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No more bottlenecks: the late-2013 MacBook Pro reviewed
 
This is of course the Intel Haswell-powered MacBook Pro "with Retina® Display", but the latter pretty much goes without saying now. Which is a good thing, because I really dislike (mis-)using the word "retina" to indicate a high resolution screen, especially when capitalized. I got middle stock 13" model: 8 GB RAM, 256 GB SDD, 2.4 GHz CPU.
 
Battery life
 
Many of a computer’s features reveal themselves in only a few minutes or even seconds of use. That is not exactly the case for battery life. The amount of time you can work on a battery charge also varies wildly with the type of use. So this was one of the first things I wanted to test. Here are the results of three tests I did.
 
My first test is the "wait for mail" test. This is the lightest possible workload, so it should provide an upper limit on battery life you can expect. The computer has bluetooth and Wi-Fi on, the screen is set to the lowest non-off brightness, sleep and the screensaver are turned off, and only two applications are open: Mail and Messages. When I went to the System Preferences to turn off sleep, I was a bit confused. Did the Energy Saver pane always look like this?
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No, it didn't:
[image: Screen_Shot_2013_10_28_at_8_28_11.png]
(Turns out that when using the power adapter, you can keep the computer from sleeping when the display sleeps, but there's no setting for how long until the computer sleeps.)
 
So after removing the sleep light a few years ago, Apple took the next logical step and simply lets the entire computer sleep very soon after the display goes to sleep. Which of course helps you get even more battery life. However, this is not so great when it comes to mail and IM clients and the like that run in the background and monitor what happens over the network. But this can be remedied with tools like Wimoweh, that make sure the computer doesn't sleep when you don't want it to. Or maybe not... I was still able to ping the computer even though the caps lock light on the keyboard had turned off, presumably indicating that the computer had gone to sleep.
 
In this setup, clicking on the battery icon in the menu bar showed that the system expected to be able to run for 20 hours. I had prepared this setup before I went to bed. I woke up early 6 hours later, but the battery still showed a 100% charge and 20 hours left. After running for 8 hours, this had dropped to 74% and 14 hours, 45 minutes. I checked every hour from then on, and in each case, the battery had depleted another 4%. After 12 hours, I ended the test with 58% charge left in the battery, because I wanted to actually use my brand new computer for something.
 
Wait for mail: 24 hours (!)
 
Verdict for the "wait for mail" test: it seems the battery charge percentage wasn't calibrated correctly when full. But this computer can easily run 12 hours on the battery if it's not really doing anything, and probably as much as 24 hours.
 
Watch video: 6 - 12 hours
 
The next test was watching video. I tried a few different types of video and looked at the battery percentage to evaluate the battery's performance to avoid having to spend a week running battery tests. For these tests I set the screen to half brightness and turned off Wi-Fi. (I think I forgot to turn off bluetooth.) Headphones were connected for the audio.
 
First I wanted to see how this machine handles viewing DVDs. But... it doesn't have a DVD drive! True enough, so I hooked up Apple's external USB Superdrive. At first it seemed that this wasn't the best possible idea, as during the first few minutes of watching a DVD the drive was very noisy. But after that, it spun down and only spun up in a more modest fashion momentarily from time to time. Playing back a DVD for 1.5 hours used up 16% battery charge. So it should be possible to watch DVDs for a little over 6 hours.
 
But obviously this isn't a very realistic test. If you're going to watch a DVD on a computer with only an external optical drive, you'd rip the DVD beforehand and then play the ripped DVD from the internal SSD drive. This is what I did starting at 8% battery charge. 45 minutes later, the computer went to sleep. So this means the computer should be able to play back ripped DVDs for more than 9 hours on one battery charge.
 
Then I played back a movie in 1080p HDTV resolution in H.264 format. Two hours of this used up 17% battery capacity. So the computer should be able to play back HD video in GPU-accelerated H.264 format for nearly 12 hours on a single battery charge.
 
Normal use: 9 hours, 42 minutes
 
Last but not least: how long does the battery last during more typical use? Many professional reviewers have test setups where a script loads a website every 15 seconds or something like that. The good thing is that this makes for a consistent, repeatable test. But it's not real use. What I did is use the computer like I do normally, with two slight tweaks: I made sure I had the computer do something pretty much the entire time, and display sleep was set to "never". I played music most of the time, either using the built-in speakers (with the sound coming out of the keyboard) or streaming over the network to my Apple TV. Most of the time I was writing or reading, but I also turned on Filevault at some point, so the computer had to encrypt its entire "256" GB SSD.1 The computer also slept for 12.5 hours, which used up 4% battery charge. Most of this test was done at night with the screen at low brightness.
 
When awake, the MacBook Pro used 10 - 12 % battery per hour. Ultimately, it went to sleep after 9 hours and 42 minutes. So Apple's battery life claim of 9 hours is completely justified. Obviously, you're not going to get this kind of battery life doing things like video encoding when running on the battery. On the other hand, you can make the battery last longer by not doing things like play music or turn on Filevault when running on the battery.
 
At IETF meetings, there are always power strips strewn throughout the meeting rooms. A decade ago, I'd always connect my laptop to power whenever I could, and run a few hours on the battery otherwise. More recently, I wouldn't bother to connect the power adapter during the morning session, but I'd have to do so during the afternoon at some point. I think with this computer I could easily leave the power adapter in my hotel room and run on the battery the entire day. I typically don't stay in the conference hotel, so this would be taking a risk. But with more than a thousand Internet engineers around you can probably bum fifteen minutes of charging in a pinch...
 
CPU performance
 
Every time I bought a new computer, it was faster than the previous one. Sometimes by a lot, sometimes by a little. So what I'll be doing here is compare the new MacBook Pro to my old mid-2011 MacBook Air. I paid extra for the upgrade to a 1.8 GHz Core i7-2677M CPU when I got the Air a little over two years ago. This CPU has 4 MB L3 cache, and although it's advertised as a 1.8 GHz part, it actually runs at 2.6 GHz with both cores active, and can turbo boost to 2.9 GHz when only one core is running. However, that's all subject to thermal limitations.
 
The new MacBook Pro has a 2.4 GHz Core i5-4258U CPU with 3 MB L3 cache. I haven't been able to find any information on which turbo ratios apply to the 2.4 GHz frequency with two cores in use, but it looks like this is also 2.6 GHz. The maximum CPU frequency (when using one core) is 2.9 GHz, same as the Air.
 
You can monitor the CPU frequency and power use of your Intel CPU with the Intel® Power Gadget. But let's have a look at some benchmarks first.
 
Geekbench 2 32-bit
 
MBA: 5861
MBP: 7110 +21%
 
Geekbench 3.1.2 32-bit single core
 
MBA: 2291
MBP: 2703 +18%
 
These numbers are not particularly exciting, especially considering that I went from a two-year-old "Air" to a brand new "Pro" machine. However, things are better for certain benchmarks and real-world tasks:
 
Geekbench 3.1.2 32-bit multicore
 
MBA: 4316
MBP: 5640 +31%
 
Handbrake 0.9.9 SD video conversion
 
MBA: 134 seconds
MBP: 96 seconds, 40% faster
 
Handbrake 0.9.9 HD video conversion
 
MBA: 270 seconds
MBP: 157 seconds, 72% faster
 
QuickTime QuickSync HD video conversion
 
MBA: 131 seconds
MBP: 48 seconds, 2.7x faster
 
Unfortunately, using QuickTime to convert to 480p, 720p or 1080p using the respective presets, which uses QuickSync, does result in really large files, so in practice it's not all that useful.
 
Cinebench 15 GPU
 
MBA: can't run the test
MBP: 20.02
 
When running the Cinebench benchmark with 4, 2 or 1 CPU threads, it becomes clear that the MacBook Pro is much better at multithreaded tasks:
 
 
Cinebench 15 CPU, 1 thread
 
MBA: 98
MBP: 106 +8%
 
For some reason both computers stick to a 2.6 GHz CPU frequency most of the time even under single threaded loads. It looks like MacOS doesn't make the second core sufficiently idle to fully benefit from the turbo boost.
 
Cinebench 15 CPU, 2 threads
 
MBA: 137
MBP: 195 +42%
 
Cinebench 15 CPU, default number of threads (4)
 
MBA: 187
MBP: 262 +40%
 
The MacBook Pro can do 1.9 times as much work when using both cores, but the MacBook Air only sees a 40% improvement when going from using one to using two cores. The Power Gadget shows why:
 
[image: poweraircpu.png]
 
The MacBook Air runs into its power limits very quickly when using both cores fully, so the CPU clock has to be throttled back significantly below the maximum 2.6 GHz. Interestingly, the MacBook Air and the MacBook Pro use roughly the same amount of power with the CPU at full utilization: the MBA a little over 20 W, the MBP a little under. However, for the Air this is above its 17 W Thermal Design Power (TDP), so it quickly throttles back the CPU frequency. The MacBook Pro's TDP is 28 W, so it can run at full blast with thermal room to spare.
 
The fan speeds reflect all of this. When using 400% CPU time (such as when encoding video with Handbrake), the MBA's fan quickly spins up from its regular 2000 RPM, eventually reaching 6500 RPM, which is quite noisy. The MBP's fan runs at 1300 RPM under normal circumstances, and didn't go beyond 2200 RPM with the CPU at 400% for some time, which is barely audible.
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Last but not least, let's have a look at OpenCL (not to be confused with OpenGL) performance. Apparently Apple is leveraging OpenCL for more and more tasks. One of the GPUs in the new Mac Pro doesn't even drive any displays and is just there for number crunching.
 
Unlike most programs, which run on the CPU, or OpenGL, which runs on the GPU, OpenCL programs can run on the CPU and most GPUs, or even on both at the same time. The Luxmark OpenCL benchmark is a bit (14%) faster on the MBP's CPU than on the MBA's CPU.
 
Luxmark 2.1beta2 OpenCL benchmark, CPU
 
MBA: 181
MBP: 207 +14%
 
The MacBook Air has Intel HD 3000 graphics on board, which doesn't support OpenCL. The HD 5100 Iris GPU that's part of the the MacBook Pro's CPU die does, and this is 78% (!) faster than using the CPU.
 
Luxmark 2.1beta2 OpenCL benchmark, GPU
 
MBA: -
MBP: 368
 
Unlike the CPU, the GPU has no problem pushing the i5-4258U past its 28 W TDP, so it has to throttle back after 20 seconds or so. Note that this is with the CPU mostly idle.
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Using the CPU and GPU together increases performance another 9%, for a total of 121% over the maximum the MacBook Air can do.
 
Luxmark 2.1beta2 OpenCL benchmark, CPU+GPU
 
MBA: 181
MBP: 401 +121%
 
I have to be honest: this comparison started from a place of disappointment. Intel didn't move the needle much regarding single core performance on an identically clocked system. (However, two years ago I had to pay extra to get the 1.8 - 2.9 GHz i7, while the 2.4 - 2.9 GHz i5 is now in the base configuration.) But the extra thermal headroom, and probably the faster memory (but less level 3 cache), allows the new Haswell CPU to push ahead in multithreaded performance, which should benefit most number crunching type applications, such as video encoding. And applications that make use of OpenCL and thus the much beefier GPU should benefit a lot. So I'm still reasonably happy with the performance of this computer.
 
Ports and networking
 
[image: mbpallports.jpg]
It's a point of pride to have something to connect to every port
 
Except for the surprise addition of HDMI not long ago, Apple has been moving away from special-purpose ports towards multi-purpose high speed ports: Thunderbolt/DisplayPort and USB.
 
The Thunderbolt ports now support Thunderbolt 2 at 20 Gbps. It may be a while before I have any peripherals that take advantage of this extra bandwidth. Apple introduced 5 Gbps USB 3 in last year's models, which is a very nice change of pace after having been on 480 Mbps USB 2 for a decade. I got a 2.5" bus powered USB 3 hard disk not long ago, which tops out somewhere around 30 MB/sec when used over USB 2. With USB 3, it can reach 110 MB/sec for sustained transfers.
 
The SD card reader is now connected over "super speed" (5 Gbps) USB 3 internally, so it should be able to keep up with the speediest SD cards. (Which mine certainly aren't at maybe 20 MB/sec.)
 
I tested wireless network performance using an 802.11ac Time Machine base station. I transferred a big file (a little under 2 GB) from an older computer connected to the Time Machine using wired Gigabit Ethernet and timed how long this took. This is not the best case scenario, because there is extra file sharing protocol (AFP) overhead and the average speed thus revealed is lower than the maximum speed reached during the transfer, because it takes some time to reach that maximum speed. But I wanted to test a typical use case without any optimizations. First, as a baseline, my old MacBook Air:
 
2.4 GHz 802.11n: 7 MB/sec
5 GHz 802.11n: 11 MB/sec
 
The MacBook Air can absolutely do better than this, but one of its problems is maddeningly inconsistent 5 GHz Wi-Fi performance. Both the MacBook Air and the MacBook Pro connected on the 2.4 GHz band when I woke them from sleep. In the past, the Air would then move to the 5 GHz band at some point. This may have changed under OS 10.9, or maybe it's just that the MacBook Pro is different in this regard, but over the past week, I've never seen the Pro switch from 2.4 to 5 GHz without toggling Wi-Fi off/on. These are the Pro's results:
 
2.4 GHz 802.11n: 13 MB/sec
5 GHz 802.11ac: 50 MB/sec
 
The MacBook Pro can do 1.3 Gbps 802.11ac on the 5 GHz band and 217 Mbps 802.11n on the 2.4 GHz. The Air tops out at 300 Mbps 802.11n on 5 GHz and 145 Mbps 802.11n on the 2.4 GHz band. (However, this includes a lot of overhead. By this logic, Gigabit Ethernet is 1.25 Gbps, not 1 Gbps.) The Pro has three Wi-Fi antennas, the Air two. So under ideal circumstances that's 50% extra speed. That doesn't entirely explain why the Pro is nearly twice as fast on 2.4 GHz as the Air, even beating the Air's 5 GHz performance. But I'll take it. It could be that the Wi-Fi antennas have an easier time doing their job because the display hinge, where they reside, is now bigger, and more exposed during normal use.
 
For good measure, let's look at wired networking performance, too. I got a Thunderbolt Gigabit Ethernet adapter when Apple released those last year, and a USB 3 Gigabit Ethernet adapter a few months ago. The Thunderbolt adapter did 85 MB/sec for receiving and 80 MB/sec for sending. The USB 3 adapter was maybe a couple MB/sec faster when receiving and a couple slower when transmitting, but this could easily be my imagination.
 
So there's no reason to choose the Thunderbolt adapter over the USB 3 one, especially as the latter also works with a USB 2 port when no free Thunderbolt ports are available. On the other hand, Apple's Thunderbolt adapter is plug-and-play and extremely stable, while the USB adapter requires installing a driver and I've had it stop processing IPv6 and sometimes all packets after several days of use a few times.
 
Even though 802.11ac Wi-Fi is only 40% slower than wired Gigabit Ethernet, it's still very useful to have a GE adapter for those situations where you need to transfer a lot of data between two computers—if both are connected through Wi-Fi, this reduces performance by half, so now you're at 30% of wired GE. Alternatively, you could get a Thunderbolt cable and do some Thunderbolt networking at 10 Gbps.
 
Audio
 
Don't worry, I'll be discussing the high-resolution screen soon enough. But first let's listen to the audio. The late 2013 13" MacBook Pro has three slits along both sides, starting at the front and reaching about two thirds towards the back. The slits are somewhat hidden where the side and bottom meet. I assume they're mostly there to suck in air, that is then directed out the back under the hinge. But they also let most of the sound out from the two speakers that sit right along those slits. The built-in speakers provide clear, bright audio with a modest, but workable amount of bass—more than what the MacBook Air can muster. The maximum volume is also a few ticks higher. It's certainly good enough for some casual listening at your desk.
 
When the optical drive was excised from the MacBook Pro line, it took the audio line in port with it. Arguably, this was a fairly useless port anyway, as you couldn't use it to connect a microphone. The headphone port on the other hand, does support microphones though the a fourth signal line, just like the iPhone. But it has another trick up its sleeve: optical audio out. With a special plug that connects to a TOSlink cable you can transmit digital sound to an amplifier with a digital input. This is how we played back DVDs with surround sound back in the day—the DVD Player application can send the digitally encoded 5.1 surround signal over the optical cable, and the receiver decodes it.
 
However, these days the sound is typically transmitted alongside video through an HDMI cable. The new MacBook Pro has an HDMI port and can also connect to HDMI with the right cable over its Thunderbolt/miniDisplayPort ports. You can change audio settings, including audio output over HDMI, in the Audio MIDI Setup program.
 
[image: mbpaudiomidi.png]
 
Like an optical TOSlink connection, HDMI can carry compressed/encoded digital surround sound. But unlike an optical TOSlink connection, HDMI can also carry 5.1 or even 7.1 channel uncompressed, decoded audio. If you have a receiver/amplifier or TV that can accept this many channels. You'll encounter video with 5.1 (rarely 7.1) surround sound in two main flavors: Dolby Digital AC3 and MPEG4 AAC. There's also DTS and a few higher end Dolby/DTS variants. It's also possible for video files to have multiple audio tracks. For instance, many TV shows from the iTunes store have an AC3 surround track and a AAC stereo track.
 
For playing back videos with AC3 and DTS surround audio tracks, your best bet is to use VLC and tell it to use HDMI (encoded output) as the audio device. This way, the audio data is sent to the surround receiver as-is, and all the channels will go to the right speakers. When I let VLC decode the audio itself and just use "HDMI" as the audio device, the audio gets sent to the wrong speakers.
 
Alternatively, use an Apple TV to play them. This also works for videos from the iTunes Store, which VLC can't play because they're protected. You can of course play those in iTunes, but then you once again get audio sent to the wrong speakers or you only get stereo audio.
 
Interestingly, iTunes can decode videos with 5.1 surround sound in AAC format, and both iTunes and VLC send the channels to the right speakers. But for AAC you can't use encoded audio output, even though I'm pretty sure modern surround receivers have no problem decoding it. The Apple TV, on the other hand, will decode AAC surround sound, but then send the result to a receiver or TV as stereo, defeating the purpose of having 5.1 audio.
 
General impression
 
After using the new high resolution 13" Haswell MacBook Pro for almost three weeks, it's high time that say something about my general impressions and discuss the high resolution display.
 
A hair over a kilo and a half isn't much for a "pro" computer, but then again, it's not ultra-light, either. When I pick it up with both hands it feels light, when I use only one hand, it feels a bit heavy, especially compared to the MacBook Air. The MacBook Air's tapered body is slightly nicer to work with in certain circumstances, like using the computer at a desk. Then again, the MacBook Pro is a bit smaller in the width and height directions, and I really like the fact that the edge around the screen on the MacBook Pro is black and covered with glass. When I wrote my review of the MacBook Air for Ars Technica, I wrote "unlike with my previous computers, the screen doesn't appear to touch the keys when the lid is closed, so no oils are transferred from the keys to the screen". I was wrong about that, and the screen was actually affected by finger grease, now having brighter and darker regions. Hopefully the MacBook Pro's glass screen won't suffer from such issues. At the very least it's easier to clean the screen all the way to the edges with little or no risk of cleaning fluids getting inside.
 
The keyboard is the same as before—including the annoying fact that the light sensor doesn't really pick up that it's day and the keys don't need to be illuminated. At first glance the trackpad seems a bit bigger, but that's because the computer is actually slightly smaller.
 
The computer wakes up from sleep incredibly fast: by the time the lid is completely open, the password prompt is waiting for input. The PCIe-based solid state drive is extremely fast. Copying some large files to /dev/null happened at 820 MB/sec.
 
The high resolution screen
 
This computer has lots of things going for it, but for the most part these are things that it shares with the current 13" MacBook Airs. The one thing that really sets apart the MacBook Pro is its high resolution screen. (As soon as the Airs get these, I really don't see how Apple can continue to sell both computers side-by-side.)
 
And yes, it's all that it's cracked up to be, and more. Forgetting the resolution for a moment, this is the best laptop screen I've ever used: despite the glass cover, it resists reflections very well, it's bright (when needed),  the black levels are pretty deep and you can view the screen from any angle you like. The colors are well-saturated, unlike on my old Air. When running Cinebench on the Air, I was under the impression that the test scene below was in black-and-white. But on the MacBook Pro I noticed that several of the spheres are actually a pale green.
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But how can I forget about the resolution? Text on a computer screen finally looks like text. You know, with actual typography. Although the resolution is "only" 227 pixels per inch (9 pixels per millimeter), while even the cheapest printers start at 300, text looks much better on this screen than it does on an inkjet printer. I guess the font smoothing and sub-pixel rendering really help. On regular screens, they'd often make small type blurry. But on this high resolution screen, even the smallest letters look sharp. Also, thin fonts look extremely good, while heavier ones don't benefit as much from the increased resolution.
 
A year ago, when the first "retina" MacBook Pros arrived, Apple applied the same strategy to deliver a high resolution experience as they did on iOS: what was previously a pixel is now a "point" and a point is made two high resolution pixels wide and two high resolution pixels high. Text is automatically rendered at the increased resolution. But images need to be made available in double the resolution. You can see how this works on many websites today: text is sharp, images not so much. For photos, the effect isn't too terrible, but line art and text in bitmap images looks pretty bad.
 
However, many applications render their text and graphics to an offline buffer and then copy that buffer to the screen. Until such applications are modified to increase the resolution of these offline buffers, the result is blurry text as well as images. So a year ago, lots of applications didn't look very good on the new high resolution MacBook Pros—somewhat worse even than on an old, low resolution screen. But a lot can happen in a year, and I haven't encountered any applications that don't take advantage of the high resolution screen so far. But if you want, you can do a Get Info for an application in the Finder, and check the "open in low resolution" checkbox. Which I'm now going to uncheck for Pages, the program I'm using to write this review.
For people coming from a MacBook Air, there is one caveat: the 13" MacBook Air has had a 1440x900 pixel screen for some time, while the 13" MacBook Pro has a 1280x800 point screen. So less stuff fits on the Pro's screen than on the Air's screen. You can typically scale your documents to the size you need anyway, but the user interface starts to take up a lot of space with such a relatively small screen. For instance, in the new Keynote, the slide navigator and the inspector take up nearly a third of the width of the screen at 1280x800.
 
However, you can go into the display settings and opt for scaled "more space" resolutions. The first one makes the screen look like it's 1440x900, the second one like 1680x1050, and at the opposite side there's 1024x640. However, these still use the "HiDPI" pixel doubling, so to arrive at 1440x900, the screen is rendered as 2880x1800 behind the scenes, and then scaled to the screen's native resolution of 2560x1600. The result is that the scaled resolutions are very nearly as sharp as the native 1280x800 resolution. In my relatively casual use the MacBook Pro's HD5100 Iris GPU has no trouble keeping up with all these pixels.
 
Two external screens
 
A few years ago, I had a colleague who was very dismayed that the new Mac laptop (I don't remember which model) she got would only power one external display. She really wanted two. The MacBook Pro is happy to oblige. You don't even have to turn off the internal screen, so you can have a total of three screens. And then use the Apple TV as a wireless fourth screen. The two Thunderbolt 2 ports can each power a Thunderbolt display, or, with the right cable or adapter, DisplayPort, DVI, HDMI or VGA display. There's also the HDMI port. So you can plug in three screens, but only the first two and/or the HDMI-connected screen and one connected to a Thunderbolt port will work.
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The Thunderbolt ports can handle resolutions up to 2560x1600. This is strange, because the upcoming Mac Pro is supposed to be able to handle 4k screens over its Thunderbolt 2 ports, and the MacBook Pro can handle 4k resolutions (3840x2160 at 30 Hz or 4096x2160 at 24 Hz) over HDMI. The framerate is probably limited by the HDMI bandwidth, which wouldn't be an issue for the Thunderbolt 2 ports, which presumably support DisplayPort 1.2. Maybe this limitation will magically disappear when Apple starts selling 4k displays.
 
Speaking of 4k displays: although it's great to be able to hook up two external displays, it's not so great to have to choose between the small, but high resolution internal display and the big, but low resolution external displays. I find myself working on the internal display a lot, but when I need more screen real estate I switch to the big external display. I sit relatively far from my external display, so the fuzzy pixels aren't too obvious. The high resolution display hasn't completely ruined regular displays for me, but it's certainly got me coveting an external 4k display.
 
I did consider going for the larger 15" MacBook Pro, but ultimately decided against it because it has slightly poorer battery life and is heavier, which are certainly downsides when traveling. The € 500 price difference is also too steep if, like me, you don't really need the quad-core CPU.
 
Conclusion
 
I'm very happy with this new computer. The only thing that's less than impressive is the CPU speed. It's certainly not bad—the computer feels fast with pretty much everything I do. (Except starting and quitting iPhoto.) But if your current Mac one, two or maybe even three years old and you're looking for more CPU speed, you'll probably want to wait for Intel's Broadwell chips in 2014 or 2015.
 
What Apple has done with the late 2013 MacBook Pro is remove all the bottlenecks. Nearly all the I/O is a lot faster than on my old MacBook Air, I can now use two external screens and still use Gigabit Ethernet, even though with 802.11ac I don't need wired Ethernet as much as before. The screen is absolutely amazing. So is the battery life. There's nothing standing in the way of your productivity. Or enjoyment.

1 The SSD holds 250,140,434,432 bytes.
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