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1. Has mobile CPU efficiency improved?

2. Have mobile CPU advancements
improved end-user satisfaction?

3. How has the rest of the mobile device
evolved around the CPU?
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Have mobile CPU advancements
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1. Is single-core performance necessary?
2. |Is multi-core performance necessary?

3. Does graphics performance matter more
than CPU performance?
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Choose the Right Tool
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1. Thank you for participating in our smartphone user

experience study. The clip shown above is an

application usage scenario recorded on an Android

smartphone. As a user of the application, how

satisfied are you with the smartphone’s performance.
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Do we need single-core performance”?
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User satisfaction is latency-critical. Single-core CPU
performance enhancements have been crucial to the end-user.
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Do we need multi-core performance’
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Do we need multi-core performance”?
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Does graphics performance matter more than
CPU performance?
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Does graphics performance matter more than
CPU performance?
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Does graphics performance matter more than
CPU performance”?
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Even amongst applications that make use of the GPU and other
accelerators, end-users are sensitive to CPU performance.
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At the Mercy of Power Constraints
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How has the rest of the mobile
device evolved around the CPU?
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Sharing the Power Budget: Device-level
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Tying It All Together
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A Call to Action

Use metrics that incorporate end-user

End-Users

|dentify user-critical application segments

Applications

Understand application characteristics

Processor

Deviate from desktop scaling and

, embrace the era specialization
Mobile

Device

Consider thermal and energy constraints
at the mobile-device level
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Thank You!
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Other Applications

Cores Enabled Cores Enabled

Cores Enabled
- N W s

'ssst/ | 535 sas|ssq

’ Sl

4

- N W s
-y

- I

D

~
m-
v

S
© & ,o _»

) O AT D A
YV ") & N
A LG PN

SN
Frequency (MHz)

(a) Phone Mapping.

- N W B

b

O ©
A DT
WA

«.
)
'1?

© ™
. q«. h%
.3 .e:
Freauency (MH2)

(f) Epic Citadel.

227232 2.39 2.44
2,09/2.15
2,09 2.14

2.24/2.21 2.30 2.36 2.47

™ © > ©
I}- q b. « .
V" > )
™ AV 87 WD
Frequency (MHz)

2.30

™
o é“'o
R

Cores Enabled Cores Enabled

Cores Enabled

- N W b

™ ™ ©
N CEP AR AN
2 Vv %) ) & “
™ A .\Q ,\b- ,\Q ,»b
Freaquency (MH2)
(b) Angry Birds.
4
3|
2
1
©
4». . J\.
& ¥

YV
Freauency (MHz2)

(g) Facebook.

4210

3213

2/2.04/2.12

1 1.74/2.15/2.40 2.36 2.44
™ © D © ™ ©
VO 0T AT D A

L LIS I I

Frequency (MHz)

2 4
0
23
w
Py 2
S 1]1.65
> o ., .o % b
x. q. b. «. %. «.
AP A O R
L A SR . N
Freauency (MHz2)
(c) YouTube.
°
e
Fe]
<
L
w
N
o
o
(&)
™ ™
o 'L°"'° 3@‘-’ o;\‘.o > 6;\‘.0
™ A .\Q .\h \9 ,"b-
Freauency (MH2)
(h) Photoshop Express.
©
e
Fe]
L)
<
w
v
o
o
(&)

Frequency (MHz)

Cores Enabled Cores Enabled

Cores Enabled

- N WS

O
190 o
WAV &

2

© ™ ©

« . %. \ .
&) \e)

N SN

Freauency (MH2)

(d) Gladiator.

: ‘;\‘.0
>

Frequency (MH2)

(i) Particles.

4231

220 1.94/1.85/1.80 2.40

32,05

2251224

1215 191
» b % b

1.94 1.85/2.06
1.76/2.13

1.74/1.84

1.87 193
1.951.70

2.03 2.00
©

™
@

© A
& 6
&

N\
<)
O

K
,xb
Frequency (MHz)

>

Cores Enabled

Cores Enabled

™ © © ™ ©
VT AD AN AR
%) &)
ESIE VI 4 ,»u"
Freauency (MH2)
(e) CNN (Chrome).

®
K

A

™
>
N )

Frequency (MHz)

(j) Histogram.

1 - Very Dissatisfied
2 - Dissatisfied

3 - Neutral

4 - Satisfied

5 - Very Satisfied

2
"\?‘



Application Selection Criteria

Application Description User-level Metrics Computational Metrics (TLP)

Name Description ~ Installs  Duration [Events 1 2 3 4 A

Angry Birds Navigate to and play first level C05-1E9  0:41 6 | 21% | 8% 2% 0% 1.43

g CNN (Chrome) - Navigate to and scroll through CNN.com 1-5E8 0:36 | 12 16% | 11% 7% 2% 1.90
- Epic Citadel Navigate through environment 0.5-1E6 0:44 15 25% 22% 3% | 0% 1.67
#  Facebook Log-in and visit ESPN brand page 0.5-1E9 0:57 23 16% 8% 3% 1% 1.67
5 Gladiator | Sword-fight opponent in first level 1-5E6 0:36 | 31 31% = 8% 2% 0% 1.34
Photoshop Express Apply various filters and effects to image 1-SE7 0:48 15 13% 9% 6% 15% 2.52
Youtube ~ Navigate to and watch video 157 @ 046 @ 13 | 16%  10% 5% @ 1% 173
Ambiant Occlusion Brute force ray primitive intersection 1-5E3 0:21 4 7% 3% 2% 46% 3.46

§ Face Detection Face detection on video ~ 1-5E3 0:21 3 C17% 4% @ 2% @ 47% @ 3.09
."_.;1 Gaussian Blur ~ Guassian Blur on video - 1-5E3 | 0:21 3 51 | 4% | 2% | 4% | 137
> Julia Visualization of Julia Set dynamics I-SE3 0:17 4 11% 4% 2% | 24% 293
Particles Particle simulation in a spatial grid 1-5E3 0:21 4 17% 14% 14% 7% 2.21



Apple SoCs

CPU Clockspeed
GPU

RAM

Memory Bus Width
Memory Bandwidth
L2 Cache

Manufacturing
Process

Apple SoC Comparison

2x Twister 2x Twister 3x Typhoon

2.26GHz 1.85GHz 1.5GHz
PVR 10 cluster PVR GT7600 Apple/PVR

Series7? GXA6850

4GB LPDDR4 2GB LPDDR4 2GB LPDDR3

128-bit 64-bit 128-bit
51.2GB/sec 25.6GB/sec 25.6GB/sec
3MB 3MB 2MB
Unknown TSMC 16nm & TSMC 20nm

(TSMC 16nmor  Samsung 14nm
Samsung 14nm)

http://www.anandtech.com/show/9780/taking-notes-with-ipad-pro/2

2X Swift
1.3GHz

PVR SGX554
MP4

1GB LPDDR2
128-bit
17.1GB/sec
1MB

Samsung 32nm


http://www.anandtech.com/show/9780/taking-notes-with-ipad-pro/2

Apple CPUs

Apple Custom CPU Core Comparison

CPU Codename Typhoon Twister

ARM ISA ARMVS-A (32/64-bit) ARMVS-A (32/64-bit)
Issue Width 6 micro-ops 6 micro-ops
Reorder Buffer Size 192 micro-ops 192 micro-ops
Branch Mispredict Penalty 16 (14 - 19) 9

Integer ALUs 4 4

Shifter ALUs 2 4
Load/Store Units 2 2
Addition (FP32) Latency 4 cycles 3 cycles
Multiplication (FP32) Latency 5 cycles 4 cycles
Addition (INT) Latency 1 cycle 1 cycle
Multiplication (INT) Latency 3 cycles 3 cycles
Branch Units 2 2

Indirect Branch Units 1 1
FPINEON ALUs 3 (3 Add or 2 Mult) 3 (3 Add or 3 Mult)
L1 Cache 64KB I$ + 64KB D$ 64KB I$ + 64KB D$
L2 Cache iMB 3MB

L3 Cache 4MB 8MB-4MB

http://www.anandtech.com/show/9686/the-apple-iphone-6s-and-iphone-6s-plus-review/4



http://www.anandtech.com/show/9686/the-apple-iphone-6s-and-iphone-6s-plus-review/4

Scheduler 64 K - 4 Way

EEEEIEL

http://techreport.com/r.x/2014_8 11 _Nvidia_claims_Haswellclass_performance for Denver CPU_core/denver-block.jpg



http://techreport.com/r.x/2014_8_11_Nvidia_claims_Haswellclass_performance_for_Denver_CPU_core/denver-block.jpg
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Crowdsourcing Consid

erations

1. Thank you for participating In cur smariphone user experience study. The clip shown above Is an application usage
sconario recorded on an Andiokd smartphone. As a user of the appication, how satisfied are you with the
smarnphone’'s periormance (e, application responsiveness and fuldness)?

2. Ploase emler a random word below 10 use as your survey confirmation code (0.9, » frull, vegetable, animal, color,
appliance, oic.) when retuming 10 !he Mechanical Turk MIT page.

SurveyMonkey
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