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Easy to learn,
easy to master. ’

The new generation provides the perfect case for silence enthusiasts and those who
want to master their PC build in the most convenient way. Silent Base case series
makes it unbelievably easy to set up your new system, almost like a puzzle with just
four pieces. Well-elaborated features like noise dampening vents, 10mm thick insula-
tion mats and the convenient PSU shroud support the fast and simple installation of
your whisper-quiet PC build.

SILENT BASE 801

= Three pre-installed Pure Wings 2 140mm fans

= Fan controller for up to six fans with PWM hub option

= Support of water cooling radiators up to 420mm length

= Offers space for eleven SSDs or five HDDs out of the box :
= Invertible motherboard layout | |

SILENT BASE 601

= Two pre-installed Pure Wings 2 140mm fans

= Fan controller for up to three fans —

= Support of water cooling radiators up to 360mm length

= Off for si D three HDD t of th b
Offers space for six SSDs or three s out of the box GERMANY'S N0.1

PSU MANUFACTURER

For more information visit bequiet.com ELS T
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Available at: scan.co.uk - overclockers.co.uk - ebuyer.com - novatech.co.uk bE u IEt l
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20 The Turing test

Real-time ray tracing, deep learning
for games and stratospheric prices.
Nvidia’s first new gaming GPU
architecture for years has raised a
few eyebrows withis final arrival,
andit's an absolute monster. In
thisissue, we delve into the new
GeForce RTX2080-series GPUs to
see what makes them tick. We've
also put them through their pacesin
several gruelling game tests and
tried out as many of their new
features as possible.

There's alotto digest here, from
the massive architectural overhaul
to the question marks over the
future of ray tracingin games. It's
for this reason that we've dedicated
several pages notjust to reviewing
the new GPUs, but also to discussing
real-time ray tracingin a full feature
onp84.
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The costofray tracing
Richard Swinburne asks if Nvidiais
rightto commit so much silicon to
what are currently niche features.

Total War: Playground
Tracy King discusses the current
furore around putting female
charactersin war games.

Cooler Master's £430 case
We look at the Cosmos C700Mto
seeif it canjustify its asking price.

Liquid coolers

We put eight240mm all-in-one
liquid coolers through their paces on
Inteland AMD CPU sockets.

Two Point Hospital

Rick Lane enthuses about the latest
hospital sim, which picks up where
Theme Hospital left off.
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Real-time ray tracing

Withits realistic lighting, will ray
tracingreally be the future of gaming,
and how exactly is Nvidia managing
todoitinrealtime? Find outin this
dedicated feature.

Cloud gaming

Play the latest PC games without
forking out for expensive hardware.
After the fall of OnLive, Rick Lane
investigates the current cloud
gaming options.

96 Hobbytech

Gareth Halfacree makes a daily
schedule printer, tries out the high-
tech MiniWare TS100 solderingiron
and reviews new programming-
themed game Exapunks.

104 How to guides

Antony Leather shows you
how to control your fans and
pumps effectively, andinstall

a water-cooling monoblock on
your motherboard.
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BEN HARDWIDGE / FROM THE EDITOR

COMPETITIVEPLAY

..........................................................................

.........................................................................

Ben Hardwidge laments the state of competitionin the GPU industry,
butanew hopeis potentially on the horizon

ow would usually be a golden moment to scoop up

a graphics card bargain, with the arrival of brand-

new GPUs sending the prices of the old guard
tumblingdownasretailerstrytoshift theirold stock.Notthis
time. GeForce GTX 1080 Ti cards are a little cheaper than
previously, but they're still demanding at least £650 inc VAT.
It'shardly a bargain.

This time, there simply hasn’t been a like-for-like swap.
Nvidia'snewRTX2080and2080oTicardsaredemandinghuge
premiums, meaning the older GPUs can still happily chug
along at or near their old prices.

There are many factors at play here, and

the currency mining craze peaked. They're simply not
competitive as gaming GPUs.

There arerumours about new AMD GPUs turning up soon,
with a move to 7nm transistors. However, given the lateness
and uncompetitive performance of the first Vega chips, and
the huge amount ofresources that Nvidia has clearly poured
into developing Turing, AMD will really have its work cut out
to make a product that can knock the RTX 2080 Ti for six. I'll
be surprised if AMD is even aiming that high now.

Curiously, though, there is potentially some other

competition for Nvidia’s RTX GPUs in the
works,notfrom AMD, butfromIntel. The CPU

Richard Swinburne has covered the cost Withits I<nowledge of FAdY  makerhasbeennabbinggraphicsstafffrom
of the new features, and whether they're tracin g it's PO ssible we AMDleft, rightand centre overthe pastyear,

worthit,on pio. WhatIwant todiscuss here

and has already announced plans tolaunch

isthesorrystateof competitioninthecurrent ~ COU ld see ave ry different  adiscrete GPUassoonas2020.Intel alsohas
GPU business. GPU eme rge from Intel awealth of experienceinraytracing, notjust

We saw a similar situation in the CPU
industry for several years. As James Gorbold
discusseson p114, Intel’s current stock shortage meansits CPU
prices are shooting up again, but it doesn’t matter now
because we have decent competition—unless youreallywant
the highest clock speeds possible, you can pick up a highly
competitive AMD Ryzen CPU (with twomore cores) for much
less money.

That wasn't the case for along time, though, when AMD’s
uncompetitive CPU architecture enabled Intel to keep
churning outdepressingly similar quad-core CPUs year after
year at whatever price it liked.

That's the benefit of competition, and it may as well not
existinthe current GPU arena. AMD’s Radeon RX Vega GPUs
were delayed, overpriced and underwhelming, and their
prices were also affected by a major supply shortage when

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

for render stations, but for gaming too. It
quickly hired real-time ray-tracing guru
Daniel Pohl in 2008 after seeing his own efforts with the
Quake engine,and Pohlisnow acomputer visionengineer at
thefirm.Many yearsago,Intelevenhad a graphics card based
on CPU cores for real-time ray tracing in the works.
Withitsknowledge of ray tracing, and its expertise gained
from nabbing AMD’s staff, it's quite possible we could see a
very different GPU emerge from Intel — one that might not
match Nvidia’s rasterisation performance, but may beatitin
real-timeraytracing—-itmayevenmanageboth.The challenge
for Intel, as always with its graphics, will be providing
adequate game support and driver updates, but we sorely
need competition in the GPU business now, and Intel could
potentially offerit,especially if games doindeed shift towards
usingray tracing in games. BPE

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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RICHARD SWINBURNE / VIEW FROM TAIWAN

THE COST OF

RAY TRACING

.........................................................

Richard Swinburne asks if Nvidiais right to commit so
much silicon to what are currently niche features

orme,thebiggestnewsaboutNvidia’snewRTX GPUs
. isn't, in fact, the performance, but the astronomical
prices. After two and a half years of GTX 1000-series
GPUs, the leap in prices for the new RTX cards has left a lot of
potentialupgradersunhappy.However,let’s be pragmaticabout
themarketsituation,asthere’snowhiff ofhigh-end competition
from AMD, and Nvidia is in business to make money. Also,
looking deepintothe new Turingarchitecture,it’sclearthenew
chipsalsocostsignificantlymoretomake,and theresearchand
development costs will have been considerable as well.
The GTX 1080 Ti (GP102) core offered 471mm?2 of
silicon, the GTX 1080 and GTX 1070 (GP104) were

The Tensor (AI) Cores are being puttouseinafancy new anti-
aliasingmode,which doesappeartoimprove performance, but
there are already lots of AA options in games, so it’s hardly a
must-buyfeature. Meanwhile, Almaybe havingatransformative
effect on virtually every other compute-related industry,
includingcars,cameras and smartphones,butthePChaslargely
beenleft out.

Of course, ray tracing can clearly produce muchmorerealistic
lighting than rasterisation —we've known that for at least two
decades — but it requires such high performance, as well as

dedicatedhardware,thatit'sanenormousmountain
toclimb.Gamedevelopersneed asufficientlylarge,

341mm? and the GTX 1060 and GTX 1050 (GP106) Nvidia has taken a established ecosystem of ray tracing-capable cards
were200mm? However, inthisgeneration, thesizes  ‘byild it and th ey Wi || alreadyinpeople’s PCsto pushthemtoembraceit.

of the RTX 2080 Ti (TU102), RTX 2080 (TU104) and
RTX 2070 (TU106) silicon are huge, at 754mm?2,
545mm? and 445mm? respectively. Even ‘low-end’
TU106 silicon is almost the same size as last generation’s
premium GPUs — Nvidia’s GTX 1080 Ti and AMD’s Vega64
(486mm?). Adding several billion transistors toeach new series
means the costtomake them has increased significantly.

This extra spaceisn’t substantially occupied by more stream
processors,butbythe new Tensor (AI) Coresand RT (ray tracing)
hardware embedded into each GPU alongside the traditional
rasterising kit. Since Aland ray tracing aren’t currently actively
used in games, Nvidia has taken a ‘build it and they will come’
approach.Butevenwithitscurrentmarketdominance,it’s going
to be a difficult journey. Without any relevance to the millions
of existing games, it's a large cost pushed onto the consumer
that affords little obvious benefit in the near future.

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

-------------------------------------------------------------------------------------

come’ approach

This year we've already seen what happens in VR
when the high cost and lack of demand meanslow
economicincentive for developers.

In my opinion, Nvidia had two alternatives it should have
considered.Firstly,adedicated add-in card that people could buy
to partner with their brand-new (rasterisation-only) graphics
card, a bitlike the original 3D graphics and PhysX accelerators.

If a separate card wasn't possible, then a chiplet approach
could have offered consumer choice.'Chiplet’isanewtermthat
describes putting many little chips together side by side and
working as if they were a single monolithic unit. Nvidia could
possibly have separated its RT and Tensor Cores into a chiplet
and offered consumers a with or without choice for its new
graphics cards.

Icertainly hoperay tracing getsits day in the sun (ahem), but
atthis price 'm happy torasterise for a while longer. BPG

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

------------------------------------------------------------------------------------
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TRACY KING /7 SCEPTICAL ANALYSIS

TOTAL WAR:
PLAYGROUND

...................................................................................

..................................................................................

Tracy King discusses the fury around putting female charactersin war games

ho wants to play ... Aaaarmy, we'd chant, linking
- arms and marchingaround the school playground

at lunchtime. ‘No boys! Just girls!’ We were eight
years old and had recently noticed that the boys were playing
Army but excluding girls.It was annoying because Army was
an extremely fun game in which you ran around making
machine gunnoises and diving behind imaginary bunkers. We
fought back by starting our own, girl-only game of Army.

Why did the little boys choose to exclude the girls in their
war game? Eight-year-olds aren’tusually sticklersfor historical
accuracy, but although we had learned about
the World Warsin class,we weren'ttaught that
it was actually illegal for women to serve in
frontline combat units, and that many
thousandsofwomendidinfactservein WWII,
includingmy own grandmother,who operated
amassive gun and shot down Nazi planes.

Women from all countries served and even
diedinservice,butyouwon'tfind their existence and sacrifice
in the history books. Historical accuracy is in the eye of those
who know history.

Today, around 20 per cent of active service personnel are
female.It's a weird bit of equality, the right to fight and die in
awar,butwe'renotheretodiscussthemerits of pacifism. We're
here to discuss video games.In May this year, there was a big
war over EA DICE’s Battlefield V, which had the audacity to
feature womeninits trailer.

The protesthashtag #notmybattlefield was born.Pre-orders
forBattlefield Vhave been pretty dire,and therelease delayed,
butthere’snoevidencethatit’'sadirectresult ofletting women
into the combat man cave (it might be because of negative PR
around EA DICE'’s Star Wars BattlefrontII, which suffered from

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

My own grandmother
operated a massive
gun and shot down

Naziplanes

heavy media criticism for its microtransactions, leading to
‘review bombing’ on Metacritic).

Butregardlessofwhat'sleading poorsales,EA's chief creative
officer Patrick Soderlundisn’'t goingtoletthe nogirls,just boys’
campaigners get their way, responding to criticism about
historical accuracy in Battlefield V by saying, ‘Either accept it
ordon’t buy the game.

Recently, similar complaints gained attention when 3sonew
negative reviews appeared of Creative Assembly’s Total War:
Rome II, which features female generals in an ancient setting.
Thefemale generalshadn’'tbeenaproblemfor
the entirety of the game’s release, until
someone posted a screenshot purporting to
show that the game had given him an all-
femaleline-up,and it escalated from there.

The chances of getting just one female
general in Total War: Rome II is small. A
statementfrom CAsaysthere'saio-15percent
chance of women appearing as recruitable generals for some
of the playable factions. ‘The exceptions are the Greek states,
Rome, Carthage and some Easternfactions,whichhavea o per
centchance,and Kush,which hasaso per cent chance,”it says.

It'sdifficulttounderstand why anyone would have a problem
with that, but some gamers are complaining that they’re not
objectingtothe presence of womenintheirgame-it'sthe ‘take
itorleaveit'attitude ofthe developers.I'mnotreally sure what
otherapproachdevelopers cantakethough.They're not going
to stop putting women in games, even if it throws military
history out of the window, because women buy and play games
too,and we have everyrighttoplayasourselves. Afterall, male
gamers are complaining that they don't want to play as the
opposite sex. Me too, dudes, me too. BPE

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Gamer and science enthusiast Tracy King dissects the evidence and statistics behind popular media stories surrounding techand gaming | | @tkingdot

-------------------------------------------------------------------------------------

------------------------------------------------------------------------------------
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Incoming

Oculus unveils standalone Quest headset

Oculus has announced a new member of its VR headset line-up, promising to
completely do away with the need for a wired connection, or even a PC. The new Quest
bundle features two Touch wireless controllers, as well as a headset packed with
dedicated hardware, freeing the wearer from constraints. Meanwhile, each eye will geta
dedicated 1,600 x 1,440 screen, and 64GB of storage space will be provided. There's no
advanced detail on the specs available at the time of going to press, but Oculus says the
Quest will be releasedin 2019 at a price of $399 US (around £366 inc VAT).

Intel readies mainstream
3-core CPUs

Despiteits current stock shortage woes (see p114), Intelis planning
tolaunch anew range of 9000-series CPUs before the end of the
year. Most notably, the Core i9-9900K and Core i7-9700K will bring
8-core CPUs to the mainstream LGA1151 platform,
along with a slightly revised Z390 chipset.
What's more, Intel has also listened to
enthusiasts this time, and is swapping the
thermal paste under the Corei9-9900K’s
heatspreader for a proper soldered
connection, which should make for better
cooling and maybe better overclocking.
According to our sources, the Core
i9-9900K willhave a 3.6 GHz base
clock, but the ability to boost all its
coresto 4.7GHz and a single core
to 5GHz. It will also support Hyper-
Threading for a total of 16 threads,
unlike the 8-core 9700K, which
will only have eight threads.
There's no word on pricing atthe time
of goingto press, but we hope to have afull
review inthe nextissue.

............................................................

GeForceRTX 2070
inbound

Nvidiaisn't wasting any

time gettingits Turing cards
outthe door, with the cheaper
RTX 2070 quickly following

the heels of the RTX 2080 and
2080 Ti(see p20).Based on
Nvidia’'s smaller TU106 GPU,
the RTX 2070 will have all of

its parts enabled (unlike the
2080 chips), with 2,304 stream
processors and 8GB of GDDR6
memory clocked at 7/000MHz
(14000MHz effective).

As withthe 2080, there willbe
Nvidia Founders Edition cards, plus third-party
cards, with UK pricing setata £569 inc VAT for
the latter from www.nvidia.com. That's a fair
bit cheaperthan the 2080-series cards, but
still a lot of money compared with previous-
generation GPUs. The GeForce RTX 2070 will
be available to order on 17 October, 2018.

RTX 2070

Enermax launches RGB TR4 coolers

Enermax has launched atrio of all-in-one liquid coolers designed to
tame the heat from AMD’s massive Threadripper CPUs, while also
sporting RGB lighting. Featuring a custom coldplate that covers the
whole TR4 heatspreader, the LigTech TR4 Il coolers come in 240mm,
280mm and 360mm flavours. Each cooler uses high-pressure fans
and an efficient EF1pump, and Enermax claims they can deal with
processor TDPs over 500W, meaning they could even happily cool a
32-core Threadripper 2990WX. Unlike thefirst LigTech TR4 coolers
(see p102), the waterblock now features RGB lighting that can hook up
to motherboard headers too. Prices start from £130 inc VAT for the
240mm version from www.overclockers.co.uk



ULTRA FAST. ULTRA SMALL.
ULTRA POWERFUL.

The new Razer Blade is the world's smallest 15.6" gaming laptop, striking the perfect
balance of power and portability. We've redesigned the award-winning laptop to be

more compact yet deliver even more performance and features, while adding a larger
edge-to-edge display.

World's smallest 15.6" gaming laptop (0.66" x 9.25" x 13.98")

Full HD edge-to-edge display (4.9mm bezels), available 144Hz refresh rate, color calibrated
Bth Gen Intel® Core™ i7-8750H 6 core processor, up to 4.1 GHz

NVIDIA® GeForce® GTX 1060 or 1070 Max-Q Design VR Ready graphics - i VR ‘) O
_ Xf READY &

Innovative vapor chamber cooling system with Gaming Mode power boost Gt

AVAILABLE FROM

amazon RAZERSTORE
p—

razer.com

"GCaming laptop” relers to Windows 10 clamshel gevice with discrate graphics, as of May 15 2018
Copyright © 2018 Razer Inc. All righls reseérved. Actual product may differ from pictures, Infanmation correct at time of pr inting
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Letters

Please send us your feedback and correspondence to
letters@custompcmag.org.uk

Rememberold TIM

My gaming computer began
crashing occasionally during
the recent warm spell. My
Intel Core i5-4670K rig that
[ built five years ago was
affected by the high ambient
temperature, and the fans
couldn’t cope.It was getting
noisier as well. The CPU was
overclocked to 4.3GHz using air
cooling, and it was going above
99°Cand throttling.Ithought that
the problem would resolve itself
with cooler weather, butitdidn't,
soremedial action was required.
Iremoved the heatsink, which
seemed looser than Iremembered
whenIbuiltit,and looked at the
CPU surface. The TIM was
completely dry, patchy and
crumbly. A quick clean,
reapplication and reassembly was
needed, and the temperatures
showed that the problem was
fixed. So,for all those systems that
you built a while ago, it might be
worth checking the TIM before

Reapplying your
TIM canmake a
huge difference to
CPU temperatures

getting frustrated at your trusty
system that has done you so well
over the years.

JONATHANEALES

Ben: Sage advice here, Jonathan. Some
types of TIM are more durable than
others, and most types canalllose
their effectiveness over time. If you're
havingthermal problems, it's always
worth cleaning off the old TIM and
reapplying new gunk.

More TR4 coolers please
Lookinginthe recentissue, there
only seems to be one TR4 cooler on
your Elite list. Is there any chance of
aroundup review, covering water
and air?

DAVID PRICE

Ben: The problem with TR4 is that the
massive heatspreadersreally need a
full-cover coldplate for effective
cooling, andthatit's also a very niche
socket — not many mainstream coolers
doit out of the box, with several of them

- Twitter highlights

Follow us on Twitter at @ CustomPCmag

Pc_Shed Nice to have something good
toread deliveredto your door. But @

CustomPCMag what has happenedto the @
foldingathome league tables as they are notin

theissue 182/November2018?

Ben: We removed them - sadly not many
people do Folding@home any more, and we
couldn'tjustify givingita whole page whenit
had so few results. As always, we're opento
bringing it back if enough of our readers

demandit, perhaps not a whole page though.

aazzgard Hi, when do you think prices

for 1080 Ti cards will drop and where do
you think they will drop to? | guess there will
need to be a drop otherwise the new 2080

cards will be too expensive and not sellin

greatnumbers.

Ben: I've addressed thisissue onp8, andit's
not good news I'm afraid - GTX 1080 Ti cards
still cost atleast £650 inc VAT, usually more.
They may drop further, but I wouldn't get your
hopes up yet.

comingin separate TR4 versions that
can'tbe used on other sockets, whichis
why TR4 isn't usually included in our
cooler reviews. However, you'll be
pleasedto know thata TR4 cooler Labs
is onthelist for the near future.

(XY
Letkitgo

Regarding James Gorbold’s column
inIssue182,Imanagedtosell (well,
actually got a colleague to sell!)
some of my hardware, but, sadly,
ended up disposing of some of the
olderkit, such as GeForce GTX 460
cards,as nobody seemed to want it.
One piece of hardwareIcan't
bring myself to ditch is my quad-
socket Opteron monster with 48
physical CPU cores in a huge Super
Micro case, which was great for the
bigadv Folding@home work units
(remember those?) in 2012, but is
redundant now. My latest PC build
is—an NUC. Given the size of the
Super Micro case, maybe I should
useitasabench!
JON WILLIAMS (AKA DOCJONZ)

James: It sounds like you had a similar
issue to me, Jon —an emotional
attachment to some old hardware. For
me, the hardest gearto let go was also
the big multi-socket systems that were
great for the huge bigadv Folding@
home units. My current PCis allittle
larger than your NUC (it's builtin a
Fractal Design Define C), butit's now
the only PClown. GPE

WHEN'S THENEXT

MAG OUT?

Issue 184 of Custom PC

willbe on sale on Thursday, 8
November, with subscribers
receivingita few days beforehand.
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READY, SET, GAME.
MASTERBOX MB510L & MB511

i

@ AGGRESSIVE INTAKES EDGE-TO-EDGE TRANSPARENT SIDE PANEL

(@ SUPPORT FOR A TOTAL OF 6 FANS AND WATER COOLING
o

With the MasterBox MB510L and the MasterBox MB511, systems built for high demand gaming can

breathe easy through the mesh front panel. e
Along with the aggressive intakes in front, there is also ventilation on top for added thermal support. Buy Now from www.cclonline.com
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DDR4 MEMORY KIT
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G | g a va[e /A\O |/U S RG B M e m O I/\// £194 inc VAT (16GB, 3200MHz, dual-channel)

SUPPLIER www.morecomputers.com

Frequency 3200MHz
Timings 16-18-18-38

Volfage 1.35V

Heighf (frorh bései 39mm

Lighting Yes (RGB)

t'srare that a motherboard maker getsinto the

memory market, and evenrarer thatitmanagesto

offer aunique product compared with the rest of
the field, whichis already teeming with RGB LEDs and fancy
heatsinks. However, Gigabyte's Aorus RGB Memory not only
hits the nail on the headin terms of pricing, butalsohas a
great solutionto one of the biggest aestheticissues with
dual-channel RGB memory.

You might think we've used the wrong photo, and that this
dual-channel kit should have just two modules. However,
despite there being four modules in the Aorus RGB Memory
box, it's only a dual-channel kit for the simple reason that
two of the modules are dummies. These dummy modules
contain only a sparsely populated PCB with no memory
chips, but they do have a small section of contacts at one end
of the base. These contacts enable themto tap into the SM
bus signals to control their RGB lighting.

The dummy DIMMs fillin the gaps between modules if
you don'tfill all the slots. For example, if you buy a dual-
channel kit for a four-slot motherboard, you end up with
an annoying breakinthe lighting.

With memory prices at all-time highs, investing in four
modules when you only need two of them simply isn'tan
optionforalot of people, though, and Gigabyte has come up
with a good answer to the problem. Despite costing the
same price as other 16GB, 3200MHz dual-channel RGB Kits,
you get four modules here. Only two of them are fully
fledged memory modules, yet visually, they look and work
like the active modules, and the lighting effects are
synchronised across themtoo.

There's arange of effects from which to
choose, although the options aren't quite as
extensive as on Corsair's Vengeance RGB Pro
modules. However, there's enough to keep
most folks happy and you don't need a Gigabyte
motherboard either. The company’s Fusion
Link software worked fine on our Asus test

motherboard, although you'll need a Gigabyte board if you
wantto match the memory’'s lighting to your motherboard.

Meanwhile, the lightingitself is bold and punchy, although
itisn't quite as accurate or vivid as Corsair's. For example, the
white wasn't particularly clean and darker colours lacked
pizzazz. However, the Aorus RGB Memory still looks
fantastic with the modules bunched together.

Despite using Samsung B-die chips, we couldn't get our
3200MHz kit with 16-18-18-38 timings beyond 3333MHz,
whichis atad disappointing given that most other similar kits
we've tried have got to at least 3400MHz. The modules are
fairly low-profile, though, measuring just 39mm and the
heatsinks are attractive too.

Conclusion

Despite the lighting not quite being on a par with Corsair's
Vengeance RGB Pro kits, and the lack of overclocking
headroom, the fact you get four modules for the price of two,
allowing you to occupy all four slots on a micro-ATX or ATX
motherboard, is a fantastic bonus. The software worked
without a hitch and the modules are some of the shortest
RGB DIMMS we've tested too. As aresult, Gigabyte's Aorus
RGB memory comes highly recommended.

ANTONY LEATHER

...........................................................
...........................................................

4145 0t

:ii VERDICT
+ Including two dummy modules to fill empty slots is a
::: greatidea and the kit is reasonably priced too.
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GRAPHICS CARDS

The Turing test

Nvidia Getorce RT X 2080
Founders EditioN / £749 noar

/otac GeForce RTX 2080 Ti AMP!/ £1,2248 v BUR

e're alittle bitin love with Nvidia’'s new GeForce
RTX 2080 Founders Edition, despite its price. We'll

RTX 2080

getto all the stuff aboutray tracing, deep learning
and the new GPU architecture in a minute, but what first
strikes you about Nvidia's own-brand cardis thatit's
packaged as a truly premium product. It starts when you

NVIDIA GEFORCE RTX 2080
FOUNDERS EDITION

Graphics processor Nvidia GeForce
RTX 2080, 1515MHzbase clock,
1800MHzboost clock

Pipeline 2,944 stream processors,
64R

Outputs/inputs 3 x DisplayPort 1.4, 1x
HDMI 2b, 1x VirtualLink

Power connections 1x 8-pin, 1x 6-pin

remove the lid of the box, and the card
is revealed standing up onits edge, asif
it's awardingitself to you as a trophy.

Eventhe carditself is beautifully
designed, with atwo-slot, all-metal
chassis and backplate surrounding the
PCB. The deep-milled groovesinthe
backplate look fantastic, and the design
ensures that plenty of hot airis
exhausted out of the rear vents, rather
than out of the front of the heatsink into
your case. This time, the Founders
Editions also have two fans, rather than
justone, as well as a vapour chamber.
As firstimpressions go, Nvidia has got
the designright, whichisjust as well, as
it costs £749inc VAT.

Nvidia GeForce RTX 2080 Founders Edition

PEME

Andif you thought that was a silly amount of money, wait
until you see the price of the RTX 2080 Ti, where cards start
at£1,100inc VAT, and go all the way up to £1,224 for the
Zotac AMP! card we're reviewing here. Buyinganew RTX
cardis clearly going to be a serious investment, butis it worth
it? That's atough questionto answer atthe moment, as alot
of the new benefits of the new GPUs are impossible to
gauge with current games.

Catch somerays

Let's start with the headline feature of Nvidia's new Turing
GPUs, whichis real-timeray tracing — a feature so important
to Nvidiathatitreplacedthe ‘G’ inits ‘GTX' brand withan'R’.
You canread all the detail about how ray tracing works, and
how Nvidiais doingit, in our dedicated feature on p84, but
we'll go through the basics here too.

Ray tracingis based on accurately modelling the way light
splits, bounces, reflects, refracts and so on throughout a
scene, by tracing the rays all the way from the virtual
sources, through the scene and to the eye of the person
viewing the scene. It's a process used extensively in
cinematic special effects, andit's what makes the lighting
in CGl scenes look especially realistic, as well as enabling



|‘i Zotac GeForce RTX 2080 Ti AMP!

incredibly shiny and reflective surfaces. It's also
computationally very expensive, with a single frame taking
alongtimeto render, even on dedicated hardware.

However, Nvidia has spent several years working on a way
to achieve at least some of the effects of ray tracinginreal
time, partly by reversing the process, ‘casting’ a limited
number of rays from the observer’s point of view and tracing
them around the scene, avoiding the compute cost of
modelling lightin areas of the scene that the observer can't
see anyway.

We're not talking Pixar-level ray tracing in games here -
rather thanray tracing entire scenes, game developers will
instead take a hybrid approach, combining traditional
rasterisation with limited ray tracing used for areas where
you notice it most, such as reflections and shadows. Nvidia
measures the ray-tracing performance of its new GPUs in
GigaRays per second, with the 1.21Giga Rays per second
figure forthe RTX 2080 Timultiplying the ray-tracing
performance of the GTX 1080 Tiby nearly ten.

That's because the RTX GPUs now have specific
hardware dedicated solely to ray tracing. As with the Pascal
architecture, the GPUs are made up of Graphics Processing
Clusters (GPCs), each of which contain Texture Processing
Clusters (TPCs). Inturn, these TPCs contain the usual

.t||
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Streaming Multiprocessors (SMs), each with
four banks of stream processors (more on
those later). However, unlike Pascal, each
TPC now also contains a dedicated RT core
forray tracing. The RTX 2080 Ti contains 68
RT Cores, while the standard RTX 2080 has
46 of them.

It all sounds great, but the problemis that
no games currently support real-time ray
tracing. Future game launches are promised

ZOTAC GEFORCE RTX 2080
TI AMP!

Graphics processor Nvidia
GeForce RTX2080Ti, 1350MHz
base clock, 1665MHz boost clock

Pipeline 4,352 stream
processors, 88 ROPs

R

:i':ensor Cé-r-ég-544
Memory 11GB GDD

ef

to supportit, as well as patches for some
games, including Shadow of the Tomb
Raider, but there's nothing at the moment. It
also doesn'thelp that DirectX games need
to have access to Microsoft's DirectX Ray
Tracing technology, and thatisn't officially
being released until the next Windows 10
update later this year.

We've only managed to run one piece of real-time ray-
tracing software on our test card, whichis apreview of a
future 3DMark ray-tracing test that we received from
Futuremark. There's no facility to record performance, or
tweak the settings, and the company stressed thatit's not
necessarily indicative of the final test. We also had to enable
Windows 10 Developer Mode to
getittorun, butitthen worked.

The preview showed thatreal-
timeray tracing couldindeed be
achieved though. The short
sequence showed ascene
that clearly employed both
rasterisation andray-tracing
techniques, centredona
spacecraft with various reflective
surfaces. The Nvidia tech demos
also show the potential for ray
tracing to be usedin water and
eye reflections. Ifitends up being
widely used, it will make a world
of difference to gaming - ray-
traced armour and weaponsin
the next Elder Scrolls game
wouldjustbe fantastic.

This preview of
3DMark’s new
ray-tracing test
showed Nvidia's
RT Cores working,
with highly
reflective surfaces
on the spaceship
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The DLSSimagein
Final Fantasy XV
looks superior to
the TAA one when
you zoomin, with
smoother curves
and no artefacts

Nvidiais keento
port the fruits of its
GPU-compute
WOrk to games

Future Tensor

The other main addition to Nvidia's Turing architecture is the
Tensor Cores, which are found next to each bank of stream
processorsinthe SMs - you get two Tensor Cores in each
bank, for atotal of eightin each SM. First seenin Nvidia's
compute-centric Volta architecture, Tensor Cores are
designedto speed up a calculation that's commonly
performed in deep learning work, where you take a4 x 4
matrix of numbers, multiply it by another 4 x 4 number
matrix, and then add the result of that multiplication to
another 4 x 4 matrix. According to Nvidia, thanks to the
Tensor Cores, Turing SMs can calculate these problemsin
eighttimes the speed of the Pascal equivalents.

You might think that doesn't sound
particularly gamey, but Nvidiais clearly
keento portalot of the fruits of its
GPU-compute work over to the game
industry, and it may be onto something
here. Theideais that, because Nvidia
now has masses of compute power at
its disposal, it cantake a gaming
mathematical problem, letits massive
neural network solveit,and then
compress the solution to the point where it can be crunched
by Tensor cores. It then packagesit all up and sends it to you
via GeForce Experience.

One of thefirst successes is what Nvidia calls Deep
Learning Super-Sampling (DLSS), an anti-aliasing method.
It's been alongtime since we've seenthe term‘super-
sampling’ used to describe anti-aliasing —it's a technique
that effectively samples every single pixelin ascene a
certainnumber of times - itlooks great, butit saps a lot of
graphics card resources.

The 3dfx Voodoo5 cards firstintroduced us to anti-
aliasing via super-sampling back inthe early 2000s, but it hit

performance hard, and more efficient anti-aliasing
techniques were quickly developed to ease the burden.
3dfx’s cards were only super-sampling each pixel twice or
four times, but Nvidia has fed thousands of reference
images with 64x super-sampling (that's each pixel, sampled
64 times) into its neural network. It can then compare these
64x super-sampledimages with the standard images, with
no anti-aliasing, and spend its deep learning resources on
spotting the differences between them, learning how to
make the standard images match the super-sampled
images as closely as possible.

After working continuously on this problem with aload of
GPU-compute resources geared towards maintaining visual
fidelity and avoiding artefacts, the neural network can
gradually perfect an anti-aliasing algorithm.

Theresultis DLSS - an anti-aliasing method that should
avoid some of the problems with temporal anti-aliasing,
such as artefacts, distortion, transparency issues and so on,
while also having a smaller performance impact, as most of
the hard compute work has effectively already been done.
Nvidia has announced 25 supporting titles for DLSS,
including Shadow of the Tomb Raider, We Happy Few, PUBG
and Final Fantasy XV.

As with the real-time ray tracing, though, there’s just one
problem - no games support DLSS yet. Again, there was
only one test available to us at the time of going to press
—-a custom Nvidia version of the Final Fantasy XV Windows
Benchmark, using Fraps to gauge performance. It came with
two batchfiles — one to runthe benchmark with temporal
anti-aliasing (TAA), and one to run it with DLSS. We ran them
both onthe RTX2080 and 2080 Ti, and we also ran the TAA
testona GTX 1080 Ticard for reference.

It's not anideal test, for anumber of reasons. There's no
way to change the settings orresolution - itruns at 3,840 x
2,160 with ‘Custom’ settings, and there’'s no way to see



those settings. Naturally, we should be sceptical about a
benchmark supplied directly from Nvidia that doesn’tlet us
see or change the settings.

It does seem to work though. Nvidia told us that the image
quality should be similar between TAA and DLSS in this test,
with the latter being quicker. However, to our eyes, the DLSS
image quality is slightly superior, offering a smootherimage
(although youreally have to zoominto seeit). More
importantly, DLSS appears to offer a substantial
performance improvement, with the minimum jumping
from 21fps to 28fps onthe RTX 2080, and from 28fps to
36fps onthe RTX 2080 Ti. As with ray tracing, though, only
time will tellif real games can get a genuine boost fromiit.

Inside the GPU

So that's two new core-types in the Turing architecture, but
therestis basically like Pascal, right? Nope, not quite. Believe
it or not, the stream processors themselves are a little
different too. Floating pointinstructions are generally used
much more commonly thanintegerinstructions —justin
case you're notup on your mathslingo, integers are whole
numbers, whereas floating point numbers have a decimal
point, generally making calculations more complex.

With previous GPU designs, both integer and floating point
instructions shared the same data path, which sometimes
resultedinintegerinstructions holding up the floating point
ones and causing a gridlock. Nvidia's solutionis to split the
SMinto floating point (FP32) processors and integer (INT32)
processors, each with a separate data path, and with the
ability forinstructions to be executed on both types of
processor simultaneously. According to Nvidia, this system
increases the flow of floating pointinstructions by 36 per
cent. So rather than having a single block of 128 FP32
processorsin each SM, there’s now a block of 64 FP32
processors, and another block of 64 INT32 processors.

Of course, all this hardware occupies a massive amount of
siliconreal estate. In fact, the TU102 GPU used by the RTX
2080 Tihas amassive 754mm? die, containing 18.6 billion
transistors. Two of its TPCs are also disabled, meaning
there’s potentially room for a further top-end TU102-based
cardinthe future — we don't want to think about how much
that will cost though. Likewise, one of the TPCsinthe RTX
2080's TU104 GPUis also disabled.

Memory

The other major new introduction with the RTX cards is
GDDR6 memory, improving efficiency and offering much
more bandwidth. Boththe RTX 2080 and the RTX 2080 Ti
have their GDDR6 memory clocked at 7GHz, effectively
running at 14GHz. As standard, the RTX 2080 has 11GB of
GDDR5 memory, attached to a 352-bit wide interface (it
would be 384-but, but one 32-bitmemory controlleris
disabled), and 88 ROPs, for a total memory bandwidth of
616GB/sec. Meanwhile, the RTX 2080 has 8GB of GDDR6
memory attachedto a256-bitinterface and 64 ROPs, for a
total of memory bandwidth of 448GB/sec.

Ins and outs

Finally, there are a couple of physical changes to the RTX
cards when compared with their Pascal-based
predecessors. Firstly, thereisn't a DVI outputin sight.
Secondly, there’s now a Type-CUSB portontherear|/0
panel, which supports VirtualLink, a standard devised to
reduce the cabling from PCs to VR headsets, effectively
providing up to 35W of power, data via USB 3.1Gen2 and
video via DisplayPort HBR3 over a single cable.

Thirdly, you might notice that the SLI connector at the top
looks abit different. Yes, the SLI connectoris dead; long live
NVLink - a connector that's come from Nvidia's Tesla world
tojointhe GeForce world, enabling GPUs to talk to each
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Nvidia's new Turing
GPUs contains a
huge amount of
silicon, but not all
of itis being used at
the moment
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other without solely relying on the PCI-E 3 bus. There’s one
8xNVLink 2 link available to the RTX 2080, and two links
available tothe RTX 2080 Ti, although only 2-way SLlis
supported by either card.

Performance

With little way to test Nvidia's ray tracing and DLSS features
in proper games, we ran both the RTX 2080 Founders
Edition and Zotac RTX 2080 AMP!through our games
benchmark suite, which now also features Shadow of the
Tomb Raider. Interms of raw frame rates intoday's games,
there’s little to distinguish the RTX 2080 Founders Edition
froma GTX 1080 Ti-just a few frames per second separated
the two cardsin all our tests. It's clearly a very capable card,
playing most of our games at solid frame rates, even at 4K.

There was one problem with both GPUs, which was
running our Total War: Warhammer ll benchmark. Both the
RTX 2080 and 2080 Tinoticeably stuttered a couple of
times in the test, dropping the minimum frame rate
significantly. This problem appears to be anissue with the
411.51driver supplied to test the RTX cards, as it caused the
same problems with our GTX 1080 Ti card, whichhad no
problem at all when using the previous 399.24 driver. Either
way, it's clear from the average frame rates thatthe RTX
GPUs have the power to play the game fine — hopefully the
stuttering will be fixed in a future driver update.

The Turing flagship, though, is the RTX 2080 Ti, which
raced through our game tests like a sword through soft
margarine. Even the brand-new Shadow of the Tomb Raider
never dropped below 48fps at 4K, and its minimum hit
109fps at 1080p, with an average of 146fps - greatif you
have a high refresh rate monitor. Not even our usually
gruelling Deus Ex: Mankind Divided 4K benchmark could
stopit, with its minimum of 44fps and 52fps average being
well above any previous results we've seen.

The performance of Zotac's RTX 2080 Ti AMP! card was
even better, with a mind-blowing 125fps minimumin Doom
at4K, a 47fps minimum in Deus Ex at the same resolution
and 52fps in Shadow of the Tomb Raider. It doesn’thave the
classy looks and design of the Founders Edition cards, and it
takes up a fair bit of room, butit’'s quiet and very fast.

Of course, one price you pay for so much silicon running
athigh speedis power consumption. Running Unigine
Superposition on our overclocked Core i7-8700K graphics
testrig, the Zotac 2080 Ti AMP! pushed the system to
consume 357W,and 296 W on the RTX 2080 Founders

Edition. That's not terrible - it's lower than the 376 W from
the slower Radeon RX Vega64, andthe RTX 2080's resultis
also lower thanthe 338W form the GTX 1080 Ti, showing
thatthe RTX 2080 is more power-efficient.

What these figures don't show you, however, is how much
power will be consumed when the Tensor Cores and RT
Cores are fully engaged, as well as all the rasterisation
hardware. The Zotac card has two 8-pin PCI-E power
sockets, so it may need more power at some point.

Overclocking

At stock speed, the GPUs have aboost clock of 1710MHz and
1545MHz respectively. However, the RTX 2080 Founders
Editionis slightly overclocked to give you a boost clock of
1800MHz, and the Zotac RTX 2080 Tiis also overclocked, to
give you a boost clock of 1665MHz.

There's also more overclocking headroom. For starters,
we had no trouble overclocking the memory all the way to
8GHz (16 GHz effective) on both cards. We also managed to
add afurther 66MHz to the RTX2080's GPU, and a further
75MHz to the RTX 2080 Ti GPU. Both cards responded well,
delivering afew extra frames per second in our 4K Shadow
of the Tomb Raider test. There was a significantboomin
power consumption, though, with our system consuming
nearly 400W with the Zotac RTX 2080 Ti AMP! overclocked,
and 364W with the overclocked RTX 2080.

Conclusion

The problem for Nvidia at the moment is that the main
headline features of the Turing architecture can'tbe usedin
any real games yet. It's a bit like when the GeForce3 came
out, with support for DirectX 8 shaders, but no games were
using them. Inthat case, it wasn't really until the next
generation of DirectX 9 GPUs surfaced that shaders really
started to get commonly used, and that's the worry here. If
real-timeray tracingis indeed going to be the next big thing
in gaming graphics, with lots of new games supportingit
without a massive performance penalty, then the RTX2080
and 2080 Tiwill be extremely tempting purchases, even at
these prices. Ray tracing just looks amazing, and the
prospect of real-time ray tracing in games is tantalising.

Likewise, we may see games benefit from Nvidia's Tensor
Cores too, but there’s no way to gauge it at the moment.
Thatjust leaves us with today’'s games, using standard
rasterisation, and while the RTX cards are fastin these
applications, they're not fast enough to justify their colossal
prices. RTX 2080 cards cost atleast £100 more than GTX
1080 Ti cards atthe moment, but they're only slightly faster.
The RTX2080 Tidoes at least provide a significant
performance boostin games, butit's not one that canjustify
prices of well over a grand. If you have the money, and want
the fastest graphics card possible, the Zotac GeForce RTX
2080 Ti AMP!fits the bill, butit's only a card for extreme
enthusiasts with a lot of cash to splash.

There are several factors here contributing to the prices -
the cost of Nvidia's research and development, the cost of
producing so much silicon and, of course, the lack of
competition from AMD. However, until we can prove that the
new featuresin Turing are truly worth having, these graphics
cards are extremely overpriced.

BEN HARDWIDGE
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and the potential
for much more, but
these cards can't
justify their high
prices yet.
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MINI-ITX B450 MOTHERBOARD

Gigabyte BA450 [ Aorus Pro WIiFi/ £130 wr

igabyte’s B450 [ Aorus
Pro WiFiis aiming high
withits RRP of £130inc

VAT, especially considering it uses
AMD’s B450 chipset as opposed
to X470. Thankfully, on mini-ITX
boards at least, there’'s nextto no
difference between the two chipsets,
as there's no space to make use of the
additional features that the more expensive
X470 chipset offers anyway.

However, Gigabyte has some stiff competition, as

the B450 version of the Asus ROG Strix mini-ITX board

Thefan
control section
of the EFlis
also excellent

retails for only £20 more. Gigabyte has
certainly uppedits game sinceits last AM4
mini-ITX effort though - the B450 | Aorus
Pro WiFilooks and feels decidedly more
premium than the last-generation B350N
Gaming AC WiFi.

There's alarge VRM heatsink covering
the 4+2 phase power circuitry, and you
also get alarge M.2 heatsink with the port
beneathit supporting either 4x PCI-E 3 or

SATA-based SSDs. The heatsink dropped the temperature
of our Samsung 960 Evo by 9°Ctoo, soit's definitely worth
puttingitto use. There's no second port, though, so adding
extra storage willinvolve using of one of the four SATA
©6Gbps ports, which are all handily located on the edge, next
tothe DIMM slots.

Therest of the PCBis fairly spartan, and there's a severe
lack of fan headers. There are just two fan headers onthe
PCB, so you'llneed to investin some splitter cables if you
need to power more than a single case fan. What's more,
header-powered, dual-fan all-in-one liquid coolers will be
tricky to setup too.

Chipset AMD B450

AMD SocketAM4

Expansion slots One 16x
PCI-E3

Sound 8-channel Realtek 1220

Networking Intel Gigabit LAN
Overclocking No base clock
overclocking, max CPU

multiplier 63x; max voltages:
CPU15V,RAM2V

Ports 4 x SATA 6Gbps (B450),
1xM.2,4xUSB3,4xUSB 3.1
Type-A, 1xLAN, 3 x surround
audio out

Dimensions (mm) 170 x 170

Therearl/0 panel also seemstobe at
odds withthe PCBin terms of features, as
it's bristling with useful connectors. There's
on-board 802.11ac Wi-Fi and Bluetooth 5
support, six Type-A USB ports, including two
USB 3.1ports, and not a sign of USB 2 either.

There's atrio of digital display outputs too,
and an Intel-controlled LAN port. The only
disappointment onthe rear panelis that,
despite the board sporting Realtek’s superb
ALC1220 audio codec, there are only three
audio outputs. There’s no optical output, and
connecting a7.1-channel speaker system will
require using the case’s 3.5mm audio output
viathe on-board audio header. There’s little
by way of lighting out of the box either, but
there’s arow of RGB LEDs underneath the
right side of the PCB, plus a single RGB
header for LED strips.

Performance

Weinitially had issues firing up Gigabyte's System
Information Viewer Windows monitoring software, but
these problems were fixed when Gigabyte sentus the
B18.0522.1update forit - you'll need to do the sameif you
experience the sameissues. However, Gigabyte's
EasyTune overclocking software worked fine.

The fan control section of the EFlis also excellent, making
iteven more of a shame that there are just two fan headers.
The rest of the EFI could do with some improvements too; it
looks dated compared with the competition, with typical
overclocking settings often spread across several tabs,
while the Precision Boost Overdrive controls are bizarrely
locatedinthe peripherals section.

We managed to overclock our Ryzen72700X to the
usual 4.25GHz frequency and, despite the lowly power
circuitry, the board held up under sustained multi-threaded
load for a good five minutes.

However, it eventually succumbed and the software
revealed that extremely high VRM temperatures were the
likely cause, with the CPU never topping 85°C. It was stable
enough to pass all our benchmarks, but the B450 | Aorus
Pro WiFiisn't anideal candidate for an overclocked 8-core
CPUinmulti-threaded tasks.

At stock speed, the system score of 196,474 was typical
foran AM4 board using our Ryzen 2700X and our overclock
saw this rise t0 210,604 - again, similar to X470 boards
we've tested.

Theidle power consumptionis a concern, though, and
was afeature of many B450 boards we've tested, both at
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The hefty M.2
heatsink covers the ALC1220 audio heatsink dropped
4+2 phase power sounds excellent, the temperature of
circuitry nextto the butit could do with our Samsung 960
CPU socket more audio outputs Evoby 9°C

stock speed and when overclocked, and the load power
draw numbers aren'ttoo clever either.

Thankfully, the audio performance was excellent, with
noise and dynamic range levels of -110dBA and 111dBA
respectively. The board managed 3,392MB/secand
1,871MB/sec read and write speeds with our Samsung 960
EvoM.2 SSD too. Allin all, it performs on a par with an ATX
AM4 board.

R

Conclusion
We had high hopes for the B450 | Aorus Pro WiFi — it
looks great and has stand-out features such as 802.11ac
Wi-Fi, Realtek ALC1220 audio, an M.2 heatsink and large
VRM heatsink. However, it's let down by its EFI, alack
of VRM cooling and lowly CPU power circuitry that
undoubtedly led to our CPU throttling back under load.
There are also only three audio outputs, no optical output
andjust two fan headers.

Three fan headersis the bare minimum for a typical
enthusiast motherboard, but as it stands, you'll be left

wantingif you use the B450 | Aorus Pro WiFi with any setup
other than a single-fan CPU cooler and a single case fan. As
aresult, if you want to overclock your Ryzen CPU, the Asus
ROG Strix B350-1 Gaming or its X470 counterpart are your
bestbet while, for less cash, Gigabyte’s own AB350N-
Gaming WiFiis a good choice for abudget mini-ITX system
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at stock speed, although it doesn’t support AMD’s StoreMl
technology, and you'llneed an EFl update to support the
latest CPUs. Gigabyte has made some superb mini-ITX
boards for Intel CPUs, makingit a real shame to see this
AM4 boardfall short.

ANTONY LEATHER

ASHES OF THE SINGULARITY

Gigabyte B450 | 56.434 57145 DX12 CPU Benchmark, 1,920 x 1,080, High Settings
Aorus Pro WiFi - }
)A(%SOROGG S'grix 56,605 57,695 Gigabyte B4S0 | 41fps  46fps
g anng Aorus Pro WiFi 41fps  45fps
41fps  46fps
HANDBRAKE H.264 VIDEO ENCODING Asus ROG Strix
A X470-i Gaming 41fps = 45fps
Gigabyte B450 |
Aorus Pro WiFi 524,340 562,816
)ezl;%—Rl%gnS‘mS 523,082 570,341 Stock speed min Stock speed avg Overclocked min Overclocked avg
HEAVY MULTI-TASKING TOTAL SYSTEM POWER CONSUMPTION
Idle
Gigabyte B450 | .
Aorus Pro WiFi (S, 0108 G,?:rz\gtgr%“Vs\/ioF: 95w 96W
L SUSRQG Strix 179,561 206,01 Asus ROG Strix
X470-i Gaming X470-i Gaming 54wW 79W
SYSTEM SCORE
Gigabyte B450 | Gigabyte B450 |
Aorus Pro WiFi 196,474 210,604 Aorus Pro WiFi 274W 339W
Asus ROG Strix Asus ROG Strix
X470-i Gaming 194,649 P 349 X470-i Gaming LEE EENE
253 Stock speed  Overclocked Stock speed | Overclocked
-* PERFORMANCE :  FEATURES  IRTVrryYIRHTTS
. 32/35 25/35
.A.. Decent performance and great audio, but it
£a 2 6;”&0 % desperately needs more fan headers, and the

EFl and VRM cooling need some attention too.

.........................................................................................................................................................
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ATX CASE

Cooler Master Cosmos C/00M /£430 e

ases we review don't often breach the
£200 mark, letalone £400, especially
from a mainstream brand. However, Cooler

Master's new Cosmos C700Miis an absolute monster
and, unlike many other large expensive cases such as the
SilverStone TI11,it's notjust alarge metal box. In fact, it's one
of the most tweakable cases we've seen.

Of course, at £430 inc VAT, all the features in the world
won't make it affordable, and there's plenty of cases that
offerthe same space and some of the features for half the
cash. However, the sheer amount of technology packedinto

The spaceship-

like design
isn't garish or
cheap-feeling

Meanwhile, the exterior is made from brushed steel
and brushed-effect plastic, and build quality is great. The
spaceship-like designisn't garish or cheap-feeling. The
front panel has a plethora of ports and buttons, including
aUSB 3.1Type-Cport, plus a4-channel RGB lighting

the C700M almost makes you disregard the
price tag and reach for your trembling
wallet. It has the best lighting we've ever
seen, with bright and vivid RGB diffuse strips
of multiple LEDs running parallel down the
front, then over the top of the chassis with
two more on the base either side. As there
are numerous individually controllable
LEDs, the Cosmos C700M can produce
some dazzling displays.

controller that can cycle through several static colours as
well as lighting effects.

Cooler Master has wired up connectors for all major
motherboard RGB headers too, if you want to synchronise
the lighting with other components. The front panel also

Dimensions (mm) 651x 650 x

Kvailable colours Grey, silver,
black

Front panel Power, 4 x USB 3, 1x
USB 3.1Type-C, stereo, mic

Form factor(s) E-ATX, ATX,
micro-ATX, mini-ITX

Cooling 3 x 120/140mm front fan

mounts (3 x 140mm fans
included), 3 x 120/140mm roof
fan mounts (fans notincluded),
1x140mm rear fan mount (fan
included)

Maximum graphics card length .
490mm

sports a dual-mode fan controller, with six
4-pin ports that offer three fixed fan speeds,
oryou can switch to PWM mode courtesy of
a4-pin cable that can connectto aspare
motherboard header.

Theinterior looks like it means business
too, andthere’s staggering amount of
customisation on offer. The motherboard
cansitin standard or inverse orientations, as
well as rotated 90 degrees in chimney
mode with the CPU cooler blowing air out
the roof. Components inside the case can
switch sides to cater for this arrangement
t00, as canthe side panels. There’'s also an
adjustable graphics card mount, which
allows itto sitin the middle of the case with
your graphics card placed as the showpiece,
either horizontally or atan angle.

This mount can also be installedinthe
roof, so the graphics card hangs vertically
withits cooler facing the huge tempered
glass window. Multi-GPU fans will be
delighted by the possibility of using two

TAPARLY

of these mounts, so a pair of graphics cards can stand on
either side of the motherboard, and a singleriser cable is
includedtoo.

Meanwhile, cable routing is excellent, and the mass of
cables for the fans, ports and lighting are individually
threaded out of the box in clips inspired by serverracks, with
plenty of anchor points for additional cables and alarge
cover to hide them once you've finished.

There’'s agood mix of storage options too, with four
dedicated 2.5in SSD mounts, plus five hard disk mounts that
canalso house SSDs. There's also a hidden 5.25in bay,
although access viathe frontis awkward, as you need to pull
outthe entire front panel - it's not anideal setup if you plan
touseitregularly.

Asyou'd expect, there's plenty of room for water-cooling
components as well, with several pump and reservoir
mounts. The roof section has space forup to 360mmor
420mmradiators, measuring up to 70mm deep and, if you
getrid of the 5.25in bay, there's space in the front for the
same radiator setup too. Also, by swapping the top of the
PSU cover with a vented bracket, you can mountfans ora
240mm radiator on top.

Interms of out-of-the-box airflow, the Cosmos C/00M
is equipped with atrio of front 140mm fans and a single
rear 140mm fan, soit should cope well as standard if you'll
be air-cooling your PC. The air-cooling credentials are
further bolstered by large mesh-covered vents in the front
andthe roof.



The motherboard The front panel Theroof sectionhas
canbeinverted or sports controllers space for 420mm
evenrotated by forfan speeds and radiatorsup to

90 degrees RGB lighting 70mmdeep

Performance

suggest dedicating an entire weekend to building a high-
At full speed, the fans were still reasonably quiet, with just a end PCinside one - several if you'll be water-cooling it too.

deep thrum audible from outside the case. With one fan You'll also need an extra hand to liftit if you'll be kitting it out
pointing straight atthe CPU cooler, it wasn't surprisingtosee  with water-cooling gear, as it weighs over 23kg onits own.

the CPU delta T reach animpressively low 50°C, matching The priceis extreme, but sois the case andits features, from
the SilverStone Primera PMO1RGB and bettering the Corsair - the RGB lighting to the configurable interior and spaceship-
Crystal Series 570X. like exterior.

Switching to the minimum fan speed saw this figure rise We only have two small niggles. Firstly, while Cooler

by just 3°C with a noticeable drop in noise, soit's definitely Master supplies Velcro ties for cables, they're already neatly
worth optimising your fan speeds. used with the standard case cables. Comparatively, several
Likewise, the GPU delta T only dropped from 51°"C and cheaper cases supply additional Velcro ties that are quicker
52°Cwiththe fans setto minimum speed, soit's a and easierto use.
no-brainer to use the lowest fan speeds. Also, there's alot of plastic on the exterior, but the design
blends it well with the metal. Cooler Master has turned the
Conclusion Cosmos C700Mup to 11, and you pay for it, butit's definitely
Buildinga PCinthe Cooler Master Cosmos C700M and the case we'd use if we were building the PC of our dreams.
tinkering with all its features took up most of a day, so we ANTONY LEATHER

. CPULOAD DELTA T
: Cooler Master C700M

GPU LOAD DELTA T
Cooler Master C700M

(max speed) 50°C (max speed) s1°c
Cooler Mazﬁi:‘(%%gm 53°C Cooler Ma?rtneil;]csé('égz/)l 52°C
SilverStorlgeMP&rEeGrg 50°C SilverStor'IDeMPcl)'im%rg 50°C
ok 54°C Copsz Cry 54°C
Phanteks EntR(T))tz I(E]\l/aosh; 58°C Phanteks Ent}&l_(l_))(z E\l/a(n)sl\s/ 53°C
(2 x 20mm fans) eie (2 x T20mm fans) 23
Lower is better Lower is better

COOLING @  FEATURES

27/30 : 19/20

VERDICT
............................................ A stunning mix of versatile, cutting-edge features with
DESIGN : VALUE n N R . , .
[] and amazing lighting and design. It's expensive, but

28 30 ].B 20 worth it if you want the very best.

OVERALL SCORE
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MICRO-ATX CASE

Thermaltake Level 20 V1 /£100mwar

fyouwanttobuilda

monstrous PCina

dominating chassis
then Thermaltake has some
excellent options. The Core X1for
example, is the biggest mini-ITX
case we've seen and could
probably house an ATX system

with extensive water cooling too.
They don't exactly scream quality,
and can be allittle tinny, but for the

It's completely

cladintempered
glass, with curved
edges atthe front

price, they're hard to
beatin terms of sheer
expandability. With
the new Level 20
series, though, the
companyistakingthe
concept of the Core X series
and sprucing up the design, with
the Level 20 VT shrinkingin size too.
Despite offering ahome for a micro-ATX

motherboard, it's much smaller than the mini-ITX Core X1.

Externally, the cases couldn't be more different. While
the Core X series had steel panels with acrylic windows, the
Level 20 VT is completely clad in tempered glass, with
curved edges at the front to break up the otherwise boxy
design.ltmeasures only 35cm tall, yet it has enough CPU
cooler clearance for heatsinks up to 185mm tall, thanks to
the fact the motherboard is mounted horizontally, with
clearance for graphics cards up to 350mm long. However,
its width of 33cm and depth of 43cm meanthatithas a

Dimensions (mm) 330 x430 x
348 (W xDxH)

'F;'ont panel Power, reset, 2 x USB

3,2 xUSB 2, stereo, mic
Drive bays 3 x 3.5in/2.5in,

Cooling 2 x120/140mmor 1x
200mm front fan mounts (1x

200mmfanincluded), 4 x 120/2
X 140mm roof fan mounts (fans

notincluded), 1x120/140mm
rear fan mount (fans not
included), 2 x 120mm base fan
mounts (fans notincluded)

CPU cooler clearance 185mm

Maximum graphics card length

350mm

sizeable footprint you'll need to consider if
youintendto placeit ontop of a desk.

The front panel has a generous count of
four USB ports, two of which are USB 3, plus
the usual power and reset buttons, and
audio mini-jacks. The panels are heldin
place withthumbscrews and eventhe base
has a slide-off panel that enables youto
install the PSU and access the drive bays
here too. With all the panels removed,
installing your hardware is blissfully easy.

The base offers ahandy place to stow
cables, as well as three drive bays that
support both 3.5in and 2.5in drives, with the
former making use of tool-free fittings that
secure the drivesinplace. There are three
dedicated, tool-free 2.5in mounts on the
side of the case too, with SSDs simply
clippinginto place with no need to deal with
fiddly screws. These bays areremovable, as
are the 3.5in ones, so you canremove the
unwanted bays if you only have one hard
disk or SSD.

Unfortunately, Thermaltake hasn'tincluded an exhaust
fan as standard, which will result in higher than average CPU
temperatures, butthereis alarge 200mm fanincludedin
the front section. This area can also house a pair of 120mm
or140mm fans, as well as a single 20mm or 140mm
radiator, or even a180mm or 200mm radiator. These fan
mounts and 120mm of clearance behind them also make
the front anideal location for a combined pump and
reservoir, especially if you're using a pump-to-fan mount
bracket such as EK Water Blocks' EK-Uni pump bracket.

Theroof also offers excellent radiator support, with side-
by-side fan mount beams that can house four 120mm fans
or apair of 240mm radiators, expelling air out of the
reasonably sized vents beneath the glass panel. You can
alsoinstall a single 280mm or 240mm radiator here, and
the beams are even removable to allow you to fit your
radiator to them outside of the case, while the rear fan
mountis limited to 120mm fans.

Finally, the PSU area has its own mesh dust filter, which
canslide outfor cleaning, while the front section has alarge
mesh panel that's screwed in place, requiring you to pop off
the front panelto cleanit. There are several large gaps at the
bottom of the case, though, which allow airinto the chassis,
and these gaps could potentially allow dustinto the case
too, as they’re unguarded by thefilter.

Performance

Thermaltake claims the front fanis limited to just 800rpm
and anoise level of 13dBA, but at full speed, it was quite
audible, with a high-pitched airflow noise that made it the
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There'sa140mm The base offers a There's enough
exhaust fan mount handy placetostow clearance for
atthe back, but no cables under the CPU coolers up to
fanisincluded motherboard tray 185mmtall

loudest componentin our test system, yetitdidn't dishouta
particularly large amount of air, resulting in a mediocre GPU
deltaTof 59°C.

Thisresultis 4°C warmer than that of the Corsair Crystal
Series 280X and 2°C warmer than Cooler Master’s
MasterBox Q300L, with only Antec's P6 being warmer. The
CPU delta T was, as expected, nothing to write home about
either, with the mediocre front fan and lack of arear fan
adding a substantial 6°C to the temperature recorded with
the Corsair Crystal Series 280X.

Conclusion
It's a shame that Thermaltake omitted a rear fan — it would
have been much better to ditch the front 200mm fan and
include front and rear 20mm fans instead.

As aresult, the 200mm fan doesn't do a good job of
directingits airflow at the CPU cooler or graphics card, and

::: TEMPERATURE RESULTS it T

.. CPULOAD DELTA T

Thermaltake Level 20 VT 62°C
Corsair Crystal
Series 280X 56°C
Phanteks Enthoo o
Evolv MATX 48°C
Antec P6 50°C
Cooler Master
MasterBox Q300L 56°C
Fractal Design °
Focus G Mini 49°C
Fractal Arc Mini o
R2 (max speed) 47°c
Fractal Arc Mini 50°C

R2 (min speed

Lower is better
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merely radiates airflow outwards in all directions. It alsoisn't
particularly quiet, but that problem can easily be fixed in
modern motherboard EFls, and a half-decent rear fan will
costunder atenner

If you're planning on water-cooling your PC, though, the
Thermaltake Level 20 VT is an excellent choice for the
money, as it has the potential to cool an overclocked, high-
end desktop system with two high-end graphics cardsina
small space.

The tool-free storage mounts are also great, asis the
ease of installation, and generous CPU heatsink and
graphics card clearances. Despite its shortcomings, the
Level 20 VT is an attractive micro-ATX cube case with
areasonable price - it will be fine for water-cooled
systems, and you'll only need to fit a rear exhaust fan for
air-cooled systems.

ANTONY LEATHER

GPU LOAD DELTAT

Thermaltake Level 20 VT 59°C
Corsair Crystal o
- Se'r(iesEZShOX 55°C
anteks Enthoo o
Evolv MATX 53°%C
Antec P6 62°C
Cooler Master
MasterBox Q300L 57°C
Fractal Design o
Focus G Mini S1°C
Fractal Arc Mini o
R2 (max speed) 52°C
Fractal Arc Mini 54°C

R2 (min speed)

Lower is better

VERDICT

An attractive, capable micro-ATX cube case with tool-
free storage bays and huge water-cooling potential, but
the lack of a rear fan hurts its cooling out of the box.

dery Fan
L )
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PORTABLE THUNDERBOLT 3 SSD

Samsung Portable SSD X5 TTB /£630 wr

SUPPLIER www.scan.co.uk

The Samsung X5
managed read

speeds of

2, 352MB/sec

SB Type-Cis agreat connector, butit's a bit
. confusing as aninterface standard, comingin

USB 3.1and Thunderbolt 3 flavours. Of
the two, the latter canreach 40Mb/sec while
USB 3.Tis capped at 10Mb/sec. And such
speeds, as the Samsung Portable SSD X5
amply demonstrates, are particularly useful
for external SSD drives, enabling you to take
fulladvantage of a PCI-E NVMe SSD.

Samsung has history here, withits SSD T5
reigning supreme as the USB 3.1speed king. With
the SSD X5, it adds a Thunderbolt 3 to the mix, in your
choice of 500GB, 1TB or 2TB capacities. Samsung quotes
sequential read and write speeds of up to 2,800MB/sec
and 2,300MB/sec respectively, whichis around four or five
times fasterthanthe T5. That read speeds translates into
22.4Mb/sec, so the driveis clearly taking advantage of the
Thunderboltbus over USB 3.1too.

Our tests show that these figures aren't far off the mark
either. Testing with a Thunderbolt 3-equipped 2017 5K
Apple iMac, the drive managedread and
write speeds of 2,352MB/sec and
1,682MB/secrespectively. That's ahuge
improvement over the 500MB/secand

These results were also noticeably faster
than theiMac's built-in NVMe SSD, which
managed still respectable speeds of
1,058MB/secand 756MB/sec.

We then plugged the drive into a Dell
XPS 15 Windows laptop, and yielded sequential read and
write speeds of 2,057MB/secand 1,531MB/sec. Not only
that, but the drive continues to perform well when reading
and writing non-sequential, smaller files, with respective
speeds of 318MB/sec and 280MB/sec. By comparison, the
non-Thunderbolt 3 Samsung T5 SSD only manages around
110-180MB/secinthe same test.

Interms of physical design, the X5is available in one
colour combo: a glossy silver frontand ared enclosure
aroundthe back. Itisn't much bigger than amodern
smartphone; at 62 x 119 x 19.7mm (W x D x H), it's just twice
the thickness. Even so, at 150g, you can easily pocket the
drive. There's a single Thunderbolt 3 port withan LED
showing whenit'sinuse and Samsungbundles a
Thunderbolt 3 cable, but no carrying case and sadly no
waterproofing either.

Also note that you can't plug the X5 into anon-
Thunderbolt 3 port. Evenif you have the latest computer
with USB 3.1Type-C ports, the drive simply won't power on.
That's because NVMe drives require a connectionto the
computer’'s PCI-E bus — and that can't happen through the
regular USB interface.

Thenwe come to the price you have to pay. As you can
imagine, it's not going to be cheap. Prices startat £360 inc

480MB/sec speeds we saw fromthe T5.

VAT for the 500GB model, while the 1TTB model we're
reviewing here costs £630 inc VAT. If you need more space,
Samsung also offers the 2TB X5, which costs a whopping
£1250inc VAT.

Such prices are partly aresult of the new technology, but
also because Samsung effectively has amonopoly here. At
the time of writing, there are no other 1TB Thunderbolt 3
NVMe external SSDs - the X5isin aleague of its own. The
nearest equivalentis buying an external Thunderbolt 3
enclosure foraround £300 inc VAT and thenfitting it with a
1TBNVMe SSD for around £325 inc VAT, bringing the price
within spitting distance of the Samsung X5's price anyway.
Besides, doing it yourself would mean missing outon
Samsung's handy Portable SSD software, which allows you
to check for firmware updates and protect the drive with a
password - the drive offers AES 256-bit hardware
encryptiontoo.

Conclusion

The Samsung X5 is expensive, can't be used with non-
Thunderbolt 3 computers andisn’t waterproof either.
Formost people’'s needs, a cheaper USB 3.1drive such as
the Samsung T5 (£296 inc VAT for 1TB) will suffice for
transferring your everyday files. If you really want the fastest
portable SSD, though, the X5is incredibly quick. It'sjusta
shame the priceis so high.

CHRISTOPHER MINASIANS

5050 1620 | 12/30

OVERALL SCORE

Undeniably fast, Samsung's new
X5 SSD replaces the company’s
trusty T5 as the king of portable
drives, butitisn't cheap.
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32IN 4K MONITOR

ViewSonic VP3208-4K / £883 wear

hen you can buy a 32in, 4K monitor for under

£500, youmight wonder how ViewSonic

has the audacity to charge £883inc VAT for
the VP3268-4K. The answeris accuracy. It offers a
pre-calibrated IPS display that - ViewSonic claims -
canreproduce 100 per cent of the SRGB spectrum.

When switching from the default mode to sRGB

mode, the most obvious changeisn'ta sudden
improvementin colour accuracy but thatthe VP3268-
4K's display becomes dimmer. That's because the
panel's sRGB calibration was performed at 120cd/m?, and if

you vary from this figure then your results will change. Once

you select SRGB mode, you're locked to 120cd/m?.
Fortunately, it performed magnificently in this mode. We
measured an average delta E of 0.51, which
edges towards perfection and overdelivers on

|tS g dmimnad ViewSonic's promise of adelta E under two. Its
J[ | . d gamma tracking and uniformity are terrific too-
rackin 9 dn its brightness typically deviated by under 5 per
: ; cent, with only the corners goingup to 8 per
un HCO m lty cent. The only black mark was our calibrator
p rove d ’[e rriﬂ C reporting thatit could only display 93.8 per

cent of the sSRGB gamut — notthe 100 per cent
ViewSonic claims. That's not overly concerning
though - the more important figureis that low delta E.

While 120cd/m?is fine, though, it seems a shame not to
take advantage of the VP3268-4K’s 357cd/m? peak
brightness. Fortunately, the OSD allows you to jump quickly
between colour modes, and we used the Standard Color
settingin usual everyday use. Even then, though, and with
the brightness boosted to 170cd/m?, colour accuracy is
strong. The average delta Eincreased to 1.52, and the
gamma tracking grew notably worse, but our colorimeter
reported thatit covered 98.4 per cent of the SRGB gamut.

All this fiddling highlights a weak point though - its
advanced OSD controls. There's no rotary button, so you
have to flick left and right through the main headings — such
as Input Select, Viewing Mode and Colour Adjustments -
select which one you want, scrolldown using a
different button, then select the precise option
you wantto change and changeiit. It's awkward.
Paneltype IPS
amuch simpler set of controls for main
shortcuts, such as controlling brightness and
flicking between colour modes, so you can
often avoid the main menu.

There are decent options tucked away too.
With four inputs - two HDMI, one DisplayPort
and one mini-DisplayPort - you can splitthe
screen four ways and view all of them at once.
ViewSonic builds ina generous four USB ports,
plus an audio in and audio out if the built-in
speaker doesn't offer quite enough power for
you. Naturally, it can't match the quality of

Nativeresolution
3,840 x2,160

onal 31.5in

Maximum refresh rate 60Hz

Active syncNo

Display inputs 2 x HDMI 2
(with HDCP 2.2), DisplayPort
1.2, mini-DisplayPort

USB 3 ports

The only consolationis that ViewSonic provides

dedicated speakers, but it was fine for Skype calls and
surprisingly effective when watching films.

There's an HDR mode too, with the 8-bit RGB IPS panel
using frame rate control to gain higher colour accuracy and
support HDR10 content. Itisn't certified for content creation,
butit works wellin HDR films. Also, while the VP3268 isn't
marketed as a gaming monitor, and doesn't support active
sync or highrefreshrates, ithandles games remarkably
well. Don't be put off by that 14ms response time either; a
pixel overdrive settinginthe OSD helps to reduce any
(already minimal) ghosting.

Eventhe physical designis good. The slim bezels add to
the display’s already svelte style, and there’s a pivot mode,
130mm of height adjustment and a well-designed base that
makes it easy to swivel the screen 60 degrees each way.

Conclusion

While the ViewSonic doesn't have all the HDR features of
pricier monitors, it offers excellent quality for the price. Sure,
you'llhave to eitherinvestin a £100 hardware calibrator to
make sure it stays accurate over time, but even then, the
price is well below the competition in this segment from the
likes of Asus and Eizo. If colour accuracy is your top priority,

it's agreatbuy.

TIMDANTON

-+ IMAGE QUALITY FEATURES VALUE
. 52/55 | 10/15 @ 23/30
VERDICT

OVERALL SCORE

Brilliant colour accuracy when
you needitand abright, versatile
32in monitor whenyoudon't-a
greatbuy for colour purists.
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27IN GAMING MONITOR

MSIOptix MPG2/C / £399 s

tmay seem counter-productive to spend £399 on
- a1080p monitor, but the Optix MPG27C makes up

forits paucity of pixels with plenty of features,
including rapid response times and refresh rates, innovative
software andloads of RGB LEDs. The Tms response time
and144Hz refresh rate are great for fast-paced gaming, and
the high refresh rate worked wellin our tests.

You also get FreeSync support, which runs from 48Hz to
the monitor's maximum 144Hz refresh rate. AMD's current
GPUs are unlikely to consistently hit that top figure in
demandingtitles, but the lower figure should be fine with a
decent AMD GPU. FreeSync does limit you to AMD GPUs,
butit also keeps the price down - a G-Sync equivalent of this
screen would be much more expensive.

Thankfully, the 1080p resolution also

Th e b la C |< [e\/e l helps to make high frame rates amore
. . realistic proposition, especially in esports
1S ]ca nta Stl C: titles, although the 27in diagonal means

: theimageisn't particularly sharp at this
C reatl M g d h u g € resolution. On the plus side, you geta
CO ntra St rati 0 curved panel with an1800R radius, which

Panel type VA

Display inputs 2 x HDMI 1.4,
DisplayPort1.2

Extras 2 x USB2,2 x audio
JElS

works well for wrapping gameplay around

the player. The bezels are slim enough for
multi-monitor too, and the 8-bit VA panelis solid - 8-bitis
fine for gaming, and most gaming panels use VA for their
great contrast and black levels.

Onthe outside, the MS| offers typical gaming aesthetics. It
has wide, pointed feet, metallic accents and a multi-textured
rear. There's a cable-routing hole too, and build quality is
good. There's also tilt, swivel and height adjustment, and a
VESA mount, but no portrait mode. It doesn't have speakers,
butthatisn’t a hugeissue- most gamers will use headsets
or dedicated speakers anyway. Meanwhile, inputs come
from a DisplayPort 1.2 socket and two HDMI 1.4 ports. It has
side-mounted USB ports too, although they're only USB 2.

Disappointingly, the OSD controljoystick is flimsy and
awkward to use, but thankfully, MSI has put all of the OSD
optionsinto a Windows app, which makes it far easier to use.
You get all the usual screen alteration options, tools to add
reticules and the chance to bind common options to the
keyboard. There's an Android app with most of
these settings too.

Meanwhile, five bars of light at the bottom are
illuminated with RGB LEDs, asis the logo atthe
rear. The SteelSeries Engine 3 app manages the
lights, and they can flash with basic patterns or
static colours. SteelSeries promises neat gaming
interaction, butits GameSense system only
works in a handful of games. There's CS:GO,
DOTA 2 and Minecraft, but little else.

Interms of performance, the Optix is a typical
gaming screen. The brightness level of 261cd/m
exceeds the quoted 250cd/m?figure, and the
black level of 0.06cd/m?is fantastic, creating a
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huge contrastratio of 4,350:1that also exceeds MSI's figure.
Darker areas in games appear particularly gloomy. That
contrastratio creates great punch throughout the rest of the
screen’srange. Whatever game you're playing, it will leap
out of this screen.

Colour accuracy is average though. The deltaE of 2.98is
middling, and the colour temperature of 7,420K is too cold,
so the screen has a chilly cast. The 97.8 per cent sRGB
coverageis good, at least, and the screen has reasonable
uniformity, with a peak backlight variance of 12 per cent. We
also measured an average response time of 10.6ms, which
is easily fast enough for esports.

Conclusion

The Optix MPG27C doesn't have great colours, but that's
lessimportant on a screen designed for esports and fast-
paced gaming, andin this respect, it offers huge contrast,
deep black levels, a high refresh rate and rapid response
times. MSI's software OSD is great too. The Optix performs
where it counts, andit's cheaper than mostrivals. The only
limitationis FreeSync on such a high refresh rate display, as
AMD doesn'thave muchinthe way of high-end GPUs.

MIKE JENNINGS

IMAGE QUALITY FEATURES VALUE

4§55 | 13 25730

T3 VERDICT

Great contrast, software and
features for a good price,
although you'llneed an AMD GPU
touse FreeSync.
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Phil Hartup checks out the latest gadgets, gizmos and geek toys

Pocket Spinner Multi-tool/£19.99incvar

Onsome levelit's possible to think that attaching an array of tools to a
heavy-duty fidget spinneris such abizarre idea thatit just has to work. On
every other level, and we're talking about many levels, the situationis less

optimistic. As atool, the Pocket Spinnerincludes an array of screwdrivers,
bits digging into your hand.

especially unsafe; you'd have to be walking aroundin

uncomfortable screwdriver. It's only redeemed slightly as a conversation

whichis fine, except there are many reasons why screwdrivers are their
standard shape - a prime one being that you don't want lots of spiky

As a spinner, the Pocket Spinneris also undermined
by the fact thatit has tools poking out of it. It's not
the first ten minutes of an episode of Casualty to do serious accidental
harm withit, butit doesn't spin well and we've never used amore
starter, as long as you're happy for your conversations to start with, ‘Why?’

SUPPLIER www.firebox.co.uk

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------

<KKmoon Delux T9,/£30.99nvar

Being a compact and cut-down version of what gamers generally
consider the business end of a keyboard, the KKmoon Delux T9is an
attempt to streamline keyboard controls. The result is a rather mixed
bag. The T9 does conveniently mash loads of the most frequently

used keys for games into a comfortable-to-use, one-handed device,

but the different layout requires a degree of retraining to use it
effectively. To get the best out of the T9, you're looking at rebinding
keys, relearning where your favourite keys are located and
acclimating yourself to a new way of playing. Having learned your
way around it, you can then easily hit keys that might have been out
of reach of one hand beforehand, while freeing up your other hand
completely for the mouse. The advantages are dubious, though, as
you're still playing on a keyboard, just a smaller, more crowded one.

SUPPLIER www.amazon.co.uk

Dodow helps you

BEauke g 18 pakie e
& mingies and mill v
yeur charies of ind

dogow

Dodow Sleep Light/£44.99 mcvar

: The Dodow s alight designed to help people with insomnia or anxiety

get a good night's sleep. It works by projecting a shape onto the ceiling
of the room - you match your breathing to the shape as it expands

and contracts and eventually you should fall asleep. The light has an

eight-minute and a 20-minute program, and it switches off whenit's

finished. How wellit works will vary from person to person, but its

effect on this reviewer was soothing and helped to create a feeling of
being ready for sleep.
However, the price of the Dodow means it's hard to recommend

as aPlan A to deal withinsomnia, especially as it's basically alight.

: There's awealth of behaviour adjustments and smartphone apps that
:would be worth trying first, but the Dodow can create a relaxing,
soothing effectif you're prepared to pay forit.

¢ SUPPLIER www.firebox.co.uk



Sphero Mini/ £49.99imcvar

The Sphero Miniis a smartphone-controlled robot that's
about the size and shape of a table tennis ball. The wisdom
of such a device isimmediately apparent to anybody who
remembers Terrahawks. The Sphero Mini can be driven
around your home using a variety of differentinterfaces on either
aniOS or Android phone, and it provides a lot of fun.

The control software is well presented and offers a range of
other activities, such as programmable behaviour, or you can use
it as a controller for games, should you get bored of zooming it

WWalk Power Bank
12, 000mMAN/£29.99 incvar

TheiWalkis a well-designed lump of a power bank. Boasting a capacity of
12,000mAh (approximately six iPhone 8 recharges), the iWalk is fairly
weighty andit's about the same size as a smartphonein a case. However,
a combination of sleek, rounded corners and built-in cables recessed into
gapsinthe casing reduce the hassle of carrying the device considerably.
The activator button and charge level lights are low-key but clear, and you
can charge theiWalk via micro-USB or USB-C, or with its built-in USB cable.
Meanwhile, it will outputits charge via micro-USB, USB-C and Lightning,
althoughthere’s no outgoing USB plug for devices using proprietary
connections. It's difficult, if notimpossible, to get this much capacity into a
portable power bank without making it a bit like a brick, but the iWalk does
afine job of mitigating the encumbrance - a brick for the connoisseur.

SUPPLIER www.amazon.co.uk
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around the floor. The Sphero Miniis charged via USB and is
good for around 45 minutes of play on a full charge.

It's a welcome change from the usual remote-controlled
planes, trains and automobiles, and there's arange of

accessories available, from replacement casings to tyres, ramps
and chariots, so you're not limited to just playing with balls. A great
toy forjust under 50 quid.

SUPPLIER www.firebox.co.uk

- Nenrent Wireless tarbud
5570/ £14.99incvaT

The Nenrent Bluetooth S570 earbud offers a different approach
to sound than most other headphones and similar devices,
inasmuch as the soundisn'treally the priority. Firstly, because
these units are sold (and can operate) singularly, you're never
goingto get the sort ofimmersion you'd get from a pair of
earbuds or headphones. Secondly, the Nenrentis very small
and discreet, andis even available in a near approximation of
skin colour, soitisn'timmediately obvious you're usingit.

The Nenrent earbudisn’'t capable of being particularly loud,
anditdoesn’'timpress with music, but it has enough clarity to
allow you to listen to podcasts and
audiobooks while you're walking, -
while keeping one ear free to
listen for trafficand so on. If
you have a pair of them, you
can also effectively listen to
two different audio sources
atthe sametime. The
battery gives you around
five hours of listening
before it needs arecharge,
for whichituses a USB
adaptor with anarrow
probe.Don't expect the
Nenrent Wireless Earbud
S570 to shake your musical
world, butit doesitsjob as
aone-ear spoken-word
companion fine.

SUPPLIER www.amazon.co.uk
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PC Specialist recommends Windows == Windows 10

RECOIL Il PRO THE VORTEX 3500
15.6" Matte Full HD Screen COOLERMASTER COSMOS C700pP
Intel® Core™ i7-8750H Intel® Core™ i9-7900X

16GB Corsair 2400MHz Gigabyte X299 UD4 PRO

6GB GefForce GTX 1060 32GB Corsair VENGEANCE RGB

1TB SEAGATE 7mm SATA HDD 3000MHz

(5,400)
Genuine Windows 10 Home

11GB GEFORCE RTX 2080 Ti
Genuine Windows 10 Home

This spec from

£1,249.99

This spec from

£3,519.99

VYPER PRO THE FUSION 1900
15.6" Matte Full HD Screen CORSAIR CRYSTAL 460X RGB
Intel® Core™ i7-8750H AMD Ryzen 7 2700X

8GB Corsair 2133MHz
4GB GeForce GTX 1050 Ti

1TB SEAGATE 7mm SATA HDD
(5,400)

Genuine Windows 10 Home

Gigabyte X470 AORUS Ultra Gaming
16GB Corsair VENGEANCE 2400MHz
8GB GEFORCE RTX 2080

Genuine Windows 10 Home

This spec from

£829.99

This spec from

£1,879.99

s excLusive voucner coos:. GPC18 0333 0117000

Some features requine Windows 10, Update available through Windows Store. Internet access required; fees may apply. o °
Micresoft, and Windows are either registered trademarks or trademarks of Microsoft Corporation in the United States and/or other countries.
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PROCESSORS

: INTELLGA1151-V2
# .
N ' v +
\-;H y -
Intel LGA1151-V2 CPU Asus ROG Strix Z370-E 16GB Corsair Vengeance LED 4SOGB Crucial Zotac GeForce GTX 1080
Gaming 3000MHzDDR4 MX500 AMP! Edition

....................................................................................................................................................................

EINTELLGAZOGG
‘ .

Intel LGA2066 CPU Asus ROG Strix X299-E 32GB Corsair Vengeance LED 256GB Cruaal Zotac GeForce GTX 1080
Gaming 3000MHzDDR4 MX100 AMP! Edition

--------------------------------------------------------------------------------------------------------------------------------------------------------------------

MSI X470 Gaming 16GB Corsair Vengeance LED ZSGGB Cruual Zotac GeForce GTX1080
M7 AC 3000MHzDDR4 MX100 AMP! Edition

AMD AM4 (APU)

AMD APU MSIB3501Pro AC 16GB Corsair Vengeance LED 256GB Crucial . Radeon RX Vega
3000MHzDDR4 MX100 integrated GPU
: AMD TR4
‘ e
AMDTR4 CPU MSIMEG X399 32GB Corsair 3000MHz 256GB Cruqal Zotac GeForce GTX 1080
Creation Vengeance LED DDR4 MX100 AMP! Edition

: TESTS: We use Custom PC RealBench, Cinebench and Ashes of the Singularity: Escalation, installed on Windows 10 Home 64-bit, and
record the power draw of the test PC. These tests cover a broad range of performance characteristics, includingimage editing,
: gaming, video encoding and 3D rendering. We run all tests at stock speed and at the CPU’s highest overclocked frequency.

.........................................................................................................................................................................
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" GRAPHICS CARDS

Graphics cards are mainly evaluated on how fast they are for their price. However, we also consider the efficacy and
quietness of the cooler. Every graphics cardis tested in the same PC, so all results are directly comparable.

+ =SCORES

4.7GHz Intel 16GB Corsair 3000MHz Gigabyte 2370 Aorus Windows 10 The graphics card
Corei7-8700K Vengeance LED DDR4 Gaming5 64-bit we're reviewing

........................................................................................................................................................................................



CUSTOM PC REALBENCH

Ourbenchmark suite,
co-developedwith

|NTEL REFERENCE : AMD REFERENCE Asus, simulates how
C peoplereally use PCs
Drtny —-ahigherscoreis
+ ﬂ + = + @‘100% better. You can

= i Ty ~——y
: . - : . download them from
: IntelCore 16GB of Corsair 240GB Asus Nvidia - AMD 8GB of Corsair 256GB Asus
: i7-4790K  2400MHz O0CZ  Maximus GeForceGTX  :A10-7850K 2133MHz  Plextor  A88X-Pro www.asus.com/ :
: DDR3 150 Gene VIl 7803GB : DDR3 M5 Pro campaign/Realbench :

.........................................................................................................................................................................

The
Awards

............................................................................................................................

" MOTHERBOARDS

INTEL LGA1151-V2

A 4 ‘ ‘ 'y N : $5%, EXTREME
Intel Motherboard  16GB Corsair Vengeance 500GB Samsung Zotac GeForce GTX \m 'F‘It ULTRA

* Corei7-8700K ontest LED 3000MHz DDR4 SSD 960 Evo 1080 AMP!Edition ~ : Peat®  Some products are

......................................................................................................................

INTELLGA2066 5 gloriously over the

top. These items of

,Ak excellent overkill
i ool + - + earn our Extreme
' Ultra award.

IntelCore Motherboard 32GB Corsair Vengeance ZSGGB Cruaal 500GBSamsung 2XAsus Strix Radeon }

: 1977900X  ontest ~ LED3000MHzDDR4 ~ MX100SSD ... SSD960Ewo  RX4808GB 3. PREMIUM
AMD AM4 .
Premium Grade
,-';.n s s products are
utterly desirable -
. b we'd eat nothing
AMD Ryzen7 Motherboard  16GB Corsair Vengeance 500GBSamsung  Zotac GeForce GTX butb il
2700X ontest LED 3000MHz DDR4 SSD960Evo 1080 AMP!Edition ' utbeans until we
....................................................................................................................... ’ could afford them
AMD TR4 :
e 4  PROFESSIONAL
Products worthy of
. - Y the Professional
: AMD Threadripper Motherboard 32GB Corsair 3000MHz 500GB Samsung Zotac GeForce GTX award make vou
2950X ontest Vengeance LED DDR4 SSD 960 Evo 1080 AMP! Edition Y

and your business
appear even more
awesome.

TESTS: We use Custom PC RealBench and Ashes of the Singularity installed on Windows 10 Home
64-bit, and also test the board’'s SATA and M.2 ports. We try to overclock every motherboard by
overclocking our test CPU to its maximum air-cooled level.

APPROVED
Approved products
arethosethatdoa
greatjob forthe
money; they're the
canny purchase for
agreatPC.

pC==

TOME RAIDER

CUSTOMKIT
Forthose gadgets

TESTS: By using the fast PC detailed on the left, we can be sure that any limitations are due to the
graphics card on test, rather than being CPU limited. We test Shadow of the Tomb Raider, Total War:
Warhammer ll, Deus Ex: Mankind Divided and Doom at their maximum detail settings, in their highest
DirectX mode, at several resolutions. High-end cards should be able to sustain playable frame rates at
2,560 x1,440, while 1,920 x 1,080 is more important for mid-range cards; we also testat 3,840 x 2,160
for 4K monitors, and try to overclock every graphics card we test to assess the performance impact.

and gizmos that
really impress us,
orthatwe can't
live without,
there’s the Custom
Kit award.
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Antony Leather puts eight of the latest 240mm all-in-one liquid coolers
through their paces onIntel and AMD sockets

Contents

Alphacool Eisbaer LT 240 / p47
Cooler Master MasterLiquid
ML240RRGB / p48

CorsairH100iRGB Pro / p50

Deepcool Castle 240 / p51

EK Water Blocks Phoenix240 / p52
Results graphs / p56

Fractal Design Celsius 24 / p53
GameMaxIceberg240mm / p54
NZXT Kraken X52 / p55
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hentesting CPU coolers, we want
. to examine performance across a

range of sockets, as the mounting
mechanisms vary between them; some
coolers perform well on some CPU
sockets, but not on others. For this reason,
we test across three sockets and we've
updated our Intel test rigs this month, using
CPUs without soldered heatspreaders.

Our LGAT151test rig comprises an MSI
Z370 PCPro andIntel Corei5-8600K
overclockedto 4.6GHz with a1.2V vcore.
Nextis LGA2066 using an MSI X299M
Gaming Pro Carbon AC and Intel Core
i9-7900X overclockedto 4.2GHz witha
1.15V vcore. Finally, our Socket AM4rig

46

How we test

uses an Asus ROG Strix B350-F Gaming
and AMD Ryzen 71700 overclocked to
3.9GHz with a1.425V vcore.

We also use 16 GB of 3000MHz Corsair
Vengeance LPX memory alongwith a
Crucial MX100 SSD and a be quiet! System
Power 9 500W PSU. Our test systems are
housedin a Fractal Design Meshify C case
and we use Windows 10.

We use CoreTemp to measure the CPU
temperature, before subtracting the
ambient air temperature to give adelta T
result, which enables us to testinalab
thatisn’'ttemperature controlled. We use
Prime95 version 26.6's smallfft test to
load the CPU and take the reading after ten

minutes. We also take sound readings
from a distance of 30cm, with the fans and
pumps at full speed, to assess the
maximum noise.

To obtain afinal score, we apply a

weighted calculation to the cooling, design,

features and value scores. There's a
separate score for each CPU socket,
accounting for the different cooling and
mounting mechanisms as well as value.
The feature scoreincludes aspects such
as software control, lighting, expansion
possibilities and PWM fans; the design
score considers installation, noise and
aesthetics; and the value score takes all

theresults into account as well as the price.
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s the bigger sibling of the recently
Premium Grade-awarded Eisbaer
LT 120, we really wanted to see how
the Eisbaer LT 240 fared against the other
240mm all-in-one liquid coolers available.
Like its smaller sibling, it's an expandable
cooler, with a quick-release fitting plumbed
into the middle of one of the coolant tubes.

This fitting enables you to add other parts,
such asreservoirs or GPU waterblocks,
without draining the system. The company’s
range of Eiswolf GPX Pro GPU waterblocks
come pre-filled too, so you can connect them
straight to the Eisbaer LT 240. Meanwhile, the
radiatoris made from copper, so it should
perform better than aluminium radiators, as
well as eliminating the risks involved with
mixing metals. You can add any other copper-
based components to your loop too.

Interms of pricing, the Eisbaeris £20
cheaperthanthe likes of the Corsair H100i Pro
RGB, but despite its expandability, it's fairly
basicinterms of other features. For example,
there's no lighting or other fancy aesthetic
touches. There's no software control with the
PWM fans either, which operate between
550-1,700rpm, and need to be hooked up to
your motherboard. Thankfully, Alphacool
includes a splitter cable, so you only need two
headers to power both the pump and fans.

COOLING FEATURES

36,/40:14/20

FITTING

MEDIUM

Onthe plus side, the pump was fairly quiet
at full speed and can be throttled using your
motherboard orresistor cables too, so the
Eisbaer LT 240 can be fine-tunedinto a very
quiet coolerindeed at low loads.

The mounting mechanismis also fairly
archaic compared with other coolers on test,
with nearly 20 parts needed to mount the
pump to your motherboard. It works well and
offers a solid mount, althoughit's likely you'll
need to remove the motherboard from your
casetofitit. There are no screws to mount
additional fans either, but these screws are
available for a small fee on Aquatuning’'s
website. Out of the box, you can mount the
fansin push or pullmode and with the radiator
or fans mountedto the case.

The Eisbaer LT 240’s most competitive
performance was seeninour LGA115Ttest
system, where it was just 3°C warmer than
the best results. However, it wasn't quite as
competitive in our LGA2066 and Socket
AM4 systems, lagging behind by 8°Cand 7°C
respectively compared with the top-
performing EK Water Blocks Phoenix 240.

Conclusion

Faced with a barrage of competition, the
Alphacool Eisbaer LT 240 is stilla good choice
for all three CPU sockets we tested this

COOLING FEATURES

33/40 14,20

FITTING

MEDIUM

CCOOL

Eisbaer LT

LGA1151

month, although there are better options for
LGA2066 and AMD'’s Socket AM4. Corsair's
H100i Pro RGB is much easier to fiton AM4
and offers better cooling, while costing just
£18 more, while the Game Max Iceberg
240mm costs £30 less and did a similar job in
dealing with our overclocked Corei9-7900X,
albeit with a little more noise.

However, when coupled with a
motherboard that can fine-tune the Eisbaer LT
240's pump andfans, it's a great choice for
LGATI51CPUs, andis especially worth
considering if expandability is more important
to youthanlighting or fan control software.

AR SR ED RSN OREEERESSE EREERNSEESEES FERER

VERDICT

A good effort all round, especially

for LGAT151 CPUs, with the bonus of
expandability. However, you can get more
features and better AM4 cooling elsewhere.

Compatibility Intel: LGA2066, LGA2011/v3,
LGA1366, LGAT115x; AMD: Socket AM4, AM3/+,
AM2/+ FM2/+,FM1

Radiator size with fans (mm) 120 x 270 x 50
(WxDxH)

Fan52x120mm
Stated noise 29dBA

COOLING FEATURES

32/40:14/20

FITTING

MEDIUM




/ CPU COOLERS

___QQQ_lQ____r_M_aster MasterLiqguidML240R RGB/£100wur

ooler Master's MasterLiquid

ML240R RGB won an Approved

award earlier this year, but it now
needsto try its hand against the other new
kids onthe block. It goes big on RGB lighting.
There's a SATA-powered RGB controllerin
the box, with buttons to control the lighting
colours and effects, and if you use anincluded
USB cable, you can also use Cooler Master's
own RGB LED controller software. Cooler
Master claims the lighting is compatible with
the major motherboard manufacturers’' RGB
software too.

The pump sectionis particularly bright and
vivid, with individually controllable RGB LEDs
that make for great rainbow effects, although
Deepcool's Gamer Storm Castle 240 (see p51)
looks even betterinthis respect. The
downside to the lightingis that you have to
deal with three extra cables, giving you half a
dozenintotal, which canresultinamess. You
do get splitter cables for the fans and lighting
spaghetti, though, and generous use of cable
ties should getit allin order fairly quickly.

Installation on Socket AM4 is blissfully
simple, thanks to Cooler Master making use
of the standard two mounting brackets, with
clips that secure to the cooler and are then
tightened using thumbscrews.

LGA1151 RESULTS

COOLING FEATURES

36/40:14/20

14/20.15/20
FITTING

MEDIUM

This setup means you don't have to remove

the stock AMD backplate, unlike most of the
other coolers ontest.

However, eveninthis case, youneedto
secure the clips using screws, while Corsair's
AMD and Intel brackets simply clip into place

with no tools needed. The small thumbscrews
that Cooler Master uses on Intel sockets make

installation evenfiddlier, soit's just as well
you'llonly haveto doitonce.

Interms of performance, the MasterLiquid
ML240R RGB was one of the quieter coolers
ontestat full speed, generating 54dBA at
close range comparedto 59dBA for the
EK Water Blocks Phoenix 240 (see p52)
and 56dBA for the Corsair H100i Pro RGB
(seep50).

The Socket AM4 delta T of 48°Cin our new

overclocked test system was noticeably
warmer than most of the competition,
however. It fared betterin our Intel systems,

though, with areasonable result when cooling
our Corei9-7900X witha CPU delta T of 57°C,

beating the Fractal Design Celsius 24 (see

p53) and Alphacool Eisbaer LT 240 (see p47).
The Cooler Master was only 3°C warmer than

the top resultin our LGAT151system too,
where there was very little difference
between the top and bottom resullts.

LGA2066 RESULTS

COOLING FEATURES

34,40 14,20

DESIGN VALUE

19/20:17/20

CFTING

EASY

Conclusion
The Cooler Master MasterLiquid ML240R
RGB scored well on all three CPU sockets, but
itwas most athome on LGA2066. Apartfrom
fiddly mounting mechanisms, though, the
main problemiis that it has stiff competition.
For example, the similarly priced Deepcool
Gamer Storm Castle 240 performs similarly
across the board, but has a slightly higher
lighting wow factor. Meanwhile, Corsair's
H100im RGB Pro costs the same price and
offers better cooling, as well as some
tweakable lighting and software control.
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VERDICT

Still a good cooler, especially for LGA2066
CPUs, but there are similarly priced
alternatives that offer better lighting or
cooling for similar money.

Compatibility Intel: LGA775,LGA2011/v3,
LGA2066, LGAT15x, LGA1366; AMD: Socket
AM4,AM3/+,AM2/+,FM2/+,FM1

Radiator size with fans (mm) 120 x 277
(WxDxH)

Fan52x120mm

COOLING FEATURES

32/40:14/20

DESIGN VALUE

19/20:13/20

FITTING

EASY




I JUST STEPPED OUT

RRP
£12.00

I

‘His poetry sings
like a summer
breeze through
the fairground.’
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— Sir Paul McCartney

A startlingly honest and intense collection, I JUST STEPPED OUT
is a kind of ‘last will and testament’ in verse. Written by
Felix Dennis after his diagnosis with terminal cancer, these
poems chart his physical, emotional and psychological journey:

Available now from Amazon and all good booksellers. &5
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For more information on Felix Dennis go to: www.felixdennis.com
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CorsawHW O0IProRGB /1inchT

orsair's revamped RGB coolers,

namely the H115i Pro RGB and H150i

Pro RGB, might be expensive, but
they offer excellent cooling at low noise levels,
as well as an exceptionally simple and easy-
to-use mounting mechanism for both AMD
and Intel sockets. The downside is that they
require alarge case with space fora360mm
or 280mm radiator. The H100i Pro RGB,
though, has amore commonly sized 240mm
radiator, which should fitin the majority of
cases, along with its two ML-series fans.

These fans differ significantly to the
spinners onthe larger coolers, though, as they
canspinatasuper-fast speedof 2,400rpm.
The 140mm fans onthe H115i Pro RGB are
limited to just1,200rpm while the H115i Pro
RGB’s 120mm fans are capped ata
comparatively paltry 1,600rpm. Basically, at
full speed the H110i Pro RGB may well match
much larger coolers, thanks to higher airflow,
albeit at higher noise levels.

Meanwhile, the compact pump unit looks
and feels well made, with a splash of RGB
lighting onthe logo andrings aroundit. The
tubingis braided and flexible, and the simple
mounting system made the HIOOiRGB Pro a
pleasure to test compared with some of the
other coolers this month. The mounting plates

LGA1151 RESULTS "

COOLING : FEATURES

38/40: 17,20

19/20:18/20

~FITTING

EASY

now twist into place from the bottom, leaving
you to deal with just the socket pins and
backplate on AM4 and LGAT1151sockets.
Thankfully, the pins actually secure to the
backplate first, so mounting the cooler doesn't
involve holding the backplate too, unlike the
Game Max Iceberg 240mm (see p54).

Corsair uses the pump to power the fans
with a splitter cable, while a USB cable
connects the pump to your motherboard to
hook into Corsair's iCUE software. You can
apply speed profiles to the pump and fans, but
only the fans offer full customisation. By
default, the cooleris setto respondto coolant
temperature, which canlead to higher CPU
temperatures and limit the fan speeds. As a
result, we set the cooler to the Silent profile to
get our low-speed result and manually set it
to monitor the CPU temperature for the high-
speed result, which saw the fans ramp up to
full speed quickly under stress testing.

As we suspected, those beastly fans helped
the H100i Pro RGB to compete against the
mighty EK Water Blocks Phoenix 240’s
thermal performance, matchingitin our
overclocked Corei5-8600K LGATI51system,
although the EK Water Blocks unit was afew
degrees cooler stillin our AM4 and LGA2066
systems. Switching to the Silent profile saw

&
LGA2066 RESULTS ‘

COOLING : FEATURES |

36,40 17,20

DESIGN VALUE

19/20:18/20

CFTING

EASY

LGA1151/
LGA2066

the CPU delta T rise significantly in all our
tests systems, with the H100i Pro RGB taking
longertorespondto the heatload as the
coolant warmed. However, its noise level
measured 38dBA when our stress test
finished, whichis very quietindeed.

Conclusion

With top-notch cooling and easy installation,
the Corsair H100i Pro RGB gets an award on
every CPU socket this month andit's a battle
between against the NZXT Kraken X52 for
the top spot each time. The Corsair's cheaper
price gives itthe edge, but they're both
superb coolers.

VERDICT
A great cooler for all CPU sockets, and it's
easy to install too.

Compatibility Intel: LGA775,LGA2011/v3,
LGA2066, LGA115x; AMD: Socket AM4, AM3/+,
AM2/+,FM2/+,FM1

Radiator size with fans (mm) 120 x 276 x 52
(WxDxH)

Fans 2 x120mm

Stated noise Up to 37dBA

*\

AM4 RESULTS | %
COOLING FEATURES

36/40:17/20

DESIGN VALUE

19/20:15/20

FITTING

EASY




LGA1151

Deepcogl Gamer Storm Castle 240 RUB /€96 war

ike many coolers on test this month,

Deepcool's Gamer Storm Castle

240 RGB will set you back around
£100 thanks toits extensive RGB lighting,
althoughit can certainly lay claim to beingthe
best-illuminated cooler this month. Bothiits
fans and pump have individually controllable
LEDs, which are punchy and vibrant, and have
similar brightness levels, which can't be said
of the Cooler Master MasterLiquid ML240R
RGB (see p48).1f RGB lightingis key to your
build, the Gamer Storm Castle 240 RGB gets
top marks.

The lighting can be controlled by Asus’ Aura
software, or anincluded SATA-powered
remote control if your motherboardis made
by a different company, and there are cables
to attach additional devices too. Also included
inthe boxis a 4-port PWM fan hub to power
the two included fans and pump, butit can
also power a case fan, whichis aneat touch.

Installationis rather fiddly, though,
especially on LGA115x sockets, which require a
backplate with pins to be constructed and held
in place while you mount the cooler using
thumbscrews. All sockets need mounting
plates to be screwed to this cooler’'s pump too;
Corsair's H100i Pro RGB (see p50) is definitely
much quicker and easier to install.

LGA1151 RESULTS \‘E
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The Corsair cooler also has software
control, whichis missing here, as well as much
more powerful fans; the two 120mmfans
included with the Gamer Storm Castle 240
RGB are limited to a speed of 1,600rpm.
However, the fan blades are translucent,
whichis likely why they look so good when
they'reilluminated, as they effectively diffuse
the lightfrom the RGB LEDs.

The pump section has alarge brushed
copper base plate, andits tubes canrotatein
place to allow them to move while you're
fitting the radiator. Sadly, only screws for a
single row of fans are included. Onthe plus
side, there's a generous amount of thermal
paste included, which you'llneed to apply first.

The slow-spinning fans didn't render the
Gamer Storm Castle 240 RGB useless by any
means, but they didn't sound much quieter
than the fans on the Corsair and NZXT coolers,
despite the latter ones spinning considerably
faster. Still, it came within 3°C of the Corsair
H100i Pro RGB in our LGATI5x system where it
faced our overclocked Corei5-8600K, andit
was just 4°C warmer than the Corsairin our
LGA2066 systemtoo.

It also performed wellin our AM4 system,
managinga CPU delta T of 47°C compared to
43°Cforthe NZXT Kraken X52.

LGA2011 RESULTS

COOLING FEATURES
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19/20.18/20

CFITTING

MEDIUM

Conclusion

With superb lighting, areasonable price and
performance thatisn't far off the best coolers
ontest, the Deepcool Gamer Storm Castle 240
RGBis a solid choice, handling all three of our
overclocked CPUs well, including the
monstrous Core i9-7900X. Both the Corsair
H100i Pro RGB and NZXT Kraken X52 offer
slightly better deals overall, with easier
installation, lower temperatures and software
control. However, if looks are a top priority, and
you much prefer the Deepcool's RGB pizzazz
to the competition, thenit's still a decent option.

FEFSBRERNR AR F RS

VERDICT

A fantastic-looking cooler with solid
performance. There are better coolers in this
price bracket, but the Deepcool is the one to
buy if looks are a top priority.

PGSR GFEDEREERERREEE

Compatibility Intel: LGA2011/v3,LGA2066,
LGA1366, LGAT15x; AMD: Socket AM4, AM3/+,
AM2/+ FM2/+,FM1

Radiator size with fans (mm) 120 x 274 x 52
(WxDxH)

Fans 2 x120mm

Stated noise Up to 30dBA

COOLING FEATURES

33/40:14/20

FITTING

MEDIUM
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he EK Water Blocks EK-MLC

Phoenix 240 is really two different

products that can be bought
together to create a CPU-only water-cooling
loop. There's the EL-MLC Phoenix CPU
module, which has two versions available -
one catering for AM4 and Intel sockets, while
the other one caters for AMD’s socket TR4.
The other partis the EK-MLC Phoenix 240
radiator module, and both parts are pre-filled
with coolant, connecting together with quick-
release fittings. It's proper, expandable water-
cooling gear, butthere's no bleeding, filling or
leaks involved, and connecting and detaching
components takes seconds.

The radiator section has seen aprice cut
too, coming down to just over £110, meaning
you can now get both parts for £160 inc VAT,
whichis just £40 more than the NZXT Kraken
X52 (see p55). As the components are pre-
filled and have quick-release fittings, you can
add other components to the loop too. EK
Water Blocks has arange of pre-filled GPU
waterblocks, for example, which canbe
attached to your graphics card and simply
connected to your existing loop. You can also
expand the cooling with alarger radiator.

Theradiatoritself is where all the magic
happens. It has a SATA-powered integrated
pump and PWM hub, allowing your
motherboardto control the fan speed. The

COOLING FEATURES

38,40 15,20

18/20.11/20
FITTING

EASY

fans are also pre-installedin pull mode, so if
you mount themin the roof, youwon't see
them through your side panel. They can spin
upto2,200rpmtoo, sothere's plenty of
cooling power ontap.

As you canremove the radiator section,
installing the waterblock sectionis incredibly
easy, and abackplateis supplied that you
secure using pins screwed in from the front
side of the motherboard. The block then sits
onthese pins, secured by springs and
thumbscrews, leaving you to install the
radiator and then connect the tubes together.
With the pump and fans controlled by the hub
via your motherboard, there’s thenjusta
single power and fan cable to connect.

With the fans at full speed, it wasn't
surprising to see the Phoenix 240 top the
noise chartat 59dBA at close range. It also
doesn'thelp thatthey're right next to the vent
in ourtest case, spilling out noise into the
room. However, the whole contraptionis
blissfully quiet at low and medium loads.

Despite having 200rpm slower fans, the
EK-MLCPhoenix 240 managed to beat the
Corsair H100i Pro RGB (see p50) by 2°Cin our
AM4 system and by 3°Cinour LGA2066
system, meaningit's clearly able to deal with
the heat produced by our overclocked Ryzen7
1700 and Core i9-7900X. However, there was
no difference between the two coolersin our

LGA2011 RESULTS ;’%
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LGAT1151system, with an overclocked Core
i5-8600K atthe helm.

Conclusion

While it offers excellent cooling, it's at low and
medium loads that the EK-MLC Phoenix 240
really shines, offering extremely low noise.
However, the competition has caught up now,
as Corsairand NZXT's fans and pumps are
also very quiet, leaving the EK-MLC Phoenix
240 with a big price tag and only marginally
lower temperatures. However, if you plan to
add other components, or if want an easy
route into custom liquid cooling, the Phoenixis
stilla great choice and it offers unbeatable
cooling for high-end desktop CPUs too.

-----------------------------------------

VERDICT

Amazing performance, expandability and
easy installation, but this expensive cooler is
only really worth considering for overclocked
high-end desktop CPUs.

Compatibility Intel: LGA2066, LGA2011/v3,

Stated noise Upto 33dBA

AM4 RESULTS

COOLING FEATURES
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sthereigning240mm liquid cooler

onour Elite list, the Fractal Design

Celsius 24 takes its place against
the rest of the field this month having not
beentoppled for over ayear.

However, it's already looking dicey, since
it still costs around £100 yet lacks software
control, RGB lighting and the expansion
possibilities offered by competitors this
monthin various forms.

However, it still has plenty going forit. It has
aradiator-mounted PWM fan hub, and the
cableis cleverly routed up to this hub fromthe
pump inside the tube braid. As the fans can
also be pluggedinto the hub, theresultis that
you only need to deal with a single power
cable, making the Celsius 24 the cleanest
coolerontestinterms of cables.

Both the pump and fans are controllable,
and there two modes from which to choose.
PWM mode simply taps into the signals from
your motherboard, while Auto mode is based
on coolant temperature. Either way, the
Celsius 24 is exceptionally quiet at low loads,
and was 3dBA quieter than the Corsair H100i
Pro RGB (see p50) at full speed too.

Installation involves dealing with the usual
Asetek mounting mechanism, whichis
straightforward on LGA2066, LGA115x and

COOLING FEATURES

37/40:10/20

18/20 1620

" FITTING

EASY

COOLING : FEATURES
99/40:10/20
DESIGN VALUE

18/20 16/20

Socket AM4, with the latter being supported
out of the box despite this cooler's age. You
either use the standard AMD backplate, or the
included one for LGAT15x motherboards,
where pins secure from the top side to hold it
in place, before securing the pump to the pins
with thumbscrews. Thermal pasteis pre-
appliedtoo, soit's avery easy coolerto install.

Thefans are able to spinatup to 2,000rpm,

so they offer plenty of power at full speed.
Meanwhile, the radiator has detachable
G1/4infittings, so it's possible to expand the
loop with areservoir or GPU waterblock,
especially as the CPU waterblock and
radiator are made from copper, so there’sno
risk of galvanic corrosionif you add extra
copper components.

The Celsius 24 putin a decent effortinall
of our test systems, coming within 1°C of
the top spot when dealing with our Core
i5-8600K, althoughit only managed a mid-
table resultin our toasty LGA2066 system,
witha CPUdelta T of 58°C comparedto 54°C
for the NZXT Kraken X52 (see p55) and 51°C
for the EK Water Blocks Phoenix EK-MLC
240 (see p52).1ts CPU delta T of 46°C was
reasonable in our AM4 system too, butagain
it was outstripped by the Corsair, NZXT and
EK Water Blocks coolers.

~FITTING

EASY

Conclusion

The Fractal Design Celsius 24 is still a solid
cooler for any CPU socket, but the competition
has caught up with this once great cooler and,
despiteits low noise, easy installation and
clean cabling, you can now get better cooling,
modern features and RGB lighting for the
same or less cash.

Corsair's H100i Pro RGB costs the same
price and has all of the above, while the
Alphacool Eisbaer LT 240 is expandable and
costs £20 less than the Fractal, making the
Design Celsius 24's £100 price tag a little
too steep.

-----------------------------------------

VERDICT

Still a good cooler, but the latest competition
now offers similar capabilities and more
features for a similar price.

Compatibility Intel: LGA2011/v3, LGAT15x,
LGA1366; AMD: Socket AM4, AM3/+, AM2/+,
FM2/+ FM1

Radiator size with fans (mm) 123 x 284 x 56
(WxDxH)

e
Stated noise Up to 32.2dBA

COOLING FEATURES

34,40 10,20

DESIGN VALUE

18/20 13/20
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FITTING

EASY
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Lame Max Iceberg
240MM/ £50 neuar

LGA1151/
LGA2011

espite costing less money than Thisinstallation process meant we had to result, despite several attempts to remount

many 120mm all-in-one liquid remove the motherboard. Plus, evenwithour  the cooler.
coolers, the Game Max Iceberg LGA2066 motherboard, we had to hold the
240mm has a fully-fledged 240mm radiator, coolerinplace while trying not to let the Conclusion

Despite the slightly troublesome installation,
the Game Max Iceberg 240mm performed
excellently for the cashin both our Intel
systems, dealing with the heatjust as well as
other coolers. It doesn't top the cooling charts,
butit keeps up with coolers costing
considerably more money:. It's not the quietest
cooler either, butif you're on atight budget
and want to overclock your CPU, it's a
compelling money saver for Intel systems.

andit even offers lighting too. However, while
the pumpisilluminated and colours change
onrings that surround the fans, you can't
control the lighting — that's fine if you don't
mind the full colour spectrum spilling out all
the time, butit's not greatif you want to use
specific effects or colour-match the lighting
to therest of the PC. Thankfully, the display
looks quite pleasant, andit will help to
brighten up your PC's interior if the rest of
the gearis budget-focused.

The fans arerated at 1,800rpm, so they
have areasonable amount of grunt, and
there’s aPWM splitter cable included, so you
only need a single fan header to power them.
The pump only has a 3-pin power connector,
but many modern motherboards can control
parts with these connectors too.

Theinstallation procedure provedto be a
pain on Intel systems though. With LGA115x
sockets, you have to hold a backplatein

securing pins fall out of our magnetic
screwdriver — you can'treally secure them
by hand. Meanwhile, the AMD mount uses
the existing plastic socket mounts, but didn't
feel as secure as those onthe Inteland
NZXT coolers.

Interms of noise, the Iceberg 240mm
registered a very low 51dBA on our meter.
However, the pump had a distinct whine
that was audible outside the case. It's far
from annoying, but every other cooler had
aquieter pump.

Performance was reasonable in our
LGA1151system, though, witha CPU delta T of
48°C, whichisjust 4°C warmer than the best
result — a fantastic performance for a cooler
that costsjust £50 inc VAT.

It was less competitive in our LGA2066
system, where our overclocked Core
i9-7900X pushedthe delta T to 61°C, which
was 7°Cwarmer than the NZXT Kraken X52

TI R E I EEE R T EERRIRREIRE R YR Y FEEBEAES

VERDICT

Fiddly installation and a noisy pump
compared with the competition, but it offers
great cooling for the money.

Compatibility Intel: LGA2011/v3, LGA115x,
LGA1366; AMD: Socket AM4, AM3/+, AM2/+,
FM2/+,FM1

Radiator size with fans (mm) 120 x 2

place, hold the cooler (havinginstalled
mounting brackets to it) and secure the cooler
to the backplate with small screws, all at the
sametime.

&
LGA1151 RESULTS ‘E

COOLING : FEATURES COOLING : COOLING : FEATURES
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and 2°C warmer than the Alphacool Eisbaer LT
240.0ur concerns over the AM4 mount seem
justifiedtoo, as the AM4 CPU delta T of 55°C
was 7°C warmer than the next full-speed

i
LGA2011 RESULTS N
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MEDIUM

xD xH)

e
Stated noise Up to 32dBA

EASY



opping the features chart, thanks to
RGB lighting, software control and
theinclusion of additional fan
screws for extra fans, the NZXT Kraken X52
also demands a hefty premium. At £120inc
VAT, only the EK Water Blocks EK-MLC 240
(see p52)is more expensive and Corsair's
similar H100i Pro RGB (see p50) costs
noticeably less money too. However, the
Kraken X52 ticks alot of boxes.

Its lighting show still looks great, despite
the cooler now being two years old. You can
choose from anywhere in the fullRGB colour
pallet, and it sports a funky reflecting light
show, with the centre display on the pump
looking as though it goes on for infinity. The
fans aren'tilluminated, but you do get extra
screws to mount two more fans if you want to
boost cooling further with a push-pull setup.

You do have to deal with a number of
cables, though, despite NZXT's CAM software
controlling all the gear. The fan splitter cable
runs off the pump and also has a SATA power
lead. There are two extra fan connectors as
well, plus a USB cable to attach to your
motherboard so the software can
communicate with the Kraken X52. There are
many cables, but a dozen cable ties will soon
sortitout. The software itself offers a variety
of information and control over the pump and

LGA1151 RESULTS ‘
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LGA1151/
LGA2066

fans. Like the Corsair H100i Pro RGB, it's set to
respond to coolant temperature rather than
the CPU by default, but you can alter this
settinginthe software.

Meanwhile, installation uses the familiar
Asetek mounting components with support
for AM4 out of the box, and we had noissues
installing the cooler on any of our CPU
sockets. The tubingis relatively long too,
allowing the radiator to be mountedinthe
front orroof of a case, and the tube fittings on
the pump canrotate easily as well.

With silent mode setin the software, the
Kraken X52's performance was hindered
by the fact that the fans and pump were
responding to the coolant temperature and
not the CPU. However, our CPU was still
nowhere near overheating and this setting
also meant the cooler was supremely quiet,
dishingoutjust 38dBA.

Theresult, though, was a hefty delta T onaall
our systems, adding atleast 12°C, usually
more, to the maximum temperature. Setitto
monitor the CPU rather than the coolant,
though, and the tables turn, with the Kraken
X52 blasting up the graphs, to joint first place
inour LGAT15Tsystem, joint secondin the
LGA2066 system and second againinthe
AM4 system. The downside is that this setting
made the cooler alotlouder at 55dBA,

LGA2011 RESULTS 3 {l}
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although it was still a little quieter thanthe
Corsair H100i Pro RGB at full speed.

Conclusion

The level of control offered by NZXT's CAM
software offers is excellent, although we
recommend tweaking switching from the
default Silent mode, either to Extreme mode
orusingthe CPU as the temperature input to
activate the fans earlier. Otherwise, though,
the Kraken X52 is easy to install, feature-rich
and offers amazing cooling. It also has the
means to add additional fans and looks great.
It's not cheap, butit's a great coolerif you can
afford the extra £20 over the Corsair.

sadaBBRAdBERES TeaasEREEEEEEEEREER dEERBERAEE

VERDICT

A great-looking liquid cooler with excellent
performance in high-speed modes, as well
as a useful software suite.

Compatibility Intel: LGA2011/v3, LGAT15x,
LGA1366; AMD: Socket AM4, TR4, AM3/+,
AM2/+ FM2/+,FM1

Stated noise Up to 36dBA

AM4 RESULTS @
COOLING FEATURES
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DESIGN VALUE
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CPU COOLER RESULTS

Corsair H100i RGB Pro
(max speed)

EK Water Blocks
Phoenix 240

NZXT Kraken X52
(max speed)

Fractal Design Celsius 24

Alphacool Eisbaer LT 240

Cooler Master MasterLiquid
ML240R RGB

Deepcool Castle 240

Game Max Iceberg 240mm

Corsair H100i RGB
Pro (min speed)

NZXT Kraken X52
(min speed)

EK Water Blocks
Phoenix 240

NZXT Kraken X52
(max speed)

Corsair H100i RGB Pro
(max speed)

Fractal Design Celsius 24

Deepcool Castle 240

Alphacool Eisbaer LT 240

Cooler Master MasterLiquid
ML240R RGB

Game Max Iceberg 240mm

Corsair H100i RGB
Pro (min speed)

NZXT Kraken X52
(min speed)

INTEL LGA1151
Delta T (°C)

AMD AM4
Delta T (°C)

44

44

44

45

47

47

47

48

41

43

44

46

47

48

48

54

55

57

64

Lower is better

64

Lower is better

EK Water Blocks
Phoenix 240

Corsair H100i RGB Pro
(max speed)

NZXT Kraken X52
(max speed)

Cooler Master MasterLiquid
ML240R RGB

Deepcool Castle 240

Fractal Design Celsius 24

Alphacool Eisbaer LT 240

Game Max Iceberg 240mm

Corsair H100i RGB
Pro (min speed)

NZXT Kraken X52
(min speed)

NZXT Kraken X52
(min speed)

Corsair H100i RGB Pro
(min speed)

Game Max Iceberg 240mm

Alphacool Eisbaer LT 240

Fractal Design Celsius 24

Cooler Master MasterLiquid
ML240R RGB

Deepcool Castle 240

NZXT Kraken X52
(max speed)

Corsair H100i RGB
Pro (max speed)

EK Water Blocks
Phoenix 240

INTEL LGA2066
Delta T (°C)

NOISE LEVEL (dBA)

51
54
54
57
58
58
59
61
61
63
Lower is better
38
40

51

52

53

54

54

55

56

59

Lower is better
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PC system reviews

GAMING PC

Scan 3XS Vengeance RTX T1/£3,000

can’'s 3XS Vengeance

RTX Tiis thefirst

system we've seen
with Nvidia's new flagship
GeForce RTX2080 TiGPU.It's
the top-end Turing chip, and
Scan has chosenahuge, triple-
slot card to demonstrate the
new technology. The EVGA-
made XC Ultra has a whopping
105MHz factory overclock,
and Scan has added an extra
150MHz, giving you standard
and boost speeds of 1605MHz
and1800MHz.

Based on Nvidia's TU102 GPU,
the RTX 2080 Tigives you 4,352
stream processors, and 11GB of
GDDR6 memory, as well as the
numerous improvements of the Turing
architecture, including real-time ray-tracing support
and DLSS, neither of which are enabledin any games yet.
The XC Ultrais massive, with its black PCB
topped with a huge heatsink and two large
fans, and there are numerous RGB LEDs.

The flagship GPU s joined by a Core
i7-8086K processor. It's a 6-core Coffee
Lake CPU with Hyper-Threading, and Scan
has overclocked its 4GHz stock speed to
5GHz across all cores - ahuge boost.

An Asus ROG Strix Z370-F Gaming
motherboard houses the components. It's
the same motherboard Chillblast usedin the
more affordable Fusion Juggernaut 2080
(see p62), andit has the key features we
expectfromagamingboard. There are steel-
supported PCI-E slots with full dual-GPU
support, spare memory and SATA ports,
and two M.2 connectors, one of whichis free.
Ithas the usual RGB LEDs and chunky
heatsinks, and the rear /0 panelis covered
with a metal shroud.

We have no concerns about memory
speed or support, and the S1220A-based
SupremeFX audiois solidtoo. Therear|/0
panel only has three full-sized USB 3.1ports,
alongside a single USB Type-C connector,
but that's only a minor concern.

CPU 4GHz Intel Corei7-8086K
overclocked to 5GHz
Motherboard Asus ROG Strix
Z370-F Gaming

Memory 32GB Corsair
Vengeance RGB3000MHz
DDR4

Graphics EVGA GeForce RTX

Storage 500GB Samsung 970
EvoM.2SSD, 2TB Seagate
Barracuda hard disk

Cooling CPU: Corsair Hydro
H100i Pro with 2 x 120mm fans;
GPU:2x90mm fans; top: 1x
120mmfan;rear: 1x 120mm fan

Ports Front: 2 x USB 3, 1x audio;
rear: 3xUSB3.1,1x USB 3.1
Type-C,2xUSB 2, 1x Gigabit
Ethernet, 1x optical S/PDIF,
5xaudio

Operating system Microsoft
Windows 10 Home 64-bit
Warranty Three years parts and
labour. First year on site, then
returnto base

Scanhasinstalleda
whopping 32GB of
3000MHz DDR4 memory
too, while the 500GB Samsung
970 Evo and 2TB hard disk are
adecent combo, offering fast
storage with plenty of room for
Windows and games, plus some
extra data storage space.

It's all powered by a Corsair
TX550M PSU, whichhas an 80
Plus Gold efficiency ratingand a
semi-modular design, although
the relatively modest power
rating will rule out adding a
second RTX 2080 Ticard later.

All the hardware isinstalledin

a Corsair Carbide 275R TG mid-
tower enclosure with sober,
understated looks and impressive
build quality - the aluminium and tempered glass used
throughout the designis rock-solid. There’s amagnetic dust
filter on the top, rubber grommets around the cable-routing
holes and Scan has done its usual excellent job with keeping
the cables neat. Meanwhile, a strip of RGB LEDs at the top

of the chassis bathes the machine in a softblue light.

Attherear, there’s one 3.5in bay and two 2.5in bays,
while the Corsair Hydro H100i Pro liquid-cooling radiator is
attachedto the front of the chassis with two 120mm fans for
airintake, and there’s a120mm exhaust fan.

It's easy to reach the memory slots, but the case’s
compact dimensions and PSU shroud make accessing the
bottom of the board fiddly, especially with the huge graphics
cardinstalled. The graphics card also blocks two 1x PCI-E
slots although, to be fair, you're unlikely to need muchin the
way of expansion cards.

The usual Scan warranty is in place too, whichmeans
you get three full years of parts and labour coverage - and
pleasingly, a year of on site service as well.

Performance

The RTX 2080 Tihandles any current game at 4K with no
trouble. It zipped through Shadow of the Tomb Raider
without dropping below 53fps, and it was only 1fps slowerin
Deus Ex: Mankind Divided. The RTX 2080 Tireturned arapid
average of 47fpsin Total War: Warhammer |l. [ts minimum
of 15fpsis unusually low, but that appears to be due to the
RTX beta driver, and will hopefully be fixed soon.
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Scanhas doneits

The monstrous All six of the Core

EVGARTX 1080 i7-8086K's cores usual excellent job
Ti card dominates are overclocked with keeping the
theinterior to5GHz cables neat

Even without its extra features enabled, the RTX 2080 Ti
is much more powerful thanthe GTX 1080 Ti. Lastmonth's
Palicompi7 Arctic Glacierincluded an overclocked GTX 1080
Ti, but it could only manage a 36fps minimumin Deus Ex at
4K, forexample.

The CPUis quick too, althoughits image editing and
Handbrake scores exhibit similar performance levels to
anoverclocked Corei7-8700K. Thanks toits 32GB of
3000MHz memory, this system’s multi-tasking score of
221,824 is particularly good too.

There's enough CPU power here to play any gamein any
scenario, and to handle almost any productivity task. You'll
only runinto difficulty if you're trying to run very heavily
multi-threaded workstation software. The SSD is solid too,
with read and write speeds of 3,612MB/sec and 2,486MB/
secrespectively.

The final performance point, thermals, sees the Scan
continue toimpress. It's near-silent whenidle, and the
noise only increased very slightly during gaming and full-
system stress tests. Scan has augmented the Corsair Hydro
with a custom fan profile to keep the noise down, and it
clearly works - you'll only hear this machineif you're
sitting in silence alongside the chassis. The temperatures
are fine too, with solid CPU and GPU delta Ts of 55°Cand
51°Crespectively.

Conclusion
Scan's machine appears subtle from the outside, with its
small enclosure and lack of fan noise, but the components
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:i! VERDICT

“*© Fast, quiet and well designed, although spending this
-** much money on an RTX 2080 Ti is currently a gamble.

are thereal stars. The overclocked RTX 2080 Tidelivers
enough performance to conquer any current game. The
overclocked CPU s very fast and the motherboard, memory
and storage are stellar. The only issue is that spending the
extra cash on a Turing-based PCis a gamble right now, as
there are no games usingits advanced features. If you want
to take that gamble, though, then Scan’'s machineis
compact, quiet and enormously powerful.

MIKE JENNINGS

SHADOW OF THE TOMB RAIDER
2,560 x 1,440, Highest Detail, TAA

Scan 3XS Vengeance

RTX Ti 90fps

113fps

3,840 x 2,160, Highest Detail, TAA

Scan 3XS Vengeance

RTX Ti 53fps

63fps

TOTAL WAR: WARHAMMER II

2,560 x 1,440, Ultra Detail, DX12

Scan 3XS Vengeance

RTX Ti 30fps

79fps

3,840 x 2,160, Ultra Detail, DX12

Scan 3XS Vengeance

RTXTi 19fPS

47fps

DEUS EX: MANKIND DIVIDED
2,560 x 1,440, Very High Detail, DX12

Scan 3XS Vengeance

RTX Ti Jlfps

Mifps

3,840 x 2,560, Very High Detail, DX12

Scan 3XS Vengeance

RTX Ti S2fps

62fps

Minimum  Average
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WiredZ2Fire Diablo R1 X /£1,899 nar

he Wired2Fire Diablo RTXis one of two machines

in this month's issue that deploy the new RTX

2080, and with the same Palit GamingPro OC card
too, whichraises the 1710MHz boost clock up to 1815MHz.
That's a solid leap, which makes this Palit card 15MHz faster
than Nvidia's overclocked Founders Edition.

The RTX2080 GPU itself gets you 2,944 stream
processors, 8GB of GDDR6 memory and DisplayPort, HDMI
and USB Type-C outputs. Based on Nvidia's new Turing
architecture, the RTX2080 also has 46 RT
cores forray tracingand 368 Tensor cores
for Deep-Learning Super Sampling, but
those features aren’t supported by any
games yet.

Wired2Fire has paired the Palit card with
a Corei7-8700K overclockedto 4.7GHz.
It's a familiar workhorse, and its six Hyper-
Threaded cores ensure thatit won't
bottleneck games and will handle most
other tasks, including streaming and media creation.

Those key components attach to an Asus TUF Z370-Plus
Gaming motherboard, which Asus claims is designed for
durability, which means you get shielded audio circuits,
electrostatic discharge protection, and military-grade
chokes and capacitors. However, many of those features are
included on other high-end gaming motherboards anyway,

trer u::rn;_ !

o

In Deus Exits 4K
minimum was
1Tfps quicker than

the GTX 1080

FEPREEERREN

and gaming PCs aren't likely to be put under the kind of
stress that require military-grade hardware anyway.

CPU 3.7GHzIntel Corei7-8700K
overclockedto 4.7GHz

Motherboard Asus Z370-TUF Plus

Memory 16GB Gell Super Luce
RGB2400MHzDDR4

Graphics Palit GeForce RTX2080
8GB

Storage 512GB Samsung 970 Pro

M.2 SSD; 2TB Seagate Barracuda
hard disk
Cas i

Cooling CPU: Cooler Master
MasterLiquid 240 with2 x 120mm
fans; GPU: 2 x 90mm fans;rear: 1x
120mmfan

PSUKolink KL-850M850W
Ports Front:2xUSB 3, 1xUSB 2,2 x

audio;rear: 4 xUSB 3.1, 1xUSB 3.1
Type-C,2xUSB 2, 1x Gigabit
Ethernet, 1xPS/2, 3 x audio

ystemMicrosoft
Home 64-bit

labour, followed by one year labour
only, returnto base

Getbeyond the branding and the
motherboard ticks the basic boxes. It
sports USB Type-C, RGB LEDs, steel-
supported PCI-E slots and two M.2
connectors. There's no doubt thatithas
weaknesses though. It doesn't support
Nvidia SLI, and the backplate only has
three audio jacks. The Asus ROG Strix
Z370-F Gaminginthe Chillblast Fusion
Juggernaut 2080 (see p62) is better, with
more audio ports, a better audio codec and
better dual-GPU support.

Wired2Fire has also included 16 GB of
GelL Super Luce DDR4 memory, which
looks gorgeous, althoughiit’s a little slow at
2400MHz. You also get a super-fast
512GB Samsung 970 Pro SSD anda2TB
hard disk.

Likewise, the Kolink KL-850M PSU is
fine, butit's a step behind the Corsair unit
inside the Chillblast. The Kolink is semi-
modular, it has an 80 Plus Bronze rating
andits 850W peak outputis unnecessarily
high. The case comes from Kolink too.

The Horizon RGB is smaller and squarer
than the Chillblast's Corsair Carbide, and it

looks smart, with RGB-illuminated fans in the front panel,
atempered glass side panel and a magnetic dust filter
onthetop.

A metal shroud hides the PSU, and a Cooler Master
MasterLiquid 240 radiator sits in the front of the chassis. The
rigis tidy at the front, with cut-outs in the PSU shroud used
to hide cables. Atthe rear, there's a control box for more
lighting, and room for one more hard disk, butit's very untidy
here - atleast you can't see it through the side panel.

The Horizon certainly gets the basics right, butit's cheaper
thanthe Chillblast’'s Corsair Carbide SPEC-OMEGA and it
shows. There are no rubber grommmets on the cable-routing
holes and the storage mounts are basic. The top panelis
flimsy, and the design s derivative of numerous other cases
with front-mounted RGB LED fans. Still, it's arespectable
caseif you'relooking to save abit of cash.

The warranty is decent too, with three years of return
to base coverage thatincludes two years of parts cover.
Chillblast, however, offers an additional two years of labour
cover, plus two years of collect and return service.

Performance

The RTX 2080 and overclocked Corei7 processor outpaced
the Core i5-based Chillblastin games, but only just. In
Shadow of the Tomb Raider, the Wired2Fire's 4K minimum
of 41fps is 2fps quicker, for example, and its Deus Ex
averageis 3fps quickertoo. As in other tests with Nvidia's
beta RTX driverinthisissue, the Total War: Warhammer ||
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ThePalitRTX2080  Itsgreattoseean  TheGelLRAM

cardis faster than overclocked Core looks lovely,
the1080 Tiin some i7-8700K in this althoughit only
game tests price league runs at2400MHz

minimums were low, but hopefully this issue will be fixed
with a future driver update. Either way, it clearly has the
power for 4K gaming.

The RTX 2080 compares well withits predecessors too.
In Deus Ex its 4K minimum was 11fps quicker than the GTX
1080, andit’'s even allittle faster than the GTX 1080 Ti. That's
no surprise given thatthe RTX2080’s price roughly tallies
with the price of the GTX 1080 Ti.

Not surprisingly, the Wired2Fire beat the Chillblastin CPU
benchmarks too. Its big gains came in our heavily multi-
threaded Handbrake test, where its Hyper-Threading
support putit more than 100,000 points ahead. Both
machines are quick enough for gaming and everyday
computing, but the Wired2Fire is the better optionif you
want to do work alongside your play. The SSDis no slouch
either, with read and write speeds of 3,564MB/sec and
2,318MB/sec respectively.

The downside to the Wired2Fire is more noise. lt'son a
par with the whisper-quiet Chillblast whenidle, andit's not
too loudin gaming tests, but the fans ramped up a little and
modulated during CPU tests. That's an unlikely real-world
scenario, though, and the temperatures were fine, with CPU
and GPU delta Ts of 42°Cand 56°C.

Conclusion

The new RTX 2080 has enough pace to beat Pascal cards
for pure gaming performance, but there's currently still a
question mark over ray tracing and DLSS. Away from the

GPU, the Wired2Fire takes a different approach to Chillblast.
Its motherboard, power supply and case aren’t as good, but
they're adequate - especially if you don't want to upgrade.
Instead, the Diablo offers more CPU power and a lower
price, makingit faster thanits rival in applications. It's not
quite as elegant as the Chillblast, butit’s still worth
considering if you want to save some money and multi-
threaded CPU power is a priority.

MIKE JENNINGS

;i CPC REALBENCH i BN N T

N N
64,383 400073 113,718

GIMP IMAGE HANDBRAKE H.264 LUXMARK
EDITING VIDEO ENCODING OPEN CL

Y . Y .

2l]8 439 187,961 164.23%

T 0

HEAVY MULTI- SYSTEM INTEL PERFORMANCE
TASKING SCORE INDEX SCORE
T
i 23/29 i 21/29
HARDWARE . . VALUE 7[]/
i 21/25 : 22/2% 0

:ii VERDICT
. A cracking spec for the money, and a decent build,
although it lacks the competition’s panache.

SHADOW OF THE TOMB RAIDER
2,560 x 1,440, Highest Detail, TAA

Wired2Fire Diablo RTX 73fps  9lfps

3,840 x 2,160, Highest Detail, TAA

Wired2Fire Diablo RTX 41fps 49fps

TOTAL WAR: WARHAMMER 11
2,560 x 1,440, Ultra Detail, DX12

Wired2Fire Diablo RTX 22fps 62fps

3,840 x 2,160, Ultra Detail, DX12

Wired2Fire Diablo RTX 20fps 36fps

DEUS EX: MANKIND DIVIDED
2,560 x 1,440, Very High Detail, DX12

Wired2Fire Diablo RTX 69fps 83fps

3,840 x 2,560, Very High Detail, DX12

Wired2Fire Diablo RTX 38fps 48fps

Minimum  Average
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GAMING PC

Chillblast FusionJuggernaut 2030 /£2,050 war

s the digits on the end of its name suggest,
Chillblast's Fusion Juggernaut 2080 has
one of Nvidia's latest GPUs slottedinto the

motherboard. In this case, the cardis a Palit Gaming Pro OC
model, as with the Wired2Fire Diablo RTX (see p60). This
version of the card overclocks the RTX2080'’s core from
1515MHz to 1620MHz, which means arevised boost speed
of 1710MHz.
The RTX 2080 uses Nvidia's new Turing GPU architecture
(see p20). On one hand, that means you get numerous
upgrades that enhance conventional GPU performance. On
the other, though, it means you get also 46 RT cores and
368 Tensor cores for ray tracing and Deep-Learning Super
Sampling respectively - features thathaven't been
implemented in any real games yet, and which bump up the
price significantly. We're waiting for Windows updates, new
games and patches to seeif these improvements will have
a significantimpact.
The new GPU sits alongside a Core i5-8600K processor,
which has been overclocked from 3.6GHz to 4.8GHz, and it
has the same Coffee Lake architecture as the Core
i7-8700K inside the Wired2Fire. However, the 6-core
i5-8600K doesn't have Hyper-Threading, which gives

the Core i/ part an advantage in heavily multi-threaded
software. Chillblast has paired the main components with
16GB of 2666MHz DDR4 memory, a 500GB Samsung 970

CPU 3.6GHz Intel Core
i5-8600K overclocked to
4.

rd Asus ROG Strix

Z370-F Gaming

Memory 16GB Chilblast

2666MHzDDR4

Graphics Palit GeForce RTX

2080 8GB

Storage 5S00GB Samsung
970 EvoM.2SSD, 3TB
Seagate Barracuda hard disk

Case Corsair Carbide SPEC-

OMEGA

Cooling CPU: Corsair Hydro
H100x with 2 x 120mm fans;
GPU: 3 x90mm fans; front:
1x120mmfan;rear: 1x
120mmfan

rRM750x750W

Ports Front:2xUSB 3,2 x
audio; rear: 3xUSB 3.1,1x
USB 3.1Type-C,2xUSB 2,

1x Gigabit Ethernet, 1x optical
S/PDIF, 5 x audio

Operating system Microsoft -

Windows 10 Home 64-bit

Warranty Two yearsparts

and labour collect and return,
plus three years labour only
returnto base

Evo SSD and a 3TB hard disk. The RAM speed is
a step from the Wired2Fire's 2400MHz RAM,
andthe 3TB hard disk is alittle larger.

Allthe gearis pluggedinto an Asus ROG
Strix Z370-F Gaming motherboard. It's a
conventional gaming board, with angular
heatsinks, RGB LEDs and a chunky shroud over
therearl/0 panel. It has two M.2 slots, full dual-
graphics support, spare memory slots, and
plenty of vacant headers and connectors.

The Strix board doesn't have on-board
buttons and displays, butit's not missing any
other major features. It's also more versatile
than the Asus TUF boardinside the cheaper
Wired2Fire, with more audio jacks, wider dual-
GPU options and athird 16x PCI-E slot. The
Chillblast’'s power supply is better too. The
Corsair RM750x has ample power for a second
GPU, as well as a fully modular design and an
80 Plus Gold efficiency rating.

The components are packed inside a Corsair
Carbide SPEC-OMEGA chassis, whichis taller
and longer than the Kolink case used by
Wired2Fire, and it's more striking: the front
panelis an angled, eye-catching mix of dark
metal and glass, and the top has more angles
and loads of mesh. The side panelis made
from tempered glass too, and the build quality

is great, with hardly any give in the metal onthe top. The
increased dimensions mean there's a little more roomin the
interior than the Kolink case too, and the motherboard tray
has rubber aroundits cable-routing holes. At the rear, there
are three neat 2.5in drive caddies, and Chillblast has done a
better job than Wired2Fire with cabling around the back.
Both systems are similarly neat at the front, though, with
careful cable tidying throughout. There's no PSU shroud
on the Chillblast, so the bottom looks a little less neat.

There's a decent warranty too, with as full two years of
collect and return parts cover, plus three further years of
labour only, return to base service.

Performance

The PalitRTX 2080 is a capable performer, but the
Chillblast's Corei5 processor saw this system narrowly

fall behind the Wired2Fire in gaming tests, although the
margins are small and both machines can run Deus Ex:
Mankind Divided and Shadow of the Tomb Raider at 4K with
decent settings.

As with other tests we've performed using Nvidia's RTX
beta driver this month, the minimum frame rates in Total
War: Warhammer Il were all over the place, but the
Chillblast's average of 36fps indicates that playable speeds
aren't far away if you tweak graphics settings. Its resultsin all
our games at 2,560 x 1,440 were also solid.

Meanwhile, the Corei5 processor is fast, with a single-
threadedimage editing score that's virtually identical to the
overclocked Corei7-based Wired2Fire machine. However,
the Chillblast's Handbrake result of 327,451was more than
100,000 points behind the Wired2Fire system, and the
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............................ There's no PSU i

An overclocked

Corei5-8600K shroud, but show is a Palit

CPU sits under the Chillblast has tidied GeForce RTX2080
Corsair cooler the cables neatly graphics card

Chillblast's overall result was slower too. The Chillblast's
chipisn't slow. It will avoid games bottlenecks, and handle
every everyday computing tasks, as well as most work
applications. However, if you do want a PC that's setup

for productivity as well as gaming, the Wired2Firerigis
definitely quicker. The Chillblast's SSD is no slouch either,
with read and write speeds of 3,55IMB/sec and 2,501IMB/
secrespectively.

The Chillblast's mid-range CPU and Corsair Hydro H100x
cooler also contribute to low noise levels. The Chillblast was
consistently quiet, with similar noise levels whenidle and
undertaking stress tests. When the components were
pushed, it was always quieter than the Wired2Fire.
Temperatures weren'ttoo bad either. The CPU's peak delta T
of 65°Cis alittle high, but not dangerous. The GPU's peak of
48°Cisfine.

Conclusion

The RTX2080 s a curious new card. While the Turing
architecture delivers a solid boost compared with the
GTX 1080, and decent pace in 4K games, the absence
of ray tracing and DLSS in any current games leaves a
question mark over this GPU, especially when it costs so
much money.

Aside from the graphics card situation, the Chillblast
machine trades blows withits rival. Its motherboard, PSU,
case and warranty are all better than those offered by the
Wired2Fire, but that machine has more CPU power and a

Thestarofthe

1

| l_i'a " e

i

lower price. If you're more concerned with CPU power, and
you wantto save allittle bit of cash, the Wired2Fire is the
better option. However, the Chillblast offers a better balance
of components, as well as quieter operation and slightly
better build quality, makingit our preferred optionif you're
looking foranew RTXrig.

MIKE JENNINGS

i CPC REALBENCH i up it s s n s  n s g g

64307 327451 126,280

GIMP IMAGE
EDITING

HANDBRAKE H.264
VIDEO ENCODING
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184148 150,280 131

g 0

LUXMARK
OPEN CL

PERFORMANCE DESIGN

9]/95 99 /95 OVERALL SCORE

" HARDWARE . VALUE 8 8 |y
| 22/25  22/25 ﬂ
VERDICT

A good balance of speed, hardware and build quality
-: ¢ for afair price, although you only get a Core i5 CPU.

SHADOW OF THE TOMB RAIDER
2,560 x 1,440, Highest Detail, TAA

Chillblast Fusion

Juggernaut2080 70fps

87fps

3,840 x 2,160, Highest Detail, TAA

Chillblast Fusion

Juggernaut 2080 39fps

46fps

TOTAL WAR: WARHAMMER 11
2,560 x 1,440, Ultra Detail, DX12

Chillblast Fusion

Juggernaut 2080 13fPs 63fps

3,840 x 2,160, Ultra Detail, DX12

Chillblast Fusion

Juggernaut2080  20fps 36fps

DEUS EX: MANKIND DIVIDED
2,560 x 1,440, Very High Detail, DX12
Chillblast Fusion

Juggernaut 2080 67fps 83fps

3,840 x 2,560, Very High Detail, DX12

Chillblast Fusion

Juggernaut 2080 38fps

45fps

Minimum  Average
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Our choice of the best hardware available

Processors

ENTRY-LEVEL CPU AMD Ryzen 32200G

WITH INTEGRATED (AM4) WWww.scan.co.uk Issue 176, p22 £95
GRAPHICS
CPUWITH
INTEGRATED (AA'\:AZ';VZE” >2400G \\ww.scan.co.uk lssuel76,p23  £140
GRAPHICS
ﬁ:&?ﬁ; CPU I(:?A%C;e_\l?z_)SBSOK www.overclockers.co.uk  Issue 175, p46 £219
—
T
s APz TR AT N Www.scan.co.uk Issue 179, p21 £150
6-CORE CPU (AM4) ' T '
%‘ ,.p'""fi)
ot
ool '2:6'-“
‘a RO SHDRVZEN /200X WW.Scan.co.uk Issue 178, p22 £300
8-CORE CPU (AM4) ’ T i
oo gf\yc;::cpu '(Etceﬁ"\%‘;e_\'zz';”OOK ww.scan.co.uk lssuel75,p56  £450
k“-\
L i)
.-w_"_"'d—' k .
nﬂﬂa,{ ":;P‘;ﬁ \ T TITE AMD Threadripper
mes™ \ THREADING CPU 2950X www.overclockers.co.uk  Issue182,p23 £810
% / (TR4)
SR o /, _ Intel Core
- E)I:;Eigﬁdhélégtll i9-7980XE WW.SCan.co.uk Issue171,p20 £1,890
’ Mo (LGA2066)
WORKSTATION AMD Threadripper
MULTI-THREADING 2990WX www.overclockers.co.uk  Issue182,p24 £1650
CPU (TR4)




CPUcoolers

BUDSETQIR Raijintek Rhea
COOLER (LGAT15X) )

MID-RANGE AIR

COOLER (LGATISX, ASCT'tC geezer 33
LGA2011, AM4) eSports One

LOW-PROFILE AIR
COOLER (LGATI5X, Noctua NH-DOL
LGA2011)

120MM ALL-IN-ONE

LIQUID COOLER ARCTIC Liquid Freezer
(LGATI5X,LGA2011, 120
AM4)
120MM
EXPANDABLEAIO Alphacool Eisbaer
LIQUID COOLER LT120
(LGA115X, AM4)
08 240MM ALL-IN-ONE
' LIQUID COOLER Corsair H100i
(LGAT15X,LGA2011, ProRGB
AM4)

280MM ALL-IN-ONE

LIQUID COOLER NZXT Kraken X62
(LGAT15X, LGA2011)

360MM ALL-IN-ONE

:-/!\?nlﬂDL(G:g%IE,I)E(R Corsair H150i Pro
LGA2011)

240MMHIGH-END ¢ Water Block
EXPANDABLE i Mal_te::hloc >
WATER COOLER -MLCPhoenix
(AM4, LGA2011) bundle

THREADRIPPERAIR  NoctuaNH-U14S TR4-
COOLER SP3

Virtual reality

VR GAMING Oculus Rift Touch
HEADSET Sl
sl HTC Vive Pro

GAMING HEADSET

www.overclockers.co.uk

WWW.amazon.co.uk

www.amazon.co.uk

www.awd-it.co.uk

www.watercoolinguk.
com

www.ebuyer.com

www.overclockers.co.uk

WWW.Scan.co.uk

www.overclockers.co.uk

www.overclockers.co.uk

www.overclockers.co.uk

www.vive.com/uk

Issue 163, p86

Issue 175, p21

Issue 143, p17

Issue 178,p49

Issue 182, p21

Issue 183, p50

Issue 160, p52

Issue 175, p29

Issue 180, p28

Issue173,p30

Issue177,p82

Issue 181, p28

£16

£32

£44

£54

£72

£100

£130

£145

£150

£75

£399

£799



Motherboards

TYPE NAME SUPPLIER FEATURED (iﬁql:2 {E\EI')
IZ'\B(OBUDGET MSIZ370 SLI Plus WWWw.scan.co.uk Issue 175, p24 £140
2';)7(:|GH'END 'I?I‘Ztlg ROSAIE WWW.scan.co.uk Issue172,p43 £254
rl;r‘ll)lt_]ll.ir'l)'(237 0 Gigabyte Z370N WiFi www.cclonline.com Issue 174, p44 £150
Qg);;REMIUM Q;‘;‘; %LTE(G www.cclonline.com Issue 168, p52 £392
Q‘;);;IIID—RANGE é:lrﬁrl?gc Sk TS www.cclonline.com Issue 168, p50 £318
Qz’;gUDGET ASRock X299KillerSLI  ww.lambda-tek.com Issue 171, p22 £175
)hggl;O-ATX ?;LﬁigAch LTI e www.cclonline.com Issue 174, p24 £255
MINI-ITX X299 ASRock X299E-ITX/ac www.overclockers.co.uk = Issue 174, p26 £380




ATX MID-RANGE
X399

ATX PREMIUM
X399

MICRO-ATX X399

ATXHIGH-END X470

ATX MID-RANGE
X470

ATX BUDGET X470

MINI-ITX X470

ATX BUDGET B450

MICRO-ATX
BUDGET B450

MINI-ITX B350

MSI X399 Gaming
Pro Carbon AC

MSIMEG X399
Creation

ASRock X399M
Taichi

Gigabyte X470
Aorus Gaming7
WiFi

MSI X470 Gaming
Pro Carbon

Gigabyte X470
Aorus Ultra Gaming

Asus ROG Strix
X470-iGaming

MSIB450
Tomahawk

MSIB450M Mortar

MSIB350IPro AC

WWW.SCan.co.uk

WWW.SCan.co.uk

WWW.SCan.co.uk

WWW.Scan.co.uk

www.cclonline.com

www.box.co.uk

WWW.Scan.co.uk

www.overclockers.co.uk

WWW.Scan.co.uk

www.alza.co.uk

Issue 170,
p50

Issue 182,
p30

Issue 179, p28

Issue 179, p47

Issue 179, p50

Issue 179, p48

Issue 181, p22

Issue182,p48

Issue 182, p50

Issue 177, p22

£470

£348

£233

£164

£135

£178

£100

£90

£123
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PRICE

8GB DUAL-CHANNEL 8GB Corsair Vengeance LPX

DDR4 3000MHzDDR4 www.scan.co.uk Issue 163, p86 £79
(CMK8GX4M2A2666C16)
16GB Corsair Vengeance LPX
:)6;: 4DUAL_CHANNEL 3000MHzDDR4 WWW.scan.co.uk Issue 166, p90 £145
(CMK16GX4M2B3000C15)
16GB Corsair Vengeance
:)6;: 4%[:}/-\BL-CHANNEL RGB Pro3200MHzDDR4 WWW.SCan.co.uk Issue 180, p30 £170
(CMW16GX4M2C3200C16)
32GB Corsair Vengeance
:ﬁiizlégD—CHANNEL RGB Pro 3200MHzDDR4 WWWw.scan.co.uk Issue 180, p30 £364
(CMW32GX4M4C3200C16)
16GB DUAL-CHANNEL 16GB f2 x8GB) 3466MHz
RGB (AMD RYZEN) Corsair Vengeance RGB WWW.SCan.co.uk Issue 178, p24 £217
(CMR16GX4M2C3466C16)
PRICE
TYPE NAME SUPPLIER FEATURED (inc VAT)
Microsoft Windows 10
I E OPERATING SYSTEM Home Retail USB drive WWW.Scan.co.uk Issue 146, p17 £105
1,920 X1,080 Zotac GeForce GTX 1050
GAMING Ti 4GB Mini www.ebuyer.com Issue163,p86 £150
2,560X1,440 Nvidia GeForce
GAMING GTX1060 6GB www.scan.co.uk Issue 159, p23 £240
SMOOTH 2,560 X Asus ROG Strix GeForce
1,440 GAMING GTX 1070 Ti www.ebuyer.com Issue 173, p20 £472

Nvidia GeForce
4K GAMING GTX 1080 Ti WWW.Scan.co.uk Issue 168, p28 £662

Zotac GeForce
SMOOTH 4K GAMING RTX 2080 Ti AMP! WWW.scan.co.uk Issue 183, p20 £1224




PRICE
TYPE “ SUPPLIER FEATURED (inc VAT)

BUDGET ATX Eraasnsteks AL www.overclockers.co.uk  Issue 176, p28 £55
SUB-£75 ATX NZXTH500 www.box.co.uk Issue 181, p26 £70
SUB-£100 ATX Phanteks Enthoo
PERFORMANCE Pro M Glass www.overclockers.co.uk  Issue 161, p24 £95
gﬂﬁ: 150 ATX Fractal Design Define R6 www.cclonline.com Issue 174, p20 £110
SUB-£150 MID- Cooler Master .
SIZED ATX MasterCase H500P www.cclonline.com Issue 181, p41 £123
HIGH-END ATX CASE | nanteksEnthooBvolv ) verclockers.couk  Issue169,p43  £135
ATX Glass
LUXURY ATX CASE g;’glg;/lMaSter R v scan couk lssue 183, p28 £430
Fractal Design
MINI-ITX TOWER ) www.scan.co.uk Issue 153, p22 £62
DefineNano S
Fractal Design
MICRO-ATX . - WwWw.scan.co.uk Issue 161,p26 £82
Define Mini C
BUDGET MICRO-ATX  Fractal Design
CASE Focus G Mini www.overclockers.co.uk  Issue 180, p46 £50
PREMIUM .
MICRO-ATX NZXT H400i www.overclockers.co.uk  Issue 175, p32 £120
120MM QUIET FAN Corsair SP120 Quiet
(BESTRUN AT5V) Edition WWW.scan.co.uk Issue 155, p56 £15
120MM
PERFORMANCE Thermaltake Pure
FAN (BEST RUN STLED www.amazon.co.uk  Issue155,p58 £9
AT 12V)
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HIGH-

PERFORMANCE i;?tr)]ji(lfsxlf;;e WWW.Sscan.co.uk Issue 159, p30 c.£2,550
GAMING LAPTOP

Z:Ilulﬁz?_kf:gp Alienware 13 www.alienware.co.uk Issue168,p32 c.£1,849
Ell-\jIE'IFOEI: R XIPS;CGhEJFZ,;RE www.saveonlaptops.co.uk Issue167,p28 c.£1137
Ek:?gﬁOOK Razer Blade Stealth WWW.razerzone.com Issue 167,p36 c.£1350
E:::giLAKE \S/g:]gia)\(:ctgri WWW.Scan.co.uk Issue 179, p32 c.£1400

PRICE

! m;\'\l!gsggf(AM \é\{ﬁztg-ﬁ%[)'g'tal www.overclockers.co.uk  Issue166,p54 £100
II:’IIIE.\I;BOI;I\SIIII(-\NCE gfg%aTts BarraCuda www.overclockers.co.uk  Issue 166, p50 £210
SATASSD e www.ebuyer.com Issue 176, p43 £80
HIGH- Samsung 970 Evo
PERFORMANCE 500GB 9 www.cclonline.com Issue 179, p24 £144
M.2SSD

EK Water Blocks
M.2 HEATSINK EK-M.2 NVMe www.overclockers.co.uk  Issue 178, p87 1
Heatsink
ZIESIB'E;(BAY Synology DS118 www.box.co.uk Issue174,p34 £159
Ll zid ezl Synology DS218play www.box.co.uk Issue174,p34 £21

NAS BOX



BUDGET 24IN
FREESYNCMONITOR /0 02460VQ6  www.ebuyer.com ssuet74,p52  £136
24IN 144Hz

Samsung
FREESYNC ESPORTS C24FG70 WWww.amazon.co.uk Issue 176, p34 £200
MONITOR
24IN FREESYNC ViewSonic
MONITOR XG2401 WWW.amazon.co.uk Issue167,p52 £240
24IN G-SYNC AOC AGON
MONITOR AG241QG www.box.co.uk Issue 169, p55 £390

27IN2,560 X 1,440 Samsung

FREESYNCMONITOR  C27HG70 www.ebuyer.com Issue171,p28 £497
27IN2,560 X 1,440 Asus ROG
G-SYNC MONITOR Swift PG279Q WWW.SCan.co.uk Issue 155, p48 £686
35IN ULTRA-WIDE
CURVED G-SYNC ﬁgg SgGUOCI\é 6 WWW.scan.co.uk Issue 180, p52 £770
MONITOR
SKMONITOR ivama Lrotite www.scan.co.uk Issue179,p34 £696
XB2779QQS 56an-co. P
PREMIUM 27IN 4K Asus ROG Swift
G-SYNC MONITOR PG27UQ WWW.scan.co.uk Issue 181, p31 £2,300
PRICE
TYPE NAME SUPPLIER FEATURED (inc VAT)
ROUTER Linksys EA9500 WWW.amazon.co.uk lssue 182, p58 £230
Max-Stream
BUDGET MESH BT Whole Home
AN :_ . -J NETWORK Wi-Fi (no router) WWW.CUITyYs.co.uk Issue 172,p54 £170
PREMIUM MESH Netgear Orbi
ROUTER (RBK50) Www.amazon.co.uk Issue172,p57 £285
WI-FIADAPTOR Asus PCE-AC68 WWW.SCan.co.uk Issue 128,p88 £58
PREMIUM Asus ROG Rapture
ROUTER GT-AC5300 www.overclockers.co.uk Issue 170, p35 £350




ELITE / THE BEST KIT

o ol

MEMBRANE
GAMINGKEYBOARD

MECHANICAL
GAMINGKEYBOARD

PREMIUM
MECHANICAL
GAMINGKEYBOARD

MMO KEYBOARD

GAMING MOUSE

AMBIDEXTROUS
GAMING MOUSE

Corsair Gaming K55
RGB

Corsair Gaming K68

Corsair Gaming K70
RGB Rapidfire

Corsair Gaming K95
RGB Platinum

Corsair Glaive RGB

Razer Lancehead
Tournament Edition

www.overclockers.co.uk

WWW.SCan.co.uk

www.ebuyer.com

www.ebuyer.com

WWW.box.co.uk

www.ebuyer.com

www.box.co.uk

WWW.game.co.uk

WWW.cUrrys.co.uk

MMO GAMING Corsair Scimitar
MOUSE ProRGB
WIRELESS GAMING Logitech G403
MOUSE Prodigy Wireless
STEERING WHEEL Logitech G920
AND PEDALS Driving Force
Asus Strix
PCI-ESOUND CARD Raid DLX
2.1SPEAKERS geoustic. I |
Energy Aego
HyperX
122 Cloud Alpha
SURROUND-SOUND  AsusROG
HEADSET Centurion

WIRELESS HEADSET

PREMIUM WIRELESS

HEADSET

SteelSeries Arctis 7

SteelSeries Arctis
Pro + GameDAC

WWW.SCan.co.uk

WWwWw.amazon.co.uk

WWW.currys.co.uk

www.cclonline.com

WWW.amazon.co.uk

WWW.Scan.co.uk

Issue 176, p52

Issue 181, p53

Issue 154, p21

Issue 164, p26

Issue167,p19

Issue177,p53

Issue 164,p24

Issue 171,p40

Issue 159, p55

Issue 148, p28

Issue164,p49

Issue173,p50

Issue 163,p49

Issue 178, p58

Issue 179, p31

£50

£85

£120

£174

£55

£73

£69

£100

£200

£175

£200

£90

£185

£128

£250



AMD APUPC

SKYLAKE-XPC

BUDGET COFFEE
LAKEPC

MID-RANGE
COFFEE LAKE PC

WATER-COOLED
COFFEELAKEPC

PREMIUM
COFFEELAKEPC

DREAMPC

AMDRYZEN7PC

THREADRIPPER
PC

EXTREME
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RICK LANE / INVERSE LOOK

OLD PUNKS

-------------------------------------------------------------

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Cyberpunk 2077's demo showed a technological future,
butits themes are rooted firmly in the past, argues Rick Lane

ne of the most hotly discussed games coming out of
- E3 this year was CD Projekt’s Cyberpunk 2077. While

the creator of The Witcher 3showed a two-minute CG
trailer of the new game to the public, it also gave the press the
opportunity to watch a 48-minute gameplay demonstration
behind closed doors. Most of the journalists who saw it came
out breathlessly excited, with many proclaiming it the future
of gaming.

Asahugefan of CD Projekt’s work,Iwas naturally thrilled to
hear the feedback from Los Angeles. Yet when the developer
showed off that same footage onlinelast month,

Ifound myself more concerned thanexcited.Asa

aggressive, while CD Projekt’s idea of a ‘mature’ experience
seemstomeanabucketload of in-your-face violence and nudity.
William Gibson, author of the original cyberpunk classic
Neuromancer,had similarthoughts. The trailerfor Cyberpunk
2077 strikes me as GTA skinned-over with a generic 8os retro-
future,’hewrote on Twitter. Iratherdisagree with Gibson’s first
point,butthelatter partisspoton.Cyberpunkissupposedtobe
atthe tipping point of futurism.It’s sci-fi on the frontline, with
its boots on the ground and a knife between its teeth.
The problem with Cyberpunk 2077 is that, aside from the
flying cars,the futureit positshasalready arrived.
Our society is dominated by a handful of tech

raw technical achievement, it looks incredible, The citizens swear giants: Apple, Facebook and Google. The Internet
combining the scope and visual fidelity of a GTA like a sailor who has is omnipresent, constantly watching us and

game, with the microscopic levels of choice

manipulating us as we willingly feed it data. We

offeredtoaDeusExplayer.Wealreadyknowfrom ~ dropped an anchor  cantracktheinternal workings of ourbodies with

The Witcher 3that CD Projekt can pull off a game
that’s both wide and deep.

What I found concerning was CD Projekt’s
interpretation of the Cyberpunk concept, and how it appears
tobe exploring this theme. Part of what made The Witcher 3 so
enjoyable was its subversion of fantasy tropes, and how it
explored themes of fatherhood and love within its war-torn,
monster-strewn world.

Cyberpunk 2077, on the other hand, seems to be fully
embracing the conventions of its genre. The citizens of Night
City sport punk haircuts, wear studded leather jackets and
swear like a sailor who has dropped an anchor on his foot. The
game’s towering cityscapeis dominated by all-powerful mega
corporations,while everyday citizens scrape alivingunder the
shadow of crisscrossing highway stacks. Everybody you
encounter in the world is either sneeringly cynical or outright

.....................................................................................

.....................................................................................

on his foot

fitness watches, and replace missing limbs with
the first wave of bionic prosthetics.

Cyberpunk should explorehowtoday’ssociety
mightlook tomorrow.Gibson himselfrecently wentback tothe
drawing board with his 2014 novel, The Peripheral, which
dazzles with not one but two distant yet worryingly plausible
futures. Cyberpunk 2077, meanwhile, seems to be offering
yesterday’s futuretoday, pointingat concepts with whichwe’re
already familiar and swearing aboutit being bad.

I still think Cyberpunk 2077 will be an enjoyable game to
play. Its combat looks tremendous, the game world seems
impressively open and there’s a deep hacking mechanic that
lets you assume control of systems within buildings and even
people.But forthefirst time since playing The Witcherin 2007,
I'm concerned that CD Projekt RED might have nothing
interestingtosay.

....................................................................................

....................................................................................
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Two Point HOSpltal/£z4 99 weumr

DEVELOPER Two Pomt Studlos / PUBLISHER SEGA / WEBSITE WWW. twopomthospltal com e/ M

he third most amazing point about Two

Point Hospitalis thatit has taken 20 years

for someone to make a genuine
successor to Theme Hospital. Bullfrog's last
original management sim sold over four million
copies and remained in the video game charts for ten
years. Despite these figures, though, there hasn'tbeen
another hospital management game in the past two
decades, andit's taken the original creators of Theme
Hospital - Mark Webley and Gary Carr - to found an
entirely new studio to make it.

The second most amazing point about Two
Point Hospital is that its creators have repeatedly
claimedit's notjust a spiritual sequel to Theme
Hospital. That's complete nonsense.

Two Point Hospital is a sequelto Theme
Hospital in all but name, from the distinctly British
humour to the room-orientated construction systemto
the staff constantly moaning at you for araise. All that's
missing from Two Point Hospital is the Bullfroglogo on
its cover art.

However, the most amazing point about Two Point

/ VERDICT Hospital is that the previous most amazing points don’t
:ﬁzr:ﬁ:rr;?;zsl\jing matter, because Two Point Hospital is comfortably the
bestmanagement siminyears, providing a perfect
combination of style, depth andimagination.

wellmade, Two
PointHospitalis

the perfect cure for Two Point Hospital challenges players with building
anyone suffering and maintaining a series of medical facilities across its
::;n;gi?ent fictional Two Point County. Your ultimate goalis to

achieve arating of three stars across each of the main
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game's 15 hospitals, which each offer specific
challenges. A hospital at the bottom of a ski slope

forces you to contend with a large influx of limb

fractures, while a hospital near an abandoned power

plant suffers from frequent lightning storms (that's

not how power plants work, but since this game
isn't Two Point Power Station, who cares?).

Each hospital starts the same way. Youneed
areceptiondesk, a GP's office for basic
diagnostics and a pharmacy for basic treatment,

staffed by an assistant, a doctorand anurse

respectively. It's also wise to build a toilet, as you

don’t want patients being sick in the corridors, and
have to hire ajanitor to clean up after them.

From this simple core, Two Point Hospital
grows. One tough challenge for management
sims s providing enough depth to keep players interested
without overcomplicating or upsetting the simulation. Two
Point Hospital does it beautifully though. Itisn't long before




you're building cardiology
departments and wards to treat and
monitor patients with longer-term
sicknesses, as well as specialist
treatmentrooms such as psychiatry
departments, surgeries, and ...
clown rehabilitation clinics?

That's the other element that
makes Two Point Hospital such fun.
Like Theme Hospital, most of the
in-game diseases are fictional with
ahumorous bent. An early condition
is light-headedness, where the
patient’'s head turnsinto aliteral
light bulb. Otherillnessesinclude
Night Fever, where sufferers dress
up like John Travolta, and Animal

Magnetism (a disease cut from the original Theme Hospital)

sees small furry creatures stick to the body of the afflicted.

While some diseases can be cured by atrip to the
pharmacy or an hour with a shrink, most of them require
specific treatmentin bespoke rooms. Light-headedness s
cured using a machine that unscrews the glowing light bulb
and 3D-prints areplacement head for the patient. Watching
these treatments, andindeed the hospital in general, is
made an absolute joy thanks to the astonishing work done
by Two Point Studios’ animators. Even the most basic tasks,
such as ajanitor cleaning the toilet, are infused with the
game's daft sense of humour, as the janitor brandishes his
plunger before diving head firstinto the bowl.

The quality of design goes beyond visuals too. The game
excels at mediating both challenge and reward. Although
your goal for each hospitalis three stars, you only need to
unlock one star to move on to the next hospital. You can
thenreturn to a previous level once you've unlocked more
rooms and equipment to attempt a higher starrating.

Meanwhile, as you complete objectives, you accrue
points that can be spent on new items, such as vending
machines and magazine stands to keep waiting patients
occupied. Surprisingly, few of these items are purely
decorative, and even contribute to a hospital's
attractiveness rating, making it a more pleasant place
for patients.

The underlying simulationimpresses too.lthas a
reasonable amount of depth but, more importantly, it
communicates its systems clearly enough so that you can
quickly identify and resolve problems with your hospital.

If a queue of more than five patients appears outside
your GP's office, for example, the game will flag it up, and
suggest building another one to relieve the pressure and

get patients cured faster (whichis your primary source of
income). Meanwhile, if aroomis too cold, you'll see its
occupants clutching their arms and shivering, a problem
that can be instantly addressed by sprinkling a few
radiators around.

Two Point Hospital is a very slick package, butitisn't
quite seamless. One weak point of its presentationis
its scratchy and unpleasant elevator jazz-style
soundtrack. There are afew systemic grazes that
need patching up too. Researching new projectsis
incredibly slow, and can often cause abottleneckin
developing new hospitals, as later levels sometimes
rely onyou unlocking a new
room viaresearch before you
canbuildit. Training your
staffin new skillsis also
fiddly, as itmeans pulling
them out of their jobs for
long periods, with no ability to
schedule staff shifts or rotations
to compensate for their absence.

Fortunately, theseissues are little
more than a sniffle inamanagement sim that
otherwise demonstrates arobust constitution.
Two Point Hospital may notbe more thana
spiritual sequel to Theme Hospital, but when
asequelis this well designed, it's difficult to
complain about how you're being treated.
RICKLANE




Phantom Doctrine/sso.ggm

hantom Doctrine basically aims to give you XCOM
with spies. It puts youin charge of anindependent
spy network working to bring down a terrorist
organisation known as Beholder. You need to build abase,
gatherintelligence, recruit agents and deploy themon
tactical operations across the globe, from small-scale kill/
capture ops to more elaborate, story-centric missions.
Onthe surface, the structure is similar to XCOM. Your
timeis split evenly between managing your base and
controlling your agents on deployment. Base buildingis
very similar to that of Firaxis’ strategy classic, while the
missions mimic both XCOM's movement and combat
systems, right down to the colour of movement pools
and camera angles for gunshots.
Lurking underneath these similarities, however, are

/D VE!:D:)CT some important differences that will likely wrong-foot
espite being . ) .
challengingand anyone expectlrlg Phantom Doctrine to play like XCOM.
often unintuitive, Phantom Doctrine ditches percentage chances on
Phantom Doctrine whether bullets hit or miss their target. Instead, bullets
is SE}VE'C' byits will always hit unless the opponent has sufficient
tactical depthand ‘Awareness' to dodge them.

the way itembraces )

its theme. Moreover, Phantom Doctrine places a much greater

emphasis on remaining undetected during missions,

.................................................................................
.................................................................................
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letting you disguise your agents and enact stealth
takedowns. If you enter open combat, you'll usually be
fighting alosing battle. At this point, it's wise to head for the
nearest extraction zone before the enemy overwhelms you
with infantry reinforcements and pulverising air attacks.
These changes make Phantom Doctrineinitially very
challenging, as does the enemy Al, which excels at taking
advantage of the no-miss mechanic, with the ability to
shoot your agents from angles and distances that would
be impossible for humans. Furthermore, despite the
importance of stealth, the game doesn’t provide sufficient

........................................................................
........................................................................
........................................................................
........................................................................

DEVELOPER Compulsion Games/ PUBLISHER Gearbox Software/ WEBSITE https://compulsiongames.com/en/10/we-happy-few

e Happy Few's dystopian vision of 1960s England
is intriguing and unusual, bolstered by a brilliantly
written story that blends the societal oppression
0f 1984 with the psychedelic themes of the Doors of
Perception. Behind the vibrant veneer, however, is a poorly
thought-out game that's deeply unpolished.

Inthe game’s alternate past, the Germans won World
War ll, and the newly installed government keeps the
populacein check through a drug called Joy, which fills the

dour British sky with rainbows and butterflies, making
ameal of roastedratlook like a sweet-filled pinata.

Dayp 11
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/ VERDICT

A great settingand
aninteresting story
can'tsave We
Happy Few from
being atedious and
confused game.
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Anyone who doesn't take their Joy is labelled a traitorous
‘downer’ andis either chased out of town by grinning
bobbies, or taken for re-education by prowling doctors.

The story is told from the perspectives of three different
characters, all of whom find their own reasons for rejecting
the status quo. Despite being the last element added in We
Happy Few's lengthy open-alpha development, this core
campaignis undoubtedly the game's strongest part.

The campaign successfully balances dark humour with a
wicked satirical bite, while the plot is dramatic and filled with
interesting twists. An early revelation about the tanks the
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stealth-based skills or gadgets to enable many tactical
options. You're mostly restricted to using disguised agents
to manually knock out enemies, whichis slow and tedious.
If you can tolerate Phantom Doctrine’s idiosyncrasies,
though, there's plenty of depth toits espionage simulation.
In the middle of the game, you unlock the MK Ultra facility,
which lets you brainwash captured enemies and return
them as sleeper agents. Once you acquire silenced
weapons, stealth play becomes much more interesting,
letting you perform some particularly satisfyingroom
clearances using the game’s powerful ‘Breach’ mechanic.

........................................................................
........................................................................
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Germans left behind after the war is just one of many
surprisesinstore.

Unfortunately, the game supporting this narrative simply
isn't worth the 30-odd hours it demands. Despite aesthetic
similarities to BioShock, We Happy Few plays like a survival
game, featuring large, procedurally generated villages and
towns, and placing a heavy emphasis on crafting as its core
mechanic. Sadly, neither of these features complements
the game at all. The procedural generation simply results in
amap that's too large and repetitive, while the rudimentary
crafting system produces too many items, of which only a
handful are actually useful.

One of the game’s more interesting systems requires
you to blendinto your surroundings to avoid detection,
which often means taking Joy, butin practice, it's more
annoying than fun.

wieysie)

AR
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Phantom Doctrine also nails its setting. Missions always
take place at night, oftenin the rain and under the glow of
neon signage, while the slow jazz soundtrack complements
the tone beautifully. One of the game’s best aspectsis a
mini-game in which you connect gatheredintelligence ona
pin board, scanning documents for keywords and linking
them with red strings.

Phantom Doctrine may lack slickness and immediacy,
but whenitall comes together, it's an engrossing simulation
of pulp spy fiction.

RICK LANE

.................................................................................
.................................................................................
.................................................................................
.................................................................................

Joy wears off too quickly, and the withdrawal symptoms
alert anyone nearby to your downer state, often resultingin
the entire town chasing after you. Eventually, We Happy
Few lets you craft a different drug that works like Joy with
none of the drawbacks. It says a lot about the game that
half its upgrade tree is dedicated to removing such player
hindrances rather than adding new features.

The central story missions suggest what We Happy Few
should have offered us, involving sneaking into heavily
guarded restricted areas, many of which boast impressive
brutalist architecture. Sadly, both the stealth and melee
combat are very basic, with neither offering the tension of
Thief nor the flexibility of Dishonored. In the end, We Happy
Few is more British thanitintends, concealingits flaws and
insecurities beneath a falsely pleasant demeanour.
RICKLANE
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DEVELOPER Lazy Bear Games / PUBLISHER Tinybuild /
WEBSITE www.graveyardkeeper.com

raveyard Keeper makes a wonderful pitch. Less
Stardew Valley and more Death Valley, it's a
management simin which you bury corpses
rather than grow crops. Starting as a lowly gravedigger, you
repair and tend your graveyard, gradually working your way
up the church ranks until you can perform memorial
services and other duties, while making a side earner by
selling corpse flesh to the local innkeeper to bake in his pies.
The story seems allittle off from the start though. See,
you're not just any old graveyard keeper. You're aregular
fellow who was tragically killed in a car accident, and now
you've been assigned the job as graveyard keeper inthe
afterlife. Why the afterlife needs a graveyardis a question
the game conveniently evades. Anyway, it's up to you to
bury the bodies that are brought to you by a talking donkey
fromthe localtown, while you search the local areafora
witch to help you get back to your
regular life.

|t’S Up tO VOU J[O bUI’y It's all a bit weird and unnecessarily

convoluted, which sums up the game

th S bOdies th at dre as awhole. Play is dominated by a
b rou g ht t 0 y ou bv labyrinthine crafting system, where

creating a wooden cross, one of the

a J[a |_|<| N g d on kev most game’s most basicitems,

/ VERDICT
Beware Graveyard
Keeper, for what
lies beneathisn't
what's written on
the headstone.
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requires half a dozenresource types,

several different types of workstation
(which also have to be crafted) and multiple skills that need
to be unlocked. Also, you only have alimited amount of
energy, which needs to be refilled either by sleeping or
eating food (which, you guessedit, has to be crafted). It took
me five hours to complete the first objective, whichis to
basically tidy up your graveyard a bit.

It's difficult to tell whether the developer struggled to find
the necessary depthin the act of graveyard keeping, or
wanted to appeal more to the Stardew Valley crowd, but an
awful lot of Graveyard Keeper is dedicated to doing jobs
other than graveyard keeping, such as farming, cooking,
fishing and doing quests for the local townspeople.

It's ashame because, when youfinally get around to
keeping your damn graveyard, there are some interesting

andfunideas. The corpses that arrive for you to bury
are divided between saints and sinners. Burying saints
improves your graveyard's reputation, while burying
sinners lowersiit.

With only limited space in the graveyard, you want to
be burying saints, while dealing with sinners in other
ways, such as burning them, throwing them into the
river, or dissecting them and using the body parts for
alchemy and other unsavoury practices.

This should be the kernel around which Graveyard
Keeper builds its simulation. Instead, it goes off on
these bizarre mechanical tangents that only serve to
tank its own, potentially superb premise.

RICKLANE
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RICK LANE / THE ENGINE ROOM

Frozen Synapse

CLERR PLANS
LAYEs -
FREV LUNIT  NEXTU

Rick Lane speaks to lan Hardingham about the tech behind

rozen Synapse is one of the
most inventive strategy
games of recent years.

Released in 2011, it’s a top-down
tactical shooter in which players (or
the player and Al) control a squad of
special forces units. During a turn,
each player makes separate plans
about how they will move their
agents, but the resolution happens
simultaneously. This setup resultsin
anintense psychological duel of
planning, bluffing and second-
guessing, as players attempt to
counter as many of their opponent’s
potential moves as possible.

Mode /'s cyberpunk strategy sequel

Above: In

FS2's combat,
turns are taken
simultaneously,
meaning you have
to anticipate your
opponent's moves

In many ways, it’s a perfectly
distilled strategy game, and
therefore a hard act to follow.
Nonetheless,its developer had a
pretty ambitious notion of where it
could take a sequel. ‘The very first
thing thatIthought about was
simply: “How are we going to make
acity? And how are we going to
make thelevels be faithful and
accurate tothe city?” says Mode 7's
co-founder Ian Hardingham.

Released last month, Frozen
Synapse 2 takes the tense combat
scenarios from the first game, and
placestheminside alarge,dynamic

cyberpunk city in which roughly a
dozen factions compete for power.
Inspired by games such as XCOM:
Apocalypse and Alpha Centauri,
Mode 7wanted to enable players
to come up with their own plans
and objectives for winning the
game.‘One of the things that
excited me most was being able to
take all of this information —this
datafromthe city—anduseitto
make really interesting levels,’
says Hardingham.

Achieving this ambition required
amassive expansion of the original
game,and a whole bunch of »
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technological updates and additions
tothe aging Torque engine Mode 7
uses. The expansion included the
ability to generate a cityscape, more
complexlevel generation forits
combat scenarios, significant
updates to the existing Al system
andthe introduction of a second,
entirely new Al system for the

city itself.

Mode 7began this process by
sourcing a city. Frozen Synapse 2’s
metropolis of Markov Geist is
generated using a third-party tool

The city Al
recalculates all

its moves each
turn, enablingitto
respond to short-
termevents

Although the city

geometry is static,

building functions
and faction
spawn locations
arerandomly
generated
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built in Python. Currently, there’s
only one city inthe game and its
geometry is fixed, but Mode 7 plans
toadd more cities and, if possible,
the ability for players to generate
their own ones. Yet while the skyline
is static, the function of buildings -
whetherthey'reabankoran
apartment block and so on, changes
forevery game, as does the starting
locations for the many factions
vying for supremacy.

Butthat'’s only halfthe story.
Mode 7wanted players to be able to

!ﬂlﬂl’l"“ﬁﬁs?l

enter combat scenarios anywhere in
the city,and have the game generate
alevelthat resembled that location.
‘Obviously it takes the core
geometry fromthe city,’
Hardingham says.‘But in terms of
having alot of variability, [knew
we were going to be combining
procedural room and building
generation with whatIcall
“background generators”—stuff
such as the trees and the car parks.
Andit does some interesting,
Photoshop-esque ways of
combining it all to make something
thatlooks different every time.
Mode 7 had this feature
functioning early in development,
but when the developer let the
public play the game at conventions,
the team discovered that players
didn’trealise the combat zone
matched the location inside the city.
‘Twas like: “Iworked my ass off,
doing this—itwasreally hard!”
Hardingham says. Toresolve the
problem, Hardingham worked with
Mode 7's graphics programmer to
hacktogether a trick whereby, when
amission began, the camera would
zoom down from the cityscape into
the building orroad intersection
where the mission was taking place.
‘Interms of the zoom-in, the
city view and mission view are in



Hardingham estimates there are around
5,000 buildings in the city, any one of which
can form the basis for a mission

literally different coordinates
systems;they'rerendered in
different ways,' Hardingham
explains. ‘When we have to start
the zoom-in, we take the mission,
whichisthe size of atiny part of the
city—sosmall that youwouldn’t be
able tosee it fromthe city view —
and we have to set a bunch of
DirectX stuff toliterally scale it up.
Getting the maths of thatis
incredibly annoying.’

Alongside creating this grand-
strategy metagame, Mode 7 also
made several alterations to the
tactical combat, adding new units,
and creating the option for longer
turns that play out all planned
movements, rather than five-second
intervals. There’s also a special
targeted aiming mode inspired by
Counter-Strike.’As a Counter-Strike
player, you can choose to aim at this
very specificdoorway where you
have great access, or youopen up
your field of vision and you see
everywhere with your eyes, but
you're much slower.

The tactical side of the game also
received a substantial visual
overhaul.‘When you go back to
Frozen Synapse 1,it’s really old-
school; it really looks like a DOS
game,' Hardingham says.‘Ourlead
artist actually used Unity to
prototype the graphics. He made it
look how he wanted it tolook in
Unity, which obviously has much
better artist tools than our creaky
old Torque tech,and then we got
our graphics programmer James to
portitacross.

Beyond adding the city, the most
crucial changes made by Mode 7
involve the AI. While the original
Frozen Synapse madeitsnameasa
multiplayer game, Frozen Synapse 2
has amuch stronger single-player
emphasis,soit was crucial that
playing against the Alwas fun and
challenging.‘The truth is that Frozen
Synapse’s Alwasn't amazing,’ says
Hardingham. Tt was quite boring to
play against [the AI] -it would turtle
fartoo often.’In case you're not up
onyour gaming lingo, to ‘turtle’
means toretreat into your
metaphorical shell, concentrating
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out offensive assault.

By comparison, Frozen Synapse 2’s
Alismuch more advanced. ‘It
simulates an awful lot of things that
ahuman might do.It works out how
to defeat all of them, chooses which
plan defeats the most and then
sooner or lateritrollsadice to
choose one.’ Aswell as being
smarter, Hardingham also designed
ittobemore funto play against the
new Al ‘If it works out that it’s just
completely screwed and it’s going to
die,instead of hiding in a corner,
which iswhat it did in the first one
and is boring, it just switches to
Rambo mode and runs out shooting.’

Andthat’s just the tactical AL.In
addition, Mode 7had tocreatea
secondary,overarching Al system to
control the city’s many factions,
ensuring that they could make and
execute plans,and alter them based

zooming gimmick,
which shows
players the
transition from city
to combat, took
several weeks of
coding to perfect

thingisthat, every time it thinks, it
redoes its entire plan,’Hardingham
says. Tomake the task of building a
strategy game Al system easier,
what youreally needisforthe Alto
be able tomake all its decisions at
one snapshotintime.

Frozen Synapse 2 was along
time coming. It wasn’t atroubled
project, but it was a very ambitious
one from a team of Mode 7’s size,
which isinevitably going to
lengthen development.

‘Really,it’s about gameplay
iteration, and that’s always what
takes time in these projects.It’s just
about getting all these lofty ideas
into something that’s fun to play,’
Hardingham says. ‘The game you
seeis actually remarkably faithful to
the original vision, especially fora
game that’s taken significantly over
three years tomake.
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REAL-TIME
RAY RACING

Will real-time ray tracing be the next big thing in gaming graphics,
and how exactly is Nvidia achieving it?
some rays and comes out all shiny and reflective

vidia has never been
onetoundersellits own
achievements, andin
many cases, deservedly
s0; the company has arguably led PC
gaming graphics pretty consistently
for more than a decade. However,
forthe GeForce RTX-series
announcement (see p20), the
hyperbole wentinto overload as Nvidia
threw around phrases such as‘a

Top: Epic Games
has shown off
areal-timeray
tracingdemo
featuring Captain
Phasmafrom
the new Star
Wars movies

historic momentin computer graphics’.

and‘Computer graphics will never be
the same again’. Nvidia even described
real-time ray tracing as ‘The Holy Grail'.
Butwhatisray tracing, andis the hype
really justified?

Before discussingray tracing, it's
helpful to cover how computer
graphics are generated now, whichis
through a process called rasterisation.
This process involves generating 3D

catches

objects from a mesh of triangles,
otherwise known as polygons.
These triangles, along with their
associated colour, texture and
positionalinformation, are then
converted into pixels - the 2D dots that
make up the images you see on your
flat monitor. These pixels canthenbe
further processed, or shaded, to
simulate more sophisticated lighting
or material effects. All current GPUs




have dedicated hardware to perform
these functions.

What's great about rasterisationis
thatit's very well suited to parallel
processing, whichis why modern
GPUs are designed with thousands of
stream processors (called CUDA cores
in Nvidia GPUs), which are specifically
designed to accelerate rasterisation.
Nvidia and AMD have both become
very good at accelerating this process
intheir current GPUs, to the pointthata
single GeForce GTX 1080 Tican even
achieve the magic 60fps frame rate at
4Kinmany modern games.

However, while modern games
such as Battlefield 1or Far Cry 5 look
amazing, a lot of this magicis smoke
and mirrors. The graphical effects that
appear on-screen, especially lighting
effects, are essentially sophisticated
simulations of the real world, based on
complex algorithms that produce
results thatlook good, but aren’t
necessarily physically correct.

A good example of alimitation of
rasterisationis screen-space
reflections, where the rendered scene
inagameis used to provide reflection
information. The problemiis that any
objectthatisn't visible inthe scene, as
viewed from the camera (your eye or
viewpoint as the player), can'tbe
reflectedinthe scene.

Forexample, if there's alight source
(such as afire) thatisn't visible in the
scene, the light from this source won't
be reflectedin objectsinthe scene,
such asthe door of a car, or the metallic
parts of your weapon.

Likewise, if there's a mirrored
surface behind an object, it would be
unable to reflect the rear of an objectin
the foreground, because the rear of the
objectisn't visible inthe screen space.
Getting around these limitations
requires extra work and effort on
the part of the developer and the
results are ofteninaccurate, or too
computationally intensive to include,
and so are omitted.

Getreal

Ray tracingis the process of simulating
the physical behaviour of light as it
travels through a scene andinteracts
with objectsinthe scene.

Think of alight source and then
imagine splitting up the light emitted
from this source into millions of
individual rays of light. Each one of

BATTLEFIELD V

these rays travels from the source into
the scene, such as the roomin which
you're sitting right now, interacting with
objectsinthe scene.

Whenever aray intersects with an
object, it could be reflected (causing
additional rays within the scene) or
refracted through glass, scattered
and so on, depending on the surface

e

Nvidia’s Battlefield
V demo shows
objects outside
the scene being
reflected in water,
aswellasina
soldier's eye
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of the object. It could also be blocked
by an object, resultingin a shadow. The
ray continues to bounce around the
sceneinthis way, picking up
information along the way that
determinesits final colour, until it exits
the scene completely or strikes the
camera (your eye). This process

is calledindirect lighting, or global

GEFORCE™ J



illumination, and is computationally
expensive to simulate.

Unlike rendering, whichis more like
an artisticimpression of how the scene
looks - albeit using physics to get close
toreality — ray tracingis a physically
accurate simulation of the scene, to
the point where it could be considered
photo-realistic. It's for this reason that
ray tracingis used extensively inthe
filmindustry to create the amazing CCl
effects we seeinmovies such as Star

NVIDIAWOULD STILL

NEEDAPETAFLOP-LEVEL
GPUINORDERTO RENDER

INREALTIME

Wars, the Marvel Cinematic Universe,
Jurassic World and so on, although
there are differences in the way ray
tracingis employed in movies
compared to games (see Ray tracingin
movies, p89).

Ray tracingis actually nothing new in
computer graphics. If you're as old as
me, you may remember messing
around with ray tracing as farback as
20 years ago, or even longer. | recall
running POV-ray on my Intel 33MHz
386SX and marvelling at the crisp, 320
x 200 resolutionimagesit produced,
after several hours of processing.

These early experiences withray
tracing hint at why it has taken so long

forthe technique to reach the point
where it can be usedin games. Put
simply, the computational resources
it requires are enormous. Nvidia's
10-series GPUs have araw
computational performance that can
be measuredin teraflops, with one
teraflop equivalent to one million
million (10%) floating-point operations
per second (FLOPS).

However, Nvidia explained thatit
would require a GPU that performed
inthe range of several
petaflops, or several
thousand million million
(10") FLOPS, in order to
performreal-time ray
racing using this
architecture. Nvidia's
rate of technological
advancement already
vastly outpaces Moore's
Law, withits GPU tech
advancingatarate of 1,000 times
every tenyears, butevenif the
company could sustain this rate of
advancement, it would take another
tenyearsto develop a GPUin the
petaflop range. So how has Nvidia
achievedthe feat of real-time ray
tracing a decade earlier?

Hybrid rendering

The firstkey pointis thatthe RTX GPUs
aren'trendering entire scenes using
ray tracing. Instead, Nvidiais doing
what's called Hybrid Rendering, where
traditional rasterisationis used for the
majority of the scene, alongside ray
tracing for lighting and shadow effects

in particular. As the hardware
advances, conceivably more of the
scene could beray traced, but the
efficiency of rasterisation coupled with
the performance budget required for
ray tracing means this Hybrid
Rendering approachis likely to be the
norm for years to come.

Another differenceis that the ray-
tracing process used by Nvidiais
different to the method we described
earlier, whererays are traced fromthe
light source until they exit the scene or
hitthe eye. Instead, Nvidiais taking
advantage of the Principle of
Reciprocity, which states that the
physics of alightray travellingin the
reverse direction, from eye to light
source, is the same as if travelling from
source to eye.

Specifically, Nvidia's approachis
based on work by a computer scientist
called Turner Whitted in 1979, which
described an algorithm called Multi-
Bounce Recursive Ray-Tracing, where
rays originate from the eye and travel a
reverse path through the scene back to
the light source. Because the vast
majority of the light from the source
doesn'treach the eye, this process
greatly improves efficiency by
essentially only castingrays that
actually contribute to the final scene.
Any computer scientist that can come
up with such a visionary approach to
ray tracing would clearly be a valuable
assetto a computer graphics
company, whichis why it comes as no
surprise that Turner Whittedis now a
researcher working for Nvidia.



However, even by using Hybrid
Rendering and employing a recursive
ray-tracing algorithm, Nvidia would still
need a Petaflop-level GPU to renderin
realtime, so the next step towards
making real-time ray tracing possible
was to come up with an entirely new
GPU architecture, which Nvidia says
has been ten years in the making.

Architecture
is the lever
In fact, Nvidia's whole ray-tracing
systemis far more thanjust hardware,
but an entirely new platform called
RTX - acombination of brand-new
GPU architecture with araft of
supporting software, including SDKSs,
libraries and so on.

Onthe architecture front, the RTX
platform uses GPUs based on Nvidia's

"oy
LILILILILIL A
b=

LR LT T LT

----v«-_%J\JlJlJLjL

ILNINIRI8119(81819]018

el LTI TITIT
-

Nvidia’'s Turing architecture is a beast, containing 18.9 billion
transistors, and two new processors specifically geared towards

ray tracing

RTX off

Turing architecture, which has been
specifically designed for Hybrid
Rendering. Nvidia described Turing as
its greatest leap since developing
CUDA . It's certainly abeast of a GPU,
with the top model containing 18.9
billion transistors and three new
processors, two of which are

specifically geared towards ray tracing.

The RT Core, as the name suggests,
is designed to accelerate specific ray-
tracing functions. One such functionis
calculating ray-triangle intersections,
whichis essentially where aray hits a
triangle in the scene. Another function
is BVH Traversal (more on this later),
whichincreases the efficiency of ray
tracing by reducing the number of rays
thatneedto be cast.

Improving efficiency is paramount,
because the performance neededto

REAL-TIME RAY TRACING
EXPLAINED

test and discover which triangle out of
the millions (or hundreds of millions) of
triangles with which the ray intersects
is precisely the reason why real-time
ray tracing has beenimpossible inthe
past. Because of the geometric
complexity of the scene, it would
require millions of rays to be cast,
making real-time gamingimpossible.
Instead, Nvidia uses a Bounding
Volume Hierarchy (BVH), whichis a
common acceleration structureinray
tracing. Nvidia's CEQ, Jensen Huang,
described this process as ‘binning’,
whichis a good way to think about it.
Essentially, whenusinga BVH
structure, the entire sceneis split up
into boxes, which are considerably
larger thanindividual triangles, then
inside each large box is anumber of
smaller boxes and so on, until you get

When using a BVH structure, the sceneis split into boxes containing
smaller boxes and so on until you get down to a set number of
individual triangles

Enabling RTXin
thisimage makes a
huge difference to
lighting, reflections
and shadows
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The RTX Tensor processor uses neural
networks and Al to improve image quality

downto a setnumber of individual
triangles. This structure means that,
when aray castinto a sceneinteracts
with one of the larger bounding boxes,
allthe other large bounding boxes can
beignored, and the testing process can
concentrate solely within the space of
the intersected bounding box. Testing
then continues by figuring out which of
the smaller bounding boxes within the
larger box isintersected, and so on
until the actual triangle that's
intersected s discovered.

However, while this BVH
acceleration structure is enormously
faster than casting millions of raysin
ordertointersectindividual triangles, it
still requires an enormous amount of
processing power. Nvidia talks about
this performance in terms of ‘Giga
Rays per second’ and stated that the
Turing GPU is capable of ten Giga Rays
per second, comparedto 1.21Giga Rays
per secondforthe GTX1080 Ti-an
almostten-foldincrease.

Tensor moments

Even with the dedicated ray-tracing
performance offered by Turing's RT
Core, thereis still a hard limiton the
number of rays thatthe GPU can
manage in order to maintain a smooth

Nvidia's RTX
tech demos look
amazing, but it
needs support
from lots of real
games too

9

framerate. BVH Traversal helps to
reduce the number of rays cast, and
Nvidiais also limiting the number of
samples per pixel. That's great for
improving performance, but has

the negative side effect of harming
image fidelity. The fewer the number
of rays and samples, the noisier the
final result looks.

To get around this problem, Nvidia
has designed whatit calls a Tensor
Core, whichis perhaps the most
impressive part of the RTX platform.
The Tensor Coreis essentially a deep
learning or Al processor that can take
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the noisy image and correctit. This
‘de-noising' is possible because the
Tensor Core has access to pre-trained
deep neural networks (DNNSs), which
will be included in Nvidia's drivers.
These trained networks are created
by feeding a supercomputer with a
huge number of high-fidelity images
and thentraining it to upscale or correct
lower-fidelity images. Over time, the
neural network learns how to correct
the low-res or noisy images, to the
point at which even the Turing GPU’s
sparse ray-raying approach, using a
limited number of rays and samples,




can be madetolook accurate and
closerto thereferenceimage, or
‘ground truth’ asit's known.

Nvidiais also using this technique for
anti-aliasing, with whatit calls Deep
Learning Super Sampling (DLSS). This
real-time image enhancement also
requires a huge amount of processing
power and Nvidia stated that it would
require ten GTX 1080 Ti GPUs to keep
up with the Tensor Core processorin
the Turing GPU.

Graphics will never
be the same again
There’'s no question that Nvidia's
Turing GPU and RTX platformis a
significant leap forward for computer
graphics, and the combination of ray
tracing and deep learning will allow for
physically accurate, photo-realistic
in-game lighting effects that were
simply impossible on previous-
generation hardware, whichrelies
onrasterisation alone.

As with any new technology,
however, the success of RTX and real-
time ray tracingrelies entirely on game
developer support. If no games
support the Turing GPUS' advanced
features then a significant chunk of its
18.9 billion transistors will go unused.
Thankfully, Nvidia has very strong
relationships with developers, and
althoughithasn't always been entirely
successful at gettingits unique GPU
features used extensively in games,
this time it really doesn'thave a choice
- without ray-tracing support, there’s
really no incentive to upgrade from
GTXtoRTX.

At Gamescom 2018 launch event,
Nvidia highlighted 2Ttitles that will
feature RTX support, including
Battlefield V, Shadow of the Tomb
Raider, Metro Exodus and Mechwarrior
V:Mercenaries. That's not a bad start,
but with GeForce RTX2080 Ti cards
fromboard partners, such as Asus,
Gigabyte, MSland EVGA on pre-order
for £1,200 or more, the number of
games will need to increase quickly
to make early adoption worthwhile.

We also currently need to wait for
the next Windows update before
Windows fully supports real-time ray
tracingin DirectX. Shadow of the Tomb
Raider has already been released for
Windows, but it currently contains no
ray-tracing features, with Square Enix
saying they will be enabled in afuture

Some framesin Coco
used as much as 120GB of
memory while rendering

Ray tracing has been used extensively in

the movie industry for decades, not only

in animated movies, but also to add CGl
(computer-generatedimagery) effects

to live-action movies. Ice Age was a
groundbreaking example in 2006, where ray
tracing was employed to accurately simulate
how light scatters off the animals’ fur, with
each piece of hair casting accurate shadows.

In mostrespects, ray tracingin movies is
used to create the same globalillumination, or
indirect lighting effects as the RTX simulates
in games, such as enabling more realistic
reflections and shadows, including accurate
shadows from ambient lighting in the scene.
The key difference between movies and
games is fidelity — put simply, the quality and
accuracy of the output for movies is vastly
higher thanin games.

Of course, unlike movies, games are played
inrealtime. Forray tracing to be employedin
games, each frame needs to be drawnin
under 17ms to hit 60fps. Even with the latest
GeForce RTX 2080 Ti, sacrifices have to be
made in order to achieve the desired frame
rate within the available hardware
performance budget. Even so, by using the
Turing GPU's sophisticated Tensor Cores,
Nvidiais able to produce surprisingly accurate
results, even from the limited number of rays
and samples with which they’re able to work.

The movie industry doesn’t have this
problem, because it can afford to spend hours
rendering each frame. For example, for the

2017 Disney Pixar movie, Coco, the render
time was 50 hours per frame. Interestingly,
Pixar's use of ‘hours per frame'is slightly
misleading, because it doesn’'t mean that each
individual frame took 50 hours to render, but
rather that it would require the equivalent of
50 single-core PCs to render the framein one
hour, if it were not being rendered on Pixar's
own render farm. Quite why Pixar talks about
render timein this way is a mystery, but
perhaps it prefers to keep the real
performance of its render farm a secret.

Regardless of how render times are
calculated, the movie industry is able to work
with vastly more complicated scenes than can
berenderedinrealtime. This allows the
animation studios to build their scenes with
incredibly complex geometry and ahuge
number of light sources. For example, Coco
featured scenes with up to 100 million objects
and up to 8 million light sources.

Considering the staggering complexity
of CGl movie scenes, it's not surprising that
the memory requirements are equally
stratospheric. For Coco, the average memory
use was 35GB per frame and some frames
used as much as 120GB. These figures make
the 11GB of GDDR6 memory ona GTX 2080 Ti
seem rather paltry in comparison.

So, while Nvidia's achievement of making
real-timeray tracing areality is certainly
amajor milestone in PC graphics, it willbe a
very long time before we can play games with
movie-quality visual effects.

patch, presumably following the next
Windows update, whichis scheduled
forrelease laterin October.

These are early days for real-time
ray tracing and as Nvidia (and AMD)
continue to develop higher-
performance architectures and refine
the crucial software components,
support for Hybrid Rendering will
increase, and eventually filter down
into GPUs with more palatable price

tags. So while RTX is a great first step, it
will take many years for ray tracing to
become a common componentinall
games, and one that even mainstream
gamers can experience.

Will graphics never be the same
again? Time will tell, but Nvidia has
certainly shone aray of hope onthe
gamingindustry, and we're certainly
looking forward to there being a bright
future for real-time ray tracing. GIPB
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After the fall of OnLive, multiple developers have taken up the cloud gaming mantle,
butis there aviable future in the technology, or are these companies living on cloud nine?
Rick Lane goes hands on with the latest cloud-gaming systems

loud gaming was once heralded as
the future of the industry. Why spend
hundreds or even thousands of
pounds onanew gaming PC every

few years, when you could just stream

any game regardless of its system
requirements straight to your monitor, TV or
laptop? It's more convenient, more mobile
and, if you're aregular player of all the latest
games, much more cost-effective. Even
now, a ‘Netflix-for-games'’ style service

90

seems like an appealing business venture.
Then came OnLive, the first ever cloud-
gaming service. It's still the most famous, or
perhaps we should say infamous. Instead of
proving the viability of cloud gaming, OnLive
demonstrated that streaming games was
significantly more difficult than streaming
video. Whereas a small delay between
pressing play onavideo and the video
actually playingis a smallinconvenience,
gamingrequires a far greater number of

playerinputs, and a similar lag between each
of them would kill any game dead. Especially
if it was an online multiplayer game.
Saidinput lag varied greatly between
games on OnLive's service. What's more, the
image quality of OnLive simply couldn’t
match that of alocally powered PC. Most
importantly, though, at that time, it couldn’t
gainthe huge customer base it required, and
ended up losing money on a massive scale.
After suffering huge layoffsin 2012, OnLive



struggled on until 2015, when the company’s
patents were acquired by Sony, which has
since debuted its own cloud-gaming service
PlayStation Now.

While the fate of OnLive may have put paid
to cloud-based PC gaming for a while, it
appears the dreamdidn’t die completely. In
the past year, multiple companies have
launched new cloud-based gaming services
forthe PC. They range fromthe indie game
cloud service Jump, to the mighty Shadow,
which streams a powerfulgamingPCto a
wide range of supported devices.

We decided to test four of these systems,
looking at how each of them works and the
quality of service they provide, to seeif any
of them offer a viable future for cloud
gaming. We tested the services ontwo
very different systems. Thefirstis anaging
gamingrig, running Windows 10 with a Core
i5-3530K, an Nvidia GTX Titan graphics card
and 16 GB of RAM. This systemiis also
connectedto a wired broadband connection
with a 50Mb/sec download speed. In short,
it's amore thanideal home system for using
a streaming service.

The second systemis aLenovo 100s
Netbook connected via Wi-Fi. This system s
entirely unsuited for conventional gaming,
but one of the primary aims of cloud gaming
is to free players from hardware constraints,
with the ultimate goal of letting you play
anywhere on any system as long as you have
a sufficient broadband connection, just like
Netflix with video.

DEVELOPERBlade
PRICE £26.95 permonth
WEBSITE https://shadow.tech
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Most cloud-gaming services
o operate using a Netflix style

format, providing users
SHADOW accesstoa range of curated
games in exchange for amonthly fee.
Shadow is different.

Instead, it streams a powerful desktop PC
to your device. The service works through
Blade's Shadow app; once you're subscribed,
thisis downloaded onto your device
(supported operating systems include
Windows, Linux and Android, with support
foriOSin the pipeline). Through this app,
Shadow connects your PCto another PC
basedin Paris, whichis then streamed back
onto your monitor.

Essentially, you're given access to abrand-
new, clean gaming PC. Infact, Shadow
requires you to go through the first-time
setup for Windows 10, which means

Local PC

Shadow I?ff
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Shadow works impressively well with Doom, offering image quality that's largely indistinguishable from

thatofalocal PC

spending around ten minutes being pestered

by Cortana. After that, however, it's yours to
browse the Internet, watch online TV or
download Steam and install games. Indeed,
if you're operating Shadow in full-screen, it's
justlike using your PC athome.

While you can use Shadow for any
purpose, the service is geared primarily
towards gaming. The PC that Shadow
streams to your device is certainly powerful,
although more so in some areas thanin
others. Headlining the show is the graphics
card, whichis an Nvidia GTX 1080 equivalent
(Nvidia doesn't allow commercial use of
actual GTX1080s, but whatever GPU
hardware Shadow is usingundoubtedly
delivers on performance). The CPU is rather
less ferocious, being a quad-core Intel Xeon
with Hyper-Threading, but with only a
2.3GHz clock speed. The Shadow PCalso
has 12GB of DDR4 RAM.

The weakest point of the Shadow PCis
storage, with a paltry 256 GB on offer. Given
that most of today’s big-budget games will
easily gobble up 30GB of space, withsome
edging toward 100GB, youwon'tbe able to
store many games at once.

Fortunately, the pressure on storageis
alleviated by the system’s whopping 1Gb/
sec fibre connection, letting you download
even the largest games in minutes. Indeed,
while testing Shadow, Steam would
download game dataatarateupto
60MB/sec. That's megabytes, not megabits.

It all sounds solid in theory, but what's
Shadow actually like to use? We tested
Shadow with several games, including No
Man’s Sky and Counter Strike: Global
Offensive. Primarily, however, we usedid’'s
2016 reboot of Doom, a fast-paced, visually
stunning FPS that offers both single-player
and multiplayer components.
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Shadow was managing to hit frame rates over 100fps in Doom

Using the desktop’s native hardware,
Doom delivered a consistent 60fps average
frame rate at 1080p with TXAA enabled. On
the Shadow machine, the average framerate
was considerably higher, hitting over 100fps.
When it came to image quality, however, the
Titan machine was the sharper overall.

There were times using Shadow when
aslight blurriness would become visible
during play. However, there were also times
when the image quality was more or less
indistinguishable between the two, which
is pretty impressive for what's basically a
video stream.

Meanwhile, controls have an ever so
slightly more syrupy feel on the Shadow
machine compared with the local one, butit's
aminor difference - it's nothing like enough
to cause problems while playing a single-
player game, even one that's as intensive
and fast-paced as Doom. We also tried a few
rounds of Counter Strike: Global Offensive
across the stream. When Shadow is running
well, it's more than playable, although we
wouldn'trecommend playing a ranked match

withit, as that slight loss of responsiveness is
nonetheless vitalin a game as twitchy as
Counter-Strike: GO.

You may have noticed the phrase ‘When
Shadow is running well’ there. We tested
Shadow on and off across three days,
specifically over a weekend while our home
network was seeing additionaluse,andona
Monday morning with the Titan PC as the
sole user. Onthe Saturday, Shadow ran
smooth as glass. On the Sunday, however, it
was completely unusable, with all games
suffering from heavy lag.

It was hard to discern the reason. We
noticed that the download speed on the
Shadow PC was significantly reduced to
under 20MB/sec for most of the Sunday,
compared to the 60MB/sec we'd received
onthe Saturday (whichis still very fast). But
the issue was affecting single-player games
across the stream as well, soit's more likely
that the issue was to do withincreased
network traffic athome, either on the local
network or across the ISP (Virgin Media).
Onthe Monday, Shadow was back to running

A good range of games is provided that work well, including No Man's Sky
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smoothly again. Whatever the reason,
though, it shows that you're not always
goingto get a consistent experience from
cloud gaming.

Overall, Shadow works fine on anormal
desktop PC, but how did it fare inthe netbook
test? The answer is fairly well. Shadow itself
runs withoutissue onthe Lenovo, using the
32-bit Windows 10 version of the Shadow
app. What's more, it was possible to boot up
and run games via the Steam client onthe
Shadow machine. One advantage of Shadow
being a streamed PCrather than streamed
gamesis that it means you can adjust the
native resolution of both the desktop and the
games to fit your device, which was handy
giventhe Lenovo's tiny 1,366 x 768 screen.

Seeing Doom run on a weedy netbook is
quite remarkable. While it was playable,
however, it wasn't seamless, sufferingfroma
small but consistent stutter throughout the
test. Thisissue could have been aresult of
the netbook’s restrictionto a2.4GHz Wi-Fi
band (Shadow recommends 5GHz for an
ideal experience).

Alternatively, it could have been anissue
onthe Shadow side. This test was run on the
Saturday evening, when trafficis usually atits
peak. We ran a second test onthe Monday,
however, and experienced a similarissue. It
could also be due to the Netbook processor’s
low clock speed. Either way, we wouldn't
recommend using Shadow with a netbook,
but the factthatit's even possibleis
impressive. A standard laptop should have
no issues whatsoever playing the top-tier
games, as long as you have a fast andreliable
Internet connection.

That said, there are some clear issues with
Shadow. Thefirstis that, while it's powerful,
it's notimmediate. Becauseit's aremote PC,
rather than streaming games from aremote
server, your account has to be activated
manually after you subscribe, which
according to Shadow'’s own website can take
up to five days. That's along time to wait for
accesstoacloudservice.

Anotherissueis the price of £26.50 per
month, whichis extremely expensive for
acloud-based service. It's over twice as
expensive as PlayStation now, and almost
four times the price of a subscription to
Utomik or Jump. Over the course of three
years, a Shadow subscription will run you
roughly the cost of anew gaming PC.

There's also no free trial, and no games
library with that subscription. If you want to
make the most of Shadow as a gaming PC,
you'll either need to own a substantial digital
gaming library already, or have a subscription
to another cloud gaming service.
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That said, Shadow's equipmentis
upgraded all the time, and the company
has a dedicated support centre for any
technicalissues encountered, so thereis
a convenience benefit to paying that
subscription price.

It also means you have a gaming PC that
can be remotely accessed from anywhere,
and canturnalow-end PCoralaptopintoa
gaming behemoth with no hardware
investment required.

PLAYSTATION NOW

DEVELOPER Sony

PRICE £12.99 per month (with 14-day free trial)
WEBSITE www.playstation.com/en-gb/
explore/playstation-now

L L T

No, you haven't steppedinto a
parallel dimension. You are
seeing aPlayStation product
mentionedina PC magazine, and
with good reasontoo. PSNow now mightbe
aPlayStation service, but you can useitto
play PlayStation games on your PC.
PlayStation Now is Sony’'s game streaming
service. It was developed using technology
originally developed by Gaikai,an American
company acquired by Sony three years
beforeitalso acquired OnLive. Although
designed primarily for PlayStation 4 users,
Sony has also released a downloadable

app that can be usedto play PlayStation
gamesonPC.

Why would you want it? Well, PlayStation
Now has alarge library of hundreds of
games released for the PS2, PS3 and PS4,
many of which are either console-exclusive
or PlayStation-exclusive. The library includes
Uncharted1,2and 3, God of War1,2,and 3,
Silent Hill 2, Red Dead Redemption, The Last
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of Us, Heavy Rain, Until Dawn and, perhaps
most notably of all, Bloodborne - From
Software’'s PS4-exclusive follow-up to
Dark Souls.

PSNow is also the most reliable cloud-
gaming service we've used. We tested both
Bloodborne and Red Dead Redemption via
the PC app, and encountered no significant
issues of latency on our machine. Indeed,
playing Bloodborne, whichis a heavily
twitch-based combat game, was entirely
seamless. Theimage quality is less sharp
than playing Bloodborne directly on a PS4,
dueto thefactthat PSNow compresses the
video downto 720p and then upscalesitto
your resolution. However, it's stillmore than
sufficient to appreciate the gothic stylings of
one of the PS4's flagship games.

That said, PSNow failed the netbook test,
largely because it requires aminimum of a
2.3GHz Core i3 CPUtorun. The app itself was
unstable, and trying to run Bloodborne onit
produced some truly horrific artefacts. A
laptop should be able to run the program
without a problem, however.

To use PSNow on PC, you need a PSNow
subscription and a PlayStation account. You
don'tneedto own aPlayStation 4, and you
also don'tneed to own a DualShock

Video compression,
followed by
upscaling, means
PS4 games such

as Bloodborne
don’tlook as sharp
as on a native PS4,
but they're still
perfectly playable

PlayStation now
enables youto
access aload of
console-exclusive
games from your PC

controller, just any XInput-compatible
controller, whichincludes Xbox controllers.
We recommend investingin a DualShock
controller, though, as PSNow games are all
designed to make use of it, and they're also
well built. What's more, the DualShock is also
compatible with Steam.

Meanwhile, the £12.99 monthly
subscription cost is fairly pricey for a
streaming subscription, although not nearly
as expensive as shadow. However, if you're a
regular PC gamer who wants to play a few
PlayStation exclusives withoutinvestingina
console, then signing up to PSNow for a few
monthsis afine alternative. It gets updated
regularly too, so there’'s a good chance that
more exclusive games will become available
farther downtheline.

UTOMIK

DEVELOPER Utomik
PRICE £6.99 per month (with 14-day free trial)
WEBSITE www.utomik.com

Utomik is probably the closest to
m aNetflix-modelled gaming
LLOMU< service that you canfind onthe
PC.For £6.99 amonth, it provides instant
access to arange of games through a slick
series of side-scrolling menus. There's one
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Metro: Last Light is one of the games
on offer on Utomik, although there’s
anotable lack of new titles

major difference between
Utomik and Netflix, however,
whichis that Utomikisn'ta
streaming service. Like
Steam, itdownloads games
directly to your hard drive - itjust does soin
away that lets you play them a bit quicker,
while reducing their file size.

We tested Utomik by playing Batman:
Arkham Asylum and Metro: Last Light. Once
you choose a game to play on Utomik, it
immediately begins downloading it to your

machine. Once itreaches a certain threshold,

whichin the case of both Batman and Metro
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Utomik is a bit like the gaming equivalent of Netflix

was just over 1GB, it launches the game, and
then downloads the remaining game datain
the background.

To be fairto Utomik, it does its job very
well, providing a smooth experience with no
interruptions, andit's admittedly quicker than
downloading and playing a game on Steam.

You only need to download
1GB of data before games
such as Batman: Arkham
Asylum are playable

Normally, Batman:
Arkham Asylum
requires 8-9GB of
storage space. With
Utomik ,thatfile sizeis
reducedto2.79GB.
Metro Last Light,
meanwhile, clocksin
at5.78GB on Utomik -
roughly half the size
ofitsusual 10GB
download. Utomik
also offers aslightly
more expensive
subscription that
allows multiple people
touse the service atthe
sametime.

Unlike other cloud
gaming services, Utomik’s focusis access to
the library for a fixed cost, rather than
offloading hardware requirements. Also,
while file sizes are smaller, you still have to
worry about storage space, while the fact
that Utomik uses your systemtorun the
games also meansit's not at all portable or
flexible, whichis one of the main benefits of
cloud gaming. Running the netbook test for
Utomik would have been a pointless
endeavour, so we didn't.

That would be fineif the library was
expansive, but that's sadly not the case.
There are some decent games on Utomik,
such as Saints Row IV, Borderlands, and
Hitman: Blood Money, but even
its most notable titles are
several years old, while the rest
are either second-tier games
or downright weird selections,
such as Fabulous Angela’s
Wedding Disaster.

Utomik has recently
promised that 20 new games
will be added to the service
eachmonth, butthere’sno
guarantee those games will
be either new or even good.

Inthe sense thatit offers
afew pearls among a much larger pile of
mediocrity, Utomik is a little bit like a Netflix
for games, butit's hardtorecommendas a
service. Sure, intheory, you could bootitup
on any system, but it will only run the gameiif
you have the system requirements to do so.
Utomik may look the part, butin practice, it's
along way fromjustifying the £7 amonth
subscription price.
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PRICE £4.99 per month (with 14-day free trial)
WEBSITE https://playonjump.com

---------------------------------------------------------

Jumpis a subscription-
J u m P based games library similar
' toUtomik, butit's dedicated
elusively to showcasing weird and wonderful
indie games. It's anoble sentiment, butis it
worth a fiver of your hard-earned cash per
month? In a word, no. Jump has the same
problem as Utomik, only worse. Its emphasis A handful of basic 3D games, such as Evangeline, are offered on Jump
onindie games means there are fewer
standout titles from which to choose, while

o T
its overall offering veers far closer to ‘weird’ . Ty - Ve
than ‘wonderful'. : e T A “ﬂ "
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Thetechnology is at least interesting. Like
Utomik, Jumpisn't a streaming service, but it
also doesn’'t download the game to your hard
drive, atleast not all of it. Jump uses whatit
callsits ‘HyperJump Technology’, which
seems to be ablend of streamed and
downloaded content. In essence, Jump
streams the game contentto your PC, but
downloads just enough data so that the
actual computationis handled locally.

Theresultis an almostinstantaneous
playing experience. Most of Jump's games
are playable in under a minute and, unlike
Utomik, it doesn’t carry on downloading
gigabytes of datain the background.
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However, it's hard to tell how much of this Jumpis dedicated to weird and wonderful indie games, with perhaps a larger focus on weird
speedis downto the ‘HyperJump
technology’ and how muchis downto the manage to get Nidhogg running through the Most of its games are 2D, although there
fact that most of Jump's titles are indie Jump browser onthe Netbook, but it was are a handful of basic 3D games, such as
games with relatively small file sizes anyway. unplayably slow. On amodern laptop or Cloudbase Prime and Evangeline.
That said, one neat feature of Jumpis that Ultrabook, however, Jump should run fine. Whichever way you look atit, Jump
you can also select and play games directly in Unfortunately, Jump’s main problemis the struggles to justify that subscription fee -
your browser. disappointing games selection. Sticking it's in desperate need of some bigger indie
Asyou'd expect, Jump games ranjust fine purely to indie games is laudable, but even hitters, such as Super Meat Boy, Spelunky or
on the Titan machine. Jump failed the within that sphere, the selectionis limited. What Remains of Edith Finch. There could be
netbook test, however, mainly because the Its most notable games include Ten Second afutureinthe technology behind Jump, but
Jump App requires a 64-bit system, soit Ninja X, Always Sometimes Monsters, and the games on offer are so technologically
won't function on older machines. We did The Endis Nigh. basic that frankly it's hard to tell.
[v ERD'CT] Cloud gaming has made There's one player yet to enter this game that could change
significant steps forwards the entire landscape, though, and that's Nvidia. Currently in beta,
since the unfortunate demise of OnLive, but there’s still no ‘must- Nvidia's GeForce NOW service is said to offer a substantial
have’ gaming service. Shadow works impressively well, butit's improvement over any previous game streaming system, offering
also expensive and its appeal depends largely on your players the ability to stream any games they own that are
circumstances. We can see getting good use out of aremote supported by the service (currently 150 games are supportedin
gaming PC, but for an everyday user it's a harder sell, especially for total), to smaller devices.
the price. Meanwhile, Utomik is all flash and no dash, while Jump is Although cloud gaming as a whole stillisn't quite ready for
acoolideathat's undone by its meagre collection of indie games. general consumption, it does seem to have a more viable future
Ironically, the best PC cloud-based service is wasn't originally now. Certainly, a cheaper and more immediate version of Shadow
designed for PC Gamers. PSNow is the only streaming service that could have enormous appeal, as could a Utomik that actually
combines convenience and reliability with a product you can't get streams a larger library of games. Give it another couple of years,
elsewhere onthe PC. Its streamingis rock solid and the only other and cloud gaming could indeed be a viable alternative to owning a
option to play many of its games is to investin a PS4. gaming PC or console.
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The latest tips, tricks and news in the world of computer hobbyism,
from Raspberry Pi, Arduino and Android to retro computing

Daily schedule printer

u s afreelancerit can be challenging S0929100) and you have a card printer, and

remember to put on pantsinthe onethat shows upinLinux as a CUPS-

morning, much less remember compatible device to which you can just throw
what you're supposed to be doing all day. text. It's this latter feature that makes this
Previously, solutions have centred around entire project possible. Any CUPS-compatible
pen and paper, but when you have a Linux thermal printer will work, including

machine, every problem looks like a
potential shell script, and when you have
alabel printer, this potential shell script
getsreally exciting. For a given value of
‘exciting’ thatincludes small scraps of
paper, anyway. This projectinvolves a
Linux machine with an Internet
connection, some freely available
software, a Dymo LabelWriter 450
printer, and the bizarre desire to

have ateeny-tiny card with your

day's schedule printed onit.

The printer

The Dymo LabelWriter 450 s, as

the name implies, designed for
printing labels. Atits heart,

though, it's a standard thermal \
printer. Fill it with non-adhesive
name-badge stock (product code

LabelWiiter 450

Automatically delivered daily schedules
with a talking cow and weather report?
Don't mindif I do!

continuous-feed line printers designed for
receipts. Just avoid using a standard desktop
printer; nobody wants a sheet of A4 thrown at
them every morning.

The tasks

The main aim of this projectis to see which
jobs are outstanding each day, andthere's a
very handy tool that tells you exactly that
information: TaskWarrior. An open-source
project, TaskWarrior can be installed quickly,

by typing:
sudo apt install task

Adding your tasks s straightforward, once
you're usedto the syntax type:

task add due:eod project:Work.
HobbyTech priority:H Explain
TaskWarrior

Listing tasks is simpler still - type:

task 1ls

With a simple text-based interface, the output

of TaskWarrioris ideal for printing on the
LabelWriter.
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TaskWarrior is a powerful tool, once you've learned its syntax

The calendar
Tasks are one part of the information you
need, but what about a calendar? You don't

want to end up accidentally working on a bank

holiday, after all. Here there's another tool:
GCalCLl, athird-party command lineinterface
for Google Calendar. Toinstall it, type:

sudo apt install gcalcli

Settingitupis alittle more involved, requiring
you to use the Google Developer Console to
setup a project with Calendar APl access,
then you need to authenticate with OAuth2 to
getaclientID and client secret pair.

Once you've followed the instructions,
getting a calendar report for the week is as
simple as typing:

gcalcli calw 1

It's also possible to display only selected
calendars usingthe - -calendar option, if
you have more than one of them linked to
your Google Calendar account.

The fun stuff

Who said time management was always
boring? To add some fun, let's use a couple of
handy tools to bringin arandomly-selected
fortune:

sudo apt install fortune cowsay
String the two together:

fortune -a -s | cowsay -W 30

And now you've got a talking cow! A little
more sensible is a weather report, whichis
made easy thanks to a web-based weather

service:

curl -s wttr.in?0QT

The finished article: a daily delivered summary of
what you're supposed to be doing

Lo R bl e klewi® triapt imum: -

blacklaw@trioptimum:~$ fortune -a -s |

/ You're definitely on their \
| list. The question to ask
\ next is what list it is. /

Meanwhile, pulling in a word-of-the-day
entry requires a hacked-around copy of atool
called Sudocabulary:

wget https://raw.
githubusercontent.com/

ghalfacree/bash-scripts/master/ + )

wordoftheday.sh
chmod +x wordoftheday.sh
./wordoftheday.sh

Putting it all together
Running each of these separately isn't very

w1
-
-
-
et
= i »
i by
¥
¥
L

y This symbol means the command
should allbe ononeline

Being able to access Google Calendar from the command line opens up new

cowsay -W 30

Who canresist
atalking cow?

time-saving compared to using pen and
paper, so the nexttrickisto addthemallinto a
single shell script. First, download my pre-
written example:

wget https://raw.
githubusercontent.com/
ghalfacree/bash-scripts/master/
dailyschedule.sh

chmod +x dailyschedule.sh

You'llneed to edit the script to tweak it
according to your own needs, and pay
attentionto the CUPS settings inthe header.
Also, take alook at how the program operates:
the output of each programis appendedto a
text file, while the handy column utility is used
to putthe cow-based fortune and weather
report onthe same lines to save space.
There's afew other tricks in there too,
including a'graphical’ header produced by
figlet andproperhandling of TaskWarrior's
exit code when no tasks are available.

Runthe programto testit, and runit
againwith --print toactually printa
physicalreport.

Finally, additinto your crontab - using
crontab -e -tohavethereport
printed automatically every weekday
morningat 0900:

0 9 * * 1-5 /home/username/
dailyschedule.sh --print
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MiniWare TS100 solderingiron

ou cantypically two
directions you can
take two directions
when it comes to soldering
irons: atemperature-
controllediron, which comes
tethered to a hefty combined
control unitand power supply;
or asingle-temperatureiron,
that plugs straightinto the

mains with no messing. There
are afew outliers, of course,
such as variable-temperature
irons without the tip feedback
required to be temperature-
controlled, which canbe as
simple as a standard plug-iniron
with arheostat ontop. There are
also highly portable gas-powered
irons. By and large, however, those
are your only options.

The Guangzhou e-Design
Intelligent Technology TS100, more
commonly found under the firm’s
consumer-facing MiniWare brand, is
entirely different. Unboxing theiron, it's easy
to assumethere’s a part or two missing — the
body is a tiny, lightweight object not much
larger than a squat pen, and there’'s no sign of
the control base you'd expectto come witha
fully temperature-controllediron.

A
Soldering Iron

TS100

www. miniware,
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The TS100, you see, is self-contained,
once you've slotted one of the various
available tips home and tightly screwed
down the retaining screw. Given a17V-24V
power supply — bundles aimed at the UK
market typically come with a surprisingly
compact40W 19V supply —the TS100 boots
up and, via an on-board
microcontroller, sets
about monitoring the
temperature of the tip
and keeping it withina
presetrange.

Alook atthe top of
theironreveals an
OLED display, along
with two buttons. This
areaprovides live
feedback of the current
tip temperature,
whetherit's over- or
under-temperature,
and allows youto seta
desired temperaturein
single-degree
increments. Atits
default 300°C setting,

If the tiny box surprises
you, the eventinier
solderingironinside will be
adownright shock

intware.cam 55
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Bundles are available that include one or more tips for

the TS-100, in arange of shapes and sizes

theironis ready to useinalittle overten
seconds, and the cooldown time once you're
finished is well under a minute.

These features alone would make the
TS100 aninteresting device, butit has other
tricks upits sleeve.

Chief among them s its programmability: a
micro-USB port on the end of the iron shows
up as aremovable USB mass storage device
with a configuration file on it. Opening this file
in atext editor reveals a number of settings
that can be changed, including the operating
temperature, standby temperature and how
longtheiron can be left alone before
switching fromthe former to the latter.

Impressively, the source code for the iron
is also readily available, although MiniWare
hasn't specified alicence, making it source-
available rather than open-source. As a
result, you can both upgrade the iron with
the latest firmware and hack it to add or
remove your desired features. One such hack
involved a TS100 owner modifying theironto
turnitinto an oscilloscope, showing alive
waveform on the compact OLED display,
althoughitlost the ability to solder until the
original firmware was restored.

The TS100, then, is a blindingly clever little
device. It does haveits drawbacks though.
The best documentation for itisin Chinese,
andit's also more applicable to people



The bundled stand
is functional, but not
particularly special, and
it can getin the way
while you're soldering

looking to hack around with the
firmware than those of us
wanting to do basic soldering.
Also, the bundled power supply
leaves the ungrounded irontip
with a floating AC voltage, easily
capable of damaging sensitive
electronic components. The
latter can be resolved, if slightly
awkwardly, by attaching a
, grounding strap to a screw on
the top of theiron. The
packagingis also of little use for
storage: the box was designed for
theiron, clip-on stand and
i packagedtips, andit doesn't fit
the power supply nor theiron
inassembled form.
Abigger problemis the
design of the soldering
iron’'s body itself. While
sleek and slim, itlacks an
iron's usual flaring to the
hot end. If you're not
careful, especially if you're
pushingtheirontip
downwards, it's possible
fortheironto slip through
your fingers and leave
you grasping the 300°C
tip shaft.

With care, though, the
TS100is a capableiron.
Coupled with a lithium-
polymer battery pack,
you can have a portable
iron not much bigger than
agas-powerediron but
with considerably quicker
heating, overheating
protection and accurate
heat control.

Admittedly, though,
you can't take off the tip

Even whenit's assembled,

the TS100is a compactiron
- despite havingits control

circuitry embedded

and useitas aheat gun - an ability that's
possible with a gasiron.

MiniWare has recently released the TS80,
avariant with a USB Type-C connection that's
compatible with Quick Charge mains and
battery chargers, butits price makes the
TS100 a safer bet for folks who don't need
the increased portability. The TS100, as
reviewed, is available from UK resellers on
www.amazon.co.uk for £60 (inc VAT) with
one tip, grounding strap and power supply
included. The TS8O0, onthe other hand, has

yetto arrive in the UK, and has a price north of
£80 (inc VAT) without a power supply via
Amazon dropshippers. Both models are also
available to import from China for areduced
price via sites, including www.aliexpress.
com, butif you choose this route, you'll need
to watch out forimport VAT whenit lands.

The TS100 sits happily on most
third-party stands, butdon'tuse it
without the grounding strap!

Hastre bonkos. Vipsatile dhilgrt

Checkmate A1500 rebornas PC, _
Amiga and Raspberry Picase -

The Checkmate A1500, a third-party upgrade kit to
turnthe Amiga A500 into a desktop machine with

CHECKMATE

¢ w AL e

increased expansion capabilities, is now beingremade

as a universal chassis that can house original Amiga, modern PC or Raspberry Pi
hardware. Dubbed the Checkmate A1500 Plus, and created by the A1500's original
creator Stephen Jones, the new design takes inspiration from the Commodore A3000
andis to be made available in modern black and classic beige finishes.

Internally, the case accepts micro-ATX and mini-ITX motherboards, as well as Amiga
A500,A600, and A1200 motherboards, plus Raspberry Pis, and a handful of Amiga-
compatible motherboards. Pricingis set at £159 inc VAT plus shipping, with more
information available at http://amigasystems.com
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Exapunks

egularreaders may recallmy
love for Zachtronics' programming-
themed games.

From the vintage computing simulator
TIS-100 (seeIssue 156, p100) to the mind-
bending hardware-hacking Shenzhen1/0
(seelssue 161,p100), Zachtronics' puzzle
games get cleverer and cleverer.

The latest game, Exapunks, is no exception.
Where TIS-100 drew its inspiration from
vintage minicomputing and Shenzhen1/0
from Chinese hardware firms, Exapunks
takes late-1980s/early-1990s cyberpunk as
its theme. The playeris castintherole of a
semi-retired hacker, now suffering fromthe
phage - anillness that sees organic body
parts slowly replaced by non-functioning
computer hardware — and yes, that can
involve hacking your own body to stay alive.

The plotis deeperthan previous games,
revolving around finding ways to earn money
for the medicine that fights off the phage, as
well as discussions on the meaning of life and
morality with what appears to be a sentient
artificialintelligence. There are morethan a
few pop-culture references too: one early
mission sees you going head-to-head with
another hackerto take controlofa TV
network, echoing a sceneinlain Softley's
classic Hackers, while another mission uses
areal-world instance of bypassing region
protectionin games consoles so you can
unlock anin-game games console and play
atricky match-three game.

Retro-uC boardto switch

between vintage CPUs

A startup dubbed Chips4Makers has launched a
crowdfunding campaign to launch a development

board with a difference: it's based on afield-

If you've ever
wanted to hack
the planet while
codinginavery
basic assembly
language,
Exapunksis
foryou

As always with Zachtronics games, the ‘feelies’ are
top-notch and really immerse you in the game world

There's also a solitaire-style card game
that needs to be stolen from a foreign
network and a Game Boy-like handheld for
which you're encouraged to write you own
games - once you've figured out how to hack
your way past the firmware lock andinto
development mode, anyway. These games
canevenbein 3D, if you have a pair of red-
green anaglyph glasses handy.

programmable gate array (FPGA), and it can switch between vintage processor cores.
The Retro-uC ‘retro microcontroller’ shares a footprint with the Arduino Mega, but its
FPGA core can switchinto Zilog Z80, MOS 6502 and MotorolaM68K modes,
popularised by the ZX Spectrum, Commodore 64, and Commodore Amiga respectively.
The source code and tool chain, meanwhile, will be released under an open-source
licence. More information s available from www.crowdsupply.com/chips4makers

As before, much of the game’s loreis
hiddenin ‘feelies’, game-world
documentation bundled with the game as
PDFsin the form of cyberpunk ‘zine Trash
World News. A limited production run of
physical feelies had printed copies, along with
anaglyph glasses and a Secret Envelope only
to be opened when the gameis complete -
although stocks have now, sadly, run out.

The gameplay itself will be immediately
familiar to Zachtronics fans: the player has
to solve a puzzle by writing assembly code
based on afictional, and very limited,
instruction set. The twistis that the programs
run on Execution Agents, or EXAs, which can
run around the playing area, pick up files,
drop files and even try to kill other EXAs.

When you've solved the puzzle, your
solutionis ranked on three metrics: the
number of lines of code it required, the
number of processor cyclesittook and the
activity of the EXAs. These metrics are then
graphed onthe main screen, both against
global players and your friends. This time,
there's true multiplayer too - ‘hacker battle’
missions, such as the TV network takeover
one, allow you to pit your solution against your
friends’ solutions, adding an extra competitive
elementto the mix.

If TIS-100 and Shenzhen /0 sent youto
sleep, or the idea of writing low-level
programs for fun doesn’t appeal, Exapunks
isn't for you. For the curious, though, you'll find
hours of brain-tingling and occasionally hair-
pulling puzzle action. Exapunks s available
now for £15.49 inc VAT from Steam. GFE

.........................................................................................................................................................................
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FOR THE WIN /COMPETITION

Abe quiet! Silent

Base 801Window case

B

be quiet!

Introducing the next PC case inthe be quiet!
Silent Base series, the Silent Base 801 offers
excellent usability and silent operation. The
relocatable motherboard tray and PSU
shroud satisfy the highest requirements for
aneatandindividualinterior.

Meanwhile, smart cable management and
various new features, such as a detachable
top bracket for radiator installation, underline
this case’s usability. The Silent Base 801is
available in two versions, with or withouta
tinted and tempered glass window, with
eachversion available in a choice of three
colour accents: black, orange and silver. The
competition winner will be able to choose
their preferred colour, subject to availability.

-----------------------------------------------------------------------------------------------------------------
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l i be quiet!

HIGHLIGHTS OF THE SILENT BASE 801
Noise dampening vents provide excellent
air permeability with maximum noise
reduction
Extra-thick 10mminsulation mats
Three preinstalled Pure Wings 2
140mm fans for silent airflow
Side panels canbe detached
with push pins
PSU shroud and smart hard drive
slot covers provide a neatinterior
Decoupled motherboard tray can
berelocated for aninverted layout
Full metal body provides stability
and elegant feel
Ready for radiators up to 420mmin size

1

R PR LR A b e

HNTHIHTR

CEERCH T S L Rt et d LA
#

FHEL

be quiet!

Side panel made of tinted
and tempered glass

¥ bequietenglish ® bequietofficial

To be in with a chance of winning one of
these fantastic cases, simply answer the
question below:

QUESTION: Which of these answers is not
a colour optionfor the Silent Base 801
A.Silver B. Green C.Black D.Orange

Email your answer to & competition@custompcmag.org.uk, with ‘be quiet! Competition 183’ in the Subject line.
Closing date 15 November, 2018. See www.dennis.co.uk/comp/terms for the full competition rules.

-----------------------------------------------------------------------------------------------------------------
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Case mods, tools, techniques, water-cooling gear
and everything to do with PC modding

Water-cooling AMD’s
Threadripper 2990WX
Whether you view AMD'’s 32-core
Threadripper as atriumph over Intel, or
adisappointment due to the fact that
it'snot as good an all-rounder as the
16-core Threadripper chips (or Intel's
Corei9-7980XE for that matter), it can
be amonsterrecord-breaker. This
mighty CPU can tear through multi-
threaded benchmarks, and it will
make short work of workstation 3D
modelling workloads too.

However, with 32 cores packed
under that heatspreader, youend up
with amassive 250W TDP, requiring
some serious cooling. AMD has
mentioned to me on several occasions
that it expects most Threadripper
2990WX users will need to opt for
some form of liquid cooling. On the
plus side, the CPU has a soldered
heatspreader, rather than using
thermal paste between the dies and
the heatspreader, so we should see
reasonable scaling when using hefty
cooling setups.

This month | decided to investigate
whetherit's worth splashing outon a
custom water-cooling system for the
2990WX, orif a standard all-in-one
liquid cooler designed for Threadripper
CPUs would suffice. To start, the all-in-
one liquid (AlO) cooler of choiceis the
Enermax LigTech TR4 240, which
sports a40mm-thick radiator and two

Enermax’s LiqTech
TR4240hasa
large contact plate
that completely
encompasses the
huge Threadripper
heatspreader

powerful 2,300rpm fans, alongwith a
pump that canreach up to 3,000rpm
withitsimpellor.ltalso has alarge
contact plate that completely
encompasses the huge Threadripper
heatspreader. The downside is that it
costs £140inc VAT, soit's hardly a low
budget option - a custom, CPU-only
water-cooling loop won't be massively
more expensive.

Meanwhile, the water-cooling
components | tested for comparison
included a Bitspower ASRX399MTC
waterblock, which not only cools the
CPU, but also the VRMs on the ASRock
X399M Taichimotherboard | used,
potentially impacting on performance
with AMD's various boosting modes. |
alsousedalaingDDCpumpanda

360mm radiator with atrio
0f1,800rpm fans. These
fans dish out less airflow
thanthe spinners onthe
Enermax cooler,butthey're
considerably quieter and
there are three of them. It
will be interesting to see

if custom water cooling
with this setup can offer
the same or better
temperatures thanthe
AlQ liquid cooler atmuch
lower noise levels.

Iran severalteststo
gatherresults. Firstly, |
stress-tested each cooling
arrangement with Precision Boost
Overdrive (PBO) enabled, which adds
power headroom and can allow the
CPU toreachhighersingle and all-core
frequencies. I ran the same test with all
the CPU cores overclocked to 4.1GHz
as well, with avcore of 1.375V,
recording the temperature at both
settings on both coolers. Finally, Iran
Cinebench’s multi-core testto geta
score at each setting on both coolers,
so the results will hopefully show
whether or not custom water cooling
offers bettertemperatures and
improved performance.

The first test was Cinebench at stock
speed, and both coolers returned
scoresinthe mid-4,800s, where any
difference was within the margin of



error — custom water cooling offers
little or no benefit at stock speed.
Applying PBO and adding 50 per cent
to the power limits available saw these
scoresrise to the mid-5,800s, with
results again within the margin of error.
Clearly, there's little impact of any extra
coolinghere, given that the results
were practically identical, with around
1,000 points being added by switching
on PBO. However,the CPUran4°C
cooler with the custom water-cooled
systeminthe stresstest atthese
settings, which lasted for ten minutes,
despite the fact that its fans were
running 500rpm slower than the ones
onthe AlO cooler.

Manually overclocking the
Threadripper2990WX has beena
little tricky, with the chip hitting some
stability issues as you reachits limits,
and we were disappointed to find that
the custom water-cooling loop
couldn't get us further than the all-core
4 .1GHz frequency we managed with
the all-in-oneliquid cooler.

This clock speed was achieved
witha1.375V vcore, but any higher
settings resultedin temperatures
continuing to climb well above 90°C
after afew minutes, or the system
switching off, during a heavily multi-
threaded stress test.

We also tried switching to the
monstrous MSIMEG X399 Creation
motherboard (see Issue 182, p30) to
seeif we could overclock our chip
further, but were met withidentical
results. Again, the custom water-

cooling system offered a better ratio of
coolingto noise, managinga 1°C lower
CPU temperature with much quieter
fans, but the all-core overclock still
pushed temperatures closeto 90°C.
The custom water-cooling system
also managed to add afew hundred
points to the score with this setup,
though, which could be aresult of the
MSIboard's additional VRM cooling. In
terms of noise, Imeasured a noisy
60dBA fromthe all-in-one liquid
cooler,butamuch morereasonable
52dBA from the custom water-cooling
system, with both sets of fans running
atmaximum speed.

Ultimately, the results point ata
capable all-in-one liquid cooler being
able to deal with the heat of an
overclocked Threadripper 2990WX,
andfor less money than a custom
water-cooling setup too, but at the
cost of noise. The Enermax LigTech
TR4 240 was incredibly loud at full
speed - you certainly wouldn't want to
sitnext to it while your PC churns
through a 3D modelling workload over
the course of half an hour. It's also true
that, with slower fans, which many
other AlO liquid coolersinclude, it's
likely our overclock would end up being
out of the range of most 240mm liquid
coolers, requiring a step up to alarger
280mm or 360mm radiator - the
Enermax’s 240mm radiator became
very hot during these tests.

Even so, | was alittle disappointed
to find that the only real benefit of
using custom water coolingon a

Antony Leather is Custom PC’'s modding editor | | @antonyleather

Bitspower's
ASRX399MTC
waterblock not only
cools the CPU, but
alsothe VRMs on
ASRock’'s X399M
Taichi motherboard

Our custom
water-cooling

loop didn't give us
more overclocking
headroom thanthe
AlO liquid cooler we
also tested, butit
was quieter

Threadripper 2990WX seemedto be
lower noise levels. We couldn't push
our CPU any further - of course, other
samples may be able to overclock
higher, but you'd still be dealing with
extremely toasty temperatures.
Custom water cooling offered benefits
at stock speed with PBO enabled, but
once overclocked, apart from a small
performance boost and lower noise,
there wasn't much difference between
the two setups, even with the custom
loop having amuch larger radiator and
more powerful pump.

That said, if Ihad the cash to throw at
aPCwitha£1,700 CPU, spending
another £70 or so to get a quieter PC
forthose lengthy multi-threaded
workloads would be ano-brainer. Plus,
there are nearly as many Socket TR4
waterblocks available now as TR4-
compatible all-in-one liquid coolers,
especially if you want your block to
cover the entire heatspreader. GPFG

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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WATERPUMP HEADER

Controlfans
and pumps

Antony Leather shows you how to
automatically control your pumps

. / CHECK POWER LIMITS
aﬂd faﬂS V\/|th yOUF mOtherboa I’d Most enthusiast motherboards can power water-cooling pumps, but

the headers' power limits may restrict the speed. Asus and Gigabyte
boards usually have at least one header that offers up to 3A or 36 W,
while MSIboards are limited to 2A or 24W.

otherboard fan control systems have evolved in leaps and

boundsinrecent years. Infact, there’s now little point opting

for a separate fan controller, as your motherboard can not
only control 3-pin and 4-pin fans, but also water-cooling pumps. All
the main four motherboard manufacturers now provide both EFl and
Windows-based suites that allow you to set up permanent profiles.

You can control each individual fan, switching them off at lower

temperatures to cut noise, and the more advanced suites also allow
youto choose from arange of temperature inputs, such as the VRMs
or M.2 slots, to dictate fan speed. In this guide, we'll look athow to
connect your fans and pumps to your motherboard and the various
ways to control them automatically.

/ IDENTIFY HEADERS
Connect your AlO liquid cooler to your motherboard’'s pump header
if there is one. The motherboard will then identify it as a pump and
avoid applying lower voltages that could see it stop working under
low loads.

3-pin female to 4-pin male Molex adaptor
Www.ebay.co.uk

/ USE AN ADAPTOR
If your DIY water-cooling pump lacks a PWM input or 3-pin power
cable, your motherboard can still controlit. Using a 3-pin to 4-pin
male Molex adaptor, you can power your pump from a standard 3-pin
header as long asit provides enough power.

PWM-controlled pump
www.overclockers.co.uk
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Q-Fan Control
Select your target fan and then move the slider to select any of these profilesy(Standand, Silent; Turbo and
Full Speod). You can also mowe the dider o Manual and manually configure the fan's operating speed,

B Optimize All

CPU FAN
CHAY FAN
M.2 FAN

EXT FAN1T
EXT FANZ
EXT FAN3
D PUMP

L ® . ]

Tko Full Speed Manual | Fam ofl
/ USE PWM WITH YOUR PUMP / PWM VS CONSTANT VOLTAGE
Many new Laing-based pumpsinclude a PWM cable as wellas a Fans with 3-pin plugs will receive a constant voltage, but 4-pin fans
Molex cable, allowing your motherboard to set the speed of the can be controlled with pulse width modulation (PWM), which applies
pump’s impellor. You don't need to worry about power limits here; blips of 12V power to make fans spin, reducing electronic noise and
any 4-pin header will be able to controlit. allowing fans to spin at much lower speeds.

'?- 5-Whay Dptrmzaton Repaort

RPU Fix Mode
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/ FAN TUNING / FIXED RPM
Detailed fan tuning can usually be performed in the EFl and Windows. You can usually set your fanto spin at a constant speedin your
Your motherboard tests each fan's voltage and speed range, and motherboard's software or EFltoo. You can cut noise by limiting
applies these limits to its automatic control system, so you can take additional case fan speeds, hitting the best airflow-to-noise ratio, or
advantage of the entire speed range. simply set all your fans to spin atinaudible speeds.

ources. The fan speed automalically changes
valurg

MuotherBoard

i -

/ CUSTOM RESPONSE CURVE / TEMPERATURE INPUT
The custom fan speed curve is the most useful modern fan control If don't want to use the CPU temperature as the fan controlinput,
feature. It allows you to set specific speeds for certain temperatures, many software and EFI control suites allow you to change the input. It
increasing fan speeds as more heatis produced. Some software can could be the chipset, VRMs, an external thermal probe in the case, or
also switch off fans below certain temperatures. even a water-cooling coolant probe. BIFE
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-itMmotherboard
MONODLOCKS

Antony Leather shows you how
to water-cool your CPU and

motherboard hotspotsinone go TR e L fay Ry
V\/|th amono b [OC |< Not all motherboards have compatible monoblocks, but

manufacturers EKWB and Bitspower are your best bets when it
comes to obtaining a full-cover monoblock for your motherboard.
Head over to their websites to see if you can find one.

hether you're looking for more overclocking headroom,
quieter operation or simply a great-looking PC, there are
many benefits to water-cooling your PC, and using a
motherboard monoblock kills several birds with one stone.

These large waterblocks aren't just great for aesthetic bonus
points - they're also usually much easier to fit than several separate
blocks. They have just one inlet and outlet, yet they cool several
hotspotsin one go, including your CPU. The benefits are that both your
motherboard and CPU can be water-cooled by a single waterblock,
saving time and money, while also adding a huge slab of water-
cooling chic to your motherboard.

/ PLAN TUBING ROUTES

St The inlet and outlet on monoblocks can be in very different locations
to the ones on dedicated waterblocks, so check the route your tubing
will need to follow and that you have enough tubing, especially if
you're replacing an existing waterblock.

Motherboard monoblock
www.overclockers.co.uk

Thermal paste
www.overclockers.co.uk

/,f” / FIND HEATSINK MOUNTING POINTS
. . £11 Before you install the monoblock, locate the various mounting points
I\/IMOI;:{E g?rcg\?\/vg;lring\grreg 33 for the VRM heatsinks on the reverse of the PCB. You may find that
13 other fittings need to be removed, as well as the heatsinks, before you
.24 caninstallit.



/ USE CONTAINER FOR SCREWS
For warranty purposes, and if you want to sell the motherboard at
alater date, always place redundant screws in a container and then
ideally in your motherboard box. Don't leave them loose, as they're
extremely small.

/ REMOVE HEATSINKS
Unscrew the heatsinks and remove them. If they don't budge, use
ahairdryer atits maximum setting on the areafor 30 seconds, from
afewinches away, to loosen the thermal pads. Bear in mind that this
action may well void your warranty, however.

/ KEEP THERMAL PADS
Collect all the thermal pad material and place it onto the heatsink,
so you canreplace it again at a later date if you want to sell or return
the motherboard. It's fine if they rip, and you can always purchase
replacements if necessary.

/ TEST-FIT MONOBLOCK
Before you apply the paste and pads, test-fit the monoblock, so you
can get afeel for how to putitin place. This preliminary step will help
to avoid damaging the thermal pads and spreading paste everywhere
if you getitwrong.

/ CLEAN VRMS AND CPU

Use TIM cleaner or isopropyl alcohol to clean your CPU and VRMs

before you apply any new paste or pads. Use a microfibre cloth, rather

thantissue, as the latter can leave small particles behind.

/ APPLY THERMAL PASTE
Apply thermal pastein a cross shapein thin lines. These lines should
then spread to cover the whole area when the block is fitted to the
motherboard. Use thermal paste thatisn't electrically conductive,
espedcially if you need to apply it on the VRMs.
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/ APPLY NEW THERMAL PADS / FLUSH WATERBLOCK
Thermal pads are usually included with the monoblock and often Run water through the block to clear any residue from the
needto be trimmed to size. Follow the instructions carefully, using the manufacturing process. If the O-rings inside are visible, check there
correct thickness; sometimes several different pad sizes are used on are no gaps in the seals. Don't worry if you can’'t see them; a simple
different parts of the block. leak test will prevent disasters once your loop is built.

/ INSTALL MONOBLOCK / REMOVE AND CHECK CONTACT
With the paste and pads applied, go ahead and install the monoblock. As monoblocks are much larger than individual waterblocks, it's
Use all the fittings and screws required for installation and tighten important to check the contact with the CPU. Remove the block once
them gradually in opposite corners to ensure alevel mount. you'veinstalledit and inspect the spread of thermal paste. It should be

even, as shown in our photo.

/ CONNECT RGB LIGHTING / INSTALL FITTINGS
Many monoblocks include RGB lighting that canilluminate the acrylic Finally, install your compression fittings before mounting the
or manufacturer logos. Identify whether the connectoris a 3-pin motherboard inthe case. This step will make it easier to check the
addressable or standard 4-pintype, thenlocate the correct header on fittings are seated properly, and you'll be able to properly support the
your motherboard. block while you tighten them too. BIFE



MODDING / TOOLS

TOPTOOLS

t'seasytothink of thedrillas a

rather clunky, single-purpose

device, wheninfactitcanbe
useful for a variety of tasks. Attachments
allow itto actas apolisher, a cutter of fan or
radiator blowholes, andit's also useful for
drilling outrivetsin PC cases. ltcando alot
more thanjust drill small holes, and in my
mindit's the most essential toolin any PC
modder’s toolkit.

Corded vs cordless

I have to admit that | think cordless tools

are overrated. They usually lack torque
compared with their mains-powered
counterparts and this limitation, combined
with the fact that even expensive batteries
don'tlastlong under heavy loads, means a
corded mains-powered drill is usually the
best option when dealing with steel and
aluminium. You can then drill away for hours,
never needing to worry about your battery
dying.I've experienced enough cordless drills
using up all their batteries while cutting
blowholes in steel cases to put make me
firmly a corded drill man now.

The step drill

Changing drill bits can be a pain, butit's often
essential, especially when creating pilot holes
for larger drills. A step drillis a brilliant addition
to your drill's carry case, as it not only means
you don't have to swap drill bits as often, but it
can make drilling large holes much easier too.
Infact, a couple of step drills can potentially
replace an entire box of individual drill bits.

It attaches to your drill just like a normal drill
bit, butits cone shape has several drill widths
or steps cutintoit. The further you drillinto an
object, the wider it cuts the hole, gradually
increasing the width in easy-to-manage
steps. The downside, of course, is that step
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Cordless drills usually lack torque compared with their mains-powered counterparts

drills only work with relatively flat
objects, and you'll also need
plenty of clearance behind
the surfaceif youwantto
make use of the larger steps.
There are several varieties
of step drills and the cheaper ones
usually cover the 4-30mmrange in 2mm
steps. Thankfully, you can also buy step drills
that cover smallerranges on a per-millimetre
scale, as well as odd numbers, and there are
some very good-value step drill sets
available, covering ranges from3mmup to
40mm, so (depending on your needs) you
really canreplace sets of dozens of drill bits
with just a few step drills. They're also much
more durable and less likely to break.

The holesaw
As you move beyond hole widths of 30mm, it
becomes necessary to use a holesaw, simply

because drill bits

become cumbersome
andinaccurate as you
start drilling out vast
amounts of metal. A
holesaw gets around this

problem, literally, by just cutting

aringin the material with which you're
working. You'll then be left with a solid metal
discand aneat hole. The sawingrings attach
to abitthat secures to your drill, and the latter
usually has its own pilot drill that provides an
anchor to prevent the saw from moving.

Polishing bits o
If you want to buff up \_‘J
your new paintjob or :
remove scratches '

froman acrylic panel
using a polishing g Yo
compound, polishing > y

pads canturnyour

drillinto a high-power polisher, saving on
elbow grease. They usually come in sets with
soft mitts and aggressive sponges, which
cantackle arange of tasks. The pads attach
to abase using Velcro and then a screw-in bit
secures to the base, allowing your drill to take
hold. They're useful for other tasks too, such
as sprucing up old car headlight lenses. BPFE



Loon Squad

Ethan Cooper's Rage 2-inspired
mod packs aridiculous amount of
hardware into a micro-ATX case,
while sporting some colourful
graffitiand genuine scorch marks

EPE:What was the original
inspiration behind Goon Squad?
Ethan: My build is based on the
upcoming game Rage 2. My main
inspiration came from the Goon
Squadtank showninthe game.
Withitsindustrial design and
vibrant colours, it has a great artistic
style.I'm astickler fordetailandI
spent hours going over E3 footage to
make sure I captured all the nuances
of the tank design.

The Goon Squad is a group of
banditsin Rage 2 that cover their
vehicles,and themselves, in graffiti
and paint.Ichose touse their
vehicles as abase for
the build to push
myself out of my
comfortzone,asIdon’t
generally use more
thantwo orthree
colours per build, but
the total number of
coloursin this build
exceeded the better
partof20.

EPFE: Why did you use
the Cooler Master
Q300P case?

Ethan: Toadd some
challenge tothe build -
Iwantedtocramas
much hardware and
power into a micro-
ATX case as possible.I'd
alsonever worked
with this case before.
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Each case brings its own challenges,
solenjoy mixing it up!

EPE: What specs did you choose?
Ethan: This build is my main entry
into the Cooler Master World Series
2018.Iwanted to bring a project
togetherthat shows off my unique
creative style while also
demonstrating my technical side
with the hardware. AsTwas using a
micro-ATX case,ldeliberately
selected hardware that wouldn't
usually be considered in this size of
case.ltadded anewlevel of
difficulty,asIhad tohave
millimetre-level accuracy when
puttingitalltogether.Iwasalsoina
very fortunate position with all the
hardware being sponsored by
various companies.

EPE: What difficulties

did you come across?

Ethan:The hardest part of this
project by far was cramming all of
thehardware inthe case.lThadto
mod the case quite extensively to
make all the hardware fit.Thad to
make new GPU brackets and PSU
brackets,and Irotated the caseto
make it look more balanced. There
ended up beingjustasmmgap
between the GPUs and PSU.

The most time-consuming
aspect of the build was assembly.
With the challenge of limited space,
Ihad tobemeticulouswith the
order the hardware wentinto the
case.llearned very quickly when
Ifound out that one piece of
hardware would block the
installation of another. This
situation caused me toreassess my
process asIwent along. Another
challenge, which I'd never
experienced before, was the balance
of colour. Since so many colours
were used in the graffiti,[had to
ensure that certain colours didn't
overpower others.

EPEG:How did you create

the rusted metal finish?
Ethan:Istarted by makingthe
whole case look like new metal by
painting it in a metallic charcoal
colour.Onceithaddried,Iadded
layers of yellow, red, black and
various browns using adabbing
technique. These paints were
applied on all surfaces, thenI
removed the excess by dabbing
withacleandryrag.

The pitted metal effect on the
plasticsections of the case was
created by strategically burning the
case with a gas torch. Super-heating
the plasticcreates a bubble effect,
and the heat could cause the plastic
to potentially warp and bend, sol
clamped the pieces to the bench
during the process to ensure they
would remain as flat as possible.
Black and dark brown washes were
applied all over the case, with a
particular focus on the bubbles
caused by fire to create theillusion
of more depth.

EPE:What tools and machinery
did you use?

Ethan: As with all mybuilds,Iused
avariety of tools to complete the
build. The most noteworthy is my
trusty Dremel Rotary tool.

Ilovemy Dremel.Iused it to cut
the unneeded plasticand metal to
make space for all the hardware,and
tomake the new brackets.

Atthis point, my Dremelis more
of an extension of my arm, asit’s
my go-to-tool for the majority of
my builds.

Rusticold builds are my favourite,
asIhave alot more creative
freedom.On this one,Igottousea
variety of paints and my favourite
modding tool of all-FIRE! It allowed
meto create more depthinthe
piece,as well as adding general
scorch marks, which fit perfectly
withthe theme.
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EPE:Howlongdid the

build process take?
Ethan:From starttofinish,the
build took me around a week.1I

generally tend to keep my deadlines

tight,asIwant to prevent any
procrastination. From experience,
I'velearned that the crunch and
working under stress prevents me
from overthinking designs,as well
as gettinglostin prototypes and
variants of the build.

EPE:What did youlearn
from this build?

Ethan:To be truly honest, this build

didn’t push my skills too hard.

Working with the smaller space and

adapting my creative style was

certainly alearning experience,and
Igained a further understanding of

To enter your machine for possible inclusionin
Readers' Drives, your mod needs to be fully working
and, ideally, finished based in the UK. Simply logonto
www.bit-tech.net and head over to the forums. Once
you're there, post a write-up of your mod, along with

some pics, inthe Project Logs forum. Make sure you
read therelevantrules and advice sticky threads before
you post. The best entrant each month will be featured
here, where we'll print your photos of your project and
alsointerview you about the build process. Fameisn't
the only prize; you'll also get your hands on afabulous
selection of prizes - see the opposite page for details.
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balancing colours, butIremained
pretty much in my comfort zoneina
technical sense.

However,Inow know why few
people try tojam ATX hardware into
amicro-ATX case. Making the case
size work with all that hardware
was a big,and time-consuming,
learning curve.

EPE: Are you happy with theend
result,and is there anything you'd
do differently if you built it again?
Ethan:Igothroughthe same
process with all of my builds.Iget
theideainmy head and get to work,
but whenIget around halfway,
when it looks like some parts don't
match,Ialways think:‘What havel
done?!"However, I've cometolearn
to completely ignore that little
voice,remain confident and
continue with my design. As of yet,
this attitude hasn’t failed me, and

CPU Intel Corei7-8700K

Crapﬁics 2x Gigébyte Aorus GeForce
GTX 1080 Ti WaterForce Xtreme

Case Cooler Master Q300P_

Memory 32GB Team Group Delta

RGBDDR4

Motherboard Gigabyte Aorus Z370
g

........................................................................

I'm always happy with my builds
once they're finished.

Giventhe chaoticnature of this
casemod, I thinkifIweretodoit
again, it would turn out differently,
asmost of the graffitiwasn’t
planned, and neither was the
weathering. It was all slapped onto
places where Ithought it would look
good at the time.

Specifically, though,IthinkI
would have flipped the hardware
arrangement around and put the
motherboard ontop, strategically
placing the pumps out of the way so
thatthe /O panel could be accessed
more easily.

IfI'd built this PC for personal use,
Iwould also have created a base to
lift the PC, allowing the inputs to
be more easily accessed. However,
these details aren’t overly
important for a PCbuilt tobe
displayed at events.

Storage 1TB Samsung 960 Pro,
512GB Samsung 960 Pro, 1TB
Samsung 960 Evo

PSU Cooler Master V850
Cooling 2 x Cooler Master
MasterLiquid 240, EK fittings and
tubing

........................................................................



We've teamed up with some of the world's leading PC manufacturers and retailers to offer
this greatrange of prizes to each lucky Readers’ Drives winner. If your creationis featuredin the
magazine then you'll walk away with all of the prizes listed on this page, so getin your entries!

CorsairK/70 LUXRGB keyboard with your choice of switches

TOTAL VALUE £160inc VAT / MANUFACTURER www.corsair.com
\‘\ Meanwhile, 100 per cent
anti-ghosting with full key

CORSAIR' | rolloveronUSBhelpsto

ensure accuracy, so every
keystroke translates directly into accurate
gameplay. The contoured, textured FPS and MOBA
keycap sets keep you in control, while the Cherry MX key
switches give you a linear response and fast actuation. Corsair

will provide a keyboard with your own choice of Cherry MX
switches - both Brown and Red RGB models are available.

The K70 LUXRGBIs a part of Corsair's LUX
flagship line of gaming keyboards,
featuring Cherry MX key switches

backed by alightweight, durable
aluminium frame and dynamic, multi-
colouredlighting. The USB pass-through portis
positioned for uninterrupted gameplay, and ready
for your mouse or wireless headset adaptor. You can
also harness the power of CUE for sophisticated macro
programming and dramatic lighting effects and animations.

Alphacoolwater-cooling gear

VALUE £150inc VAT / MANUFACTURER www.alphacool.com, www.aqua-tuning.co.uk

Water-cooling hardware manufacturer l

Alphacoolis offering a choice of £150- a D U a

worth of its water-cooling components

to every featured Readers' Drives T U n I n E
|

modder. The company is behind some
great products we've seenrecently,

including all-in-one liquid coolers and x O O L

external radiators. For your prize, you
Ny ALPHACDOL - THE COOLING COMPANY
can select from DIY water-coolingkits, || p' I L L

the Eiswolf and Eisbaer all-in-one CPU

and GPU liquid coolers, as well as a vast

range of individual components, including waterblocks (pictured),
fittings, reservoirs, pumps and radiators. Alphacool also makes coolant,
tubing and fans, as well as modding and water cooling-related tools.
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Production delays, stock shortages and a troubled transition to 10nm
manufacturing are all going to push up prices, says James Gorbold

he long-awaited launch of Nvidia’s next-gen Turing-
- based GeForce RTX GPUs is undoubtedly the most

exciting story in tech at the moment, but the biggest
story of 2018 has to be the massive supply shortages of specific
components. It’s only been a few months since GPU, PSU and
budget CPU supply has returned to normal after the extreme
demandandtheassociated stock shortage and pricerisescaused
by cryptocurrency miners.

Yet now, just in time for the start of the peak season in the
run-up to Christmas, there’s amassive shortage
of many Intel CPUs and chipsets. The problem
hasbeenbuildingupforawhileandislikely tied
into Intel’s troubled transition away from its
current 14nm manufacturing process to a new
10NIM Process.

This transition was originally planned for
2016, and has been pushed back several times
already, with thelatest publicinformation from
Intel being that full-scale production will start in late 2019.

Therepeated delayshave played havocwithIntel'sroad maps,
withnew CPUsand processorshavingtobe invented outofthin
air and slotted into the missing time slots. That isn’t just Intel’s
problem either. A supply shortage means consumers have to
pay more for their new CPUs and motherboards if you can get
them at all, as many models simply aren’t available any more.

Forexample,themainstream Coreis-8400's price hasshotup
by over £75 in less than a month, a staggering 40 per cent
increase,whilethehigh-end Coreig-7900X’s price hasincreased
by £100inthe same time period, an unpleasant 12 per cent rise.

It's not just processors either. There’s also a shortage of Z370
chipsets, although some motherboard manufacturers seem to
be worse affected by this supply issue than others.Forinstance,

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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It's not just
processors either.
There's also ashortage  thatareavailable will likely sell.
of Z370 chipsets

there’s a good supply of most MSI and Gigabyte motherboards
inthe channelrightnow,butmany Asusmodelsare out of stock.
The shortage is likely to become even more acute as Intel
launches its gth-generation Core CPUs later this month, for a
coupleofreasons.Forastart,havingbenchmarked themalready,
Iknowthey offeramassiveimprovement overthe current Coffee
Lake range, although a non-disclosure agreement prevents me
from goingintospecifics.Secondly,we'refastapproaching peak
season when demand naturally spikes.
Stickingwiththatlineofthought,itmakesme
wonder if we're likely to see more or less Intel
MDF (market development funds) in this peak
season. There’s a good argument for Intel not
spendingasmuch MDF asthe CPUsand chipsets

On the other hand, though, Intel can’t afford
for AMD to grow its market share, especially in
the profitable gaming PC market. Also, if Intel
doesn't get out its MDF chequebook, there will be fewer deals
around Black Friday and Christmas.

Interestingly, havinginitiallydecided toblock the higher-end
gth-gen processors from working on Z370 motherboards, Intel
hasnowhadtorelaxitsstance.That'sbecause,eventhoughZz37o
is in short supply, there will be even fewer of the new Z390
chipsetstogoaround. Asaresult,you'll very soon start to see v2
versions of many Z370 motherboards, upgraded with higher-
spec VRMs to cope with the increased power demands of high-
end 9th-gen CPUs.

In my opinion, that's quite a pragmatic decision, as the Z390
chipset offers precious little over the Z370 chipset in terms of
features, merely adding in native USB 3.1 Gen 2 and integrated
8o2.11ac Wi-Fi. BFE

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

------------------------------------------------------------------------------------



COMPUTERS

..........
......

(AU RRENRR]]

A Y i

CCL Nebula

AMD Ryzen 5 2600 3.4GHz
16GB 2400MHz DDR4 Memory
GeForce GTX1060 3GB
256GB SSD

1TB HDD

Microsoft Windows 10 Home

3 YEAR SPREAD FREE, FAST
WARRANTY BEW THE cosT DELIVERY

Configure yours at:

Price Match

On all ccl built systems

0 01274 471 210 d pcsales@cclonline.com J

CCL Computers Ltd, Inmoor Road, Tong, Bradford, BD11 2PS - Prices correct at time of going to publishing (24/09/2018).



=XS SYSTEMS °PRO GAMING

The Gaming PC
SENVENED

GeForce RTX now available in 3XS Systems

. sronce | NVIDIA GeForce RTX 2080 Ti
! Perfect for VR and hi-res gaming

NVIDIA GeForce RTX 2080 Ti is the first GPU
based on the amazing new Turing architecture.
Sporting 4352 CUDA cores with 11GB of next-gen
GDDR6 memory plus support for Real Time

Ray Tracing and Deep Learning Super Sampling.
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Corsair Vengeance RGB
corsaik  Stunning RGB, striking speed
Customise the look of your PC with vibrant
RGB lit DRAM modules from Corsair. Choose
the colour pattern of each module for the
ultimate in style and individuality. Optimised for
the latest Intel Z370 and X299 motherboards.

intel') Intel® 8th gen Core™ processor
L_’ family with up to 6-cores
Introducing the new and improved

8th generation Intel® Core™ family.

Benefit from up to 50% more cores than
previous generation Intel Core processors
for additional performance.

Configure your GeForce RTX PC today

€© scan.co.uk/3xs- 01204 47 47 47

Intel, the Intel Logo, Intel Inside, Intel Core, and Core Inside are trademarks of Intel Corporation or its subsidiaries in the U.S. and/or other countries.



