
QUAKECON EDITION
CHECK OUT THIS YEAR’S WINNING CASE MOD, 
SCRATCH BUILD & BETHESDA/ID-THEMED MOD

October  |  Vol. 16  Iss. 10

COMPUTERPOWERUSER.COM

Complimentary Copy

MODDER Q&A:
JON “PENNYWISE” HANSZ

CPULAN 2016 |  Wi-Fi Router Buyer’s Guide  |  PAX West 2016



http://patriotmemory.com


OCTOBER 2016  |  VOL 16 ISSUE 10

FRONTSIDE — P. 4
News, product release information, and 

stats from the tech industry.

HEAVY GEAR — P. 12
The latest PC hardware is here: reviews, 

product profiles, and category roundups.

HARD HAT AREA — P. 28
CPU’s Mad Reader Mod winner, LAN party 

coverage, and in-depth looks at the latest 

technology.

BUYER’S GUIDE — P. 61
Hungry for better Wi-Fi reception? This 

month’s Buyer’s Guide can help.

LOADING ZONE — P. 63
Software projects, betas, updates, and more.

DIGITAL LIVING — P. 70
Trends and leisure, news from around the 

web, tech company interviews, and more.

BACK DOOR — P. 85
Monthly last-page interview with people 

who help to shape the PC industry.

DID YOU FIND THE HIDDEN 
CPU LOGO ON OUR COVER?

Gotcha. Here it is.

Copyright 2016 by Sandhills Publishing Company. Computer Power User is a registered trademark of Sandhills Publishing Company. All rights reserved. 
Reproduction of material appearing in Computer Power User is strictly prohibited without written permission.

Contact Us
P.O.Box 82545
Lincoln, NE 68501 

or

120 W. Harvest Drive

Lincoln, NE 68521

Advertising: (800) 247-4880
Fax: (402) 479-2104

Circulation: (800) 334-7458
Fax: (402) 479-2123
www.cpumag.com
email: feedback@cpumag.com

42
CPU Goes West—PAX West

46
CPULAN 2016 Is In The Books

Print ISSN: 1536-7568 
Online ISSN: 2473-8468

CPU  /  October 2016 3



MSI Z170A Gaming M6 Has New 
Features & Looks For Gamers
MSI’s new Z170A GAMING M6 motherboard has several 
features directed toward enthusiast gamers. For starters,  
the company adopted an “evil gray” color scheme, which 
it says brings a whole new look and feel to the game table. 
Then, MSI added in new features: Lightning USB and next-
generation Killer E2500 networking. The Z170A GAMING 
M6 is the first motherboard to use a Lightning Asmedia 
2142 USB 3.1 Gen2 controller chip, which runs at PCIe 
Gen3 x2 speeds of 16Gbps, twice as fast as most current 
motherboards. (The Z170A GAMING M6 also uses MSI’s 
USB Speed Up, so MSI says there’s no faster USB 3.1 Gen 
2 solution on the market.) The motherboard is also the first 
to debut the latest version of Rivet Networks’ well-known 
Killer networking chipset. The Killer E2500 prioritizes and 
optimizes traffic flow for faster gaming. 

be quiet! Announces Pure Rock 
Slim CPU Cooler For Smaller Builds
German computer components company be quiet! has 
announced the Pure Rock Slim CPU Cooler, which builds 
on the legacy of the company’s Pure Rock cooling line. The 
Pure Rock Slim measures just 4.91 x 3.81 x 3.22 inches 
(HxWxD) and is designed for small builds where space is at 
a premium. Despite its small size, the cooler has a TDP of 
120W. The Pure Rock Slim is compatible with both Intel 
(1150/1151/1155/1156) and AMD (AM2/AM2+/AM3/
AM3+/FM1/FM2/FM2+) sockets. The cooler has a copper 
heatsink and three 0.23-inch heatpipes that run to a cooling 
tower with 33 aluminum fins. The unit includes one of 
be quiet!’s silence-optimized 92mm PWM fans that generate 
a maximum of only 25.4dB(A) of sound even when running 
at 100% power (2,000rpm). The fans have high-quality sleeve 
bearings and seven blades that have been engineered to reduce  
noise caused by airflow turbulence. MSRP is $24.90.

WATCHING THE CHIPS FALL

Here is the pricing 
information for 
various AMD and 
Intel CPUs.

* As of September 2016
** Manufacturer’s  
    estimated price 
    per 1,000

CPU Released Original Price Last Month’s Price Online Retail Price*
AMD FX-9590 Eight-Core (Vishera) 6/11/2013 n/a $199.99 $229.99
AMD FX-9370 Eight-Core (Vishera) 6/11/2013 $375 $189.99 $226.77
AMD FX-8370 (Vishera) 9/2/2014 $199.99 $189.99 $189.99
AMD FX-6350 (Vishera) 10/1/2012 $132 $134.99 $134.99
AMD A10-7890K (Godavari) 3/1/2016 $164.99 $148.99 $148.99
AMD A10-7870K (Godavari) 5/28/2015 $137 $124.99 $129.99
AMD A10-7860K (Godavari) 2/2/2016 $116.99 $109.99 $99.99
AMD Athlon X4 880K (Godavari) 3/1/2016 $94.99 $94.08 $93.45
AMD Athlon X4 860K (Kaveri) 8/1/2014 $94.99 $89.98 $103.99
AMD Athlon X4 845 (Carrizo) 2/2/2016 $69.99 $66.00 $66.20
Intel Core i7- 6950X (Broadwell E) 5/31/2016 $1723** $1,616.99 $1,649.99
Intel Core i7- 5960X Eight-Core (Haswell) 8/29/2014 $999** $1,015.99 $1,015.99
Intel Core i7- 6900K (Broadwell E) 5/31/2016 $1089** $1,099.99 $1,091.70
Intel Core i7- 6850K (Broadwell E) 5/31/2016 $617** $599.99 $609.99
Intel Core i7- 5930K Six-Core (Haswell) 8/29/2014 $583** $579.99 $579.99
Intel Core i7-5820K Six-Core (Haswell) 8/29/2014 $389** $389.99 $389.99
Intel Core i7-6700K Quad-Core (Skylake) 8/5/2015 $359** $319.99 $339.99
Intel Core i7-4790K Quad-Core (D.Canyon) 6/25/2014 $339** $339.99 $339.99
Intel Core i7-4790 Quad-Core (Haswell) 5/11/2014 $303** $304.99 $304.99
Intel Core i5-6600K Quad-Core (Skylake) 8/5/2015 $249** $229.99 $239.99
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ENERMAX D.F.VEGAS & D.F.VEGAS 
DUO Bring LEDs To D.F. Fan Line
ENERMAX has added two new models to its D.F. (dust-
free) line of case fans. The D.F. fans clean their own 
fan blades by running in reverse for a few seconds at 
startup. The new D.F.VEGAS and D.F.VEGAS DUO 
models add special LED lighting features to the D.F. 
product mix. The D.F.VEGAS fan is available in one 
color of LED (blue), while the D.F.VEGAS DUO comes 
with two colors of LED on each fan (red and green). 
Both of the new VEGAS fan models come with three 
different speed modes: Ultra Silent Mode, Silent Mode, 
and Performance Mode. The RPM ranges of the fans also 
are adjustable, and the fans can be operated via PWM 
(pulse width modulation) within the given RPM range. All 
the running options give users great flexibility in setting 
cooling parameters. ENERMAX says both of the new fan 
models should arrive at retailers soon.

EKWB Releases Monoblock 
For GIGABYTE Z170X Ultra Gaming
Liquid-cooling manufacturer EK Water Blocks has 
announced a new waterblock designed specifically for two of 
GIGABYTE’s motherboards that support Intel’s LGA-1151 
socket. The motherboards are the GA-Z170X-Ultra Gaming 
and GA-Z170X-UD3 Ultra. The new block, the EK-FB 
GA Z170X Ultra Monoblock, is a full-cover liquid-cooling 
block that cools the entire CPU socket area as well as the 
power regulation module (MOSFET). The base of the block 
is nickel-plated electrolytic copper, while the top comes in 
the buyer’s choice of either see-through acrylic or black POM 
acetal. The block is designed so it won’t interfere with the M.2 
connectors on either motherboard. EK says its new block 
incorporates the EK-Supremacy EVO cooling engine, which 
provides optimal cooling coverage even when used in systems 
that have weak water pumps. The EK-FB GA Z170X Ultra 
Monoblock has an MSRP of $136.99. 

Corsair Adds New Dual-Chamber 
Chassis With The Carbide Air 740 
Corsair has rolled out a new computer chassis that follows 
in the footsteps of the Carbide Air 540. Like its predecessor, 
the new Carbide Air 740 is a cube-shaped ATX case that 
features a dual-chamber design, with the PSU and drive trays 
(3- x 3.5-inch or 4- x 2.5-inch) removed to a rear chamber to 
improve airflow. But the 740 is even roomier. Corsair enlarged 
the chassis to 20.08 x 13.39 x 16.77 inches (HxWxD) and 
totally removed the 540’s two 5.25-inch drive bays. As a result, 
the 740 can hold up to eight 120mm or seven 140mm fans 
(two more of each size than the 540). Three of the company’s 
AF140 fans come preinstalled. Corsair says the 740 chassis 
can simultaneously mount a 240mm/280mm liquid-cooling 
radiator in the roof, a 240mm/280mm radiator in the floor, and 
a 240mm/280mm/360mm radiator in the front. The steel case 
comes with a removable side window; MSRP is $149.99.

CPU  /  October 2016 5



HARDWARE MOLE

EVGA Announces SuperNOVA G2L  
EVGA has announced a new line of power supplies called 
SuperNOVA G2L. The G2L is an upgraded version of the 
existing SuperNOVA G2 PSU line, only with LED lighting. 
The first two models in the new G2L series are the G2L 750 
and G2L 850. Power supplies in the G2L series feature 90% or 
better efficiency under load and are rated 80 PLUS Gold. The 
units are fully modular and have single +12V rails. Fans in the 
units have double ball bearings for longer life and quiet running, 
and they have the EVGA ECO feature so they don’t spin until 
the supplies reach a certain load level. Both the 750 and 850 
models are NVIDIA SLI- and AMD Crossfire-ready. The new 
LED lighting is the unique feature that marks the G2L line. The 
power supplies are illuminated with white LEDs and should 
help dress up the interior of most builds. Pricing for PSUs in the 
new G2L series appears to be running about $30 higher than 
comparable G2 models. You can find the SuperNOVA G2L 750 
online for about $130, while the G2L 850 is about $150. 

ROG Has New Centurion Headset 
ASUS ROG has a new 7.1 surround-sound gaming 
headset called Centurion on the way for the holiday 
buying season. The headset comes with a separate USB 
audio station that holds the amplifier for the headset (ESS 
9601) as well as a noise-cancelling microphone. Knobs 
and button controls on the hub have LED indicators 
and let you select gaming environment presets and adjust 
audio channels. You also can adjust the lighting modes 
(static, breathing) for the LEDs that are on the ROG logos 
on the shells of the cans. The cans themselves come with 
interchangeable ear cups covered with protein-leather or 
a fabric mesh, so you can select the ear covering that feels 
most comfortable to you. The headset has a retractable mic 
and it comes with a stand. ROG says Centurion will be 
available sometime this month. 

In Win Limited Edition D-Frame 2.0
In Win is celebrating its 30th anniversary this year, and 
the company has released a limited-edition upgrade to 
its iconic D-Frame chassis as part of that worldwide 
celebration. The D-Frame 2.0 has the same open-frame 
tubular steel look as the original D-Frame, but there are 
more color schemes available. The two tempered glass 
side panels featured in the limited-edition frame are held 
in place with special commemorative thumbscrews. As 
part of the D-Frame 2.0 special package, In Win also 
includes one of its SIII-1065W power supplies that is 
color-coordinated to match the frame. These PSUs have a 
transparent section made of tempered glass and include a 
165mm smart fan that is able to cool while running in a 
near silent mode. The new D-Frame 2.0 limited edition is 
now available with a street price of about $1,200.
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Do You Ignore Warnings On 
Your Computer? You’re Not Alone 
We’ve all been there: You’re busy working on a project when up 
pops some type of message. You promptly ignore or dismiss the 
message and continue. Turns out up to 90% of computer users 
do the same thing, according to researchers at Brigham Young 
University and engineers working on Google Chrome. There’s 
a name for it: dual-task interference, which the researchers 
describe as a neural limitation where even simple tasks can’t be 
simultaneously performed without significant performance loss. 
“We found that the brain 
can’t handle multitasking 
very well,” said Anthony 
Vance, study coauthor and 
BYU information systems 
professor, in a press release. 
That’s bad news for software 
developers, who present 
these messages without 
regard to what the user is 
doing, he said. “They interrupt us constantly, and our research 
shows there’s a high penalty that comes by presenting these 
messages at random times.” In the study, 74% of users ignored 
security messages that popped up when they were going to close 
a web page, 79% ignored them when watching a video, and 
87% ignored the messages while transferring information. Users 
pay the most attention to security messages if they appear during 
“lower dual-task times” such as after watching a video, while 
waiting for a page to load, or after visiting a website.

Apple Is Taking Steps 
To Declutter Its App Store
The Apple App Store, now with more than 2 million apps, 
has long been the source of complaints from users who say the 
store can be cluttered by useless, broken, or otherwise outdated 
apps that make it difficult to find some of the great apps. Apple 

listened and implemented 
two suggestions from its 
developer community. 
First, Apple is going to limit 
app names to 50 or fewer 
characters. In announcing 
these changes, the company 
notes that some developers 
attempted to influence 
search results by using 
extremely long app names 
that include descriptions 

and terms not related to the app. Second, it’s implementing an 
ongoing process for evaluating apps to spot ones that no longer 
function as intended, don’t follow current review guidelines, or 
haven’t been supported with compatibility updates for a long time. 
If the App Store team finds an app that falls into those categories, 
it will notify the app’s developers and ask them to make changes. 
They’ll have 30 days to make changes, or their app will be removed 
until they submit an update and it’s approved. Even if an app is 
removed from the App Store, users will be able to use the app and 
even buy in-app purchases. Apple notes that apps that crash on 
launch will be removed immediately.

SOFTWARE SHORTS

security vulnerabilities for which there is no mitigation in an 
update has become a serious issue, he says. It’s a great enough 
concern that the Apache Software Foundation has asked the 
project management committee to account for its inability to 
mitigate security issues and report to the board each month. 

The retirement of the project is a 
serious possibility, he says, and 
would require a rather extensive 
process with considerations for the 
code base, downloads, development 
support, social media, branding, 

and other factors. “I cannot predict how this will all work out,” 
Hamilton says. “My interest is in seeing any retirement happen 
gracefully. That means we need to consider it as a contingency.”

Hamilton’s email has generated considerable discussion and 
the potential exists that developers could yet save the project.

Apache OpenOffice Project Could End 
OpenOffice, the free office productivity suite now in version 
4.1.2, could be retiring. Dennis Hamilton, vice president of 
Apache OpenOffice, mentioned the possibility in an email 
sent to the software’s project contributors. In the email, 
Hamilton says, he’s observed 
that the Apache OpenOffice 
project has “limited capacity 
for sustaining the project in an 
energetic manner.” His main 
concern is that the project 
doesn’t have the group developers it needs to “supplement 
the half-dozen volunteers holding the project together.”

The “litmus test,” he says is for a project to have a project 
management committee, with at least three members, that 
can produce releases. With OpenOffice, the need to disclose 
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We Still Click Dangerous Links, 
Even Though We Know We Shouldn’t  
Curiosity gets the best of us. That saying is true in a lot 
of ways, including when it comes to clicking links from 
unknown senders. Researchers at Germany’s Friedrich-
Alexander-Universität recently studied how users behave 
when receiving an unknown message online. They conducted 
two studies, sending about 1,700 of the university’s students 
an email or Facebook message under a false name with a 
link that claimed to have 
images of a party. If a 
recipient clicked the link, 
he was taken to an “access 
denied” message. Study 
participants received a 
follow-up questionnaire 
asking them to rate their 
security awareness and why 
they did or did not click the link. In one study, recipients 
were addressed by name; the second study didn’t use names 
but mentioned more specifics about the supposed party. 
In the first study, 56% of those who received an email and 
38% of those who received a Facebook message clicked the 
link. In the second study, 20% (email) and 42% (Facebook) 
clicked the link. Researchers found that 78% of participants 
said they were aware of the risks of unknown links. As to why 
recipients clicked the link, curiosity was the overwhelming 
response. Of those who didn’t click the link, about 50% 
disregarded it because they didn’t recognize the sender’s name.

You Can’t Trust Password 
Strength Meters, Expert Says
Password strength meters—those clever little tools that 
supposedly tell us whether we’re using a good password—aren’t 
all that helpful, according to one web consultant. “There is a 
gap between what password strength meters tell us and what we 
need to know,” according to a blog by Mark Stockley, founder 
of web consultancy Compound Eye. The trouble, he writes, is 
that password strength meters don’t actually measure password 
strength at all. Instead, they measure password entropy, or 
how predictable it is. In tests conducted by Stockley, he picked 
five terrible passwords (abc123, trustno1, ncc1701, iloveyou!, 
and primetime21) he says would “fail a genuine cracking 
attempt instantly” and ran those passwords through five 
popular password strength meters and one open-source meter 
(ZXCVBN) that’s been rigorously tested. All five of the most 
popular meters failed, but the open-source meter identified all 
five passwords as “very weak.”

SITE SEEING

working with the top 100 non-Google sites to make the 
transition to HTTPS by the end of this year. Google says those 
top-100 sites account for 25% of all worldwide website traffic. 

Schechter notes that, because users don’t perceive the lack 
of a secure icon as a warning and users become “blind to 

warnings that occur 
too  f requen t l y,” 
Google is taking 
gradual steps toward 
more clearly and 

accurately labeling HTTP sites. With Chrome 56, in January 
Google will label HTTP sites that transmit passwords or credit 
cards as non-secure. In subsequent releases, it will expand that 
list to include HTTP pages viewed in Incognito mode, with 
the eventual goal of labeling all HTTP pages non-secure and 
displaying the red triangle that signifies broken HTTPS.

Google Chrome To Start Marking 
Some HTTP Sites As Non-Secure
Beginning in January, Google Chrome will begin a transition 
toward eventually marking all HTTP sites as non-secure. 
Emily Schechter, part of the Chrome security team, made the 
announcement in a recent 
blog post. Chrome currently 
marks HTTP connections 
with a neutral indicator, she 
said, but that doesn’t reflect 
the true lack of security for HTTP connections. “When you load 
a website over HTTP, someone else on the network can look at or 
modify the site before it gets to you.”

She says a “substantial portion” of web traffic has transitioned 
to the more secure HTTPS, and Google is committed to 
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Job Of The Month
Getting ready to graduate with an EE/CE or CompSci degree? ARM designs processors that are found 
in devices all over the world; about 15 billion chips based on its designs shipped in 2015 alone. 
The company is already on the prowl for 2017 engineering grads and has openings in its Chandler, 
Arizona, offices for several positions, including CPU performance engineer. This person is part of 
an architecture design team that creates next-gen CPUs and analyzes their performance. You’ll be 
modeling architectures, making design suggestions, and working on performance tools. You need solid 
CPU microarchitecture knowledge and software engineering skills. You should have experience in Unix/
Linux/Windows and know your way around Perl, Python, and similar scripting languages. Assembly 
language is a big plus, especially for ARM architectures. If you want to help create chip designs that will 
drive tomorrow’s devices, this may be the job for you. You can get more info at ARM’s website.   

Source: www.arm.com

More People Using More Devices To Go Online
Although not everyone uses the internet (see the next item below), the use of devices other than 
traditional computers to access the internet continues to grow. Smartphones, tablets, and internet 
TVs are three popular products that consumers use to connect to the ’Net. In the United States, three-
fourths of adults now use smartphones, compared with 70% who used smartphones a year ago. Nearly 
a third of U.S. adults now own 
an internet TV. The generation 
of adults that has embraced 
internet-connected devices the 
most, though, is Generation Y, 
also called the millennials. About 
85% of millennials now use 
smartphones; 67% use tablets; 
and 42% use internet TVs.  
Source: Forrester Research

The Internet? Naw, Got No Use For It, Sonny 
In the United States, the younger and more educated you are, the more likely it is that you use the 
internet. Pew Research surveyed adults in the U.S. recently to see who is online and who isn’t. Only 
13% of all Americans don’t use the internet. That compares with nearly half (48%) who weren’t online 
in 2000. Although 41% of people over 65 don’t use the internet, only 1% of millennials are not online. 

Source: Pew Research

$512,000
The current average base pay of a Fortune 
500 CIO, according to a survey by Korn/
Ferry. When you add in bonuses and other 
perks, the average total compensation for 
these execs ticks up to $1.46 million.

Korn/Ferry International (via The Wall 
Street Journal)

24 million
Forecast for annual number of wearable 
camera shipments by the year 2021. The 
biggest segment driving growth in the 
wearable camera market continues to be 
sports and adventure cameras, also known 
as action cams. 

Tractica

$39.03 billion
Estimated size of the global wireless health 
market last year (2015). This market is 
expected to grow to more than $110 billion 
by 2020.

MarketsAndMarkets

6,000,000,000,000,-
000,000
Forecast number of bytes of data 
that connected auto infotainment and 
telematics services will generate annually 
by 2021, according to a study by Juniper 
Research. Juniper says internet radio, 
music streaming, and similar information 
services will generate about 6,000 
petabytes of data (or about 6 quintillion 
bytes) annually in five years and will 
represent about 98% of ongoing machine-
to-machine (M2M ) data traffic.

Juniper Research
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(the Pro-009) is covered by two 8GB 
DDR4-2133MHz SO-DIMMs. MSI also 
offers a Pro-027 model with 32GB of 
DDR4-2133MHz system memory. 

The storage subsystem includes a 
256GB Kingston M.2 SATA SSD as the 
OS drive and a 1TB HGST Travelstar 
for file storage. The Kingston SATA 
SSD in our test rig produced Sequential 
Read rates  of  only 556MBps in 
CrystalDiskMark 5.1.2. The notebook 
does supports PCIe SSDs, but MSI’s 
GE72VR APACHE PRO doesn’t include 
an M.2 PCIe SSD. That being said, 
there are a few PC boutiques that sell the 
GE72VR APACHE PRO and allow you 
to customize the onboard M.2 SSD to a 
faster, PCIe SSD. 

To keep all this powerful hardware 
cool, MSI employs its Cooler Boost 4, 
a cooling design that features dedicated 
cooling for both the CPU and GPU. 
Chief additions to the cooler setup are 
six copper heat pipes (three for the GPU, 
three for the CPU) and two blower style 
fans that exhaust heat out the back of 
the laptop. MSI indicates that Cooler 
Boost 4 provides 20% better airflow than 
conventional notebook cooling.

on the notebook version. The large frame 
buffer makes the GeForce GTX 1060 a 
capable performer at 2,560 x 1,440, and 
it’ll certainly provide high frame rates 
at the notebook display’s 1,920 x 1,080 
native resolution.

MSI combines the incredible gaming 
performance of the GeForce GTX 1060 
with a 17.3-inch, Full HD, IPS panel 
that produced excellent color quality 
during our gaming sessions. The rich 
environment of Witcher 3, for example, 
appears much more vivid than the TN 
panel in our test lab. MSI also provides its 
True Color Technology, which allows you 
to select among pre-calibrated viewing 
modes to quickly optimize the display 
color. We used the Gamer mode for 
system testing, which ups the brightness 
and contrast levels.

The GE72VR APACHE PRO is more 
than adequate with non-gaming duties. 
MSI equips it with an Intel Core i7-
6700HQ that features a 2.6GHz base 
clock (3.5GHz boost clock) and 6MB 
of Intel SmartCache. The quad-core 
CPU also features Hyper-Threading to 
split workloads among eight processing 
threads. System memory on this model 

N otebooks with GeForce GTX 10 
Series cards are now the ultimate 

power in the mobile gaming universe. 
NVIDIA should be proud of the 
technology terrors they’ve constructed. 
As an example, earlier this year we tested 
an MSI GS40 Phantom loaded up 
with the Maxwell-based GeForce GTX 
970M. When tested at 1,920 x 1,080, 
the notebook produced under 60fps in 
Metro: Last Light and Dying Light, as 
well as 39fps in the Witcher 3. The MSI 
GE72VR APACHE PRO we’re reviewing 
this month uses a GeForce GTX 1060 
(the low-end of the GeForce GTX 10 
Series cards) and it easily tops 60fps in 
Metro: Last Light (66fps) and Dying 
Light (74fps), while delivering 42fps in 
Witcher 3.

The GeForce GTX 1060 in the 
GE72VR APACHE PRO is quite similar 
to the add-in card for desktop PCs. Both 
the notebook and desktop GeForce GTX 
1060 GPUs feature 1,280 CUDA cores 
and 6GB of GDDR5 memory clocked 
at 8,000MHz. The biggest difference 
is that NVIDIA drops the base (from 
1506MHz to 1404MHz) and boost clock 
(from 1708MHz to 1670MHz) speeds 

MSI GE72VR APACHE PRO

GE72R APACHE PRO
$1,599 (as configured)
MSI
us.msi.com

“. . . one of the best options 
on the market right now.”

CPU RANKING    0 = BELOW AVERAGE    2.5 = AVERAGE    5 = PERFECT
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In 3DMark’s Fire Strike test, it produced 
an overall score of 8823, highlighted by 
the Graphics mark of 10523. Results 
in Cinebench 15 (672 points) and 
SiSoftware Sandra’s Processor Multi-
Media tests (404.77 Mpixels per second) 
are in line with what we’ve seen from 
other notebooks with an Intel Core i7-
6700HQ.

A year ago, you would have likely 
needed to pony up $2,000 (or more) 
to enjoy the type of performance the 
$1,599.99 GE72VR APACHE PRO 
delivers. And such a system probably 
wouldn’t weigh less than six pounds and 
feature a slim one-inch profile. In part, the 
GE72VR APACHE PRO is a testament 
to the power efficiency of Intel and 
NVIDIA’s latest chips. MSI’s Cooler Boost 
4 also plays a big part in the lightweight, 
compact design. If you’re looking for a 
truly portable gaming notebook, the 
GE72VR APACHE PRO is one of the 
best options on the market right now.  ■

BY NATHAN LAKE

The exceptional cooling allows MSI 
to use a slim 1.14-inch chassis, while 
keeping the notebook’s weight to 
5.95 pounds—an impressive feat for a 
gaming notebook with a 17.3-inch 
screen. By comparison, the XOTIC 
PC MSI GT72VR Dominator Pro-
015 we reviewed last month (featuring 
a GeForce GTX 1070 and a 17.3-inch 
screen) weighed 8.33 pounds and was 
1.88-inches thick. 

Notebooks with a s l im profi le 
sometimes suffer  from a lack of 
connectivity, but that’s not the case with 
the GE72VR APACHE PRO. The right 
side features a USB 3.1 Type-C port, 
two USB 3.0 ports, a Killer E2400 LAN 
port, a headphone jack, a microphone 
jack, an HDMI 1.4 output, and a mini-
DisplayPort 1.2 output. The left side 
provides a USB 2.0 port, an SD card 
reader (XC/HC), and the power input. 

We briefly covered the GE72VR 
APACHE PRO’s gaming frame rates at 
the beginning of the review, and it also 
did well in our other benchmark tests. 

Benchmark Results
MSI GE72VR 
APACHE PRO

3DMark Fire Strike 8823

Graphics Score 10523

Physics Score 9321

PCMark 8

Creative Score 3326

SiSoftware Sandra 2016

Dhrystone AVX2 (GIPS) 143.46

Whetstone AVX 
(GFLOPS)

84

Multi-Media Integer AVX2 
x32 (Mpixels/s)

404.77

Multi-Media Long-int 
AVX2 x16 (Mpixels/s)

147.48

Multi-Media Quad ALU x1 
(Mpixels/s)

1.66

Floating B/F AVX/128 
(GBps, mem bandwidth)

25.5

CrystalDiskMark 5.1.2 
(MBps)

Sequential Read 
(Q32T1)

556

Sequential Write (Q32T1) 329.6

Random 4K Read 
(Q32T1)

290.9

Random 4K Write 
(Q32T1)

242

POV-Ray 3.7 (Pixels/s) 1449.52

Cinebench 15 (Points) 672

Games (1,920 x 1,080)

Metro: Last Light (Very 
High, 16xAF; SSAA off)

66fps

Dying Light (High, AO 
On, AA On, Vsync Off)

74fps

Witcher 3: Wild Hunt 
(Vsync Off, Unl. FPS, 
Ultra)

42fps

Specs: CPU: Intel Core i7-6700HQ; GPU: NVIDIA GeForce GTX 1060; RAM: 16GB SK Hynix DDR4-2133; Chipset: HM170: Storage: 256GB Kingston M.2 SSD, 
1TB HGST Travelstar; Dimensions: 1.14 x 16.49 x 11.02-inches; OS: Windows 10 Home 64-bit

The cooling system that MSI uses for the GE72VR APACHE PRO includes a total of six copper heat pipes 
that transfer heat away from the CPU and GPU areas. The heat pipes wrap behind two blower-style fans 
in the rear corners of the system that exhaust the heat out the back of the notebook.
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setups, and you can install up to 64GB 
of DDR4-3866 memory. You have a 
variety of choices when it comes to PCIe 
SSDs, as GIGABYTE includes an M.2 
slot (Type 2242/2260/2280/22110 form 
factors), a U.2 port, and a third PCIe x16 
slot that runs at x4 speed—ideal for PCIe 
SSD add-in cards. 

Other Z170 motherboards offer 
similar connectivity for PCIe SSDSs, 
but often, the M.2 or U.2 ports share 
bandwidth with a PCIe x16 slot—
preventing you filling up a rig with 
multiple PCIe SSDs. GIGABYTE 
designs the GA-Z170X-UD3 Ultra so 
you can populate the M.2, the U.2, and 
bottom PCIe x16 slot with PCIe SSDs, 
and you can even RAID the SSDs for 
ultimate storage speed. The PCIe storage 
ports do share bandwidth with the six 
6Gbps ports, though, so anyone using an 
HDD or SATA SSD will want check the 
user manual for which SATA ports are 
disabled when a PCIe SSD in installed. 

Quality rear I/O connectivity in 
motherboards is vital for power users. On 
the GA-Z170X-UD3 Ultra, GIGABYTE 
includes a USB 3.1 Type-C port that can 

a completely black PCB and black 
heatsinks. Those who want a motherboard 
that stands out inside a case should like 
the GA-Z170X-UD3 Ultra’s look. If you 
prefer a board that blends into the dark 
spaces of a case and won’t distract from 
other internal hardware, the GA-Z170X-
Ultra Gaming might be a better choice. 

Your preference, of course, may also 
come down to whether your build’s color 
scheme includes blue or red. If neither 
color suits your build, the Designaire’s 
RGB lighting might be your best 
course of action. Whatever the case, 
GIGABYTE’s motherboard variety 
assures you’ll be able to make your build 
look great. We particularly like the 
diffused LED lighting in between the 
DIMM slots and the LEDs below the 
PCIe x16 slots, because the illumination 
helps to show off key components in your 
rig. There are also LEDs along the right 
and left side of the board, which creates a 
glow around the edges of the PCB.

Beyond good looks ,  the  GA-
Z170X-UD3 Ultra has all the tools you’ll 
need to build an outstanding gaming rig. 
There’s support for SLI and CrossFire 

I n recent months, we’ve reviewed a 
number of the high-end motherboards 

GIGABYTE released this summer, 
i n c lud ing  the  GA-Z170X-Ul t r a 
Gaming, GA-X99-Ultra Gaming, and 
the GA-Z170X-Designaire. For those 
who haven’t kept up, the thing these 
boards all have in common is support 
for up-and-coming technology, such as 
devices that connect via U.2, USB 3.1 
Type-C, and Thunderbolt 3. GIGABYTE 
also has made some notable aesthetic 
improvements with strategically placed 
LEDs that illuminate the PCB like never 
before. The GA-Z170X-UD3 Ultra 
offers nearly identical hardware support 
to the GA-Z170X-Ultra Gaming and 
GA-Z170X-Designaire. But where the 
Ultra Gaming uses red LEDs and the 
Designaire features RGB illumination, the 
GA-Z170X-UD3 Ultra lights up blue. 

In addition to the blue LED lighting, 
GIGABYTE also adds bright white 
shields over the heatsinks on this board. 
Trace lines on the PCB are also white. 
With the LEDs off, the GA-Z170X-UD3 
Ultra is more visually interesting than the 
GA-Z170X-Ultra Gaming, which features 

GIGABYTE GA-Z170X-UD3 Ultra

“. . . we love the enthusiast 
features and connectivity of 
the GA-Z170X-UD3 Ultra.”

GA-Z170X-UD3 Ultra
$169.99
GIGABYTE
www.gigabyte.us
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Gaming helps our test system to produce 
more than 100fps in Metro: Last Light 
(106.4fps) and Dying Light (121.3fps). 
The GA-Z170X-UD3 Ultra and Intel’s 
Core i7-6700K produce speedy numbers 
in Cinebench 15 (887 points) and 
POV-Ray 3.7 (1893.1 pixels per second). 

Just  l ike  the GA-Z170X-Ultra 
Gaming, we love the enthusiast features 
and connectivity of the GA-Z170X-UD3 
Ultra. Among comparably priced Z170 
motherboards, the GA-Z170X-UD3 
Ultra’s support of Thunderbolt 3 is 
particularly notable. The board’s blue and 
white scheme on the board might not be 
for everyone, but it’s an attractive option 
for builders looking to get away from 
the red and black colors so common in 
today’s hardware.  ■

BY NATHAN LAKE

also serve as a Thunderbolt 3 port after 
you install a simple firmware update. 
Thunderbolt 3 offers a bandwidth of 
40Gbps, a significant boost over USB 
3.1’s 10Gbps, which itself is double 
the speed of a USB 3.0 port. The 
Thunderbolt 3/USB 3.1 Type-C port 
also supports Power Delivery 2.0, which 
allows it to provide 100 watts of power to 
connected devices. In short, GIGABYTE 
makes sure that anyone can utilize 
Thunderbolt 3 to its fullest extent. The 
rear panel also features a USB 3.1 Type 
A port, four USB 3.0 ports, two USB 2.0 
ports, and a PS/2 port. 

T h e  G A - Z 1 7 0 X - U D 3  U l t r a’s 
benchmark numbers are nearly identical 
to the GA-Z170X-Designaire we tested 
last month, which makes sense because 
each board was tested with the same set of 
components. The exceptionally powerful 
GIGABYTE GeForce GTX 1080 Xtreme 

Specs: Max memory: 64GB DDR4 (DDR4-2133; Max OC: DDR4-3866); Slots: 3 PCIe 3.0 x16, 3 PCIe x1; Storage: 1 M.2 (type 2242, 2260, 2280, 22110), 1 
U.2, 6 6Gbps SATA, 2 SATA Express; Rear I/O: 1 HDMI, 1 DisplayPort, 1 Mini-DisplayPort (in), 2 USB 3.1 (1 Type-C, 1 Type-A), 4 USB 3.0, 2 USB 2.0, 1 PS/2, 1 
Ethernet, 1 S/PDIF, audio I/O; Form factor: ATX; Warranty: 3 years
Test System Specs: Processor: Intel Core i7-6700K; GPU: GIGABYTE GeForce GTX 1080 Xtreme Gaming; Memory: Corsair Vengeance LED 32GB DDR4-
3200MHz; Storage: 240GB Intel SSD 730 Series; OS: Windows 10 Enterprise

Benchmark Results
GIGABYTE 
GA-Z170X-UD3 
Ultra

3DMark Fire Strike Ext. 9997

Graphics Score 11158

Physics Score 13040

PCMark 8

Creative Score 5983

SiSoftware Sandra 2016

Dhrystone AVX2 (GIPS) 185.46

Whetstone AVX 
(GFLOPS)

108.21

Multi-Media Integer AVX2 
x32 (Mpixels/s)

392.11

Multi-Media Long-int 
AVX2 x16 (Mpixels/s)

184.1

Multi-Media Quad ALU x1 
(Mpixels/s)

2.11

Floating B/F AVX/128 
(GBps, mem bandwidth)

36.44

CrystalDiskMark 5.1.2 
(MBps)

Sequential Read 
(Q32T1)

557.3

Sequential Write (Q32T1) 298.2

Random 4K Read 
(Q32T1)

372.1

Random 4K Write 
(Q32T1)

250

POV-Ray 3.7 (Pixels/s) 1893.1

Cinebench 15 (Points) 887

Games (2,560 x 1,440)

Metro: Last Light (Very 
High, 16xAF; SSAA off)

106.4fps

Dying Light (High, AO 
On, AA On, Vsync Off)

121.3fps

Witcher 3: Wild Hunt 
(Vsync Off, Unl. FPS, 
Ultra)

88.4fps

The GA-Z170X-UD3 Ultra is loaded with tools to build a great gaming PC. It supports SLI and CrossFire 
as well as up to 64GB of DDR4-3866 memory. Along with an assortment of other ports, the rear I/O 
panel features a USB 3.1 Type-C port that can run Thunderbolt after a firmware update.

CPU  /  October 2016 15



In addition to the three PCIe x16 slots, 
MSI also includes two PCIe x1 slots—
both of which are located beneath the top 
PCIe x16 slot. 

The layout of the PCIe x16 slots—with 
two PCIe x1 slots between the top and 
middle x16 slots—provides some extra 
breathing room between two dual slot 
GPUs. Of course, this assumes you don’t 
plan on installing an add-on card into one 
of the PCIe x1 slots. The expansion slot 
layout also means you can install a GPU 
with a three slot cooler into the top PCIe 
x16 slot without covering the second 
PCIe x16 slot. Beneath the second PCIe 
x16 slot, MSI provides an M.2 slot that 
supports type 2242/2260/2280/22110 
form factors.

To support offboard storage, the X99A 
TOMAHAWK includes a U.2 port and 
10 6Gbps SATA ports. Interestingly, four 
of the 6Gbps SATA ports are located 
along the bottom of the PCB with front-
facing connectors. The U.2 port and the 
remaining six 6Gbps SATA ports reside in 
the conventional location along the right 
of the PCB with right angled connectors. 
The front-facing SATA ports, on the other 

additions that make the high-end models 
great for gaming duties.

Right out of the box, you’ll be able 
to use either Intel’s Broadwell-E Core i7 
Extreme Edition processors or the older 
Haswell-E processors with the X99A 
TOMAHAWK. If you opt for one of 
Intel’s Broadwell-E CPUs, the X99A 
TOMAHAWK wi l l  automat ica l ly 
optimize performance with single-
threaded workloads via Intel’s Turbo 
Boost 3.0 Max Technology. Intel’s 
Extreme Edition chips are also great 
multitaskers, and MSI further enhances 
your build’s multitasking capabilities 
by providing eight DIMM slots that 
can handle up to 128GB of DDR4-
3333MHz memory.

A gaming build based around the 
X99A TOMAHAWK can include up to 
three GPUs in SLI or CrossFire. If you 
install an Extreme Edition chip with 40 
PCIe lanes and three graphics cards, the 
board’s three PCIe x16 slots will operate 
at x16/x16/x8 speeds. With a 28 PCIe 
lane Extreme Edition processor, lane 
speed on the three PCIe x16 slots will 
drop to x8/x8/x8 speed with three GPUs. 

Do you have an aging X99 motherboard 
that limits your options with PCIe 

SSDs? Or maybe you’ve been eyeing some 
high-speed DDR4 that your current board 
can’t handle. In the last few months, many 
motherboard manufacturers have released 
new X99 motherboards to update the X99 
chipset and let power users keep up with 
the Joneses. MSI’s X99A TOMAHAWK, 
for example, includes a 32Gbps M.2 slot, 
a 32Gbps U.2 port, and two 10Gbps USB 
3.1 ports (one Type C and one Type A). 
Other gaming goodies are onboard, too.

The X99A TOMAHAWK is a member 
of MSI’s ARSENAL GAMING series, 
which also includes boards bearing 
MORTAR, BAZOOKA, and GRENADE 
titles. Speaking generally, these boards 
feature less onboard overclocking and 
multi-GPU amenities  than MSI’s 
high-end X99 boards, but the ARESNAL 
models are typically more affordable. The 
X99A TOMAHAWK is priced $269.99, 
while some of MSI’s enthusiast GAMING 
boards cost more than $400. Best of all, 
the X99A TOMAHAWK comes with 
MSI’s Audio Boost 3, GAMING LAN 
Manager, and Gaming Device Port 

“. . . an excellent value for 
builders looking to upgrade 

their X99 mainboard.”

MSI X99A TOMAHAWK

X99A TOMAHAWK
$269.99
MSI
us.msi.com

16 October 2016  /  www.computerpoweruser.com



see how powerful our test system is. 
The X99A TOMAHAWK and 32GB of 
HyperX Predator memory also showed 
well in Sisoftware’s Memory Bandwidth 
test with transfer rates near 60GBps. 
Intel’s Core i7-6950X displayed just why 
it’s the most powerful Extreme Edition 
chip available, too, with 1887 points in 
Cinebench 15. 

The X99A TOMAHAWK is an 
excellent value for builders looking to 
upgrade their X99 mainboard. The 
onboard additions, such as the 32Gbps 
U.2 and M.2 ports, are similar to what 
you’d find on a higher priced X99 
models. In addition to the performance 
enhancements, MSI includes its top-
notch onboard audio and networking, 
as well as utilities that let you customize 
and manage sound quality and network 
traffic. The X99A TOMAHAWK is a 
missile that’s aimed squarely at gamers.  ■

BY NATHAN LAKE

hand, take up valuable space along the 
bottom of the PCB, which forces MSI 
to squeeze most all of the front panel 
headers under the bottom PCIe x16 slot.

The X99 chipset, by itself, comes up 
a little short on native USB bandwidth 
when USB 3.1 ports enter the equation. 
For this reason, MSI adds two ASMedia 
chipsets to the X99A TOMAHAWK. The 
ASM1142 chipset supports the two USB 
3.1 ports on the rear panel, while the 
ASM1074 chipset serves up four USB 3.0 
ports on the rear panel. The X99 chipset 
powers the two USB 3.0 headers, the two 
USB 2.0 headers, and the four USB 2.0 
ports on the rear panel.

Th i s  mo the rboa rd  p e r f o rmed 
exceptionally well, as you might expect, 
when paired with an Intel Core i7-
6950X, a ZOTAC GeForce GTX 1070 
AMP Edition, and 32GB of HyperX 
Predator DDR4-3000. One need only 
look at the overall score (8423) in 
3DMark’s Fire Strike Extreme test to 

Specs: Max memory: 128GB DDR4 (Max OC: DDR4-3333); Slots: 3 PCIe 3.0 x16, 2 PCIe x1; Storage: 1 M.2 (type 2242, 2260, 2280, 22110), 1 U.2, 10 Gbps 
SATA, 1 SATA Express; Rear I/O: 2 USB 3.1 (1 Type-C, 1 Type-A), 4 USB 3.0, 4 USB 2.0, 1 PS/2, 2 Ethernet, audio I/O, 1 S/PDIF, 1 Clear CMOS button; Form 
factor: ATX; Warranty: 3 years
Test System Specs: Processor: Intel Core i7-6950X; GPU: ZOTAC GeForce GTX 1070 AMP Edition; Memory: 32GB HyperX Predator DDR4-3000; Storage: 
240GB OCZ Vertex 3 MAX IOPS SSD; OS: Windows 10 Enterprise

Benchmark Results
MSI X99A 
TOMAHAWK

3DMark Fire Strike Ext.

Graphics Score 8423

Physics Score 21842

PCMark 8

Creative Score 5438

SiSoftware Sandra 2016

Dhrystone AVX2 (GIPS) 293.6

Whetstone AVX 
(GFLOPS)

248.7

Multi-Media Integer AVX2 
x32 (Mpixels/s)

894

Multi-Media Long-int 
AVX2 x16 (Mpixels/s)

294.9

Multi-Media Quad ALU x1 
(Mpixels/s)

4.43

Floating B/F AVX/128 
(GBps, mem bandwidth)

59.75

CrystalDiskMark 5.1.2 
(MBps)

Sequential Read 
(Q32T1)

554.3

Sequential Write (Q32T1) 227.9

Random 4K Read 
(Q32T1)

319.3

Random 4K Write 
(Q32T1)

208.6

POV-Ray 3.7 (Pixels/s) 3689

Cinebench 15 (Points) 1887

Games (2,560 x 1,440)

Metro: Last Light (Very 
High, 16xAF; SSAA off)

83.33fps

Dying Light (High, AO 
On, AA On, Vsync Off)

105fps

Witcher 3: Wild Hunt 
(Vsync Off, Unl. FPS, 
Ultra)

60.2fps

The MSI X99A TOMAHAWK includes features such as 32Gbps U.2 and M.2 ports that are similar to what 
you would expect to find on higher priced X99 boards. MSI also adds two ASMedia chipsets to the board 
to support additional USB ports (2 x USB 3.1 and 4 x USB 3.0) on the rear I/O panel.
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ENERMAX ETS-T50 AXE
A tandem of technologies assist on this 
front. The first is ENERMAX’s patented 
Pressure Differential Flow (yes, “PDF”). 
Starting at the fan, the ETS-T50-AXE 
uses differential wind pressure to funnel 
air through a cone-shaped “tunnel” within 
the heatsink. According to ENERMAX, 
PDF increases airflow through the 
heatsink by up to 15%. Another patented 
technology, Air Guide, actually looks like 
a placeholder of sorts for power users who 
want to add a second fan to the cooler 
down the road, but the plastic piece 
that clips to the back of the cooler helps 
direct air toward the rear panel case fan, 
which is usually slightly higher than the 
CPU cooler fan(s). Together, PDF and 
Air Guide should help keep air surging 
through the ETS-T50-AXE.

S ometimes, it’s the little things that 
separate good hardware from great 

hardware. Astute power users know this is the 
case with a variety of component types. Take 
CPU air coolers, for example. If you don’t 
have time to dig into a particular product’s 
details, you can easily fall into the trap of 
believing that bigger is better—more metal 
plus faster fans equals higher performance. 
That can be true enough in a general 
sense, but it ignores all the innovations 
manufacturers can bake into a cooler to make 
it even more efficient. ENERMAX has been 
busy baking, and the ETS-T50 AXE is its 
latest cooler to come out of the oven.

As an air cooler, the ETS-T50 AXE 
naturally places a premium on maximizing 
airflow, so it should come as no surprise 
that its heatsink is designed to do just that. 

Elsewhere, ENERMAX also shows how 
much thought it puts into its coolers. The 
heatpipes are arranged asymmetrically, which 
keeps the ETS-T50-AXE from intruding 
on the air space, if you will, above a 
motherboard’s DIMM slots. Indeed, we had 
just enough room to install the ETS-T50 
AXE on our GIGABYTE GA-Z170X-Ultra 
Gaming without running into clearance 
issues. Not having to worry about the height 
of our memory modules is a definite perk. 
The ETS-T50 AXE also uses ENERMAX’s 
Dust Free Rotation technology, which blasts 
the fan at full speed during the first 10 
seconds of operation in order to dislodge any 
dust that’s accumulated while your system is 
powered down; afterward, the fan returns to 
PWM operation. This is more of a quality-
of-life improvement, truth be told, but it’s 
just one more way ENERMAX has carefully 
considered how to add value to a CPU 
cooler. Established ENERMAX technologies 
such as VEF (Vacuum Effect) and VGF 
(Vortex Generator Flow) are present, as well.

To test the ETS-T50 AXE, we installed 
it in a system with an Intel Core i7-6700K 
CPU, 32GB of Corsair Vengeance DDR4-
3200, and a GIGABYTE GeForce GTX 
1080 Xtreme Gaming. At idle, the average 
temperature across the 6700K’s four cores 
was 24.6 degrees Celsius. When we taxed 
ENERMAX’s cooler with several rounds of 
POV-Ray 3.7, it delivered an average temp 
of 57.9 C, and 10 minutes of punishment 
at the hands of Prime95 produced an 
average temperature of 67 C.

Add the ETS-T50 AXE’s VEGAS LED 
fan to the mix, and you have a rock-solid 
air cooler that won’t rock your budget. 
When you’re ready to replace your CPU 
cooler, give it a serious look. ■

BY VINCE COGLEY

ETS-T50 AXE
$59.99 | ENERMAX | www.enermaxusa.com

Specs: Materials: Copper (heatpipes), aluminum (fins); Fan: 120mm PWM (800 to 1,800); Dimensions: 6.3 x 4.4 x 5.5 inches (HxWxD); Socket compatibility: 
Intel LGA 775/115X/1366/2011(3), AMD AM2/AM2+/AM3/AM3+, FM1/FM2/FM2+ 
Test system specs: Processor: Intel Core i7-6700K; Motherboard: GIGABYTE GA-Z170X-Ultra Gaming; GPU: GIGABYTE GeForce GTX 1080 Xtreme Gaming; 
Memory: Corsair Vengeance LED 32GB DDR4-3200MHz; Storage: 240GB Intel SSD 730 Series; OS: Windows 10 Enterprise
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GIGABYTE BRIX S

In addition to the USB 3.1 Type-C/
Thunderbolt 3 port, GIGABYTE includes 
enough connectivity to get you by. You 
can hook up to two displays via the 
mini-Display Port 1.2 and HDMI 2.0 
ports. For your mouse and keyboard, you 
can use the two USB 3.0 ports on the 
front panel or the two USB 3.0 ports on 
the side panel. An SD card slot is also 
available on the side panel. Wireless 
connectivity is built-in via Intel’s Dual 
Band Wireless-AC 3165, and an Ethernet 
port is also available for those who want 
the reliability of a wired connection.

We filled out the BRIX S with 16GB 
of SK Hynix DDR4-2133 memory, as 
well as a 240GB Intel SSD 730 Series with 
Windows 10 Enterprise. When compared 
to the BRIX PC we reviewed in June, which 

Thunderbolt and Thunderbolt 2 devices 
have been popular among audio and 

video pros, but the speedy Thunderbolt 
hardware never found much traction with 
mainstream consumers. Part of the problem 
was that Thunderbolt connectors just aren’t 
common on desktop PCs and notebooks. 
The new Thunderbolt 3 standard features 
a USB Type-C connector that also allows 
a Thunderbolt port to work with USB 
3.1, 3.0, and 2.0 devices. The outstanding 
flexibility of Thunderbolt 3 makes it an 
ideal choice for small form factor devices 
that have limited space for external 
connectivity. GIGABYTE’s new BRIX S 
(product name GB-BSi7HT-6500) is an 
ultra-compact PC with a Type-C port you 
can upgrade to a Thunderbolt 3 port via a 
simple firmware upgrade.

The form factor of the BRIX S is similar 
to previous GIGABYTE BRIX models. 
It stands only 1.84-inches high and is a 
mere 4.43-inches wide and 4.7-inches 
deep. The size makes it a good choice for 
a home environments where you want to 
hide the PC, or at least, keep the system’s 
footprint to a minimum. As we’ve seen 
from GIGABYTE in the past, the BRIX 
S includes a VESA mounting plate, so you 
can attach the PC to the back of a monitor 
or the wall—wherever it’s most convenient 
for you to conceal the PC.

The GB-BSi7HT-6500 is a barebones 
design where you’ll need to add system 
memory (up to 16GB of DDR4-2133 
via two SO-DIMMs), storage (may install 
both an M.2 SSD and 2.5-inch drive), and 
operating system (Windows 7, 8.1, or 10). 
What’s inside the BRIX, you might ask? 
The ultra-compact PC essentially consists 
of an Intel Core i7-6500U and custom 
GIGABYTE motherboard. The dual-core 
CPU boasts Hyper-Threading and is one 
of Intel’s speediest Skylake-U chips with a 
2.5GHz base clock (3.1GHz Turbo Boost). 
The Core i7-6500U also serves as the GPU 
via its Intel HD Graphics 520.

featured a Core i5-6200U, benchmark 
results in the processor-intensive tests for the 
BRIX S were around nine to 13% better. 
You won’t ever confuse the BRIX S for a 
gaming system, but we were able to reach 
30fps in DOTA 2 at a resolution of 1,920 x 
1,080 and all settings on High.

GIGABYTE’s BRIX systems continue to 
be an excellent option for home office and 
HTPC duties. Upgrading the BRIX S to 
Thunderbolt 3 opens new doors for speedy 
data transfer with external storage, as well as 
other Thunderbolt 3 and Type-C accessories 
expected to come to market in the next year. 
External graphics enclosures and docking 
stations (a few already exist) are just some of 
the promising Thunderbolt 3 peripherals.  ■

BY NATHAN LAKE

System Specs: Processor: Intel Core i5-6500U; Motherboard: GIGABYTE MKLP7BP; GPU: Intel HD Graphics 520; Memory: 16GB SK Hynix DDR4-2133; 
Storage: 240GB Intel SSD 730 Series; OS: Windows 10 Enterprise

GB-BSi7HT-6500
$590
GIGABYTE
www.gigabyte.us

GIGABYTE BRIX GB-BSi7HT-6500

3DMark Sky Diver Score 3615
Floating B/F AVX/128 (GBps, mem 
bandwidth)

26.9

Graphics Score 3426 POV-Ray 3.7 (Pixels per second) 691.8

Physics Score 4990 Cinebench 15 (Points) 321

PCMark 8 Creative Score 2807 CrystalDiskMark 5.1.2 (MBps)

SiSoftware Sandra 2016 Sequential Read (Q32T1) 503.8

Dhrystone AVX2 (GIPS) 69.51 Sequential Write (Q32T1) 249.7

Whetstone AVX (GFLOPS) 40.13 Random 4K Read (Q32T1) 323

Multi-Media Integer AVX2 x32 (Mpixels/s) 170 Random 4K Write (Q32T1) 207.7

Multi-Media Long-int AVX2 x16 (Mpixels/s) 69.8 Games

Multi-Media Quad ALU x1 (Mpixels/s) 0.8
Metro: Last Light (1,024 x 768; all settings on 
Low) in fps

37.33

Integer B/F AVX/128 (GBps, mem 
bandwidth)

25.72
Dota 2 (1,920 x 1,080; all setting High) 
in fps

30

“. . . an excellent option for home 
office and HTPC duties.”
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Aerocool P7-C1
We really appreciate the P7-C1’s 

smart interior design. It checks off 
all the boxes you’d expect in a well-
made modern PC case: a clean inner 
space that’s free of legacy drive bays 
and cages, a power supply shroud that 
streamlines the look of your system, 
flexible storage in the form of four SSD 
mounts (two in front on top of the 
PSU shroud and two on the back of 
the motherboard tray) and a hidden 
dual 3.5-inch drive bay, room for good-
sized radiators, and a motherboard tray 
that makes both cable management and 
cooler installation hassle-free.

Speaking of cable management, one 
feature that we’ve been seeing with a 
little more frequency lately (and that we 
like quite a bit) is a motherboard tray 
with a raised opening along the right 
(front) side of your motherboard, where 
the bulk of your cables will connect. The 
P7-C1’s vertical cable management slot 
is easier to use than traditional rubber-
grommeted cable management holes and 

T he P7-C1 is the latest mid-tower from 
Aerocool, and although it reminds us 

in some ways of the company’s excellent 
Aero line of cases (it combines a sturdy 
steel frame with great-looking molded 
ABS plastic front and top panels, and it’s 
available in both black and white) that it 
launched last year, it’s an upgrade pretty 
much across the board. For starters, it 
looks amazing. This is by far the most 
attractive case Aerocool has launched to 
date, and manages to nicely walk the fine 
line between style and ostentation. 

The case’s recessed black mesh front 
panel in particular gives the case a 
fast, high-tech look while allowing for 
unrestricted air flow. It includes an LED 
accent ring that outlines the mesh inset, 
and you can set it to any of eight color 
choices. The top panel is well ventilated, 
also, and matches the skids/feet on the 
bottom of the case perfectly. The left-side 
panel has an enormous window that’s 
ever-so-slightly tinted, and the interior 
of the case is all done in black.

does a little better job of keeping your 
interior looking clean, to boot.

You can’t spell “Aerocool” without 
“cool,” and the P7-C1 lives up to its 
name. The case comes with a single 
120mm fan mounted on the inside of the 
rear panel, and provides mounting spots 
for another three 120mm fans or two 
140mm fans behind the front panel, as 
well as mounts for two more 120mm fans 
underneath the top panel. If watercooling 
is your thing, the case will hold radiators 
up to 240mm on top and up to 360mm 
in front. Regardless of the specific details 
of your configuration, this mid-tower 
has the ventilation and structure to stay 
cool, even when you push your PC’s 
components to their limits. ■

BY CHRIS TRUMBLE

P7-C1
$119.99
Aerocool

www.aerocool.us

Specs: Dimensions: 18.7 x 8.2 x 16 inches (HxWxD); Materials: SGCC steel, plastic; Motherboard support: Mini-ITX, mATX, ATX; Drive bays: 2 x 
3.5-inch internal, 4 x 2.5-inch internal; Fans (included): 1 x 120mm rear; Fans (optional): 3 x 120mm/2 x 140mm front, 2 x 120mm top; Ports: 2 
x USB 3.0, 2 x USB 2.0, audio I/O

“You can’t spell ‘Aerocool’ 
without ‘cool,’ and the P7-C1 

lives up to its name.”
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State-Of-The-Art
Standards
U.2

string of letters and numbers in SFF-
8639. Secondly, U.2 offers similar 
performance capabilities to the already 
established M.2 interface, and by using 
similar nomenclature to M.2, it’s easier 
for consumers to recognize U.2 as a 
connector for high-end storage devices.

U.2 vs. M.2
We covered the M.2 interface in 

last  November’s  State-Of-The-Art 
Standards (www.computerpoweruser.
com/ar t i c l e/19029/state -o f- the-ar t-
standards), and M.2 SSDs continue 
to be a good choice for builds where 
there’s no room for 2.5-inch drive or 
an add-in card. The off-board design 
of U.2 drives has its benefits, too. “U.2 
makes the development of PCIe SSDs 
more flexible,” says Olivia Chen, MSI 
product marketing. “It is not limited by 
motherboard size and the cable design 
can fully utilize 2.5-inch or 3.5-inch 
installation space in chassis.”

In the batt le for speed, U.2 is 
equal to M.2, because both interfaces 
provide access to four lanes of PCIe 
3.0 bandwidth. The interfaces are so 
similar that motherboard manufacturers 
initially supported U.2 by offering 
M.2-to-U.2 adapter  cards .  Most 
motherboard manufacturers updated 
their Z170 and X99 chipset offerings 
this summer, and many of the recently 
released motherboards now include 
an U.2 connector.  MSI’s  Z170A 
MPOWER GAMING TITANIUM, for 
example, includes a U.2 port next to 
the board’s 6Gbps SATA slots.

A point in the favor of U.2 against M.2 
is the potential for much greater storage 

T he SATA interface is old and tired. No 
longer able to keep up with the speed 

of newfangled SSDs, the PC industry 
is ready to give SATA an easy part-time 
job—along with its slow HDD and SATA 
SSD buddies—taking care of our digital 
file collections and other seldom-accessed 
data. Just stay away from the OS drive, 
old timer, 6Gbps SATA is no good here. 
The PCIe bus with its 32Gbps pipeline is 
where today’s fastest SSDs play. The U.2 
interface, along with the M.2 interface 
and PCIe expansion slots, are the onboard 
connections NVMe SSDs can use to ride 
on the PCIe bus. U.2 allows enthusiasts 
to go with an SSD drive boasting the 
familiar 2.5-inch or 3.5-inch form factor. 

SFF-8639
U.2 isn’t the interface’s original name. 

It formerly went by the forgettable 
monike r  SFF-8639  and  was  an 
extension of the 8482 SAS connector 
used in servers.  In the enterprise 
market, SFF-8639 improves upon the 
8482 SAS interface by adding support 
for four lanes of multilink SAS or PCIe 
connectivity. SFF-8639 is primarily 
found on server backplanes to easily 
populate racks with 2.5-inch SSDs. In 
an enterprise environment, PCIe SSDs 
that connect via SFF-8639 are preferable 
to the add-in card form factor because 
you can hot-swap the drives and avoid 
shutting down the server.

In June 2015, the SSD Small Form 
Factor Working Group announced 
that it would simplify the name to 
U.2. The change served two important 
purposes. First off, U.2 is much easier to 
remember than the seemingly random 

Motherboard makers typically position the 
U.2 port next to the SATA ports on the right 
side of the PCB. 
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to come along. “Samsung, OCZ, HGST, 
and Micron plan to launch U.2 SSD in 
the future,” says Chen. Even if Intel is 
the only SSD vendor to use U.2, there’s 
a lot to like about the 750 SSD Series. 
Available in both 2.5-inch and add-in 
card form factors, Intel offers the 750 
SSD Series in 400GB, 800GB, and 
1.2TB capacities.

The 750 SSD Series drives are some 
of the fastest PCIe SSDs on the market. 
The 1.2TB drives are the speediest 
with sequential read and write rates of 
2,500MBps (20Gbps) and 1,200MBps 
(9.6Gbps), respectively. Transfer rates 
don’t slow down much as capacity 
drops, as the 400GB drives are rated 
for 2,200MBps (17.6Gbps) sequential 
w r i t e  a n d  9 0 0 M B p s  ( 7 . 2 G b p s ) 
sequential read speeds. When it comes 
to mixed and random workloads, the 
750 SSD Series also puts most of the 
SSD competition to shame. The 1.2TB 
750 SSD Series, for example, can write 
up to at 460,000 IOPS and read at 
290,000 IOPS.

Intel loads up the 750 SSD Series 
with a lot of enthusiast features. The 

What SSDs Feature U.2?
As of press time, Intel’s 2.5-inch 750 

SSD Series were the only consumer SSDs 
making use of the U.2 connector. But not 
to worry, more U.2 drives are expected 

capacity. “U.2 drives can have more 
memory die than M.2, and therefore have 
an advantage with capacity expansion,” 
says Chen. The M.2 form factor is limited 
in size (M.2 SSDs are only 22mm wide) 
and are barely longer than a stick of gum. 
The 2.5-inch and 3.5-inch form factors of 
offboard storage provides a much bigger 
area to install NAND flash.

U.2 vs. Add-In Card
For enthusiasts and gamers with 

multiple GPUs, the advantages of 
offboard storage are fairly obvious. PCIe 
slots are valuable to power users. Even if 
you don’t have a 3-way SLI setup, you 
might be using your board’s expansion 
slots for additional USB connectivity, 
wireless networking, or a sound card. In 
some cases, installing a PCIe SSD into a 
motherboard’s PCIe x16 slot may reduce 
the lane bandwidth available to your 
GPUs. PCIe SSDs that connect via U.2 
typically utilize chipset PCIe lanes, rather 
than the PCIe lanes on your CPU, and 
will free up the CPU’s PCIe lanes for 
your graphics cards. At the very least, 
it’s helpful to have a free PCIe x16 slot 
available, if you need to use an add-on 
card down the road.

The U.2 connector on a PCIe SSD is based on the SFF-8639 backplane found in the enterprise market.

Intel’s 2.5-inch 750 SSD Series drives were the first to adopt the U.2 connection for consumer 
PCIe SSDs.
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What If My Motherboard 
Doesn’t Have U.2?

So you like the idea of Intel’s 2.5-
inch 750 SSD Series drives, but your 
motherboard doesn’t currently have 
a U.2 port. Here’s where an M.2-
to-U.2 adapter comes in, and most 
motherboard makers now offer one as 
an optional accessory. MSI Turbo U.2 
Host Card features the same gum-stick-
sized form factor of an M.2 device, but 
it has a U.2 connector at the end of 
the miniature PCB. For compatibility’s 
sake, you’ll want to use an adapter that’s 
the same brand as your motherboard. 
Typically, M.2-to-U.2 adapters retail for 
between $20 and $30. 

Before you purchase a U.2 device and 
M.2 adapter, you’ll want to check your 
motherboard’s specifications to make 
sure the M.2 device is supported and will 
run at its full speed. For example, some 
motherboards might feature an M.2 
slot that operates at only 10Gbps. With 
Intel’s 750 SSD Series drives operating at 
up to 20Gbps, you might be cutting its 
bandwidth by more than half. Chen says 
that “Consumers will also need to check 
if the M.2 port supports PCIe mode 
or not, as M.2- to-U.2 adapters don’t 
support M.2 running in SATA mode.”

M.2 slots were appearing in mother-
boards as far back as the Z87 chipset, 
but it wasn’t until the Z97 chipset 
that M.2 slots were commonly added 
to the PCB. Unfor tunate ly,  the 
majority of M.2 slots on Z87 and Z97 
motherboards can only access two PCIe 
2.0 lanes for a maximum bandwidth 
of 10Gbps. Motherboards featuring 
Intel X99 chipset are more likely to 
include 32Gbps M.2 slots that provide 
the full speed of U.2, though many 
older models did limit M.2 to 10Gbps. 
Almost all Z170 motherboards include 
a 32Gbps M.2 port.

With only a few exceptions, AMD-
based motherboards generally lack M.2 

ports, as well as U.2 ports. The majority 
of AMD motherboards also aren’t 
compatible with the NVMe protocol 
(we’ll go into full detail on NVMe in 
a moment), which makes booting 

MLC NAND flash that’s rated with 
endurance of five years,  assuming 
a typical workload of 70GB of host 
writes per day. Intel also provides power 
loss data protection, which helps to 
safeguard data in flight.

SSD’s sequential read latency is around 
20 microseconds with sequential data 
and 120 microseconds with random 
data. The low latency helps the PCIe 
SSD to respond nearly instantaneously. 
The dr ives  are  bui l t  wi th 20nm 

The Z170A MPOWER GAMING TITANIUM is one of the six MSI motherboards with an onboard U.2 port.

GIGABYTE designed the GA-Z170X-UD3 Ultra so you can populate the M.2, the U.2, and the bottom 
PCIe x16 slot with PCIe SSDs.
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off an add-in card PCIe SSD unlikely. 
GIGABYTE’s GA-990FX-Gaming is one 
of the few AMD motherboards with an 
M.2 slot, and it supports PCIe NVMe 
storage at up to 20Gbps. 

Booting With U.2
In addition to the PCIe bus, SSDs 

that connect via U.2 are likely to use the 
NVMe (Non-Volatile Memory Express) 
protocol that’s much faster and provides 
lower latency than the ACHI (Advanced 
Host Controller Interface) protocol used 
by SATA SSDs and HDDs. In short, 
NVMe helps to unlock a PCIe SSD’s 
full potential. But when Intel’s 750 
SSD Series drives were first released, 
some people had trouble booting from 
the SSDs because not all motherboards 
supported the NVMe protocol.

Motherboard makers responded 
quickly and released BIOS updates to 
enable support for NVMe, but just as a 
reminder, you might need to update the 
BIOS on your board before installing an 
Intel 750 SSD Series device. Any board 
released within the past year should 
natively support NVMe without a BIOS 

GIGABYTE Boards 
With Onboard U.2
• GA-Z170X-Designare
• GA-Z170X-Ultra Gaming
• GA-Z170-UD3 Ultra
• GA-X99-Designare EX
• GA-X99-Phoenix SLI
• GA-X99-Ultra Gaming

MSI Motherboards 
With Onboard U.2
• Z170A MPOWER GAMING TITANIUM
• X99A XPOWER GAMING TITANIUM
• X99A GAMING PRO CARBON
• X99A SLI
• X99A TOMAHAWK
• X99A WORKSTATION

MSI’s Turbo U.2 Host Card lets you use a motherboard’s M.2 port as a U.2 port.

The GIGABYTE GA-990FX-Gaming is one of the few AMD-based motherboards that can support PCIe SSDs. It 
features an M.2 port, which could be paired with GIGABYTE’s optional M.2-to-U.2 adapter for U.2 support.
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3087873) that fixes the problem. Once 
your motherboard and OS are set up 
to recognize the NVMe protocol, you 
should be able to install a fresh copy of 
Windows onto an SSD that connects 
via U.2, just like you would with a 
SATA SSD or HDD.

Where Does U.2 Go From Here?
Admittedly, 2.5-inch options for 

PCIe SSDs are weak at the moment. 
There are some promising technologies 
in the works that might help push U.2 
to the forefront. Best of all, some of 
the most encouraging advancements 
are headed up by Intel, the company 
that’s already using U.2 for its 750 
Series SSDs. Intel’s Optane technology 
is slated for release in 2016 and features 
3D NAND and Intel’s 3D XPoint 
technology, which is purportedly up 
to 1000 times faster than conventional 
NAND.  Samsung and Micron’s 3D 
NAND are other potential avenues 
to advance PCIe SSDs, and if this 
technology begins to go beyond what 
can fit onto a M.2 SSD, the U.2 
interface and 2.5-inch drives are the 
most likely solution. ■

older boards that require you to enable 
NVMe in the BIOS—even after you’ve 
updated the BIOS to a revision that 

supports NVMe.
Power users running 

Windows 7 wil l  a lso 
need to do some extra 
work  to  a cce s s  and 
boot from an NVMe 
PCIe SSD. Windows 
8.1 and Windows 10 
include a native NVMe 
driver,  but Windows 
7  w a s n’t  d e s i g n e d 
with an NVMe driver. 
Microsoft has released 
a hotfix (see Microsoft 
KB# 2990941) that you 
can download to add 
native driver support 
to any system running 
Windows 7 SP1. After 
installing this hotfix, 
it was discovered that 
some users  ran into 
a  Wi n d ow s  7  St o p 
Error (0x0000007E), 
so Microsoft  created 
a second hotfix (KB# 

update, and we’d expect any motherboard 
with an onboard U.2 port to enable 
NVMe by default. We’ve also seen some 

The U.2 Cable
Intel smartly includes a U.2 cable with the 2.5-inch 750 Series 
SSD, so you won’t need to purchase one separately. Unlike a 
SATA cable, there are different connectors on each end of the 
U.2 cable. On one end is a mini-SAS HD connector that’s been 
modified to pass along PCIe data. The mini-SAS HD plug is 
what you’ll insert into a motherboard’s U.2 port. The other end 
is the relatively bulky SFF-8639 connector that plugs into your 
2.5 or 3.5-inch PCIe SSD. Despite the connector differences, 
both connectors are typically referred to as U.2 in manuals for 
motherboards and PCIe SSDs. 

Technically, the cable’s SFF-8639 connector has its own power 
input, but the cable gets the power feed from SATA power input 
that typically runs from the back of the connector. We won’t 
lie, it looks fairly unwieldly. In practice, the power design is 
similar to 2.5-inch SATA SSDs, as you’re running a SATA power 
connector almost all the way to the 2.5-inch drive. The SFF-
8639 connector dedicates 39 pins to PCIe connectivity with 
several pins reserved for refclock, transmitter signals, receiver 
signals, and power duties.

Windows 7 users will need to install a few hotfixes to support PCIe NVMe SSDs.
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White Widower
Australia,” says McCarthy. “His attention to detail and never 
settling for anything less than perfection is something that I 
aspired to achieve in my own mods and builds. Sometimes 
I’ve scrapped parts of a mod entirely and started from scratch 
because I did not achieve the desired results or because of some 
imperfection in the finished product. It’s time consuming, but 
it’s definitely worth it in the end.”

What’s Going On
McCarthy says he spent between 125 and 150 hours on 

White Widower, working in the garage space he rents to use 
as a shop. And microbrewery. And sometimes garage when 
there’s hail. But he’s moving out of his current apartment 
into a house early next year, so he hopes to do more of his 
modding indoors soon.

When asked how the end result matched his original idea, 
McCarthy says, “When modding, I have found that any 
plan that is preconceived is more of a ‘guideline,’ as the final 
product always evolves during the process, either due to new 
ideas, problem-solving an unforeseen issue, or because your 
plan just didn’t provide the desired result. But to be honest, 
I find this to be one of the more rewarding parts of the 
process, as you can achieve results you didn’t expect that just 
come out fantastic.”

White Widower is based on a Phanteks Evolv ATX, which 
McCarthy says he fell in love with right away because it was 
easy to disassemble (“I love manufacturers that use screws 

A
s we have for the past several years, we journeyed to 
Dallas this summer for Bethesda and id Software’s 
annual celebration of gaming, QuakeCon. There we 

partnered with Dewayne Carel and the rest of the excellent 
team from Modders-Inc.com to judge the event’s massive 
mod contest, and because the contest is broken into three 
categories, we ended up with three winners. The winner of 
our Case Mod category was Brandon “gnarkillin” McCarthy 
and his White Widower mod.

McCarthy says his inspiration for this mod (and all his 
builds) comes from three sources: QuakeCon, construction, 
and a custom PC company in Australia.

“I would actually have to say that QuakeCon was the 
first place where I got interested in modding,” McCarthy 
says. “Seeing how every build was unique to the individual, 
showcasing a part of the personality—I wanted to take that 
further and build a computer that was uniquely mine as 
well as highly functional, and cost effective. I’m a very DIY 
individual, and that has led me down the path of countless 
hours of YouTube videos, hardware research, modding 
techniques, and so on.

“Growing up, from the time I was eight years old until I 
left home for college, I was very involved in many aspects of 
construction. So over the years, I’ve made it a habit to build up 
my collection of tools. (Some of which I’ve made myself.)

“And a lot of my inspiration came from a company called 
Singularity Computers, founded by Daniel Cannon in 
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memory, an ASUS STRIX GTX 980, a Corsair RM850 power 
supply, two 250GB Samsung 850 EVO SSDs in RAID 0, a 
3TB WD Black hard drive, and the aforementioned Phanteks 
Enthoo Evolv ATX.

The rig’s cooling system consists of Corsair and EK fans, 
Aqua Computer controllers, EK CPU and GPU blocks, an EK 
pump and reservoir combo, Bitspower compression fittings 
and PETG tubing, and Mayhems Pastel White coolant.

What’s Next
Although he’s built several computers, McCarthy says this is 

his first fully modded case. He’s begun work on the next one 
already, though.

“I have started my research and preliminary designs. I’m 
still trying to decide whether to do a scratch build or use 
an existing case for my next project, but to give you a hint, 
it will most likely end up cylindrical and incorporate a 
watercooling loop.”

OK Brandon, you’ve piqued our curiosity. ■

instead of rivets for case assembly,” he says), the exterior is 
solid 3mm aluminum, it has a large windowed side panel with 
tool-less removal, it has a strong frame and a PSU shroud, and 
its top and front panels are easily removed.

McCarthy built custom wiring for his fully modular power 
supply using 16-gauge wire and paracord. He also built a 
custom liquid-cooling loop with two fill ports and a custom 
drainage mechanism. “The fluid flows out of the pump, down 
through the PSU cover, into a four-way fitting that has a 
temperature probe, a drain point, and a pass-through for the 
fluid to continue through the loop,” he says. “The drain goes 
to the edge of the case and back along the rear side of the 
PSU, where it runs into a ball valve and then out the back of 
the case. This makes loop maintenance a breeze; I can drain 
the entire loop in just a few minutes.”

Other custom touches include a bespoke rear panel cover, 
a front-side mid-plate with a pump/reservoir mounting 
bracket, a rear-side mid-plate with SSD brackets and custom 
cable routing holes, a top panel that better accommodates 
McCarthy’s radiator, custom RGB lighting, and a mounting 
bracket for his Aquaero fan and pump controller lighting 
controller, and hard drive.

What’s Inside
White Widower consists of an Intel Core i7-4790K 

mounted on an ASUS SABERTOOTH Z97 MARK 1 
motherboard, 32GB of Crucial Ballistix Elite DDR3-2133 

Give Us Your Mod
Have a computer mod that will bring tears to our eyes? Email 
photos and a description to madreadermod@cpumag.com. If we 
include your system in our “Mad Reader Mod” section, you’ll win 
$1,500! (U.S. residents only, please.)
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The Mighty Monarch 
Of The Air

in electronics stems from my engineering degree, and pursuing 
an engineering degree in the first place began with my interest in 
computers. I built my first computer when I was 14 in the same 
Chieftec Dragon case I have to this day.”

Whitsitt says he spent around 80 to 100 hours working on the 
project. “That doesn’t include the time spent thinking about how 
to accomplish different looks and obsessing over color choices, and 
selecting computer components.”

Whitsitt says he began this project looking to build a PC attractive 
enough to reside on top of his desk and not be in the way. “All of my 
previous PC builds were in mid-tower cases that almost always found 
their way to the floor, hidden inside a cabinet or desk,” he says. “I 
wanted to make sure that didn’t happen with this build.

“By this time, I had attended QuakeCon for several years and 
saw some really amazing PC modifications and scratch builds. 
Even though I had considered possibilities for such a project, 
I was fully expecting to go the standard build route for this 
PC. After the release of NVIDIA’s Maxwell architecture and 
the big gains in thermal efficiency, I was convinced to go for a 
mini-ITX build.”

Whitsitt further credits a dieselpunk-themed mod named “Iron 
Felix” by Alexey Butyrin (you can view this mod and an interview 
with Butyrin at Modders-Inc.com) with sparking the creative process 
that eventually led to selecting a radio theme for his build, by way of 
a suggestion from his mom.

T
he Scratch Build category of the QuakeCon mod contest is, as 
its name implies, where QuakeCon attendees enter mods they 
have built from scratch as opposed to mods that began with or 

are based on a retail PC case. As such, it is sometimes the wildest and 
most unpredictable category in the event; that didn’t turn out to be 
the case (pun intended) this time, and you’ll quickly see why when 
you check out the winning mod from the Bethesda/id category. But 
our winner was a highly creative, meticulously crafted PC: David 
“physicspants” Whitsitt’s Mighty Monarch of the Air.

Lest you think Whitsitt a braggart or that he’s given to hyperbole, 
we should quickly point out that his mod comes by its name honestly.

“The base product for this case was a consumer radio manufactured 
in 1946, or thereabouts,” Whitsitt says. “Dubbed ‘Mighty Monarch of 
the Air’ by the Majestic Radio and Television Company, its wooden base 
material meant I would spend some time in the woodshop for sure.”

Grabbing Ideas From The Air
“Initially, I would have to say my inspiration came from my family, 

friends, and the multitude of PC mods I have seen,” Whitsitt tells us. 
“I could not begin to count the number of people who listened to me 
talk out ideas for the concept, circuits, paint colors, carpentry, welding, 
and computer components, and who provided valuable feedback.

“I think part of the success of my build lies in focusing on skills 
I already had going into the project,” he says. “I knew a little bit 
about carpentry, and I’m not bad with an arc welder. My interest 
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configured it as a second monitor for the PC. He also had to rig custom 
wiring for the Monarch’s four case fans because the motherboard he 
chose only had a single 4-pin header, and he built a custom wire harness 
with a 6-pin Molex connector to draw power from the 12-volt rail of his 
PSU for the key switch on the front of the mod.

The Monarch’s graphics card is remote-mounted using a 500mm 
PCIe extension cable by 3M. “This was a risky design choice, especially 
with the cable needing to be routed around bends and angles,” Whitsitt 
says, “but it worked out and it really shows off the GTX 1080.”

The Monarch Of Scratch Builds
The Mighty Monarch of the Air consists of an Intel Core i7-

6700K, a GIGABYTE GA-Z170N-Gaming 5 motherboard, 
16GB of Corsair Vengeance LPX DDR4 memory, an NVIDIA 
GTX 1080 Founder’s Edition graphics card, a Corsair SF600 
power supply, a Samsung 950 Pro M.2 512GB SSD, a 3M PCI 
Express x16 extension cable (model number 8KC3-0726-0500), 
and a Yosoo STM32-103 TFT 5-inch touchscreen LCD panel. 
Cooling is handled by a Noctua NH-L9x65 CPU cooler and four 
Noctua NF-A6x25 fans.

Amazingly enough, this is Whitsitt’s first scratch build. He says he’s 
working on ideas for another mod based on the Deepcool Genome 
case he was awarded at QuakeCon for winning the Scratch Build 
category, but that he hasn’t settled on anything yet.

“Throughout the build I have received a ton of positive 
comments from a lot of people,” Whitsitt says. “I am very 
grateful for all the help and support I received from my friends 
and family. Thanks to all of you guys at QuakeCon 2016 for 
stopping by and visiting throughout the convention. I’m looking 
forward to seeing you all next year.” ■

“One day I was explaining one such idea to my mom, when she 
suggested using the antique record player that used to belong to 
my grandfather,” Whitsitt recalls. “The thing is a gigantic piece of 
furniture, and I was really trying to stick to a mini-ITX-sized build. 
A table-top radio, on the other hand, might just be perfect. I told her, 
‘Mom, you’re a genius.’”

Mighty Mods
We asked Whitsitt about his process and the materials he used, and 

he thinks (and we agree) that in terms of materials, it’s hard to beat 
the Monarch’s vinyl covering. “While the vinyl is new, it really gives 
the build a vintage Americana feel,” he says. “I was fortunate to find 
just the right chocolate-brown faux leather to compliment the brown 
text on the radio’s faceplate. The covering was so critical, and I owe 
thanks to Robert at Upholstery Perfections in Granbury, Texas, for the 
stitching and application of the vinyl.”

The project consisted of stripping all original hardware from 
the radio; refinishing the latches and hinges; expanding the 
radio body’s depth (from 6 inches to 8.5) to accommodate his 
motherboard; building steel mounting brackets for the build’s 
fans, video card, and power supply; cutting windows and port 
holes; welding everything together; and cleaning up and painting 
the metalwork. He also cut some oak blocks and coated them 
with polyurethane to use as foundations for the mod’s vintage-
looking tiger claw feet, cut a motherboard mounting plate out of 
aluminum, added an internal switch-mount plate, and installed the 
Monarch’s LED lighting.

Elsewhere, Whitsitt says he replaced the radio’s original tuning 
dial with a hobbyist-grade LCD panel with a breakout board and 
HDMI controller that was designed for use with the Raspberry Pi 3. He 
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Nick Valentine
fact. Extremely expansive sci-fi universes are fun to explore 
and fall in love with.”

We couldn’t agree more.
“This is the third Fallout-inspired case that I’ve modded 

and entered in the contest, and I feel like at this point, I’m 
kind of ‘the Fallout mod guy’ at QuakeCon,” says Prus. 
“So I actually started playing Fallout 4 with the intention 
of finding something in the game to turn into a computer. 
When Nick showed up, it was just an obvious choice. He’s 
the best character in the game, and even people who hated 
the game love him. It’s just a fun bonus that he’d actually 
have ‘computer parts’ inside him.”

Prus is right on: He is kind of “the Fallout mod guy” 
at QuakeCon, having previously built mods based on an 
Enclave Eyebot and Nuka Cola Quantum, both of which 
appeared in the pages of CPU magazine (the September 
2014 and and October 2013 issues, respectively). 

My Favorite Former Icicle
Prus, who went to school for studio and graphic art and 

works as a graphic designer, says Nick Valentine began as a 
mannequin, which is something we’ve seen before—Richard 
“DarthBeavis” Surroz’s Mad Reader Mod-winning Autopsy 
mod also sprang from a mannequin. In some ways, Nick 
Valentine is more like a sculpture than a mod built through 
industrial means, and Valentine’s formal art training and 

J
udging the Bethesda/id category of Modders-Inc and 
CPU’s QuakeCon mod contest is one of the most-fun 
things we get to do each year. This is because Bethesda 

and id games occupy a very large portion of the Best Games 
Ever Venn diagram, and people have a lot of passion for 
the games, the characters, the locales, and so on. This 
year’s Bethesda/id category-winning mod, Nick Valentine, 
represents a character from Bethesda’s wildly popular 
Fallout 4. Valentine is a synth that possesses some of the 
memories and personality traits of a pre-war detective, 
which explains why an artificial person would wear a 
ragged trench coat and fedora.

“The original idea was to have him standing and leaning 
against a streetlight like in some of the promotional posters,” 
says modder Ethan “Jelloween” Prus. “Having him seated 
just worked out best for transportation. I would have liked 
to have added a built-in lighting system so people could see 
it better, though; it’s dark in the BYOC.”

Take Your Time
Prus says he spent about two months working on Nick 

Valentine. “Not working all day every day, of course, but 
at least working on some piece of it every day,” he says. His 
inspiration for the mod? Obviously, the Fallout games: “I 
just love the world that the games take place in and the idea 
that the player can discover so much of the story after the 
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robotic hand is made out of Popsicle sticks, a clothes hanger, 
some PVC pipe, and foam.”

Most people, however, would not be surprised to learn that 
Prus still hasn’t gotten used to having Nick Valentine around. 

“Having a fake person sitting in your room never stops 
being terrifying,” he says.

Always Another Case To Close
As Prus suggests, Nick Valentine’s computer innards are 

fairly modest out of necessity. The mod includes an AMD 
Phenom II 1100T processor, an ASRock 990FX Extreme 
motherboard, 16GB of Corsair Vengeance DDR3, the 
aforementioned GeForce GTX 560 Ti graphics card, an 
In Win 600-watt power supply (Valentine won this in 
the 2013 QuakeCon mod contest), a 500GB SSD, and a 
Noctua CPU cooler.

He says he’s already started planning for the next contest, 
but he won’t give much information away just yet. “All I’ll 
say is that I plan on going bigger and better and focusing 
more on the actual computer mod elements, too. This case 
was impressive on the outside, but I want to make one that 
looks crazy inside and out.”

OK, Ethan, you’ve got our attention. ■

his artistic eye allowed him to cut, sand, burn, and paint 
the mannequin to the point where the resemblance to the 
character in the game is pretty striking.

“So far as the actual computer goes, the mod is pretty 
unimpressive,” Prus says. “I actually had to downgrade 
from my GeForce GTX 970 to my old 560 Ti so that the 
GPU would fit inside the chest cavity. Since it’s so cold in 
the BYOC, I didn’t even bother with any fancy cooling, 
and just relied on my CPU fan and stock GPU fans to do 
all the work.

“There’s a hole in his neck where I could put a 120mm 
or 180mm fan as a top exhaust, but it never even got close 
to overheating. I was a little concerned about the heat, since 
I was literally putting a jacket on my computer, but the 
battle damage in his back is just open, so that helped a lot. 
I put a sound-activated LED down inside the case so that 
the ambient sound of the BYOC would cause the light to 
‘flicker.’ A bunch of other modders told me better ways to 
achieve this effect and I’m excited to learn new techniques 
for next year.”

But what we really want to know is: What about the 
hand? Valentine’s robotic hand looks pretty impressive, and 
at a glance you might think it was forged in a machine shop. 
Not so, says Prus. “Most people were surprised to learn the 
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QuakeCon 2016

A Hop, Skip & A Rocket Jump From Heaven
The QuakeCon BYOC LAN is truly something to behold. About 3,000 gamers doing battle, surrounded by big rigs and huge monitors that 
gently bathe row upon row of tables with just enough light to make the floor around them walkable. At any given moment, you’re bound 
to hear friendly smack talk among neighbors mixed with the general discourse of gamers riding a caffeine and sugar high. It’s an atmo-
sphere you just can’t replicate anywhere else. Attendees also got an exclusive look at Bethesda’s 2017 Prey reboot and Dishonored 2, as 
well as a special preview of Quake Champions. QuakeCon is always a blast, and for us the highlight is the mod competition that includes 
Case Mod, Scratch Build, and Bethesda/id categories. This month’s “Mad Reader Mod” section is dedicated to the three winners, yet we 
felt the exceptional quality of the 2nd and 3rd place mods in each category deserved some press, too. As you’ll see, it takes a lot of work 

to put together a winning QuakeCon mod.

The DOOM free-play area was the first thing to greet those 
entering the exhibition hall.

On the Ventrilo event stage, AMD held contests each day and 
gave away a few Radeon RX 480s.

Ryan Cegelski (seated) was the lucky winner of the CPU System 
Workshop rig that we raffled off at the event.

Dishonored was a CPU staff favorite, and at QuakeCon 2016, attendees 
got to see the gameplay debut of its long-awaited sequel.
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Case Mod
2nd Place: BAWLS, by Gary “NavyChief” Murphy
BAWLS has been a long popular drink at QuakeCon and many other LAN parties around the country. Gary “NavyChief” Murphy decided the energy drink would make 
a great theme for a mod. The canvas for Murphy’s vision is a CaseLabs Magnum STH10 with a reverse ATX layout, and he applied an automotive-grade Kandy Cobalt 
Blue paint to match the iconic blue of the BAWLS can. On the interior, a powder-coated Pearl White is applied to reflect the mod’s internal LED lights and contrast with 
the blue liquid coolant. Two 19-inch RGB strips allow Murphy to change the lighting whenever he pleases, and the LED lighting also reflects off the chromed fan grilles, 
pump covers, SLI bridge, copper tubing, and DIMM covers. Of course, the BAWLS logo appears in several places, inside and out. There’s a big custom-painted logo on 
the right door panel, a blue logo on the radiator cover, and BAWLS decals on the fans. Just looking at the mod makes us kind of thirsty.

3rd Place: Fifth Element, by Haley Mullins 
Haley Mullins wanted to do something original, and she’d never seen a mod based one of her favorite movies: “The Fifth Element.” For those who don’t recall, the 
film is full of stylized visuals and flamboyant costumes. Mullin’s mod pays homage to the some of the coolest details in the film. The most noticeable additions are the 
four stones (in the film, the stones represent fire, water, earth, and air) in each corner of the case. Mullins hand-made the “stones” from wood, textured them with the 
elemental symbols, and painted the wood to look like the stones in the movie. The case (yes, there’s a Thermaltake case as a base of this mod) features a lot of bright 
orange paint to match the colorful orange costumes in the film, while the blue liquid coolant recalls the operatic alien, Diva Plavalaguna. Mullins did an awesome job on 
Fifth Element’s hardline tubing. In particular, there’s one 36-inch section of tubing with three 90-degree bends.
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Scratch Build
2nd Place: BFG, by David Cotten
Over the years, id has made a number of visual changes to the BFG found in the DOOM and Quake games. David Cotten’s BFG mod is how the gun appears in the 
latest Doom installment, and this demon horde destroyer is made of cardboard. More precisely, it’s made of Dollar Tree tri-fold cardboard presentation boards, making 
this possibly the most affordable scratch mod we’ve ever seen. Cotten extracted a low-resolution model from DOOM and sliced the model with Autodesk 123D Make. 
Based on the model, he was able to build a replica with 161 individual layers. Most of the computer parts sit inside a compartment near the barrel (the PSU is near the 
back) and Cotten added vents for cooling. After a coat of Bondo and primer—and lots of sanding—he used thick acrylic paint to make the gun’s gray exterior. To add 
some flash, the BFG also features LEDs at the end of the barrel and along the sides. The LEDs were certainly eye-catching in the dark environment of the QuakeCon 
BYOC. The gun’s trigger also serves as the power switch.

3rd Place: 3D-Printed Life-Size BMO, by Kristina Heishman  
“Adventure Time” character BMO is a sentient video game console that also serves as a companion to the show’s lead characters, Finn and Jake. Kristina 
Heishman created her own robotic best friend with this 3D-printed life-size BMO scratch mod. The PC is based on a Raspberry Pi 3 SoC and can play a variety 
of old console and PC games. Heishman built a display and speakers into the 3D-printed chassis, and she also modified a controller to play games without a 
mouse or keyboard. Best of all, the 3D Printed Life-Size BMO scratch mod can run on battery power and function as a mobile console—perfect for waiting in 
lines at QuakeCon. The 3D printing on this mod is excellent, and Heishman did outstanding work matching up the panels and eliminating seams. The colors 
appear to be a perfect reproduction of how BMO looks in “Adventure Time.” 
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Bethesda/id
2nd Place: Nuka Cola Vending Machine PC, by Mitch Cerroni 
One of the top mods at QuakeCon, Mitch Cerroni’s Nuka Cola Vending Machine PC is an incredible recreation of a 500-year-old vending machine that’s managed 
survive the cataclysmic war that created the world in the Fallout series. Cerroni designed the model in Tinkercad and 3D-printed the case body and front panel. 
There’s some remarkable detail work on the front panel, including the Nuka Cola logo and a coin return button that also functions as the PC’s power button. At 
the top of the vending machine, Cerroni added an Adafruit PiTFT LCD that runs a looped Nuka Cola ad. To make this look more like the CRT screens in the Fallout 
universe, Cerroni added a convex screen lens. The vending machine wouldn’t be complete without some Nuka Cola, and Cerroni made tiny bottles filled with UV-
reactive dye. With the PC on, a black light activates the UV dye to make the liquid glow. The whole exterior is weathered to look like it’s been though years of abuse, 
including several rust spots created using iron paint. 

3rd Place: Overclocking with ARGENT ENERGY, by Adam Stark
Stark’s mod captures the feel of the UAC Mars Facility before the DOOM marine awakens. Adam Stark’s mod, Overclocking With ARGENT ENERGY, features an 
exploded side panel that spills out fog and mimics the ruptured containment cells found in the game’s Argent Energy Tower. How does the PC generate fog? Stark 
added a fog machine, of course, and he even made his own fog juice. Red LEDs inside the case flash on and off, just like a hazard signal, and help to illuminate the 
fog in the dark BYOC. Built out of a steel enterprise workstation, the thick, exposed steel certainly aids the impression that something terrible happened with the 
argent energy inside. Stark painted the exterior to appear timeworn and battered. The front and rear panels also feature UAC logos for DOOM’s Union Aerospace 
Corporation. Finally, Stark added a lot of custom UAC industrial sign decals (that he created himself) to further tie into the artwork and design of DOOM.
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PAX West 2016

A New Name, Same Gaming 
Goodness

Way back in 1967, Jim Morrison sang, “The West is the best; get here and we’ll do the rest.” The Lizard King’s advice has never 
been PAX West’s official calling card, but it certainly could be. In numerous respects, this fan-oriented event once dubbed 
“Penny Arcade Expo” and then later “PAX Prime” is unlike any other going. The tens of thousands of PAX attendees who 

trekked to Seattle over the Labor Day weekend for 2016’s show—the 13th in the Emerald City and the 25th PAX event overall 
counting South, East, and Australia events—can attest to the unmitigated but absolutely welcomed sensory beatdown PAX 

West puts on a person via the throngs of AAA and indie games, trailers, panels, cosplay artists, tournaments, concerts, D&D 
action, and more that’s offered up. As in past years, CPU made the trip out west, gladly took a beating, and lived to tell about it. 

Measuring 25 feet high and available for 
attendees to actually climb on top of, this 
replica of Rex from ARK: Survival Evolved 
is a fitting example of the gloriously 
bombastic sights waiting around every 
corner at PAX West. Spanning multiple 
floors inside the Washington State 
Convention Center, as well as numerous 
spaces in several nearby buildings, PAX 
West essentially creates a giant maze 
of small and gigantic booths from game 
publishers and developers, hardware 
makers, and other game-related 
companies populated with their current 
and upcoming goods for attendees to 
explore firsthand.

The camaraderie and enthusiasm that 
PAX West attendees demonstrate is 
evident everywhere one turns, which is 
fortunate because the sea of humanity 
that flows across the event’s four 
days is never-ending, whether walking 
the main floor, hallways, city streets, 
or pretty much anywhere else in the 
downtown Seattle area. 
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Kids Will Play & Play & Play 
PAX West was teeming with more gaming-related options than an attendee could shake a joystick at. A few of the many options included Twitch livestreaming 
tournament action from the PAX floor; hundreds of CybertronPC-provided systems available in the PC freeplay area; a BYOC area; a VR freeplay space; 
classic arcade cabinets; console, PC, tabletop, handheld, and other tournaments; and, of course, PAX’s annual Omegathon competition, in which Jordon 
“myxomysosis” Story bested 2015 runner-up Charles “Mighty” Middleton. If at any point exhaustion set in, reveling in the parade of excellent cosplay 
participants was always an option, as was taking a leisurely ride around Seattle in one of Final Fantasy XV chocobo-themed Uber cabs available.

Yup, that big yellow guy is Earl from yesteryear’s Sega Genesis 
ToeJam & Earl title making the scene at PAX West. A demo of the 
upcoming ToeJam & Earl: Back in the Groove for PCs and consoles 
from publisher Adult Swim Games and developer Humanature Studios 
was available for attendees to try. Overall, character and cosplay 
spotting is a one of the best fringe benefits of attending a PAX event. 

One of the best aspects of PAX West is that 
no one gets left out of the action. Attendees 
who didn’t go the BYOC route to game, for 
example, still had hundreds of systems 
available to them from CybertronPC to jump 
on and satisfy their itch.
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Virtual Reality Makes Its Presence Felt 
Drawing some of the longest lines and generating some of the most buzz and excitement at PAX West 2016 were the various VR experiences available from 
both smaller developers and major companies like Sony. The latter’s offerings included PlayStation VR demos for Rez Infinite and Farpoint for attendees to 
strap on a visor and engage in. Elsewhere, PAX West 2016 included a new VR freeplay area in the nearby Westin Hotel that featured Vive and Oculus gear, as 
well as a host of VR exhibitors.   

One of the privileges of working for a magazine that serves PC 
enthusiasts is exploring the new technologies they want to know 
about. That obviously includes VR. NVIDIA was kind enough to 
let us step into its VR Experience booth at PAX West to give its 
carnival-themed VR Fun House experience a virtual whirl. Notably, 
the haptic feedback the demo’s hand controllers provided while 
slicing open large, confetti-filled balloons with swords was 
incredibly addicting. Broadly, the realistic sensation of stepping 
into a circus-like atmosphere and grabbing individual arrows 
from a quiver strapped to our back to shoot at targets was an 
encouraging sign of VR’s massive potential. The same was true 
of picking up and winging balls to smash plates, squirting water 
from handheld guns into a clown’s mouth, and just blasting 
everything in sight with a machine gun in each hand.

As VR continues to gain momentum with 
gamers, it’s getting to the point where seeing 
attendees at industry events immersing 
themselves in VR demonstrations is less of an 
unicorn-like sighting and more of something 
that’s expected. 

44 October 2016  /  www.computerpoweruser.com



Blackjack Comes Up Aces
Once again residing on the sixth floor, our CPU booth proved a popular stop across PAX West’s four days, both for the gaming systems on hand from AVADirect 
and XoticPC for attendees to use and the two modded systems we had present featuring Deepcool’s Tristellar case. On Monday afternoon, attendees who 
entered our raffle for prizes from FirePower Technology, Patriot, DX Racer, and Arctic utterly overran the booth. Our raffle’s biggest prize was the Blackjack 
system we built in the CPU System Workshop for PAX West—our 21st official build overall. The line of wannabe winners literally snaked around three walls.

Seattle’s own Catherine W., who told us she just so happened to be 
in the process of looking for a new gaming rig, walked away from 
PAX West with Blackjack, which packed components from MSI, 
Patriot, Swiftech, OCZ, be quiet!, Cooler Master, and Intel. Looks like 
Catherine’s search is over. 

The line of would-be winners for the loot we raffled 
off surprised even us. The line stretched so long, 
we felt a little guilty about the workout the PAX 
enforcers who helped us announce winners got 
walking back and forth. Unfortunately, however, 
only a lucky few can win. 

A steady stream of gamers stopped by our booth throughout the 
event to get a taste of the gaming systems that AVADirect and 
XoticPC provided us.

Questions, comments, 
and general “oohs and 
ahs” related to the pair 
of Deepcool Tristellar 
mods we had on display 
came fast and furious 
the entire show. 
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CPULAN 2016

LAN Partying In Lincoln
We’ve been covering LAN parties all over North America now for many years, but in September we finally decided it was time to get off 

the sidelines and host our very own LAN in CPU’s hometown, Lincoln, Neb. On Friday, September 23 at 7 p.m. CT, CPULAN 2016 opened 
its doors; the event ran for 25 hours non-stop until 9 p.m. on Saturday, September 24. CPULAN 2016’s final registration tally was just 

over 200 attendees and 15 staff, and the LAN was sponsored by 14 outstanding companies, including Aerocool, ARCTIC, Bawls, DXRacer, 
ENERMAX, EVGA, Fractal Design, GIGABYTE, MSI, Patriot, SAPPHIRE, Swiftech, Supermicro, and XoticPC. In addition to the BYOC area, 
CPULAN featured a vendor expo area that included booths for EVGA, Fractal Design, MSI, and a demo area manned by Richard “Darth-

Beavis” Surroz and Travis “V2-V3” Jank and sponsored by Swiftech and PrimoChill. There was also a freeplay area stocked with high-end 
gaming rigs from Lincoln’s own XoticPC, and SAPPHIRE’s Ed Crisler was on hand to game and talk graphics cards.

How are we ever going to fill this room? OK, never mind!
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Goings On
The LAN included a 5 vs. 5 Counter-Strike: Global Offensive tournament, a 3 vs. 3 Rocket League tourney, and a 6 vs. 6 Overwatch bracket, as well. Other 
activities included a CPU Case Mod Competition, judged by CPU, Ed from SAPPHIRE, and guest modders Richard Surroz and Travis Jank, who also held an 
awesome hard tubing demo on Saturday at noon. MSI’s booth include a 1 vs. 1 VR demo that attendees could check out, and five flavors of Bawls Guarana 
were on hand in massive quantities to keep attendees fueled.

CPULAN 2016’s Overwatch champs bask in the afterglow of 
their victory.

Richard Surroz and Travis Jank’s modding 
demo included the guys building a complete 
system with a Swiftech/PrimoChill cooling loop 
in a case (provided by EVGA) that they hadn’t 
seen until it arrived at the venue. The guys 
did custom hard tubing bends on the spot, 
explaining the process step by step, and even 
giving attendees the opportunity to try their 
hands at bending PETG tubing.

Attendees could try their hands at VR at MSI’s booth during the event.

Winners in each of 
CPULAN’s tournaments 
received handsome 
trophies, courtesy 
of FrozenQPCMods 
(frozenqpcmods.com).
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Here’s the CPULAN keyboard throne, with LED lighting in full 
effect and parked next to one of several strategically placed 
stashes of Bawls energy drink.

Did you get a free MSI GeForce GTX 1060 ARMOR 
just for playing PC games for a full day last month? 
This guy did.

Everyone had a great time, and all proceeds from ticket sales went to the Food Bank of Lincoln, which we’re pretty sure qualifies as a win-win. Of course, the 
event included a big prize raffle for all attendees, which culminated in a unique graphics card giveaway by SAPPHIRE, in which the four attendees with the 
weakest installed discrete graphics cards got shiny new Radeon RX replacements (see the middle pic below). Ed even gave the overall winner a sweet new 
Nixeus monitor (which you can see in Ed’s hands in the photo).

Everyone in attendance received a complimentary 
commemorative CPULAN 2016 tshirt.
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Mod Contest
CPULAN just wouldn’t have been complete without a mod contest, and this time CPU’s judges got 
some much-appreciated help from Richard Surroz, Travis Jank, and SAPPHIRE’s Ed Crisler! We had 
a great turnout of mods at the LAN, including a phenomenal top three.

First place went to Christian Frost and his mind-blowing steampunk 
mod. We’ve seen a mod or two, and this one is flat-out amazing.

During their deliberations, 
our judging staff kept 
discovering new aspects 
of this mod that one or 
two of them had missed, 
because there was just so 
much to see.

Second place went to 
Dave “Insolent Gnome” 
Cathey’s Shinai, a mod 
that blew our guest 
judges away. Third place 
went to “Gideon7” and 
his incredible Portal 
Sentry Bot mod.
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Head Of The Pack
GIGABYTE Pushes The GTX 1060 To The Extreme

NVIDIA’s DNA
Before we dig into the particulars 

of GIGABYTE’s dramatically altered 
WINDFORCE cooler, the custom PCB, 
and the software goodies that’ll let you 
enjoy lots of eye candy in even the most 

demanding games, let’s recap NVIDIA’s 
not-insignificant contribution to the 
brew. The GP106 GPU at the heart of 
the GTX 1060 is manufactured at the 
same 16nm FinFET process as the rest 

A
few months ago when GIGABYTE 
sent us its GeForce GTX 1080 
Xtreme Gaming graphics card, 

we had been anticipating its arrival 
since we saw it in person at Computex 
in June. But when we recently got our 
hands on the considerably 
more affordable GIGABYTE 
GeForce GTX 1060 Xtreme 
Gaming, we were surprised 
at just how many of the 
higher-end card’s extras 
trickled down to the smaller 
sibling. This card has some 
serious muscle under the 
hood, aggressive aesthetic 
appeal, and enough impressive features 
to push it to the front of the pack in a 
very competitive market segment. Read 
on to find out why it makes such a great 
upgrade for gamers. 

of the Pascal GPUs that ship on the 10 
Series graphics cards. The slimmed down 
GP106 measures 200mm² and has a 4.4 
billion transistor count that’s almost 62% 
of that of the GTX 1080. Compare that 
to the previous generation GM206 inside 

the GTX 960, which features 
2.94 billion transistors. 
But even the transistors 
have undergone a radical 
transformation between 
NVIDIA’s 9 and 10 Series 
GPUs. The ones in the 1060 
are more efficient dual-gate 
transistors, which are capable 
of dynamically powering 

down the channel to minimize current 
leakage.

Architecturally speaking, the GTX 
1060’s GPU consists of two graphics 
processing clusters ,  10 streaming 

This card has some 
serious muscle under 

the hood.

GeForce GTX 1060 
Xtreme Gaming
$299
GIGABYTE
www.gigabyte.us

50 October 2016  /  www.computerpoweruser.com



images that are necessary to make VR a 
convincing and immersive experience. 
The in-game photography tool called 
Ansel is another cool feature that lets 
you pause the action in Ansel-supported 
titles and use a free camera to explore 
the environment and take ultra-high 
resolution screenshots. One feature you 
won’t see from any GTX 1060 is SLI 
support. 

Yo Dawg, I Heard You Like 
Overclocks

The GTX 1060’s reference base and 
boost core clocks are 1,506MHz and 

multiprocessors, 1,280 CUDA cores, 
80 texture units, and 48 ROPs. Because 
Pascal’s Raster Engine is independent of 
the GPCs and SMs, this chip features 
75% of the GTX 1080’s ROPs, but just 
half of its CUDA cores. 

The memory controller’s 192-bit bus 
is another feature that’s 75% of that of 
the GTX 1080. There are GTX 1060’s 
that ship with 3GB or 6GB of GDDR5, 
but as GIGABYTYE’s flagship 1060, 
you better believe there’s the full 6GBs 
installed here. 

Even though this isn’t the high-end 
Pascal, this card enjoys almost all the same 
benefits, including support for DirectX 
12, OpenCL 1.2, OpenGL 4.5, HDMI 
2.0b, HDCP 2.2 support for 4K content, 
4th generation delta color compression, 
a new PureVideo feature set, and GPU 
Boost 3.0. There are also a couple of new 
features that gamers will really appreciate. 
Simultaneous Multi-Projection is a feature 
that effectively corrects the fish-eye 
distortion you experience at the edges 
of games when you use three monitors 
at ultra-wide resolutions. This feature is 
made possible thanks to dedicated SMP 
hardware built into the GPU’s Polymorph 
Engine. This tech also has a hand in 
efficiently rendering the two distinct 

1,708MHz, respectively. GIGABYTE’s 
GTX 1060 Xtreme Gaming, paired 
with the firm’s Xtreme Gaming Engine, 
supports three clock rates. In Eco mode, 
the boost clock is a hair higher than that 
of the reference design, at 1,734MHz. 
In Gaming mode, effectively the default 
setting of this card, the base and boost 
clocks are 1,620MHz and 1,848MHz. 
In OC Mode, the clocks go up to 
1,645MHz and 1,874MHz, respectively. 
The effective data rate of the GDDR5 
memory also gets a bump in the GTX 
1060 Xtreme Gaming, from 8,000MHz 
to 8,160MHz. 

GIGABYTE’s Secret Sauce
Whenever we discuss the factory 

overclocked base, boost, and memory 
clocks of a graphics card, particularly ones 
as impressive as those featured on this 
card, we have to acknowledge the role 
the VRM design, card components, and 
cooler play in maintaining this level of 
performance. 

The WINDFORCE 2X cooler on 
this card actually shares a lot of the 
same features as the cooler attached to 
the GTRX 1080 Xtreme Gaming, 
including the 100mm dual ball-bearing 
fans (there are two here) which are large 
enough that they can spin slower while 
moving a larger amount of air compared 
to traditional 90mm fans. The blades of 
the fans feature a triangular trailing edge 
and a series of five ridges that result a 
23% increase in airflow. Although the 

Decorated with logos and RGB lighting, and packing two 100mm fans, the bulging Xtreme Gaming 
WINDFORCE 2X cooler looks good and performs well, too.

For additional eye candy, you can use the Xtreme Gaming Engine software to take control over the 
card’s RGB lighting capabilities. 
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Gaming, even down to the large X 
design between the two fans. There’s also 
a brushed aluminum black backplate 
with orange racing stripes and a large 
Xtreme Gaming logo. There are RGB 
LED accents on both the face of the 
card, in the form of a series of four light 
bars, and the top edge, which features 
another Xtreme Gaming logo and a Fan 

fans aren’t stacked like they are on the 
1080, the left fan spins clockwise as the 
right fan spins counter-clockwise, which 
manages to spread cool air across more of 
the heatsink and PCB surface. All told, 
the cooler on this card pushes its length to 
just a little over 11-inches long. 

You won’t be surprised to learn that 
under those fans is an aluminum fin 
heatsink threaded with copper heatpipes, 
but both components are tweaked to 
perform better on this card. The series of 
three heatpipes are flattened and welded 
to a massive copper base plate that covers 
the GPU as well as the banks of VRAM 
the flank the GPU. These are composite 
heatpipes, which uses a sintered copper 
powder inner tube, and liquid running 
between axial grooves in an outer layer of 
copper, which GIGABYTE claims yields 
up to a 29% increase in cooling capacity 
compared to standard copper heatpipes. 
The aluminum fins feature an angled 
design with unequal fin heights, which 
increases the surface area of the heatsink, 
reduces noise levels, and results in a 4% 
increase in cooling performance. 

The plastic and aluminum shroud is 
very reminiscent of the 1080 Xtreme 

Stop LED indicator, which lets you know 
when the graphics card is running cool 
enough that the fans don’t need to spin. 
GIGABYTE’s Xtreme Gaming Engine 
also lets you tweak the LEDs to cycle 
through 16.8 million colors using a 
variety of effects and modes. 

GIGABYTE’s  Gauntlet  Sort ing 
technique, which involves rigorous 
testing, ensures that only the best 
performing GPUs are put into its top 
performing graphics cards. This card ships 
with a 3-year warranty and the company 
gives you a fourth year once the card is 
registered. GIGABYTE can offer such 
a generous warranty because it uses its 
Ultra Durable components, including 
a 2-ounce copper core PCB, the same 
solid state capacitors and metal chokes 
as are used in the Titan X, and tier 1 
memory. Add to this a 6+1 power phase 
VRM and cool-running lower RDS(ON) 
MOSFETs to ensure voltage output 
remains steady and stable regardless of 
the application. Another extra you get 
when you buy from GIGABYTE is the 
Xtreme Protection aerospace-grade PCB 
coating, which prevents corrosion and 
dust accumulation, and resists moisture. 

Although this card comes from the 
factory with an impressive set of base 
and boost clocks, you can use the Xtreme 
Gaming Engine to push them even 

Upper Left: GIGABYTE says its composite heat-pipe technology helps improve cooling capacity by 29%. 
Upper Right: The clockwise/counterclockwise fan rotation improves the card’s cooling performance. 
Lower Right: The two 100mm fans in the WINDFORCE 2X cooler drive air directly over the cooling fins.

Attractive backplates are all the rage in graphics cards these days, and GIGABYTE’s GTX 1060 Xtreme 
Gaming continues the trend.
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This card runs fast and hard, and 
its 2.5-slot cooler has the capacity to 
handle some impressive overclocks. If 

further yourself. There’s an 8-pin PCIe 
power connector on the back corner of 
this card and NVIDIA recommends using 
a 400-watt PSU, at minimum. Fun fact: 
the GTX 1080 Founder’s Edition requires 
the same auxiliary power connector. 
Troubleshooting a faulty graphics 
card can be a nightmare scenario, but 
GIGABYTE installed an LED indicator 
near the power port that lights up 
whenever there’s a disruption in power, 
making it easier to pinpoint the problem. 

This is a VR-Ready graphics card in in 
every sense. There are a pair of Xtreme 
VR Link HDMI ports on the front of 
the card (internally, facing the case’s front 
panel), as well as one more HDMI port 
on the back bracket, three DP ports, and 
a DVI-D port, which gets disabled when 
you take advantage of the internal HDMI 
ports. Needless to say, GIGABYTE has 
your display output bases covered. 

Peak Performer
The GIGABYTE GTX 1060 Xtreme 

Gaming graphics card delivers playable 
framerates at resolutions up to 4K in 
every game except The Witcher 3. At 
1440p, the card consistently offers 
excellent framerates in these demanding 
games, even with the settings maxed 
out. If you’re still using a single 1080p 
display, then there’s really nothing out 
there now, or on the horizon, that you 
won’t be able to enjoy at max settings. 

you’re in the market for a powerful GTX 
1060, this is one of the best there is.  ■

Test System Specs: Processor: Intel Core i7-6950X; Motherboard: GIGABYTE GA-X99-Ultra Gaming; Memory: 16GB HyperX Predator DDR4-3000; Storage: 
240GB OCZ Vertex 3 MAX IOPS SSD; OS: Windows 10 Enterprise

GIGABYTE GTX 1060 
Xtreme Gaming 6G

Eco Mode Gaming Mode OC Mode

Base clock 1,506MHz 1,620MHz 1,645MHz

Boost clock 1,734MHz 1,848MHz 1,874MHz

Memory clock 2,040MHz 2,040MHz 2,040MHz

Memory interface 192-bit 192-bit 192-bit

Memory 6GB GDDR5 6GB GDDR5 6GB GDDR5

3DMark Fire Strike Ext. 5,946 6,130 6,156

Graphics Score 6,038 6,235 6,267

Physics Score 24,770 24,973 24,913

Games (1,920 x 1,080)

Shadow Of Mordor (Vsync 
Off, Ultra, DoF, OIT, Tess)

86.99fps 90.19fps 90.5fps

Metro: Last Light (DX11, V 
High, 16XAF, V High Tess.)

91fps 95fps 95fps

Dying Light (High, AO 
On, AA On, Vsync Off)

118.01fps 118.49fps 119.57fps

Witcher 3: Wild Hunt 
(Vsync off, Unl. fps, Ultra)

70.07fps 71.46fps 67.88fps

(2,560 x 1,440)

Shadow Of Mordor (Vsync
Off, Ultra, DoF, OIT, Tess)

60.05fps 61.92fps 62.33fps

Metro: Last Light (DX11, V
High, 16XAF, V High Tess.)

62fps 61fps 61fps

Dying Light (High, AO 
On, AA On, Vsync Off)

71.58fps 78.05fps 78.17fps

Witcher 3: Wild Hunt 
(Vsync off, Unl. fps, Ultra)

51.28fps 50.29fps 48.83fps

(3,840 x 2,160)

Shadow Of Mordor (Vsync
Off, Ultra, DoF, OIT, Tess)

31.95fps 32.82fps 33fps

Metro: Last Light (DX11, V 
High, 16XAF, V High Tess.)

32.33fps 33fps 33fps

Dying Light (High, AO 
On, AA On, Vsync Off)

38.42fps 39.27fps 38.5fps

Witcher 3: Wild Hunt 
(Vsync off, Unl. fps, Ultra)

28.03fps 26.71fps 26.8fps

When it comes to display outputs, there’s a little 
bit of everything here.
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Here Be Snapdragons 
Qualcomm’s Snapdragon VR820 Platform Puts Teeth 
Into All-In-One Virtual Reality 

units such as Samsung’s Gear VR occupy 
the high-end of this class of products.

We can’t count out the console 
industry, either. After announcing Play-
Station VR over two years ago (when 
it was called Project Morpheus), Sony 
will  release its virtual reality package into 
the wild this October. Priced at $399, 
PlayStation VR gives PS4 owners a path 
to high-end virtual reality that doesn’t 
involve buying a Rift or Vive.

Still, PlayStation VR isn’t entirely 
different from Oculus’ and HTC’s 
offerings, in that users need additional 

R
ecently, few technologies have been 
capable of capturing enthusiasts’ 
attention quite as much as virtual 

reality. Only a few years ago, VR was 
largely seen as a passion project of 
extremely dedicated hobbyists who 
wanted to see it make a comeback. Now, 
it’s almost impossible to avoid VR. Each 
day seems to bring new hardware, new 
games, and new opportunities to be 
transported from the mundane to the 
fantastic. High levels of interest and, in 
some cases, rabid demand for VR has led 
to a diverse ecosystem, with what feels 
like every tech company on the planet 
introducing their attempt at capturing a 
slice of the virtual pie.

As a result, consumers have all sorts of 
options for escaping into VR. For early 
adopters with unlimited budgets, the 
Oculus Rift and HTC Vive HMDs are 
widely regarded in enthusiast circles as the 
gold standard of virtual reality. Although the 
Rift’s and Vive’s MSRPs of $599 and $799, 
respectively, might be palatable for power 
users who already have PCs with enough 
3D rendering muscle to feed either HMD 
with high-quality images, mainstream 
buyers might balk at investing in a high-end 
VR HMD and then upgrading their 
computers just to meet the HMDs’ lofty 
system requirements.

At the opposite end of the price 
spectrum you’ll find budget units 
designed to give interested folks a taste 
of VR without requiring thousands of 
dollars of hardware up front. Google 
Cardboard has seized most of the mind 
share among those who merely want to 
dip their toes in the virtual water, but 
it’s far from the only option. In addition 
to other slot-in VR adapters that are 
comparable to Cardboard, specialized 

hardware to power their VR HMDs. 
slot-in adapters have toppled the barrier 
of entry for VR but are limited to devices 
that weren’t built explicitly for VR.

So, what’s the answer for that coveted 
demographic of consumers who are 
willing to pay extra for impressive VR 
without going all in on a top-shelf HMD 
that also requires a top-shelf PC or game 
console? Qualcomm believes the answer 
lies with an all-in-one approach, and the 
company has devoted itself to a platform 
that puts all the VR processing power in 
the HMD itself.

Notice any wires? That’s exactly the point. With Qualcomm’s Snapdragon VR820 platform, everything you 
need for a virtual reality set up is packed into the head-mounted display unit. With a Snapdragon 820 SoC 
at its core, Qualcomm’s platform provides all the other necessities for a cutting-edge VR experience.
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in smartphones such as Samsung’s Galaxy 
S7, the HTC 10, and LG’s G5. What 
makes Snapdragon VR820-based VR 
HMDs so much more potent, though, is 
the fact that the platform is completely 
unshackled from the restraints of the 
smartphone design space. Certain features 
and requirements for smartphones simply 
aren’t a concern for VR systems, which 
gave Qualcomm the freedom to reallocate 

Snapdragon Goes Virtual
In September, Qualcomm announced 

the Snapdragon VR820 VR reference 
platform. With the Snapdragon VR820, 
Qualcomm states, OEMs will be able to 
develop standalone HMDs dedicated to 
and optimized for VR content. It’s a move 
that makes sense for a couple of reasons. 
First, Qualcomm has been producing 
Snapdragon SoCs for nearly a decade, 
so the company has plenty of experience 
designing chips made for the type of 
form factor an AIO VR HMD requires. 
Also, the spread of slot-in adapters that 
use smartphones as the VR “engine” has 
proven that mobile processors now have 
enough power for the technology. The 
foundation of the Snapdragon VR820 
platform is, rather unsurprisingly, the 
company’s Snapdragon 820 SoC.

“The Snapdragon 820 was designed with 
VR in mind—designed to support and 
advance the requirements for immersive 
VR,” says Jim Merrick, Qualcomm director 
of marketing.

At first glance, it might seem like the 
Snapdragon VR820 would yield the same 
experience as slot-in VR devices. That’s 
a fair assumption, because Qualcomm’s 
Snapdragon 820 SoC has found a home 

the Snapdragon 820’s resources, as it 
were. Built-in digital camera support is a 
terrific example.

“There are some advantages to [using 
a Snapdragon 820 SoC] for a standalone 
VR HMD,” Merrick says. “For example, 
in a handset, graphics performance 
is often throttled due to the thermal 
envelope required for a device that is 
thin enough to fit in your pocket. Such 
is not the case with a standalone device. 
Similarly, the four cameras in the VR820 
are not for taking selfies, or panoramic 
shots of your vacation; they are for eye 
tracking, look-through applications 
such as augmented or mixed reality, and 
motion sensing.”

Anatomy Of A Dragon
The Snapdragon 820 at the heart of 

Qualcomm’s new VR platform features 
silicon that’s prepared for the demands of 
modern VR. The processor Qualcomm 
uses is a custom 64-bit quad-core 
Kyro CPU that’s capable of running at 
2.2GHz. This chip is manufactured on a 
14nm FinFET LPP process.

The Snapdragon VR820 uses an 
Adreno 530 GPU, which is 40% faster 
at crunching pixels (and other compute-
related chores) than its predecessor, 
according to Qualcomm. And speaking of 
graphics, the Snapdragon VR820 includes 

Snapdragon 820 Specs

Processor Custom 64-bit Kryo quad-core CPU (up to 2.2GHz), 14nm FinFET LPP 
process 

GPU Adreno 530: OpenGL ES 3.1+AEP, Vulcan, Renderscript, 64-bit virtual 
DX11.2

DSP Hexagon 680 DSP with Hexagon Vector eXtensions and Low Power Island 
for sensor processing

Display 4k60 decode, 10-bit 4k60 over HDMI 2.0, 4k60 Miracast 2.0 streaming, 
HEVC 10-bit and VP9 decode, Direct Stream Video, 3:1 frame buffer 
compression ratio

Camera Dual Qualcomm Spectra 14-bit ISPs, support up to 28MP at 30fps, 
1.2GP/s throughput

Memory LPDDR4, Universal Bandwidth Compression

Multimedia 10-bit 4K decode, 1080p240 decode, 4K HEVC (60fps decode, 30fps 
encode, simultaneous 1080p30+1080p30 inbound/outbound

ENTER THE SNAPDRAGON

The minimum system requirements for an Oculus Rift or HTC Vive might be a formality for most 
power users, but for the everyday consumers who will be needed for mainstream VR to explode, 
those requirements are pretty steep. By doing away with a PC or console to feed visuals to the 
HMD, Qualcomm has lowered the barrier of entry for modern VR.
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In order for VR 
to leave gamers’ lairs 
and take up residence 
in the living rooms of 
houses lining Main 
Street, virtual reality 
has to grow beyond 
games. We’re seeing 
th i s  a l ready,  wi th 
cinematic VR, YouTube 
360, and other virtual 
e x p e r i e n c e s .  T h e 
Snapdragon VR820 
is equipped for these 
fo rmat s ,  too.  It ’s 
capable of 360-degree 
4K video playback 
at the same 70Hz 
frame rate. It also has 
Qu a l c o m m’s  Tr u e 
Palette for display 
g a m u t  m a p p i n g , 
a s  we l l  a s  c o l o r 
e n h a n c e m e n t  a n d 
control. Qualcomm 
EcoPix is the company’s 
p ixe l  compre s s ion 
technology, which is 
designed to increase 
battery life—vital, given 
that a key selling point of 
Qualcomm’s platform is 

that it makes wireless HMDs a viable option.
Aside from visuals ,  Qualcomm 

has focused on loading the VR820 
with first-rate motion tracking. A key 
component is Qualcomm’s Hexagon 680 
DSP (digital signal processor), which 
executes VIO (visual-inertial odometry) 
algorithms and chews up positional 
data at over 800 times per second. The 
Hexagon DSP is able to do its work 
without putting an additional burden on 
the CPU and GPU. With a supporting 
cast of dual front-facing cameras 
for 6DOF (six degrees of freedom) 
positional tracking, four microphones, 
a  gyroscope ,  acce l e rometer,  and 
magnetometer sensors, the Snapdragon 
VR 820 can track both head rotation 
also the X, Y, and Z axes but also 
movement, as well. Two internal cameras 
also handle eye tracking.

a wide range of capabilities and features 
aimed at producing high-quality visuals. 
HMDs that use the Snapdragon VR820 
will be capable of producing a 1,440 x 
1,440 image per eye, at 70Hz using an 
AMOLED panel. Although Oculus’ and 
HTC’s HMD are capable of 90Hz, the 
Snapdragon VR820’s refresh rate is a 
limitation of the display technology rather 
than a restriction imposed as a result of 
the Adreno 530 GPU.

“The current AMOLED screen in 
the VR820 is running at 70Hz simply 
because that is the best screen available 
at this time,” Merrick explains. “As an 
AMOLED screen, it has exceptional 
response rate and color accuracy, which 
provide an excellent viewing experience. 
The Snapdragon VR820 design can 
support screens at higher resolutions and 
frame rates of up to 90Hz when they 
become available.”

The Snapdragon VR820’s use of 
cameras for motion and positional 
tracking is particularly intriguing, because 
HMDs with the SoC don’t require 
external motion-tracking beacons, such as 
the Vive’s Lighthouse system, to establish 
positional boundaries. By forgoing 
beacons and other forms of external 
motion tracking, the Snapdragon VR820 
could potentially have a shorter setup 
time and be usable in more spaces.

Cultivating An Ecosystem
With the Snapdragon VR820 platform, 

Qualcomm is going beyond the hardware 
side of virtual reality. Because all the 
necessary components are packed into the 
HMD itself, squeezing out every last drop 
of performance is even more critical. To 
help VR games and apps fully harness the 
Snapdragon 820 SoC’s power, Qualcomm 
has also produced its Snapdragon 
VR SDK for developers. According to 
Merrick, the SDK is loaded with “new 
APIs optimized for VR,” including 
asynchronous time warp, chromatic 
aberration correction, lens distortion 
correction, stereoscopic rendering, single 
buffer rendering, VR layering, and power 
and thermal management.

Qualcomm has plenty of experience 
to draw upon for optimizing the 
interaction between gameplay/app use, 
power draw, and thermals. Using tools 
such as Trepn Power Profiler and Adreno 
Profiler, developers can examine how 
their programs affect CPU and GPU 
utilization alongside power consumption. 
In sum, by using Qualcomm’s collection 
of SDKs, developers can tailor their 
software to get the most out of their VR 
software when it runs on a Snapdragon 
VR820 HMD.

All For All-In-One
Qualcomm is expected to make the 

Snapdragon VR820 available to OEMs 
at the end of the year, with retail devices 
following shortly thereafter. Free of 
restrictive wires yet packing serious 
horsepower under the hood, Qualcomm’s 
platform could be the key to making 
modern VR go mainstream. ■

Although VR HMDs that use Qualcomm’s Snapdragon VR820 platform 
will be able to play games from Google Play, such as SiliconDroid’s 
Galaxy VR, it’s possible that the platform could eventually work with other 
operating systems, as well. Either way, developers using the Snapdragon 
VR SDK will be able to create games and apps that maximize the VR820’s 
underlying hardware, resulting in optimized performance and battery life.
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Jon “PennyWise” Hansz’s work has been featured in CPU’s “Mad Reader Mod” piece and on the cover three times, starting 
in May 2012 with EpiDemic, and again in May 2013 with Triton, and once more this last April with The Witcher, a project he 

collaborated on with Ron Lee Christianson.

Modder Q&A: Jon “PennyWise” Hansz

The Force Is Strong With This One

to mod a computer. The cost of these 
tools has come dramatically down.

Q : What modders have inspired your 
work the most over the years?

JH :  Anthony Lackey was  the 
first person I knew who really 

encouraged me to star t  modding 
computers. I would also say Brian 
Carter, Bob Stewart, Rod Rosenberg, 
Ron Christianson, Lee Harrington, and 
many others.

Q : What would you say is your best 
mod to date, and why?

JH : I would have to say my 
Yoda mod is hands down 

my favorite mod. It really pushed 
my creat iv i ty  and at tent ion 
to detail. I had so much fun 
building it.

Q : Have you ever finished a 
mod and then wished you 

could do it over?

JH : I can honestly say that 
I haven’t. I learned a long 

time ago that you have to know 
when to stop. Artists can point out 
every flaw in their work, and these 
flaws stick out like a sore thumb to 
them. What they need to realize, 
though, is that most people won’t 
even see them. Now, there have 
been things I wish I had done 
differently, but I take those ideas 
into different mods.

Q : How long have you been modding, 
and how did you get started?

JH : I got start about seven years ago. 
I wanted to create a piece of art 

that had function.

Q : How many mods would you say 
you’ve done since then?

JH : I’ve done 12 mods in that time.

Q : Modding—both as a hobby and 
as a community—has grown a lot 

over the last several years. What do you 
think about that, and why do you think 
it’s become so popular?

JH : Computers and gaming 
have grown as well over 

the last few years. The amount 
of products that are available for 
people to use has also grown. 
We used to have to build all 
this stuff from scratch, and now 
i t’s  become widely  avai lable 
for anyone that wants to get 
into this hobby. You also have 
members  of  the  community 
push ing  each  other  fur ther 
and further. The quality you 
see in people’s mods today has 
pushed the limits of modding to 
using more advanced tools and 
materials in them. CNC routers, 
3D printers, laser cutters, and 
many other tools out there used 
to be so expensive that you 
wouldn’t think about using one 

Hansz’s first “Mad Reader Mod” winner, EpiDemic.
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Q : What’s next on your to-do list, 
mod-wise?

JH : I am representing the U.S. in 
the next Thermaltake CaseMod 

Invitational. I encourage everyone to vote.

Q : It’s time for Five Quick Questions!

1) Team Green or Team Red?

Green.

2) Yoda or Mace Windu?

Yoda.

3) Sleeved cables or PSU shroud?

Sleeved cables.

4) Pizza Hut or Dominos?

Pizza Hut.

5) Metal or classical?

Metal. ■

My least favorite part is cleaning up my 
office when I’m done. Each mod has its own 
challenges that I have to work through to get 
the final product. Most people say sleeving, 
but I really don’t mind it. Lacing cable is very 
time-consuming, but is worth it in the end.

Q : What would you say is the single-
most important tool in a modder’s 

toolkit, and why?

JH : My new favorite is my Dremel 
oscillating tool. You can do so 

much with this thing.

Q : What’s one characteristic that ties 
all of your mods together?

JH : Wiring. As an electrician, I enjoy 
showing off my work and high 

attention to detail.

Q : Your Yoda mod appeared in our 
PDXLAN 28 coverage last issue. 

What was the biggest challenge you faced 
working on that one?

JH : Time. I only had two weeks 
to have it built and ready for 

the LAN. I was working on both the 
Witcher 3 charity mod and this one at 
the same time.

Q : What is your favorite part of every 
mod project and why? What’s your 

least favorite part?

JH : My absolute favorite part is 
designing new and different 

reservoirs .  Each bui ld,  I  custom-
build a new reservoir. Ok, my second 
favorite is case feet. I custom-build 
those for every build, as well.

Hansz’s second “Mad Reader Mod” winner, Triton. Hansz’s latest (and favorite) project, Yoda.

Another PennyWise project, AcidBurn.
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Wi-Fi Takes Flight 
Modernize Your Air Force With A New Wireless Router

wireless bands. With the 802.11n 
standard, dual-band routers often provide 
identical (or at least similar) speeds on 
both the 2.4GHz and 5GHz bands. 
802.11ac injects the 5GHz band with 
a shot of adrenaline; the ASUS RT-
AC88U is a good example of a powerful 
802.11ac dual-band router. It supports up 
to 2,167Mbps over the 5GHz band and 
1,000Mbps over the 2.4GHz band, for a 
total bandwidth of 3,167Mbps.

802.11ac routers that claim through-
put up to 5,000Mbps typically feature 
a tri-band design of two 5GHz bands 
(operating on different channels) and 
one 2.4GHz band. The NETGEAR 
Nighthawk X8 AC5300, for instance, 
has two 5GHz bands each rated for 
2,166Mbps and one 2.4GHz band rated 
for 1,000Mbps. The tri-band configuration 
is ideal for those that want to balance 
network load from multiple wireless 
devices. Typically, you’ll need to manage 
which devices connect to which band (or 
SSID) to optimize network traffic.

Technically, the 802.11ac standard 
excludes the 2.4GHz band, but router 
manufacturers almost always include a 
2.4GHz band via 802.11n for backward 
compatibility. The 5GHz radio in 
an 802.11ac router is also backward-
compatible with the 5GHz receiver in 
network adapters and mobile devices with 
dual-band 802.11n.

There & Back Again
Moving to the 5GHz spectrum was 

a conscious choice the 802.11 working 
group made. The 5GHz band is not 
crowded with a glut of Bluetooth signals, 
baby monitors, and even microwaves 
and garage door openers that all use 
the 2.4GHz spectrum. Furthermore, 
802.11ac builds upon the speed and 
reliability features of 802.11n by allowing 

nearly doubled in the same range,” says 
Emily Chae, senior marketing manager at 
TRENDnet. “Wireless AC will help with 
streaming 4K videos, playing videogames, 
and VoIP applications.” 

Some of the fastest routers on the 
market boast wireless speeds topping 
5,000Mbps.  802.11n routers ,  by 
comparison, generally top out at 
900Mbps. For several reasons, the actual 
wireless throughput to each device 
connected to your network will be quite 
a bit lower than a router’s theoretical 
maximum, but the theoretical speeds 
nonetheless show that 802.11ac overtaken 
802.11n.

The transfer rates advertised on 
802.11ac (and many 802.11n) wireless 
routers are not for a single link, but rather 
the aggregate throughput of multiple 

A s long as our devices have an active 
Internet connection, many of us don’t 

think twice about our router performance. 
Certainly, most enthusiasts don’t spend 
as much time concerned about network 
bandwidth and transfer speeds as we do 
with GPU frame rates or SSD throughput. 
And because routers are often “out of sight, 
out of mind,” many of us don’t upgrade 
them until they stop functioning. If you’re 
in the group that’s still using an 802.11n 
(or older) router, you might be surprised 
by the increased speed and reliability found 
in modern 802.11ac routers. Our buyer’s 
guide will help you connect to the right 
router for your network.

Going For Speed
“With 802.11ac, speeds are faster, 

bandwidth is greater, and throughput is 

Besides delivering a speedy wireless connection, ASUS RT-AC88U includes eight Gigabit Ethernet ports, 
as well as link aggregation on the wired LAN ports for up to 2Gbps wired bandwidth.
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The majority of laptops and desktop 
PCs with 802.11ac Wi-Fi modules don’t 
support beamforming, but there are a few 
adapters that you can install to upgrade 
your setup. TRENDnet’s TEW-809UB 
is a beamforming-capable USB adapter 
that provides 1,300Mbps throughput over 
the 5GHz band and 600Mbps over the 
2.4GHz band. The TEW-809UB also 

support beamforming, while entry-level 
models lack the technology. With regard 
to midrange models, we like D-Link’s 
DIR-879. It includes both D-Link’s 
Advanced AC SmartBeam and Smart 
Connect. The latter lets the router 
automatically direct your devices to 
the clearest band, either the 2.4GHz or 
5GHz, for the best possible connection. 

the router access to wider RF channels 
(specifically the 80MHz channel width), 
more spatial streams, and additional 
complexity to signal modulation. 

The ability to use a channel width of 
80MHz is a mandatory feature of 802.11ac, 
but several other key improvements are 
optional, so you’ll need to make sure your 
router (and in some cases, your host device) 
supports them. One worthwhile, optional 
capability is beamforming. This technology 
helps concentrate the transmission of 
wireless signals to the intended device, 
rather than just pushing the signal out in 
multiple directions. 

Beamforming was a part of the 
802.11n standard, but most of the 
implementations were proprietary, which 
could present difficulties for client devices 
to establish complete interoperability 
with your network. With 802.11ac, the 
Wi-Fi Alliance defines the beamforming 
standard; manufacturers tend to label 
beamforming differently, however, 
so buyers need to read the fine print. 
D-Link, for example, calls it Advanced 
AC SmartBeam, while NETGEAR 
names it Beamforming+. ASUS goes with 
AiRadar Beamforming.

We found that most high-end and 
midrange 802.11ac wireless routers 

The NETGEAR Nighthawk X9 AC5300 is a tri-band router with two 5GHz bands, each rated for 2,166Mbps.

The D-Link DIR-879 can deliver fast Wi-Fi all over your house, and it features D-Link’s AC SmartBeam to focus signals to other beamforming-capable devices.
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ports. Some high-end routers offer eight 
LAN ports, but if more ports are your only 
requirement, it’s often more cost-efficient 
to add a switch or hub to your setup.

Wireless Coverage
The 802.11ac standard includes 

several features, such as beamforming 
and MU-MIMO, that help improve 
wireless transmission and reception, 
but  even 802.11ac doesn’t  make 
wireless foolproof. Metal ductwork, 
foil insulation, and other wall materials 
found in virtually every residence can 
significantly interfere with signal quality. 
Other wireless devices in your home 
(and maybe your neighbors’ houses) can 
also disrupt the wireless signal.

High-end routers come with large, high-
gain antennas that are designed to overcome 
common reception problems. D-Link’s 
DIR-885L/R ($199.99 at the time of this 
writing), for example, is a dual-band router 
that includes four high-power antennas 
that work with beamforming and MU-
MIMO technologies to increase both the 
router’s reliability and range. The ability to 
deliver four simultaneous data streams also 
optimizes bandwidth to multiple devices 
around the home. 

If a router with high-gain antennas 
isn’t in your budget, though, or you want 
to ensure that a certain room receives 
five bars of signal strength, so to speak, 

Does A Router’s Processor Matter?
Most manufacturers will indicate 

an 802.11ac wireless router’s onboard 
processor, such as 1.4GHz dual-core 
chip, as a bullet point specification on 
the product’s webpage or box. Much like 
the processor in your PC, the CPU in 
a router processes data. Multiple wired 
and wireless sessions can tax a router’s 
processor, as can bandwidth-intensive 
traffic. Besides PCs and mobile devices, 
a power user’s network may include a 
number of other devices that can further 
saturate a router’s CPU bandwidth. If 
you have a media server, a game console, 
IP cameras, and a smart HDTV, we 
recommend a router with a dual-
core CPU to make sure that all of the 
network traffic gets where it’s going 
without bottlenecking any of the data at 
the router. On the flip side, households 
with only a few wired and wireless devices 
probably don’t require a router with a 
speedy multi-core processor.

The Wired Element
“Most true gamers avoid using Wi-Fi 

altogether and opt for the high-speed, 
wired Gigabit Ethernet connections on 
the router,” says Chae. “Conveniently, 
most midrange and high-end 802.11ac 
routers usually come equipped with four 
wired Gigabit LAN connections.” A 
quartet of LAN ports is sufficient for the 
majority of homes, but power user setups 
can easily max out a router’s wired LAN 

features four high-power antennas that 
help increase your device’s wireless range.

MU-MIMO (multi-user, multiple-
input, multiple-output) is another 
upgraded, non-standard feature of 
802.11ac. The technology builds upon 
802.11n’s MIMO capabilities, which splits 
data into separate spatial streams and then 
transmits it using the router’s multiple 
antennas. The MIMO design of 802.11n 
can only serve one device at a time, but 
802.11ac’s MU-MIMO lets the router 
deliver spatial streams to up to four clients. 
802.11ac routers with MU-MIMO can 
more efficiently share available network 
bandwidth among multiple devices. Ideal 
applications for MU-MIMO are streaming 
high-bandwidth video and doling out large 
files to multiple devices. 

However, despite 802.11ac’s support 
for MU-MIMO, enthusiasts might not 
be able to harness its power. “There’s been 
a lot of talk on MU-MIMO, however, 
most client devices do not support this 
feature,” says Chae, who nonetheless 
remains optimistic about the future of 
MU-MIMO. “There are many newer 
devices coming out that will support it, 
so just double-check to see if your existing 
devices support MU-MIMO.”

Many of the routers that do include 
support for MU-MIMO are high-end 
models that cost $300 or more. As MU-
MIMO becomes more common on client 
devices, we imagine that manufacturers 
will implement it on midrange units, too. 

What about 802.11ad?
The 802.11ad protocol, also known as WiGig, introduces the 60GHz band to the existing 
2.4GHz and 5GHz wireless bands. TP-LINK released the first 802.11ad router in early January, 
and its Talon AD7200 features a 60GHz band rated for up to 4,600Mbps. When combined with 
the 2.4GHz (800Mbps) and 5GHz (1,733Mbps) bands, this router offers up to 7,200Mbps of 
network bandwidth. 

It’s still too soon to tell when network vendors will make a full move to the 802.11ad standard. 
It’s possible that consumers will need to experience bandwidth limitations while using 802.11ac 
before there’s a legitimate case to be made for the extra speed that 802.11ad provides. Range 
may also be a concern, because the 60GHz band’s shorter wavelength has more difficulties 
extending across long distances and passing through obstructions. The hope is that MU-MIMO 
and beamforming technologies will help improve the signal quality.

Want to upgrade the Wi-Fi adapter (or add one) 
on your PC? TRENDnet’s TEW-809UB supports 
802.11ac and beamforming.
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management. NETGEAR’s Nighthawk 
lineup, for example, features Dynamic 
QoS that will  automatically l imit 
background traffic when it detects 
multimedia streaming or online gaming. 

ASUS RT-AC88U includes two ways 
to keep network latency to a minimum. 
For starters, the wireless router includes 
ASUS Adaptive QoS, which lets you 
select predefined network prioritizations, 
including gaming, media streaming, VoIP, 
and file transfers. ASUS also gives RT-
AC88U buyers access to Gamers Private 
Network from WTFast, a subscription 
service (free for one selectable device with 
the RT-AC88U) that optimizes the route 
of game packets from your PC to the 
server. The end result is lower ping times 
and less packet loss.

Wireless Wonders
For years, the 2.4GHz band has 

been plagued with interference that 
significantly impacted wireless reliability 
and speed. With 802.11ac and the 5GHz 
band now available on routers, mobile 
devices, and laptops, we can eliminate 
many of the interference sources in our 
home networks. Technologies such as 
beamforming and MU-MIMO, as well 
as 802.11ac’s throughput improvements, 
make Wi-Fi more viable for HD and 4K 
video streaming—where you’ll need a 
consistent, high-bandwidth connection. 
Let’s treat our home network with the 
respect it deserves. ■

QoS Capabilities
QoS (quality of service) control is 

a feature you’ll find on most routers, 
but many last-gen wireless routers 
require you to manually set up and 
manage traffic using the router’s web 
administration tools. Sure, it doesn’t 
take long to define QoS rules, but it 
can be pain to create the rules for each 
and every application or task on your 
PC. We’ve noticed that several new 
routers come with automatic traffic 

you might want to consider a wireless 
extender that will help to fill in the dead 
spots around the house. Let’s say you 
have a $200 budget for networking gear. 
You could invest in a solid midrange 
router, such as TRENDnet’s TEW-
812DRU ($141.99) that features a 
1,300Mbps 5GHz band and a 450Mbps 
2.4GHz band. You can use any leftover 
cash in your budget on a wireless 
extender, such as TRENDnet’s THA-
103AC ($44.99) that broadcasts the 
concurrent signal at 433Mbps (5GHz) 
and 300Mbps (2.4GHz) speeds, to reach 
rooms where a midrange router might 
not. The outlet in the THA-103AC can 
also serve as a smart on/off switch you 
can control from your smartphone.

You might also consider a wireless 
a c c e s s  po in t  t h a t  connec t s  v i a 
powerline. “Wi-Fi extenders with a 
powerline backbone (or powerline 
access points) are my favorite solution 
to get Wi-Fi pretty much anywhere 
in your home, because it’s easy and 
affordable,” says Chae. “It uses your 
existing electrical lines, so you get a 
wired solution without needing to run 
cable throughout the home.”

D-Link’s DIR-885L/R features four high-power antenna that work with beamforming and MU-MIMO technology.

The TEW-812DRU from TRENDnet is an affordable dual-band 802.11ac router.
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Windows 10 Anniversary Update

S ervice Packs are dead. Long live the 
Anniversary Update! With Windows 10, 

Microsoft has altered many of its procedures 
for how it sells (free for a year), distributes 
(via Windows Update), and maintains (no 
periodic Service Packs) its OSes. The unifying 
theme of each of these moves appears to 
be to get the new operating system on as 
many devices as possible in a short amount 
of time. The strategy appears to be working. 
Windows 7, the previous Microsoft OS with 
the fastest adoption rate, took 18 months 
to make its way onto 350 million devices. 
Win10, on the other hand, achieved that 
milestone in a mere 11 months. (At press 
time, Microsoft had just reported that Win10 
was on more than 400 million devices.)

After using the commercially-available 
version of Win10 for more than a year, 
we’re pretty happy with most aspects of the 
OS, but Microsoft isn’t ready to stick a fork 
in it. On Aug. 2, Microsoft released the 
Windows 10 Anniversary Update, which 
brings with it a handful of new features and 
improvements to several existing ones. In 
this article, we take a close look at everything 
you’ll find in the update, help you determine 
whether you already have it installed (and 
how to get it if you don’t), and discuss why 
it’s probably worth it for most users.

Do You Have It?
Like the upgrade to Win10 from 

Win7/8.1 before it, the Anniversary Update 
is delivered through Windows Update, 
which means that as of Aug. 2, it started 
rolling out to users who have their systems 
configured appropriately. Like other things 
delivered via Windows Update, however, 
sometimes you need to manually scan for 
new updates before they’ll show up and 
install. And depending on Microsoft’s 
gradual rollout schedule, even running 
the Check For Updates utility may not be 
enough to initiate the install. 

Like other major updates,  the 
Anniversary Update has some subtle UI 
changes, and you may have trouble 
determining if it installed without your 
knowledge. Happily, it’s easy to determine 

if you have it. Click the search box by the 
Start button and type winver, then press 
ENTER. The About Windows dialog box 
appears and displays the specific version 
and build number for your installation. Pre-
Anniversary Update Win10 is referred to as 
Version 1511 and post-Anniversary Update, 
you’ll see Version 1607 in this dialog box. 

If you’re running version 1607, great; 
we’re about to delve into the many 
reasons you’ll appreciate the changes. If 
you have it and don’t want it, there’s a 
chance you can easily remove it and revert 
back to version 1511, and we’ll cover 
that as well. Despite the Aug. 2 release 
date, however, even as we write this in 
late September, there is still a surprising 
number of Win10 systems that have not 
received the update. According to the 
advertising firm AdDuplex, as we went 
to press, about 34.5% of Win10 devices 
have received the 1607 update. Microsoft 
appears to be staggering the rollout, 

favoring mobile devices first. AdDuplex 
reports that as of Sept. 22, Win10 Mobile 
Version 1607 was running on 82.4% of 
Win10 Mobile phones. For those who 
want the update but haven’t yet gotten 

it, skip ahead for some quick tips to help 
you manually install it. 

What’s New For Win10 Home 
& Pro Users

Most of us are running Win10 Home 
or Pro, and as such, there are lots of 
goodies in the Anniversary Update. Here 
are the big ones you’re sure to notice. 

Windows Ink. With the massive 
increase in the number of PCs shipping 
with touchscreens, it’s no wonder 
Microsoft is looking for new ways to 
leverage the technology. The company also 
cites a study that determined that 70% 
or more of us spend more than an hour a 
day using a pen. With Windows Ink, you 
can use your mouse, or a stylus or your 
finger on a touchscreen surface, to create 
sticky notes, draw on a whiteboard, jot 
down and solve quick math problems, and 
digitize your chicken scratches for easily 
setting up reminders, sharing them, or just 

The About Windows dialog box shows your currently installed Win10 version. Version 1607 has the 
Anniversary Update installed. 
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get started, right-click the toolbar at the 
bottom of the screen and click Show 
Windows Ink Workspace Button. Now 
you’ll see a pen icon to the left of the date 
and time. Click it to open the utility’s main 
menu in the lower right, with options to 
launch Sticky Notes, Sketchpad, Screen 
Sketch, a handful of recently used app 
icons, and a link to take you to the store 
to download third-party apps that support 
Microsoft Ink. 

When you launch Sticky Notes for the 
first time, you have the option to enable 
Insights, which integrates Bing and Cortana 
functionality to add a new dimension to 
your scribbles. For instance, a date you’ve 
written down will automatically transform 
into a text hyperlink that lets you turn it 
into a calendar appointment with a single 
press or click. You can also write or type 
an address and then click the hyperlink to 
see the destination in MS Maps or input 
a flight number and pull up the tracking 
information in real-time. 

For a blank canvas with which to 
work, click the Microsoft Ink icon from 
the Taskbar and click Sketchpad. Here 
you’ll find the familiar ballpoint pen, 
highlighter, and eraser, as well as a couple 
of other tools such as the ruler and pencil, 
which let you get really creative with 

or enlarge the size of the markings. If you 
choose the measure distance tool, you can 
draw along streets and highways to determine 
the approximate distance between two points 
on a map, or just draw a straight line to get 
as-the-crow-flies distances. 

Microsoft Ink works a little differently 
in each app that supports it, but there’s 
a way to access it from your Desktop 
for creating notes and reminders. To 

keeping them for posterity. Many of these 
activities can’t be easily accomplished with 
a keyboard and mouse alone. 

You can launch Windows Ink as a 
standalone experience or use it as a feature 
you can tap into when you’re using a 
handful of other apps, including Microsoft 
Maps, Edge, and Office. In Edge, for 
instance, you can access the utility by 
clicking the Make A Web Note icon in the 
top right of the browser. The Address Bar 
turns into a toolbar for the drawing tools. 
From left to right, there’s a pen (opaque 
writing), highlighter (transparent), eraser, 
add a note, and clip. Right-clicking the 
pen and highlighter tools lets you select 
colors and brush sizes. The eraser tool lets 
you remove any continuous mark you’ve 
made one at a time, or right-click the 
eraser icon to get the option to erase all. 

Click the Windows Ink Toolbar icon 
in Microsoft Maps, one of Win10’s 
default apps, to see a row of five icons 
that correspond to ballpoint pen, measure 
distance, eraser, directions, and touch writing. 
The ballpoint pen icon has a multicolor 
submenu and a slider that lets you shrink 

With Windows Ink, you can draw and write long-hand notes on maps, web pages, sticky notes, and more. 

Once you’ve added the pen icon to the Taskbar, 
launching the Windows Ink Workspace is easy. 

Insights lets Bing and Cortana infuse your 
Windows Ink notes with real-time intelligence.
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displays a numbered 
i c o n  t o  i n d i c a t e 
the number of new 
notifications present. 

A new theme. To give 
Windows a new look, 
click Start, Settings, then 
click Personalization. 
From the menu on the 
left side of the window, 
click Colors, then scroll 
down to the Choose Your 
App Mode and select 
Dark. (Win10’s default 
setting is now referred 
to as Light mode.) Now 
most Windows utilities, 
including Calculator, 
Windows Store, Settings, 
and Calendar,  wi l l 
show up with black 
backgrounds and white 
text. Items that won’t be 
affected by the switch 
to Dark mode include 
File Explorer, Microsoft 
Edge, Maps, and most of 
the apps that didn’t see 
much tweaking between 
Win8.1 and Win10 such 
as Paint and Notepad. 

Cortana. Microsoft’s 
voice-command-capable 
personal assistant got a 
fresh coat of paint in the 
Anniversary Update. In 
addition to being able to 
play music, perform Bing 
searches, report current 
weather conditions, and 

deliver Calendar appointment notifications, 
now she’s able to take a more active role in 
your life by recommending certain actions, 
offering tips, and reminding you just how 
helpful she can be. 

One of the new tricks up her 
translucent blue sleeve is the ability to use 
voice commands to perform common tasks 
without even unlocking your PC. With 
the updated Cortana, you can also access 
your calendar, email, messages, and power 
settings without logging in. She can also 
offer Taskbar Tidbits, which, according 

horizontal lines in the upper left of the 
Start Menu. The File Explorer and Settings 
Start menu items launch their respective 
folder and menu, but the Computer and 
Power icons both reveal submenus that 
let you Change Account Settings, Lock, 
and Sign Out; and Sleep, Shutdown, and 
Restart. Hibernate will also be an available 
choice for laptop users. 

The right side of the Taskbar also 
got some attention from Microsoft’s 
latest update. In particular, the New 
Notifications icon in the far right now 

your doodles. Undo 
and Redo buttons also 
make this a good place 
to experiment with 
Microsoft Ink’s tools. 

Screen Sketch i s 
perhaps one of the most 
useful menu items. It 
lets you essentially take 
a screenshot of anything 
you’re working on and 
make freehand drawings 
on top of it. 

Star t  menu  and 
Taskbar. Likely the first 
thing you will notice 
once the Anniversary 
Update is installed is 
the streamlined Start 
menu. Prior to the 
update, you had to 
click Start, then All 
Apps to see a complete 
alphabetical list of the 
apps installed. Now, 
those programs appear 
instantly after you hit 
the Windows key or 
click the Start button. 
Any new apps appear 
in a Recently Added list 
at the top of the Start 
menu, followed by a 
Most Used list. There is 
a Suggested list of apps, 
which appears to be a 
glorified advertisement, 
but you can disable 
these by right-clicking 
the item and clicking 
either Don’t Show This Suggestion or 
Turn Off Suggestions. 

The Start menu now relies on nameless 
icons, so you won’t see the Computer 
name, File Explorer, Settings, and Power 
written out anymore. In case you forget 
what these fairly straightforward icons 
refer to, simply hover the mouse cursor 
over them, or on a touchscreen device, 
press and hold your finger on the icon 
to see the labels. You can also expand 
the menu to reveal each item’s respective 
name by clicking the button with the three 

The Anniversary Update Start Menu looks considerably more streamlined. 

The pre-Anniversary Update Start menu is particularly verbose. 
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Save To Pocket, and OneNote Web 
Clipper extensions. 

If you’re a fan of Windows’ accessibility 
features, you’ll appreciate the fact that 
the latest version of Edge’s render engine, 
EdgeHTML 14, managed to score a 
perfect 100% in HTML5 Accessibility’s 
browser benchmark. For reference, 
Chrome scored an 81%, Firefox achieved 
an 89%, and Safari managed a 73%. 
Navigating the Edge browser using 
a keyboard and a handful of assistive 
devices such as screen readers is now 
easier than ever. Edge’s Narrator and 
expanded support for PDFs help those 
with visual or physical disabilities do 
more on the web. Microsoft also built 
its accessibility support into the render 
engine to allow developers and third-
party apps take advantage of it in new and 
helpful ways. 

Microsoft also brought better power 
consumption technology to Edge, an 
improvement that lets laptop users browse 
longer on Edge than on Chrome, Opera, 
and Firefox while unplugged. 

Security features. Win10’s built-in 
antimalware service, Windows Defender, 

or Kinect-like camera, your fingerprint 
via a reader, and an IR emitter-equipped 
camera for iris scanning. You can access 
Windows Hello by clicking Start, 
Settings, Account, then clicking Sign-in 
Options from the left side of the window. 
Keep in mind that to take advantage of 
these fast log-in settings for Windows and 
third-party applications, you’ll need to use 
a Microsoft account and have your system 
appropriately configured.

Microsoft Edge. One of the biggest 
features that Edge was missing when 
Win10 launched was support for 
extensions, but they’re here now with 
the Anniversary Update. You can access 
the currently supported list of extensions 
by clicking the More icon in the upper 
left of Edge (it looks like three dots in a 
horizontal row), then clicking Extensions. 
This displays a Get Extensions From The 
Store hyperlink, which takes you to the 
Win10 Store, where you’ll find a little 
more than a dozen extensions available 
(as of at press time). Highlights include 
the Evernote Web Clipper, Pinterest Save 
Button, Adblock Plus, LastPass: Free 
Password Manager, Amazon Assistant, 

to Microsoft, consist of thoughts, 
greetings, and notifications that appear 
in the search box. She can let you sync 
messages between devices (as we went to 
press, this feature was limited to Windows 
and Android phones), and reminders can 
now include images and hyperlinks. There 
are currently more than 1,000 apps that 
support Cortana integration and, as with 
other Universal Windows Apps, you can 
click the Share icon to send things to and 
from Cortana. Although you can’t disable 
Cortana altogether after installing the 
Anniversary Update, you can scale back 
Cortana to the point that she’ll only be 
able to index items on the local machine, 
effectively pressing her mute button and 
turning her into a minimally-invasive 
background process. 

Windows Hello. Although Cortana 
lets you do a lot from the lock screen, 
there are limits to that functionality. 
Windows Hello is Microsoft’s attempt 
to get you signed in more securely 
and quickly. Certain Windows Apps 
and Microsoft Edge (with supported 
websites) can now sign you in using 
biometric technology, including using 
facial recognition via an Intel RealSense 

Cortana is a big part of Windows 10’s 
Anniversary Update. 

Extensions are finally available for Edge users. There aren’t many (about a dozen at press time), but the 
ones that are there are incredibly useful. 
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Win10’s update history. Compare the OS 
version in parentheses when you typed 
winver into the search box to the updates 
listed here and manually download the 
appropriate update. Once downloaded, 
install the update and, if you’re still not 
running version 1607 or later, try Check 
For Updates again. 

Unhappy Anniversary
What if you’re one of the people who 

is having a less-than-optimal experience 
with the Win10 Anniversary Update? As 
long as the update installed within the 
past 10 days, you can uninstall it from the 
Installed Updates window. You can access 
this by clicking Start, Settings, Updates 
& Security, Update History, then clicking 
Uninstall Updates. If 10 or more days 
have elapsed, reverting will be a more 
difficult and involved process. 

After using the updated features and 
UI for several weeks now, we’re happy to 
report that things are running smoothly 
in a vast majority of situations. Overall, 
there are enough improvements to justify 
seeking out the Anniversary Update if you 
don’t already have it. As long as you do it 
promptly, removing it is easy if you run 
into problems. It’s no WinXP SP2, but as 
far as usability is concerned, this update 
ranks toward the top for us. ■

Get The Update
A s  we  m e n t i o n e d 

above, Microsoft appears 
to be taking its time in 
rolling out the Anniversary 
Update. Some reports we’ve 
seen mention that it may 
take up to three months for 
the update to filter down 
to all Win10 users and 
that Microsoft is currently 
working on resolving 
problems with webcams, 
Amazon Kindle devices, 
and some security utilities. 
If you’ve determined that 
you’re still stuck with 
version 1511, there’s a fairly 
simple way to manually 
initiate the update process. 

Click Start, Settings, 
Updates & Security, Windows Update, 
and then click Check For Updates. If 
you see Feature Update To Windows 10, 
Version 1607, then click it to initiate 
the download and install. If the update 
doesn’t appear there, click the Learn 
More hyperlink under Looking For More 
Info On The Latest Updates heading. A 
browser will launch and display a list of 

doesn’t look very different at first glance, but 
it does support one important new feature: 
the ability to schedule periodic quick scans, 
giving you more opportunities to minimize 
the damage malicious software can inflict 
on your system. Microsoft also made it 
easier to see your protection status—just 
hover your mouse cursor over the icon in 
the expanded System Tray. If you enable 
the new Cloud Protection and Automatic 
Sample Submission features (which 
appear the first time you launch Windows 
Defender following the Anniversary 
Update), Windows Defender can stay 
on top of threats before they become 
a problem. 

PC and Xbox gaming. Microsoft is 
working to bridge the gap between PC 
and console gamers, recognizing that 
they are often the same consumer. As of 
Aug. 2, Cortana made her debut on Xbox 
One with functionality that’s similar to 
that on Win10, letting gamers use voice 
commands (via Kinect) to search for 
games and tips and tricks. PC gaming is 
also set to improve as Microsoft lays the 
groundwork to tackle top fan requests, 
including support for multiple GPUs and 
the ability to turn off VSync, which can 
kill your frame rates. 

Even Windows Defender got a couple of new features in the 1607 update.

If your update history looks like this, then you can manually 
download the Anniversary update. 
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Inside The World Of Betas

snippets, dive into your project files and 
folders, execute command lines, etc. Freeter 
can also take predefined search scopes and 
scour the Web to find exactly what you’re 
looking for.

Less than a year old, Freeter seems to be 
steadily marching toward a 1.0 release, so 
programmers can download and use it with 
confidence, even as development continues. ■

of tabs lets you break down complicated 
projects consisting of several routines 
and sub-projects and spread them across 
multiple dashboards.

Aside from its friendly interface, Freeter’s 
real strength is its aforementioned widgets. 
After the initial set up, the widgets can 
perform a variety of roles with impressive 
efficiency. You can use widgets to store text 

S oftware development is not an easy 
task—talk to any programmer furiously 

pounding away at their keyboard. Maybe 
you are the one furiously pounding away 
at your keyboard. With insane deadlines 
to meet and multiple projects to juggle, it’s 
easy for even the most experienced coders 
to feel overwhelmed. Thanks to Freeter, 
there’s hope.

Freeter is, at its core, a musclebound 
project management app, a program for 
programmers. It also happens to be available 
for Windows, Linux (just added), and Mac 
OS X, so you’ll have access to it regardless 
of your OS. (Developer Alex Kaul advises 
Linux users to set execute permissions in 
the Terminal by typing chmod u+x Freeter.
AppImage.) For starters, the Project 
dropdown menu lets you easily bounce 
between projects, and you can populate 
Freeter’s Dashboard with the widgets that 
matter most to you. Further, Freeter’s use 

FREETER 0.8.0

bolted onto more established music/media 
players over the years. We’ll let you decide if 
that’s a good thing.

Harmony was less than a month 
old at the time of this writing, but 
developer Vincent Lwt has already rolled 
out a handful of updates. Spotify and 
SoundCloud users especially should keep 
an eye on it. ■

will eventually add support for other 
popular services, such as Pandora and 
iHeartRadio. On the plus side, Harmony 
is available for Windows, Mac OS X, and 
Linux. You can also add your locally stored 
tunes, as well, and Harmony’s Coverflow 
feature gives the app some visual appeal. 
Other than that, though, Harmony lacks 
most of the bells and whistles that have been 

I n 2016, it’s difficult to imagine anyone 
aggressively hunting for an app to play 

their music. Heck, that statement was just as 
true 10 years ago as it is today. With digital 
music revenue eclisping CD sales a couple 
of years ago, we’d be shocked to learn that 
anyone with a digital music collection or 
streaming subscription didn’t have one or 
two choice programs for playing that music.

However, because of the sheer abundance 
of digital music services available today (and 
because many of us regularly use more than 
one of these services), one program might 
be better than another for fetching and 
playing the music you love. It’s in this vein 
that Harmony hopes you’ll lend it your 
ears. The hook here is that Harmony can 
hook into the following services: Spotify, 
SoundCloud, and Google Play. The 
software also supports Last.fm scrobbling. 
We’re not terribly surprised at the absence 
of Apple Music, but we hope that Harmony 

HARMONY 0.2.4

Freeter 0.8.0
Publisher and URL: Alex Kaul; 
https://freeter.io
ETA: 2017
Why You Should Care: Busy 
coders finally have a measure 
of control over their chaos.

Harmony 0.2.4
Publisher and URL: Vincent 
Lwt; getharmony.xyz
ETA: TBD
Why You Should Care:
Harmony lets you unite your 
Spotify and Google Play 
accounts under one banner.
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Upgrades That’ll Keep You Humming Along

Normally, you’ll find updates for graphics cards hanging out in our Driver Bay, but this month we’re focusing 
on software, with updates to Display Driver Uninstaller (so, not entirely unrelated to graphics drivers) and a 

brand-new NVIDIA GeForce Experience (not entirely unrelated to graphics drivers, either). Photogs may want to 
check out Canon’s firmware update to its EOS-1D X Mark II D-SLR or take 123 Watermark for a spin.

gives gamers quicker access to optimized 
game settings. Streamers get a lot of love, 
too, as Share (basically ShadowPlay rebooted) 
offers the option to record in-game action 
in 4K at up to 60fps, stream to Twitch at 
1080p60, upload screen shots to Imgur while 
remaining in game, and more.
www.geforce.com/geforce-experience

WagnardMobile Display Driver 
Uninstaller 17.0.1.1

Switching from an NVIDIA to AMD 
graphics card (or vice versa) invariably 
leaves driver remnants behind. Display 
Driver Uninstaller is here to clean away 
the detritus. A small update released 
in early September fixes a bug related to 
removing “AMD HD Audio bus,” which 
inadvertently removed other Intel system 
devices on occasion. Now, DDU also 
checks for pending Windows restarts (after 
Windows Update) when it launches.

www.wagnardmobile.com

DRIVER BAY

Canon EOS-1D X Mark II 
Firmware 1.1.2

Professional photographers should jump 
for joy at the release of this new firmware 
for Canon’s flagship DSLR. In addition to 
adding a selectable color-tone option for 
the camera’s built-in LCD and boosting the 
number of network connections that can be 
saved to a memory card from 20 to 40, the 
update introduces several new functions. 
Now, the camera can append IPTC data, 
limit transfers to protected images, and set a 
GPS positional data retention period.

https://www.usa.canon.com

question your motives. It just wants to help 
you swiftly and securely stash your stuff. In 
seconds, the program creates (and optionally 
password-protects) a virtual disk on your 
system that disappears when someone else 
tries to take a peek. Version 4.01 introduces 
background error reporting, which Cyrobo 
says will help make “our software high 
quality.” Now, when Hidden Disk users 
encounter an error, the software’s engineers 
automatically receive notice of the error and 
begin their investigation, hopefully leading 
to faster fixes.

https://www.cyrobo.com

iMobie AnyTrans 5.0.0.20160905
When you need to transfer files from your 

iPhone to your PC or a new iPhone, you have 
options, but they might not be the best option. 
Obviously iMobie thinks AnyTrans is the 
best tool for the job, and an early September 
update to the program is the company’s 
attempt to make it the . . . best-er . . . tool for 
the job. Version 5.0.0.20160905 presents an 
overhauled UI that should be easier to navigate, 
as well as a tune-up to AnyTrans’ engine. The 
latter should further increase the software’s data 
transfer speed. With the update, AnyTrans can 
now export Live Photos as animated GIFs.

https://www.imobie.com/anytrans

NVIDIA GeForce Experience 3.0.5.22
If, up to this point, you’ve opted to skip 

NVIDIA’s GeForce Experience and simply 
grab the latest drivers, maybe the software’s 
big 3.0 update can convince you to give it 
a shot. After all, if you believe NVIDIA’s 
claims, this ground-up redesign is three times 
faster and gobbles up 50% less memory than 
the previous version. The UI is sleeker and 

SOFTWARE UPDATES

123 Watermark 1.6.0.0
If you’re a professional or semipro 

photographer, manually watermarking 
hundreds, if not thousands, of photos 
is a chore that keeps you from what you 
really love to do—taking more photos. 
123 Watermark’s ability to batch-process 
images is a tremendous time saver. With 
version 1.6.0.0, users can opt for a darker 
theme that the developer states is more 
readable. Unspecified bugfixes and assorted 
performance improvements are the other 
highlights of this update.

https://www.123watermark.com

Burnaware PDF Shaper 6.1
Available at no cost for personal use, 

PDF Shaper gives users a lot of control 
over their PDFs. The software is capable 
of pulling pages, text, and images out 
of PDFs; converting Word DOCs to 
PDF (and PDFs to RTF); splitting or 
merging PDFs; and so forth. The latest 
release has a pair of new features—an 
option to remember user preferences as 
well as a German translation—plus a few 
enhancements. According to Burnaware, 
version 6.1 also improves PDF Shaper’s 
UI and updates its PDF Viewer feature. 
And continuing to address PDF Shaper’s 
language support, the software’s translations 
have also been updated. 

www.pdfshaper.com

Cyrobo Hidden Disk 4.01
There are plenty of good reasons to hide 

sensitive files and folders away from prying 
eyes. Cyrobo’s Hidden Disk isn’t here to 

CPU  /  October 2016 69



Modern-Day Learning
The Traditional Classroom Gets A Technology Makeover

A cross the world, the classroom of old 
is changing, and technology is driving 

the transformation. For a glimpse how, 
consider recently compiled data concerning 
back-to-school spending for this school 
year. American Express Spending & 
Saving Tracker data claims 92% of parents 
report their kids now use technology for 
learning, and 60% planned to buy their 
kids electronics this year, spending $505 
on average for notebooks (28%), tablets 
(23%), cell phones (19%), and other items. 
Consumer Technology Association data 
shows 59% of U.S. citizens planning back-
to-school purchases will buy tech-related 
products this year (up 12% from 2015), 
spending about $18.5 billion (up 6.2%). 

Data from Project Tomorrow, mean-
while, shows 86% of high schoolers, 72% of 
middle schoolers, and 46% of those in third 
to fifth grades use smartphones. In a survey 
of parents, Project Tomorrow found 85% 
believe effective use of technology in schools 
is important to children’s success. Parents’ 
perfect school would include schoolwide 
internet access (55%), digital textbooks 
(50%), mobile apps for learning (48%), a 
laptop for every student (46%), and online 
educational videos and games (41%). 

It’s not just parents who believe 
technology should play a bigger role in 
children’s learning. Education professionals, 
elected officials, business leaders, researchers, 
and others have been professing for years the 
need to integrate modern technologies into 
classrooms, particularly to prepare students 
for a future where jobs will demand high-
tech skills and a need for complex problem-
solving abilities. Already, public and private 
schools are embracing blended learning (a 
mix of online and traditional classroom 
teaching), virtual school environments, 
personalized learning, and 1:1 initiatives 
(one notebook/tablet per student). Increased 
usage of video, simulations, animations, 

More teachers are using tablets, notebooks, virtual reality, augmented reality, simulations, animations, 
video, games-based learning, and other modern technologies in their classrooms to teach today’s K-12 
students. Many schools, however, still lag behind in this regard because of poor internet connectivity, 
inadequate technical training, a lack of support staff, and budgetary constraints. 
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age of industrialization, and it’s no longer 
fit for purpose in a digital age. We need a 
paradigm shift in design thinking,” he says.  

An Industry Rises Up 
Harrison sees two primary reasons why 

many people believe integrating technologies 
into the classroom is vital. The first concerns 
equality, as “technology has the potential to 
increase access and engagement to learning.” 
The second concerns economics. “There’s a 
huge technology industry with a voracious 
appetite,” Harrison says. 

In an overview of how technology is 
impacting education, Edweek.org notes a 
“booming” ed-tech industry that’s emerging 
with “corporate titans and small startups 
alike” competing in a hardware and software 
market worth billions. Futuresource 
Consulting data shows spending in the 
global K-12 ed-tech hardware market alone 
rose 7% in 2015 to $15 billion.

The mobile PC market is largely driving 
growth in ed-tech spending, accounting 
for 67% of overall spending, according 
to Futuresource Consulting. Edweek.org 
reports schools acquired 23 million-plus 
notebooks, tablets, and netbooks in 2013 
and 2014, and in a national survey of 
teachers, TheJournal.com found teachers 
view these devices as the most valuable 
tools currently available to them for 
teaching and learning. 

TheJournal.com also found that 3D 
devices, VR/AR gear, and detachable 

notable adjustments, including becoming 
less of a so-called “sage on the stage” 
who serves as students’ primary source of 
knowledge and more of a facilitator who 
guides students to finding and using the 
wealth of online resources now available. 

Bob Harrison, a former teacher, 
administrator, and Toshiba Education 
Advisor, says the most sustainable use of 
technology in education “happens when 
there’s a culture change 
in a school or college. 
Trying to force new 
technologies  into 
old pedagogies never 
works.” He believes 
leadership vis ion, 
quality infrastructure, 
teacher confidence 
and competence, and 
learner engagement and 
relevant accountability 
measures will transform 
culture and lead to 
effective technology 
usage. “Ultimately, 
we have an education 
system designed in the 

apps, digital content, open education 
resources, social media, online testing, and 
other tech tools is also occurring. 

Leslie Wilson, CEO of the One-To-One 
Institute and board president of the Nexus 
Academy’s Lansing, Michigan, school, 
says implementing technology into K-12 
education is necessary to prepare students for 
the global shift to a fast-paced “knowledge/
information age” that’s “embedded in a 
myriad of technologies.” She says a well-
implemented 1:1 program, for example, 
can result in increased student achievement, 
self-pacing, directing, and personalizing. 
Incorporating technology can also ensure 
equal access to knowledge and information 
for all learners, while also bridging digital 
divides and positively impacting local, state, 
and national economies. Simply put, Wilson 
says, “it’s today’s reality.” 

Although outfitting every student with 
a Chromebook and teaching 3D printing, 
VR, AR, web design, and coding may seem 
logical, there are some hurdles. For starters, 
many U.S. schools lack qualified STEM 
teachers, as well as funds, infrastructure, 
and IT support. Additionally, many 
experts believe current teachers must make 

Blended learning environments, including those the Nexus Academy offers for students in Indiana, 
Michigan, and Ohio, combine a traditional in-classroom environment with an online learning one. 

Worldwide, public and private school districts have been deploying millions 
of notebooks, tablets, and Chromebooks to students as part of 1:1 initiatives 
in which each student is provided with her own device to use. 
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to personalize learning, higher student 
engagement, and greater ability to keep 
content updated. A Project Tomorrow 
survey found nearly 60% of technology 
leaders report that 25% of instructional 
materials in their schools are digital rather 
than paper-based.

of teachers reported they’re using OER 
more than textbooks, and Edweek.org 
reports U.S. public schools are spending 
$3 billion annually on digital content, 
including for math, English/language 
arts, science, and specialty course lessons. 
Benefits cited include an enhanced ability 

tablets are among tools teachers don’t 
have but want. Recent IDC data projects 
spending on 3D printing in the ed sector 
will increase from $200 million this year 
to more than $500 million by 2019. 
Goldman Sachs research shows that in 
the VR/AR market, the ed sector will 
generate $700 million in revenue annually 
by 2025. Samsung-sponsored research 
indicates 93% of teachers view VR as 
something that can excite students, while 
83% view VR as able to enhance learning 
outcomes by helping students better 
understand learning concepts, increasing 
collaboration, and motivating them—this 
despite just 2% saying they’ve yet to try 
VR in the classroom. 

Schools also are strongly focused 
on improving internet infrastructure 
and adopting more digital content and 
OER (open education resources). The 
ConnectED initiative President Barack 
Obama announced in 2013 to improve 
the educational technology landscape 
notably aims to provide next-gen 
broadband (100Mbps or better) access 
to 99% of American students by 2018. 
Edweek.org reports, however, that 
while “the promise of technology in the 
classroom is almost entirely dependent 
on reliable infrastructure,” schools 
nationwide are still struggling to acquire 
affordable connectivity.

To address the problem, some school 
districts have partnered with various 
entities for tasks such as distributing free 
Wi-Fi hubs students can take home or 
enabling students to use Wi-Fi hotspots in 
businesses and public libraries. Nationally, 
the E-rate program the FCC launched 
in 1996 has worked to offer discounts to 
schools for internet-related services. In 
2014, the program’s spending cap rose to 
nearly $4 billion for 2015.

In terms of digital content (digital 
textbooks, video, animations, game-based 
learning, etc.), a survey from The Center 
for Digital Education found 62% of school 
districts have implemented digital content 
and curriculum strategies. About 38% of 
those strategies include use of OER, or free 
academic materials schools can revise and 
share. In a 2016 TES Global survey, 73% 

More school districts are turning to open education resources, or OER, to acquire various curriculum 
resources. The resources are free, and schools can revise and share them with others. 

Putting Ed-Tech To The Test 
For 12 years, the Center for Digital Education has handed out Digital School Districts Survey 
awards to schools/school districts demonstrating exemplary use of technology. 2016 award 
winners were cited for such efforts as streaming school board meetings; creating podcasts 
for parents, teachers, and students; providing parents with digital literacy training; enlisting a 
full-time technology director to train every teacher; using a robotic camera system and remote 
device to record teachings for later review and collaborative professional learning; and using 
data analytics for instructional, personnel, and budgeting purposes. Along with the awards, the 
organization identifies various trends. 2016 findings include: 

• 28% of school districts use an official social-media channel during school board meetings to 
gain public feedback

• 60% of districts enable public input on school board activities on the board or district’s website
• 59% of districts use dashboards, and 20% are actively developing them
• 62% of districts use such tools as interactive whiteboards, document cameras, display 

equipment, and assessment tools in classrooms; 31% plan to “definitely modernize” in the 
next 24 months

• 50% of districts have completed a 1:1 and supportive infrastructure project
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one physical location to learn. They can be 
at home, a community center, a library, or 
wherever there’s an internet connection. 

In terms of pacing, virtual schools 
are well-suited for students who may 
need more time to engage in studies, 
assignments, and activities. In a traditional 
school, Arashiro says, students may be 
limited to a 90-minute course to work, 
ask questions, and converse with teachers 
and peers. “In an online environment, you 
have a lot more time,” he says. “You can 
use as much or as little time as needed to 
understand what you’re studying.” 

Dr. Jodi Marshall, executive vice 
president of business and school solutions 
at the Florida Virtual School, which has 
a nearly 20-year history as an accredited 
statewide public school district offering 
150-plus courses, says FLVS was founded 
on a belief that every student is unique. 
“We offer personalized learning through 
the relationships we build, the way we build 
our courses, and the different choices we 
offer to meet individualized student needs,” 
she says. Students might take FLVS courses 
because their traditional school doesn’t offer 
them (including AP courses), they need an 
NCAA-approved course, or to help balance 
extracurricular activities. FLVS students 
come from everywhere, she says, and 
include public, private, and home-school 
students; medically homebound students; 
student athletes and performers; working 
students; students from military families; 
and those who just prefer to learn online. 

Virtual-school students typically possess 
good self-discipline, self-motivation, 
organizational skills, and study habits, 
Arashiro says. They also succeed at 
managing their time, meeting deadlines, 
advocating for themselves, asking lots of 
questions, and taking responsibility for their 
learning. Marshall adds that taking online 
courses also helps build critical soft skills 
such as sustaining effort, acting honestly, 
using appropriate online behavior, and 
effectively collaborating with others in a 
virtual setting. “These nonacademic skills 
are important not only for college but for 
the workforce as well,” she says. 

In terms of infrastructure, students 
generally only need an internet connection 

The Modern Classroom
Blended learning, virtual schools, and 1:1 

initiatives are just some of the educational 
approaches that have emerged in recent years. 
In a survey, Project Tomorrow found 55% 
of parents chose blended learning as the best 
model for their children, topping traditional 
classroom environments (42%). 

Wilson describes blended learning 
as incorporating virtual/online learning 
experiences with traditional brick-and-
mortar classroom teaching and learning 
practices. She says today’s quickly paced 
and knowledge- and tech-rich world 
demands changes in our education system 
to help students gain the skills they need to 
successfully engage and achieve. “Our present 
and future personal/professional growth 
depends on being lifelong learners who are 
flexible and nimble,” she says. “We and our 
learners need to be able to effectively thrive in 
a knowledge/tech-based world.” 

She expects blended learning to expand 
over time and take on different profiles 
and use different resources, thus current 
and future students will be expected 
to adapt and “become expert,” she says. 
Those accustomed to a traditional, teacher-
centered, “sage on the stage” learning 
model will face challenges in adjusting to 
blended, learner-centered models, she says. 
This will require unlearning “how” they’ve 
learned and developing new modes of skill 
and knowledge development. “It’s difficult 
for each of us to actually ‘own’ and lead 
our ‘learning,’” she says. “The traditional 
ed models are based on teachers telling or 
directing the learning process. Blended 
models often expect learner direction, voice, 
choice, and feedback. Many learners will 
have to develop these latter abilities if they 
don’t naturally occur,” she says.  

Peter Arashiro is the executive director 
of instructional product development at 
the Michigan Virtual School. Available to 
high school and middle school students, 
MVS offers courses and learning tools 
taught by certified teachers that students 
may not normally have access to. Arashiro 
says virtual schools expand the “time, 
place, and pace” boundaries that are 
mostly fixed in a traditional classroom. For 
example, MVS students don’t need to be in 

Teachers Are Keen 
On VR’s Potential
VR may still be relatively young, but already 
various resources are available to teachers 
who are intrigued by how VR can benefit 
students. DiscoveryEducation.com, for 
example, offers virtual field trips that promise 
to take “students beyond the classroom 
walls” with “no permission slips required.”

Broadly, teacher enthusiasm for exploring and 
using VR is growing. A “Virtual Reality in the 
Classroom” survey conducted by Extreme 
Networks found 23% of schools have tested 
or tried VR; 53% are aware of VR and are 
beginning to investigate it; and 55% expect to 
use VR in the future. Schools that have tried VR 
have done so in science (52%), history (29%), 
engineering (20%), or other courses (23%). 

Extreme Networks states that while it 
expected considerable enthusiasm for VR 
from educational innovators, “the uptake has 
been quicker than most people expected” and 
the number of schools that have explored VR 
concepts (including the software and coding 
involved and how to create their own VR 
content) was surprising. The survey identified 
several benefits for VR in the classroom, 
including that it excites students to learn 
(68%), encourages creativity (39%), makes 
difficult concepts easier to understand (32%), 
is less costly than field trips (23%), enables 
attending school from anywhere (15%), and 
eliminates distractions (5%). 

It could take years to get all schools onboard 
with VR. Only 4% of those surveyed now teach 
VR, for example. “VR isn’t regularly used and 
40% of schools still aren’t sure if they’ll use the 
technology in the future,” Extreme Networks 
reports. Only 3% “are taking VR to the next 
step and teaching students how to code and 
create VR content.” Obstacles include a lack of 
available VR content, expense and difficulties 
involved in implementing VR, and VR being 
too hard to manage during class. Further, 
30% of schools aren’t certain their school’s IT 
infrastructure can support the technology.
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and web browser to interact with the text, 
graphics, and multimedia used, Arashiro says. 
Increasingly, students are also using webcams 
and chat and collaboration tools. A virtual 
school, meanwhile, will generally use systems 
that can facilitate such communication, as 
well as learning-management systems that 
enable sharing materials, help organize 
lessons, and provide a gradebook component 
to track progress, he says. FLVS teachers, 
Marshall says, regularly communicate with 
students via phone, email, online chats, 
discussion forums, webcams, texting, and 
social-networking sites. 

A misconception both Marshall and 
Arashiro say exists about virtual-school 
courses is that they’re not as rigorous as 
in-classroom courses. Arashiro says both 
students and administrators can view virtual-
school courses as lower in quality because 
online learning is supposedly “easier.” 
Marshall says, however, FLVS courses are 
designed to ensure college readiness and real-
world success. “Our courses are built on the 
foundation of national and state standards; 
feature online and offline experiences to 
drive content mastery; and feature real-world 
experiences through innovative, engaging, 
and interactive content,” she says. 

Using Tech In The Classroom 
One of the largest and longest ongoing 

research projects to annually gauge how 
teachers are using technology and how 
teachers, students, and parents want to 
incorporate it comes from Project Tomorrow. 
For 2015, Project Tomorrow received input 
from hundreds of thousands of students, 
educators, and parents. Talking about the 
results, Project Tomorrow CEO Julie Evans 
stated that many more schools are showing 
greater use of digital content, tools, and 
resources compared to six years ago. Increased 
adoption of interactive, visual media is a big 
driver. “The explosion in teacher interest and 
usage of videos and game-based learning 
could be a harbinger of a new awakening for 
digital learning,” she stated. 

The organization’s data shows 78% 
of middle school students use online 
videos and 61% play online games for 
self-learning. Teachers’ use of games-
based environments and online apps, 

100,000 STEM Teachers By 2021
In a May report, the ITIF (Information Technology & Innovation Foundation) stated that while 
computer and software usage is growing in all facets of the U.S. economy, computer science 
has only recently begun to gain traction in American schools. Current focus on improving STEM 
education has “disregarded differences” that exist within STEM fields. For example, computer 
science—“the most important STEM field for a modern economy”—doesn’t get its own initial in 
“STEM” and is the field with the least number of high-school students taking classes.

The ITIF states about 25% of high schools offer CS, and many courses “lack rigor or focus on computer 
use” or only stress coding vs. “delving into computer science principles.” Access is generally fixed to 
affluent schools, females and minorities are underrepresented, and only 18% of schools offering AP 
(advanced placement) exams offer 
the CS AP exam. Data from Change 
the Equation shows only 22% of 
high school seniors report they’ve 
taken a CS course and only 44% 
report having access to CS classes. 

100Kin10.org wants to change 
that. The organization aims to help 
put 100,000 “excellent” STEM 
teachers in place by 2021. With 
help from 280-plus partners, it has 
helped train 30,000 as of 2015. Co-
founder and Executive Director Talia 
Milgrom-Elcott says the impetus to 
start 100Kin10.org stemmed from a 
fear that President Barack Obama’s 
call in his 2011 State of the Union 
address to add 100,000 STEM teachers in 10 years would go unheeded. “It was really that sense that 
this was possible, it was necessary, but it would require something different,” she says. 

Milgrom-Elcott says 10 of the top 14 growing sectors are STEM-related, and across all sectors 
people with STEM degrees are in high demand. Only a tiny segment of the population currently 
has the requisite skills to “even show up at the table” to help solve complex problems the world 
faces, including economic inequality, climate change, deadly diseases, and drought—“all the 
things that have STEM at their core.” This isn’t surprising, she says, considering that “so few kids 
have the teachers they need to learn the skills to get to the table to solve them.”

Beyond pinpointing a list of challenges, 100Kin10.org has corresponded with thousands of teachers to 
learn what’s making it difficult to teach STEM-related information. One challenge is a general aversion to 
experimentation, Milgrom-Elcott says. “Schools aren’t structured to support teachers to experiment and 
give them safe ways to fail,” she says. “But we know that any innovation, any new step, by necessity has 
failure. So how do we allow our teachers to try things, to experiment, to model that learning process? The 
scientific process itself demands failure. That kind of failure is the best kind of failure.” 

Milgrom-Elcott says we could be reaching a point where the need for experimentation and failure 
is becoming more understood and there’s more willingness to make changes in funding and 
accountability measures, as well as shift classroom culture, to give teachers permission to experiment 
early, learn quickly, and make changes in the hope it enables them to better work with students. 

As of 2015, the nonprofit organization 100Kin10.org has helped 
train 30,000 “excellent” STEM teachers. The organization has a 
goal to help train 100,000 such teachers by 2021. 
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most teachers learn about new technologies 
through self-research or rely on other teachers 
in their school (38%) or district (37%). 

In a sign there’s still work ahead, a 
“Teachers’ Dream Classroom Survey” of 
400 middle and high school teachers from 
Edgenuity found only 16% gave their 
schools an “A” in terms of incorporating 
technology into classrooms, and about 
50% consider the technology now in place 
outdated. “The rush to technology has 
often been about devices, with less thought 
given to the instructional purpose for using 
computers in the classroom,” stated Sari 
Factor, CEO of Edgenuity, in a press release. 
According to the survey, teachers who gave 
their schools an “A” are considerably more 
likely to be very satisfied with how well it 
has helped facilitate learning and are much 
more likely to rate students as being very 
engaged. Of these teachers, 80% believe 
technology definitely helps them achieve 
learning objectives. ■

Teachers, students, and parents are also 
using technology to communicate outside 
the classroom. Project Tomorrow data shows 
48% of students use email to communicate 
with teachers and 15% use text. Teachers are 
texting to communicate with other teachers 
(66%), parents (39%), and students (14%), 
and 55% of parents want teachers and 
schools to communicate with them via text. 
Just 5% reported the same in 2010. 

In terms of ed-tech classroom decision-
making, a TES Global survey of 4,300 
U.S. teachers found 63% believe they 
should make primary decisions. Only 38%, 
however, report currently being consulted in 
processes. Instead, about 50% report schools, 
school districts, or regional leadership make 
decisions. Just 12% of teachers report that 
it is school-based tech experts who now 
make decisions, though 33% believe such 
personnel should play a vital role. About 
49% of teachers believe parents should have 
the least say. TES Global’s survey also found 

meanwhile, has climbed from 23% 
in 2010 to 48% in 2015, while use of 
online videos rose from 47% to 68%. 
About 50% of administrators indicate use 
of videos, simulations, animations, and 
other digital sources has already produced 
positive student outcomes. Notably, 65% 
of kindergarten to second-grade teachers 
and 59% of third- to fifth-grade teachers 
regularly use games-based education. 

Other Project Tomorrow data shows 
middle and high school students watch 
videos for learning most often for science 
(66%), math (59%), social studies/history 
(53%), and English/language arts (45%) 
courses. About 27% of students report 
regularly watching teacher-created videos, 
and 16% of teachers report they’ve “flipped” 
their classrooms to use more class time for 
projects and remediation purposes and are 
sending videos home for homework. About  
61% of parents believe using online videos 
can assist student learning. 

The Learning Benefits Of Using Pokémon GO In The Classroom
Ever hear an adult utter with disdain that videogames 
are turning kids into couch-ridden, slack-jawed zombies 
allergic to sunshine and face-to-face interaction? Us, 
too. Then along came Pokémon GO to actually get kids 
up and about and engage in real-world interactions with 
other players. Although some adults found plenty of 
faults in the game, many adults, including teachers and 
education professionals, have identified real benefits 
for students using videogames in general and Pokémon 
GO’s augmented reality, GPS, mobile, journaling, and 
other components in particular. 

An entry from Kathy Schrock’s “Katch Of The Month” 
blog at DiscoveryEducation.com is packed with 
examples. Schrock has served as a school district 
director of technology, instructional technology 
specialist, and promotor of technology’s use for 
teaching and learning for about 25 years. Moreover, 
she’s been an Adobe Education Leader, Google 
Certified Teacher, and Sony Education Ambassador. 

Her advice includes teachers using Pokestops that 
feature local businesses, attractions, or historical 
sites to teach students how to create 360-degree 
images (via Google Street View, Theta S, and Google 

Cardboard apps) and sharing them, in part to promote 
community pride. Teachers can also use Adobe Spark 
Video, Explain Everything, PixnTell, and Adobe Spark 
Post to engage students in digital storytelling to 
document their adventures. She also suggests using 
the game to enhance students’ data literacy; improve 
their GPS and mapping skills; teach them to create 
infographics; and prompt written personal reflections, 
sketchnotes, and podcasts about their own and others’ 
experiences with the game.  

Similarly, university instructor Art La Flamme and 
tech training specialist Joshua Gauthier offer 14 
ways to use the game in school. Their suggestions 
include activities that incorporate social media to 
promote tournaments that students stage; students 
conducting interviews with gym leaders and players 
doing battle that they post to the schools’ social- 
media channels, blogs, and other outlets; engaging 
in global collaboration projects with students outside 
their own school; using apps to create on-campus 
scavenger hunts; and encouraging such service 
work as working with animal shelters that have 
launched programs that tie dog walking to Pokémon 
GO gameplay.

Various education officials have cited 
Pokémon GO for benefits it can offer 
students in the classroom, including 
expanding their GPS, mapping, and 
augmented reality knowledge. 
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Jensen vs. The Illumi-Naughty
BY ANDREW LEIBMAN

$59.99 (PC, PS4, XOne)   •   ESRB: (M)ature
Eidos Montreal   •   www.deusex.com

Mankind Divided picks up two years after the events of Deus Ex: Human 
Revolution (one of our favorite games of 2011), in 2029, as the world 
continues to try to come to grips with the “Aug Incident,” in which Hugh 
Darrow, an early pioneer of augmentation technology turned a fearful 
opponent of transhumanism, triggers mass hallucinations in augmented 
people (humans with enhancements in the form of mechanical limbs and 
implants), driving them to mindless acts of violence. Fathers, mothers, 
wives, husbands, friends, co-workers, children, doctors, police—anyone 
with augmentations—just snapped. As Adam Jensen, you manage to put a 
stop to the broadcast, but not in time to prevent the sundering of society.

Because it happened toward the end of that game, we never really get to see 
how this horrific event affected people. In Mankind Divided, as you wander 
the streets of Prague, the home base of Jensen’s new employer, Task Force 
29, you’ll encounter numerous people, augmented and unaugmented, 
who’ve all come to their own conclusions about the incident and as a result 
fall somewhere on the spectrum. You’ll run across us-vs.-them racists 
obsessed with the “purity” of the human race; religious fanatics seeking to 
become one with the Machine God; a crooked doctor who claims that the 
augmented people are culpable for their actions during the Incident; and 
augmented Neuropozyne (anti-augmentation rejection drug) addicts lying in 
alleys and sewers. Behind it all is the illuminati, the secret organization pulling 
the strings and controlling humanity by any means possible. 

Playing Mankind Divided, we couldn’t help but reflect on the worst that 
humanity is capable of, including forced segregation, the Aug Ghetto of 

Golem City that’s little more than an internment camp for augmented 
humans, police brutality and harassment, terrorist attacks on innocent 
civilians, and the list goes on. This game is heavy. 

Mankind Divided has done away with the much-decried boss fights of 
the previous game, and as a result, you can now play through the entirety 
of the game, as we did, without killing a single person. It’ll take you 
significantly longer (about 45 hours for us), but there are dozens of tools 
and abilities at your disposal for neutralizing threats without shedding 
blood. The cover mechanics and stealth aspects of the game are well done, 
and there are some good rewards for those willing to crawl through the 
sewers, vent shafts, false floors, and other hidden nooks and crannies. 

Although we loved almost everything about Deus Ex: Mankind Divided, 
the antagonist juggling act you’re constantly managing gets tiring. There’s 
a terrorist organization pulling off attacks; unseen forces apparently 
manipulating TF29; the supposedly peaceful ARC (Augmented Rights 
Coalition), which may or may not be responsible for the attacks; a shady 
drug company controlling the supply of Neuropozyne; bad cops and jaded 
cops everywhere; a hacker group called Janus; your grumpy boss with 
a chip on his shoulder; and of course a twist that reveals a trusted ally is 
really just a stooge for the illuminati. It’s a lot to keep track of, but if nothing 
else, the messy morality of Mankind Divided mirrors that of real life.

This game feels grittier and darker than Human Revolution. At the end, 
we couldn’t help feeling like we’d only taken one step forward in bringing 
down the illuminati, while the rest of humanity takes two big steps 
backward. But the question becomes, do we want more? You bet Adam 
Jensen’s robotic butt we do. ■

Yeah, we know you have blogs to post, video to encode, reports to write, and code to compile. We do, 

too, but you have to take a break once in a while (and maybe blow some stuff up). That’s why each 

month we give you the lowdown on what to expect from the latest interesting games.
Game Of The Month
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Hole Up With The Next 
Generation Of FMV Gaming
BY VINCE COGLEY

$19.99 (PC, PS4, XOne)   •   ESRB: (T)een   •   Green Man Gaming, 
Wales Interactive   •   splendy.co.uk/thebunker

The elevator pitch for FMV games always sounds so enticing. “It’s like 
a movie and a videogame rolled into one. Imagine influencing how a 
Hollywood blockbuster unfolds. You control it!” Who wouldn’t want to 
get in the driver’s seat of a game like that?

As it turns out, plenty of people don’t. Although titles such as Night Trap 
and Sewer Shark enjoyed some commercial success, the genre quickly 
became a footnote in gaming’s history (perhaps the most interesting of 
which was the inclusion of Night Trap in a group of “ultra-violent” games 
that were the subject of a 1993 Congressional hearing). Simply put, most 
FMV games were terrible and not nearly as fun or interactive as expected.

Developers Splendy Games and Wales Interactive think FMV deserves 
another shot, and they present The Bunker to change your mind. For 
starters, video quality has obviously come a long, long way from the 
FMV games of the ’90s, which were roughly on par with the used and 
abused VHS copy of “Gremlins 2” you bought at your local video rental 

store’s going-out-of-business sale. The Bunker is filmed and presented 
in full HD, so on looks alone it’s the first FMV game I’ve encountered 
that really does look like a movie.

Set at the tail end of the Cold War, The Bunker follows John, who 
was born in a secret government bunker on July 3, 1986, the day the 
Doomsday Clock struck midnight, giving him the biggest bummer of a 
birthday of all time. Now, 30 years later, John is the sole survivor, which 
naturally makes his already depressing birthday parties even gloomier. 
At least he doesn’t have to share the seven-layer dip anymore.

That titular bunker ain’t cleaning itself, though, so John stays busy 
performing routine maintenance on the place. Fringe benefit: Tuning 

in to 11,000 days (and counting) of radio static happens to keep John 
from losing his marbles. Unfortunately for John, when the bunker’s 
alarm sounds, his delicate sanity begins to unravel. Of course, when 
your choices are “die of radiation poisoning” or “go crazy” (which, let’s 
face it, could happen anyway), John puts his fragile mental state on the 
line and attempts to bring the bunker back up to code.

You’ll progress through the game by venturing deeper and deeper into 
the bunker’s long-forgotten lower levels, with each level requiring you 
to perform a very basic task or two—find this key, obtain that hazmat 
suit—before granting you access. As you navigate John through each 
level, you discover troves of information in the form of documents, 

recordings, computer terminals, etc., which 
slowly but surely unravel the mysteries of 
the bunker. John’s own repressed memories 
bubble back to the surface and cinematically 
fill in more blanks.

The Bunker deserves praise for its mightily 
impressive production values. The acting is 
convincing, which may not come as a surprise, 
since the game’s cast has collectively had roles 
on a variety of TV shows, including “Game Of 
Thrones” and “Penny Dreadful”; you might 
remember lead actor Adam Brown as the dwarf 
Ori in Peter Jackson’s “The Hobbit” trilogy. The 
score is outstanding, putting the finishing touch 
on The Bunker’s gripping atmosphere and 
injecting tension into scenes that quite frankly 

might have fallen flat under different circumstances.

Playable from start to finish over two to three hours, The Bunker 
absolutely pulls off the cinematic side of the cinematic gaming 
experience. The gaming side, on the other hand, is less engaging, 
essentially amounting to a point-and-click adventure—and that’s 
being generous—that guides you from cinematic to cinematic. The 
Bunker is here to tell you a story, and while that story is admittedly well 
written, deeper gameplay, more puzzles, and just more bunker could 
have made the game unforgettable. In a day and age when walking 
simulators can receive critical acclaim, though, perhaps The Bunker’s 
writing, acting, cinematography, and music are enough to make this 
clickable movie a winner. ■
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This Time, It’s Personal
BY CHRIS TRUMBLE

$49.99 (PC)   •   ESRB: (T)een
Blizzard Entertainment   •   worldofwarcraft.com

Blizzard Entertainment’s World of Warcraft fantasy MMORPG has changed 
a great deal over the years since its debut in 2004, and that’s hardly 
surprising. Keeping millions of players engaged for nearly 12 years requires 
dramatic changes now and then in addition to new content. Somehow, 
though, the changes in the latest expansion, both in terms of some in-
game mechanics and especially with the lore, seem more substantive this 
time around than they have since 2008’s Wrath of the Lich King expansion.

I’m also enjoying the game more than I have since then, and it’s fair 
to say that Wrath was my favorite expansion yet. Blizzard has been 
watching people play the game and listening to their feedback for many 
years, and the team has learned a lot in that time, culminating in several 
cool changes for Legion that take silly frustrations out of the process. 

For instance, WoW made some headway last expansion by adding a 
separate tab to character’s bank screens for crafting reagents and 
allowing reagents to stack to up to 200 like items per slot, thereby 
freeing up vast swaths of in-game inventory space and making resource 
management a great deal less vexing. Legion takes this an amazing step 
further with its new Appearances tab, located in the Collections dialog. 
Starting with the pre-launch patch, Legion dug into each character’s 
historical data and saved a copy of every weapon, piece of armor, and 
clothing item every character had ever earned, bought, or made, and 
it stored a copy of them in the Appearances tab. From that point on, all 
gear, whether acquired as drops from defeated monsters, quest rewards, 
auction-house purchases, or the result of player crafting, will likewise be 
added to the Appearances tab for as long as you have a Blizzard account, 
so that you no longer need to finagle more bank space just to keep cool 

stuff in case you want to use it to change your character’s look at some 
point down the road. Instead, just sell or disenchant the gear as needed, 
then visit the transmogrifier in any of the game’s cities, pay a nominal fee 
(in-game currency), and poof! Your new silly-looking mismatched gear 
now looks just like your favorite stuff of all time.

There are lots of similar interface and mechanism changes; more 
than there’s room to discuss here, in fact. But the really good news 
is that unlike the last expansion or two, Legion doesn’t have to lean 
solely on interface tweaks to be entertaining. The new content is highly 
engaging, with gorgeous, well-designed zones to explore, insanely cool 
new instances to adventure through, and a storyline that’s easily the 
most dramatic to date.

Blizzard isn’t pulling any punches in Legion, and some of the game’s 
most revered non-player characters are dropping like flies, to the point 
where one begins to wonder if George R. R. Martin is writing the story 
arc. Some of these revelations (which begin within minutes of starting 
play in Legion and don’t relent all the way through the new 110 level cap) 
are better than others, of course, but regardless of your take on each 
particular story element, I’m getting the desired effect, and I suspect I’m 
not the only one. Events in the game feel weightier and more personal 
than ever before for me, and for fans of good game stories, that equates 
to a higher level of engagement and, ultimately, enjoyment.

If you’ve been away for a while, it will take a few minutes to get up to 
speed on what you’ve missed, but Legion will reward your patience by 
reminding you why you enjoyed playing this game in the first place. ■
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Q&A With Gary Baum

The Promise Of Making 
Digital Ink Interactive

MyScr ip t  t echno logy  i s  made 
available for application developers 
through our development portal and 
can be hosted on almost every popular 
OS platform, meeting the needs 
ranging from automotive and remote 
controls to products for the mobile and 
computational markets.

Q : Can you describe what Interactive 
Ink technology is exactly, as well as 

what “actionable ink” is in general? 

GB : Interactive Ink technology is 
what allows the user to be far more 

productive by being able to interact with 
and manipulate the handwritten digital 
ink and transport that information into a 
formatted digital document. Fundamental 
capabilities found in word processors are 
now available for digital handwriting for the 
first time. The ink is therefore “actionable” 
and dynamic as opposed to being static.

Digital ink is commonly stored with 
metadata that describes the manner in which 
the captured ink strokes should be displayed 
upon the screen. This is fine for many 
artistic applications where the appearance 

led to the creation of effective handwriting 
recognition and now Interactive Ink 
allowing a user to easily edit, delete, 
format, and convert the handwritten 
information into digital form for inclusion 
in other digital documents. Retyping your 
notes or re-creating a handwritten diagram 
is no longer a requirement to share 
your notes.

Q : Can you overview what MyScript 
does as a company and its primary 

mission, including in terms of math, 
music, and text; mobile devices; 
and components  the  company’s 
technology touches?  

GB : MyScript is the acknowledged 
market leader in accurate, high-

performance handwriting recognition 
and digital ink management technology. 
Our mission is to enable digital writing 
using advanced multimodal human 
machine interfaces. We are making 
handwriting input interactive and easy 
to use. Handwriting that can easily be 
edited, reordered, or converted to the 
digital format has never been available in 
the industry, until now. Our technology 
harnesses the power of digital computing 
and the pervasiveness of pen-on-paper 
writing to provide the best of both.

The underlying technology is developed 
within MyScript Labs, which was formed 
to solve the handwriting recognition and 
ink management challenges using neural 
network technologies inspired by how the 
human brain works when reading. This 

Accuracy (or the lack thereof) is one common complaint users have concerning handwriting-recognition technologies. In addition, 
Gary Baum, vice president of marketing at MyScript, says users always complain that they can’t easily edit, store, or search their 
handwritten notes or easily distribute them without having to retype them. MyScript focuses on addressing such issues. If you’re
one of the millions who have downloaded the company’s Calculator mobile app, you’ve experienced first-hand MyScript’s work 

and its Interactive Ink technology, which takes handwriting recognition to a new level. 

You’ll also find Interactive Ink implemented in MyScript’s Stylus and new Nebo apps. Nebo enables a tablet user with an active pen 
to write and edit handwritten notes in real-time using only the stylus. Draw a diagram, for example, and you can convert it to a digital 
form you can share, search, and store. Baum describes Interactive Ink as making digital ink “actionable” rather than static, something 

that greatly enhances productivity. In a meeting, for example, the technology enables taking notes, creating diagrams, entering and 
solving math equations, adding sketches, inserting images, and providing other abilities via a stylus. A user can then modify the notes 
in either the ink or converted digital mode. We spoke with Baum about Interactive Ink’s potential, the state of handwriting recognition, 
Baum’s early years at AMD and Intel, and more. (You can read our entire conversation at www.computerpoweruser.com/23629 )

CPU  /  October 2016 79



grammatical or semantic knowledge. 
Artificial intelligence, as it relates to digital 
writing, assists in developing complex 
algorithms for each step in the process to 
reproduce how the human brain reads and 
understands a handwritten document and 
then modeling all those pieces of knowledge 
into a multi-expert system. I find it magical 
in the way it understands my written intent 
even when I sometimes cannot read a few of 
my rapidly written scribbles.

Q : With speech-recognition technology 
becoming more prevalent, some 

people question the importance or need 
for handwriting-recognition technology. 
How do you view such notions?

GB : The user benefits from multiple 
methods to interface with the 

device. There is no single input that 
is ideal for all situations and all tasks. 
However, they should all be made 
available in a consistent manner to allow 
the user to determine which is best for 
a given situation. The task to be done 
often dictates the input method the user 
will select. Voice is most often associated 
with a command interface. It is not 
socially acceptable to speak to your device 
in a classroom or meeting room setting. 
Digital writing for content creation will 
be preferred by many in the classroom or 
business meeting setting where the notes 
captured are individual, private thoughts 
and speaking would be disruptive. 

Q : How do you use handwriting 
recognition technology in your 

daily life? How predominantly does it 
factor in? 

GB : Interactive Ink provides power to 
digital handwriting and makes me 

more efficient. Handwriting technology 
alone is not enough. Interactive Ink 
technology is needed to provide the digital 
writing experience that I want to use. My 
productivity is enhanced by being able to 
categorize, edit, store, and share my notes 
without retyping. 

I use the stylus and digital handwriting 
almost daily in meetings. It is also easier 

more productively. In many situations, 
they prefer to enter text and data in a 
handwritten fashion, and for the first 
time, the stylus is now as powerful as 
the keyboard and mouse. Virtual 
keyboards consume precious screen real 
estate. Auxiliary keyboards are sometimes 
bulky or socially sub-optimal to use in 
many settings. The stylus is a natural 
input device interface. MyScript Labs 
has created Interactive Ink technology to 
eliminate the limitations of traditional 
digital ink for the purpose of handwriting.  

Q : What role does machine learning and 
neural networks play in MyScript’s 

handwriting-recognition technology?

GB : Machine learning and neural 
networks are what have allowed 

MyScript to recognize printed and cursive 
characters for more than 90% of the 
world’s population today. They also enable 
the intelligence in Interactive Ink that 
understands meaning and context, including 
diagrams. MyScript Labs is at the heart of 
our technology research and development 
activities. The lab’s team has almost 20 years 
with a team of Ph.D. researchers developing 
a variety of neural network techniques to take 
on the extremely difficult and challenging 
problem of digital writing.

Machine learning, or more precisely 
neural  networks,  are the core of 
MyScript’s technology. Those are models, 
inspired by brain biology, that are used 
to approximate functions that generally 
depend on a large number of parameters 
that can be estimated with learning 
techniques based on millions of real-
world samples—the training.

MyScript technology approximates 
how the human brain works when 
performing a reading task. In fact, it 
is a very complex process that contains a 
number of subtasks, such as segmenting 
a word into its constituent characters, 
recognizing individual characters, and 
solving ambiguities based on contextual and 
linguistic input information. Our reading 
process relies on several kinds of knowledge 
groups, such as alphabetic, phonetic, or 
lexical information, but it also incorporates 

of the ink is the key value. In contrast, ink 
input for the purpose of writing requires 
far more information to enable interaction 
that a user has come to expect when using 
a word processor. Interactive Ink adds in 
real-time the metadata that describes the 
digital meaning of the handwritten input to 
enable editing and manipulation. A greatly 
enhanced user experience with improved 
productivity is now possible. 

Finally, digital handwriting enjoys the 
benefits associated with computation. Some 
tasks, such as creating diagrams or mind 
maps and writing math equations, which 
are challenging or tedious to input with 
only a keyboard and mouse, are now as 
simple as sketching them on your device. 
This level of enablement with a stylus has 
never been provided to users in the past.

Q : What importance or relevance 
could Interactive Ink hold for 

everyday users? 

GB : Users are now empowered to 
write on a device and obtain 

a clean formatted document. Imagine 
a student in the classroom or a person 
attending a business meeting. Notes can be 
taken, diagrams created, math equations 
entered and solved, sketches added, and 
images inserted all with ease of placement 
and all editable with the stylus. The notes 
can be easily modified in either the ink or 
converted digital mode. No need for multiple 
applications to create simple diagrams. No 
tedious procedure to enter a math equation.

Cognitive benefits of writing compared 
to using a keyboard have been proven 
to enhance memory retention and 
comprehension, benefiting the student, 
for example, with better recall, improved 
test scores, or enhanced clarity of 
understanding. The user saves time—a 
productivity gain—and enjoys cognitive 
and ease-of-use benefits in the process.  

Q : In real-world, practical usage 
terms, why is Interactive Ink 

something users should care about? 

GB : People care about Interactive 
Ink because they can work 
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PCs in the industry. These systems 
dramatically improved productivity and 
changed the way we all work and play, 
even to this day. 

Years later while at AMD, we defined 
the first single-chip PC and coined it 
a system on a chip, or SoC. The chip 
was used in some of the very first 
generations of handheld computers. 
Shortly thereafter, we created a powerful 
laptop CPU that mitigated high power 
consumption by inventing a method to 
allow the typical power to be very low. 
The CPU frequency and voltage was 
controlled so that full-speed operation 
occurred only for very short periods 

of time, as required by the software 
processing demand. This technology has 
been refined over the years and is used 
extensively by most CPU vendors to this 
day. The result was that costly laptops 
could provide more compute potential 
while costing less. 

Today, the workforce is shifting to 
mobile devices—phones and tablets. 
I see the potential to become truly 
productive from being able to write 
on my device and with a simple tap of 
the finger obtain a formatted digital 
document, including my diagrams, for 
email or inclusion in other apps. Digital 
handwriting that is providing this level 
of capability has never been available 
previously. I look forward to software 
developers integrating this technology 
into a large variety of applications. ■

commit the information to memory. One 
week later, the group that took notes 
longhand scored higher in both fact and 
conceptual recall.

Handwriting recognition isn’t limited 
to notetaking. It can also be used in 
conjunction with educational apps to 
crunch numbers or compose a piece of 
music. The Khan Academy’s “You Can 
Learn Anything” app uses MyScript 
handwriting-recognition technology to 
instantly create and solve mathematical 
equations. Similarly, music composition 
apps such as PreSonus Notion for iOS 
allow users to write music with a finger 
or stylus and see it effortlessly converted 

to digital notation. Digital writing can 
improve the educational experience of 
millions of students around the world. 

Q : Our readers closely track AMD 
and Intel ,  particularly their 

processor developments. You have a 
background with both companies. Can 
you detail your involvement with both? 

GB : I have always been interested 
in technology advances that can 

enhance all of our lives over time. At 
Intel, I had the opportunity to work on 
the initial IBM PC and later the PC/AT. 
Those were exciting days that set the stage 
for the vast wave of PCs that evolved. 
That work led to my involvement with 
the definition and launch activities for 
Intel’s first 32-bit CPUs and resulting 

and far more socially acceptable to write 
notes on a tablet instead of propping up a 
laptop and typing. A few pertinent notes 
have been proven to be cognitively better 
in both creativity and memory retention, 
and I find that this is really the case for 
me. I often draw organizational charts 
and want to share them. I simply draw 
them out by hand and format them the 
way I desire. This is so very much faster 
than replicating the diagram after the 
meeting using PowerPoint or other tools. 

Q :  You  wrote  an  interes t ing 
article regarding benefits that 

handwriting can provide long-term 
in an educational sense and the role 
handwriting-recognition technology 
and Interactive Ink can play there. 
What type of benefits do you see? 

GB : Technology has permeated the 
classroom, from pre-K to higher 

education, and provides compelling 
interactive learning experiences. But 
as the shift to a keyboard classroom has 
dominated education to the demise 
of handwriting, has anything been lost? 
Studies show the best way to remember 
important concepts is to take notes 
in longhand. A pair of psychologists 
from Princeton University and UCLA 
conducted a study and published their 
findings in the journal “Psychological 
Science” where they compared information 
retention among more than 300 students 
after taking notes during a 15-minute 
TED talk, either by writing in longhand 
or using a laptop. They concluded that 
taking notes by typing on a keyboard can 
be detrimental to learning.

Both groups performed about the 
same recalling facts half an hour later, 
but the concepts—the real learning 
opportunity—favored longhand note-
takers. The researchers postulate the 
difference is because those who were 
typing tended to transcribe portions of 
what was said instead of thinking about 
it. Taking notes by hand requires the 
listener to process the information being 
said and summarize it in their own words. 
The mental activity signals the brain to 

As the shift to a keyboard 
classroom has dominated 
education to the demise of 
handwriting, has anything 
been lost? 
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Look For CPU At These LAN Parties

10.01-02.16
3rd Annual Fall FRAGfest

Ashland, OH

www.facebook.com/events/1744639172478239

10.07-09.16
BoiseLAN 4.0

Boise, ID

www.boiselan.net/forum/lan

10.08.16
KCGame On 71

Kansas City, MO

kcgameon.com

10.14-15.16
LANFest NETWAR 31.0*

Elkhorn, NE

lanfest.intel.com/events/netwar31

10.15.16
Oklahoma Gamers Group

Oklahoma City, OK

www.okgg.org

10.21-23.16
LANFest Sacramento Fall 2016*

Folsom, CA

lanfest.intel.com/events/sacramento-fall-16

10.22-23.16
FortLAN IX

Fort Wayne, IN

fortlan.org

10.22.16
SAN LAN CS:GO TOURNAMENT

San Antonio, TX

www.sanlan.org

10.22.16
Underground Gaming

Ashland, OH

www.facebook.com/groups/UGGeSports

10.22.16
Willamette Valley Gamers LAN

Eugene, OR

www.wvgamers.com

10.28-30.16
BaseLAN 30

Winnipeg, MB

www.aybonline.com

10.28.16
Critgamer LAN Party

Tyler, TX

www.critgamer.com 

10.28-30.16
LANFest Colorado*

Castle Rock, CO

lanfest.intel.com/events/colorado-2016

10.29-30.16
Laclede’s LAN 17

St. Louis, MO

www.lacledeslan.com
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Would you like us to help promote your next LAN?

Give us a call at 1.800.733.3809

We’ll be glad to consider your event

Across The Nation—& Beyond!
* Event scheduled to include a CPU case mod contest

11.19.16
Underground Gaming

Ashland, OH

www.facebook.com/groups/UGGeSports

12.03.16
KCGame On 72

Kansas City, MO

kcgameon.com

12.17.16
Oklahoma Gamers Group

Oklahoma City, OK

www.okgg.org

12.17.16
Underground Gaming

Ashland, OH

www.facebook.com/groups/UGGeSports

- 2017 -

02.16-19.17
PDXLAN 29* 

Portland, OR

www.lanreg.org/pdxlan/pdx29

03.24-26.17
PONG March LAN

Menomonie, WI

pong.uwstout.edu

11.04-05.16
Afterlife LAN 

Springdale, AR

www.fslan.com

11.04-06.16
LAN In The Highlands 

Latrobe, PA

www.clubconflict.com

11.04-06.16
Maryland LAN Gamers

Greenbelt, MD

www.marylandlangamers.net

11.04-06.16
PDXLAN*

Portland, OR

www.lanreg.org/pdxlan/pdxnov2016

11.18-20.16
PONG November LAN

Menomonie, WI

pong.uwstout.edu

11.19.16
LAN Ho!

Tampa, FL

www.facebook.com/events/192051067863785

/#sthash.SXESr65I.dpuf

11.19.16
Oklahoma Gamers Group

Oklahoma City, OK

www.okgg.org
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Q&A With ENERMAX’s Don Hwang

National Sales & Marketing 
Manager Talks D.F. Fan Tech

DH : The two series are designed to fulfill 
different user demands. The D.F. 

Pressure is ideal for cases, CPU coolers, and 
radiators. The High Pressure blade is precisely 
designed and engineered in the calculation of 
the blade’s angle; it enables the fan to generate 
static pressure as high as 4.812mm-H20.  D.F. 
Pressure can offer high air pressure for various 
applications, including PCs, workstations, 
and industrial use.

The D.F.VEGAS and D.F.VEGAS 
DUO come with a patented circular-type 
LED in addition to our DFR technology. 
The lineups are built with five switchable 
lighting modes. The dynamic lighting effects 
make D.F.VEGAS the perfect element for 
case-mod projects or gaming rigs.

Q : These are Twister Bearing fans, as 
well, right? Can you talk about 

those for a minute for readers who aren’t 
familiar? How do Twister Bearings differ 
from other kinds of fan bearings?

DH : Yes, all of our current D.F. series 
products are equipped with our 

patented Twister Bearing technology, which 
guarantees a minimum MTBF of 160,000 
hours and is persistently silent in performance. 
To achieve such superior performance, the 
bearings are made from a self-lubricating nano 

material that protects against resistance 
and abrasion.

Traditional bearing technologies 
and their derivatives use oil to 
stabilize their respective bearings 
during rotation. Oil, naturally, 
evaporates and deteriorates in quality 
over time in any mechanical design. 
All of them are therefore limited in 
their performance to the amount of 
oil they contain and differ only by 

reversal of the fan blades that would normally 
create drag and obstruct airflow, thus forcing 
the component to work harder. As a self-
cleaning function, the DFR technology is a 
perfect solution for applications that need 
continuous preservation, such as power 
supplies, CPU coolers, or cases.

Q : So, obviously the D.F.VEGAS fan has 
ENERMAX’s VEGAS LED lighting 

effects, but what else distinguishes it from 
your D.F. Pressure fans?

Q : You recently launched two families of 
fans featuring ENERMAX’s patented 

DFR fan technology, and you also launched 
a new Platimax power supply unit with a 
D.F. fan, the Platimax D.F. What can you 
tell readers about DFR technology, and 
what makes it a good choice for so many 
new ENERMAX products?

DH : As you know, the majority of 
ENERMAX’s cooling products 

come with our Detachable Fan Blade 
design for users to clean the fan blades and 
frame with ease. After our initial design, we 
discovered another way of increasing the 
longevity of the product and for users to 
clean their fans in a more efficient manner.  
Therefore, we bring the DFR (Dust Free 
Rotation) technology to the world. 

The DFR technology is a new patent of 
ENERMAX as of this year; its main principle 
is to have the cooling fan spin in reverse 
for 10 seconds as the fan/power supply is 
powered on, and then shifts back into the 
normal rotating operation. We all know 
that with electronic components, cooling 
always matters, because high temperatures 
will damage the life span and stability of any 
electronic component. Therefore, ensuring a 
fluent airflow of ENERMAX’s DFR design, 
it dissipates dust particles swiftly by the 
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DH : Yes we do, and that is already 
under development. SLEEMAX 

will be included with the impending 
Titanium- and Platinum-level models, as it’s 
perfect for appearance, handy installation, 
and cable management.

Q : How did you choose your initial 
wattages (500 and 600 watts) for the 

Platimax D.F.?

DH : It’s all about market demand 
and product development. We 

understand other manufacturers sell only high-
wattage Platinum models starting from 750W 
or 850W; their concern is that users who buy 
Platinum-level power supplies would prefer 
high wattage outputs, but during the past years 
we have realized that there’s a higher demand 
today for medium wattages, as well.

Q : Does ENERMAX plan to add 
higher-wattage Platimax D.F. power 

supplies to the lineup at some point?

DH : Yes, they are currently under 
development.

Q : Before we let you go, what can you 
tell us about the new ETS-T50 line 

of CPU coolers? 

DH : The ETS-T50 AXE is ENER-
MAX’s latest flagship CPU cooler 

and is equipped with five 6mm heatpipes. It 
features seven unique patents: DFR (Dust 
Free Rotation) technology, PDF (Pressure 
Differential Flow) design, VGF (Vortex 
Generation Flow) design, HDT (Heatpipe 
Direct Touch) design, Air Guide design, 
Twister Bearing fans, and circular-type LED.

With these patents, ETS-T50 AXE can 
support TDP up to 250W and bring the 
utmost in eye-catching visual effects to users.  
What’s more, the brand-new Air Guide 
comes with a 360-degree rotatable grille for 
preferred airflow direction adjustment. You 
can use it to guide the hot air directly to the 
exhaust fan or to guide the cool air to any hot 
spots in the PC system by manually rotating 
the grille in a clockwise or counter-clockwise 
direction. The Air Guide is a creative gadget 
to optimize airflow. ■

SLEEMAX cables come about, and what 
can you tell us about them?

DH : The modular cable type has 
evolved from non-sleeved cable 

(simply wires), sleeved cable, flat cable (ribbon 
cable), and now into individually sleeved 
cable. Sleeved cables look better, but some 
users didn’t like them for cable management; 
flat cable is softer and good for winding but 
has a dull appearance; individually sleeved 
cable is a combination of sleeved cable and 
flat cable and is undoubtedly the best option 

for premium PC systems. Last year we 
launched our platinum digital fanless power 
supply model DIGIFANLESS, which used 
the individually sleeved cable. We’ve made 
progress in cabling production and will now 
use the new SLEEMAX individually sleeved 
cabling in our Platimax D.F. series PSU.

Q : We noticed you also included some 
cord organizers with the Platimax 

D.F. Was that a result of user feedback?

DH : Many users truly enjoy using 
the individually sleeved cables to 

develop their case-mod projects or gaming 
builds. However, we found that some 
users experienced problems with tangled 
cables. Some may utilize zip ties to manage 
the cables, but they have always been 
looking for better solutions to make cable 
management more efficient as well as better 
looking. So this year we implemented cord 
organizers to help users utilize organization 
and cable management.

Q : Do you expect to include SLEEMAX 
cables with future power supply units, 

as well?

the method of storing and distributing the 
oil within the respective bearings to maximize 
their performance.

ENERMAX has enhanced this by using 
magnets instead of oil to stabilize the bearing. 
Without the friction and traction of oil-
based bearings, the magnetic fields allow for 
stabilization without deterioration of the 
bearing and lack the operating noise and 
the well-known noise increase over time of 
oil-based bearings. Additionally, the lack of 
oil allows higher ambient temperatures and 
longer life spans.

Q : Tell us about the Platimax D.F. 
in general. This is your first new 

Platimax unit in a while; what does it 
bring to the table in addition to DFR tech?

DH : The Platimax D.F. comes with 
full modular design, which 

provides easier cable management and 
increased flexibility. We are also using the 
new individually sleeved modular cable 
SLEEMAX, made with carefully selected 
fabric to achieve a smooth, soft texture 
and flexibility while protecting its harness. 
Furthermore, we adopted a single-rail +12V 
design on Platinum models with a 500W 
to 600W output; our consideration is that 
the compatibility with high-end graphics 
gets significant for products at this level—
not a really huge output capacity, but still 
sufficient for high-level GPUs. For future 
Platinum models with higher outputs, we 
will be adopting multi-rail +12V design for 
the highest safety and performance.

Q : As we’ve been seeing from modders 
for many years now, the appearance of 

a PC’s power cables is an important factor 
in its overall look. How did ENERMAX’s 

Bearing Comparison Sleeve Ball Twister

MTBF (hours) ~ 30,000 - 40,000 ~ 50,000 - 60,000 ~ 160,000

Max Ambient Temperature ≤ 50° Celsius ≤ 85° Celsius ≤ 105° Celsius

Noise Increase Over Time high high none
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