makes your
decision to side with AMD s
Ryzen chips sensible,

As you hawve six virtual
machines in your sights,
we'd instinctively look
toward the top of the stack,
maybe aven waiting for

the Byzen % 3950K, if yvour
budget stretches that tar,
although that is pessibly
overkill—it does depend
onwhat you're actually
doing with those ¥WMs.
Combine this powerful chip
with a speedy M2 drive,
vour 65GE of RAM, and a
functional graphics card,
and you've potentially

got the core caomponents
sorted. Again, though, this
would be a good topic tar

a future "Build It,” so keep
watching this space. (O
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’ Holiday Season l

The perfect gift
from just |

Create a custom
= cooled masterpiece

(% Dual SLI GeForce
RTX 2080 Supers

@ $6K of powerful
pC parfunnanf-ﬂ

“TERMS AND CONDITIONS: Savings calculzied against the full R (sirgle isswe orice = fre i o 0 ! RRP For all savings details,
please see online. ¥ou canwrie to us or call us to cancel your = io wi & wurchase. Pay, cer the 14 day carcelztion perod unbess
awcerional circurmstances apely Your statutory rights are nat affecied. resweill start in Ja oot af L ard subjzct o change.

For full terms and conditions. ploase visit ool it semmagtande, Offer end
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TAKE ITFROM A GEEK."

FRICE

PART

Luse BitFenix Mova TG - 121
F5U Carsair CR40 =0+ White 4008 550
Moba ASRock BASIOM RS.0 Ak ' F&0
Py AMD Ageen 5 F400 ! 310
FPU EWEA GoFarce GTX 148560 Super BB HEW 3230
i F0E (2 GGAI Team T-Foroe Yulcan 7 .

M5 000M T HEW & 337
55D 1206GE HP 5400 550 HEW ' 3L
HOD 1TE Seagute Deskilep STIO00DMO0S i 330
o5 Uourby Desktop Linux 18,043 LTS5 b4-bit 316

Approximate Price: 5426

EVERY MONWTH, we lpok through the ingredienis for our budget
build and find certain element s that simply don't need changing.
AkHock's BA30OM Hé O motherboard remains one of the best-valus
AMé-sockel motherboards on the market, and the classic 120GE
Crucial X500 1= still.. what? It's not an sale this manth? Good
grief, wie'd better do something about that! Uz all right: HP has
a 12068 5ATA I drive for Just one dallar more than the BALOD s
original sale price, se we'lLgowith that, We're also swappirg oul
thie memaory agamn, just to kesp our price low. With the release
of the GTX 1460 Super, it's an obvious upgrade choice; just $10
more than our previous standard G1E 1640, while bringing 10-13
percent better performance, With afewe ot her small savings, we've
bzan sble (o signihcantly improve the graphical performance ot
this machine without raising Last issue’s price by o penny,

brg-part guide to building & better po | @

IMGREDIENTS
PART i FRICE
Case i Fractal Dz=zign Meshify : £50
] SO0 EVGASIDBR A+ Bronze 1
Hobe i Gigakybe K50 UD HEW i 51450
CPU . AMDO Ryzan § 3A00Y i faio
Cooler foAaMD wralih Spire i WA
GFU * Glgabyhe Hadeon FX 5700 8GE MEW @ t3a0
CEL P O1GGE 2= 08 G5kl &egis B3 I00MT s HEW © £a0
55D 500GE Samsung 970 Evo Pluz i
M.ZPCl= 550 HEW : £100
HOD : 1T Seagale Dezklop STIOCOOMONT £30
as windows 10 Home &£4-Bit OEM oo

Approximate Price: $1,160

WE HAD A FEW CHANGES to make to our mid-range build thiz month,
although mest of therm were quite miner, & shift to a Gigabyte
L3710 motherboard saved us 10 bucks, while we saved another
cight dollars by making the change Trom GSkill's Ripjaws ¥ toits
Aegis series, Both our case and hard drive were a Lttle chezpar
this manth, tos, and while the Sapghire B¥X S700 rose by 220,
Sigabytes attaring stayed exactly the same price. With the cash
wi saved across this build, we opted to improve things somewhat
by =wapping oul the ZhCGE 550 for a larger 50UGE model of the
Samsung P70 Eve Plus, This cost 523 more, bt our overall price
tor this system actually dropped by two dollars. Double the M2
storage an our primary drive will make this build even better for
garming, with more space to store your games for improved load
times via the speedy connection of PGLe 300

HoL Zo013
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THE 1399 PHANTOM GAMING & isomsaleagain! Like an ailing furniturs
slore being bealen inbe submission by online sales, ASRock's sale
price for this maotherboard seems to get a bit lLawer every time the
sale i supposed Lo end. Wilh third-gen Threadrippers closing in
fast, the secand generation has lowered in price, too, Saving us
a slaggering $%0 on this build from the gel-go. A gquick swilch in
capler fram Z240mm ta a 3&0mm model—rmors spacitically, the
MasterLiguid MLIED from Cooler Masler—gives us improved
caoling for our Threadripper 2950% CFLU, and saves us nins
dollars. We've alzo swapped oul the PSU Tor the Corsair RHMBS0
keeping ourwattage the same as well as our price.

With thoze savings in place, we urned our airm Lo a significant
upgrads elsewhzre. We're making a big change, ther: upgrading
cur GPU Lo the BTX 2080 Super Yenlus OC from MSIE This will
tzke our price up & fair bit, but since we've alrezdy saved aver
$100 from olher components, we can live with thal. The change
will bring thiz machine from a high-znd 1440p system te 2 PC
capable of proper &K ullrs gaming. U alse makes ray lracing 2
much mare viable prospect in triple-4 titles, if flashy unsettlingly
redlistic graphics are whal you're alter. I that's nol your bag, bul
this system still appeals, the RTX 2070 Super is still an swesams
GPU, dor't gel us wrong —we Jusl fell bwas bme Tor a change.

F_|: 'In-:hn: af aur campe 19r| recommencations,

Mammpes PEOJIGSN R Ra Y] e pislines
manthle 2lugz o Hilidiy issue felligdng Ui Docamber  wauk,
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UPGRADE OF
THE MONTH

MSI| GEFORCE
GTX 1660
SUPER VENTUS
OC 6GB

With pertormance that comfartably outstrips the vanilla GTX
1880, the new Super varianl is a greal card ala greal price,
ideal for new 1080p gaming builds. Imfact, it sort of makss
the previously appealing 1540 Ti practically pointless, wilh
pertormance that fzlls less than b percent short at its big
brother despits costing 550 less, Inpractice, he real-world
difterance is almast impossible ta discern in 10B0p gaming,
making Lhe 1860 Super an awesorme prospecl. s Lhe besl
card in a crowded market right naw, and whilz it misses
pul on proper ray-lracing supporl, iU can comforlably
run just about any game at zbhove alfps at 1080p wltra.

$230, www.msi.com

Larads W4G%all; Fareign J5%a, Caradan and dzre qri =rriere.
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INGREDIEHTS

PART i PRIGE
Casn MWZET HFO0 B1TY
P5U E50W Corsalir RMESD 20+ GOLD HEW £120
Habo ASRock X399 Phantom Gaming & $z2an
CFU AMD Threadrippar 2950% S430
Cooler Cooler Mastar MasterLiquid ML3s0 AGE

JE0men &0 HEW £140
GFLU M5l GeForcs RTE 2080 Supsr

Wenliis OC 3GR HEW 720
RAM JZEE [2x 16G8] 5.5kIU Sniper ¥ B 3,500MT/'s £150
S50 ITE Sarmaung 770 Eva M7 N 170
HbD 2% TP Seagate BarraCuda Compule £140
as ‘Windaws 10 Home 64-bt DEM £100

Approximate Price: $2,649
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/) THOUSAND
TENNIS COURTS EVERY DAY
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for making paper and many other

wood
Did you know that U.S. forests, which provide e than 22,000 ennis cours!

produdis, have been growing every day, equal in orea

Love magazines? You'll love them even more knowing they're
made from natural, renewable and recyclable wood.,

Discover
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DIGITALSTORM LEARN MORE: WWW.DIGITALSTORM.COM

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
suppaort. Visit our website and build vour dream PC today.
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