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Revolution

(1) an attempt, by a large number of people, to change the government of a country,
especially by violent action ( ZE7F )

(2) a greaf change in conditions, ways of working, beliefs, efc. that affects large numbers
of people ( B &#)

Evolution

(1) the gradual development of plants, animals, efc. over many years, from simple to
more complicated forms ( (Y )
(2) the gradual development of something ( JE% ; X5 ; i)

Quote from Google Translation




My interpref of Android:

Hardware is Revolution;
Sofware is basically Evolution;

Android is Hardware-driven Soffware Revolution

A




Android Meefs Hardware Revolufion
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Take ARM for Example

32-bit instructions, with extension to support 16-bit
Thumb & Thumb-2 instructions.

Single unified memory address space (i.e. all
peripherals and |/O are accessed like normal
memory, at certain specific memory locations).

Relatively low power consumption.

Run at wide range of clock cycle

— (June 1, 2011) Qualcomm announced qual-
core MSM8964/APQ8064

—2.5 GHz / 2MB L2 cache Do you rember the specifications
I f |d lapt ters?
— Sample INn early 2012 OT your oOld laptop computers




Classic ARM Processors (1)

« ARM7TDMI family
— Based on ARMVAT architecture with 3-stage pipeline

— supports the 16-bit Thumb instruction set

— supports the JTAG Debugger

— includes a fast Multiplier to support DSP algorithm
— supports the In-Circuit Emulation interface

« ARMOTDMI family
— Based on ARMvAT with Harvard cache architecture

— 5-stage pipeline

— ARM920T is based on ARM9TDMI with a memory
management unit (MMU)




Classic ARM Processors (2)

« ARMOYE family / Intel’'s Xscale
— Based on ARMv5E architecture

— Enhanced with DSP instructions
— Hardware support of Java bytecodes execution

« ARM10 family
— Based on ARMvV5E with MMU

- ARM11 family

— Based on ARMv6 architecture The first shipped Android
phone belongs to ARM11 family.

— Supports SIMD instructions

— Reduce context switching cost

Android 1.5 (2009/04/27)
ARMv5te optimizations: libc (thumb, memcpy, memset, clz),
dalvik (fast interpreter), skia, surfaceflinger, pixelflinger, audioflinger




Classic ARM Processors (3)

Android 2.0 (2009g4)
ARMVv7-a optimizations: libc (memcpy/neon), dalvik (JIT), skia

« Cortex families
— Based on ARMv7 architecture

— Supports the new Thumb-2 instruction set
— NEON SIMD engine
— Cortex-A: For complex OS based application|

« Production: Cortex-A8 / Cortex-A9
— Cortex-R: For real-time embedded applications

— Cortex-M: For deeply embedded, microcontroller type cost
sensitive applications

« Cortex-A15

— Triple dispatch superscalar, out-of-order
— High performance prefetcher

The era of Android:

High quality
mobile computing

— Up to 4M integrated L2 cache
— 1TB of physical address space
— Enterprise class performance, mobile power




Cortet

Intelligent Processors by ARM®

Thumb-EE

Execution
Environments:
Improved
memory use

Improved Media
and DSP (2xV6)

Improved code
density, approx
30%

VFPv2 - Improved Media

(2xV5)
Jazelle® #




ARM Optimizations in Android

Thumb2 optimizations in Dalvik VM

— On real memory systems with latency the
additional instructions in I-cache latency, it
makes Thumb2 higher performance than
ARM (logic: 1.23x)

NEON/VFP optimization in skia & dalvik
— 1.45x in dalvik; 2-5x microbench in skia

Thumb2 + VFP in V8 JavaScript engine
ARMvV6 atomic/rev in libc & dalvik
NEON + VFP in StageFright

« SMP in libc, libcutils, dalvik

Again, we were informed of the improvements from
hardware and dedicated software.
But, is it enough?




Unproven “Optimization’
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“‘Optimization” » &{E{t (?)
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Key Concept: Strategy

—ven runfime is (claimed as) fully
opfimized, we sfill have to ook into
details carefully.

A



Android Services in Action
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o Android SurfaceFlinger

® Can combine 2D/3D surfaces and surfaces from multiple applications
® Surfaces passed as buffers via Binder IPC calls

® Can use OpenGL ES and 2D hardware accelerator for its compositions
® Double-buffering using page-flip

i B S @ 250 Am Frame Buffer
: &2 3:56 AM
aopn 3 re————

Surface o ﬂ o
Flinger

Surface = Surface FliNger Frame

~ Buffer
App \
Surface =
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Media Server Process Application Process
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Media Server Process Application Process
JPEG Decode Service < Still Capture
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Opftimizing Surfaceflinger Techniques

« Measure/Profile the execution flow

» Scenario-driven system analysis
— 2D/3D animation

— Video Playback
— Camera preview/recording

» Check list:
— Color space converting

— Eliminate the invalid cases (quality of HAL)

— Allow zero copy among framework/HAL/Driver
« Shared memory / IPC cost

— Any misconfiguration?

— Cache (write-through vs. write-back)

— The last: essential routines

A



o~ »  Write bandwidth greatly
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Possibly Premature opfimizations

“Premature optimization is the root of all evil”
— Donald Knuth

Bionic

— Glibc-incompatible, No SysV IPC, partial Pthread,
incomplete prelink

— inactive/incorrect kernel header inclusion

— May not re-use existing system utilities

Assumed Ul hehaviors
— Input event dispatching and handler

— Strict / non-maintainable state machine (policy)
— Depending on a certain set of peripherals

Unclear HAL design and interface
— Wifi, Bluetooth, GPS, ...

A



Android Evolution
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‘ Android is Hardware-driven Soffware Revolution I ‘




Android Soffware Evolution

Excluding the trickery, Android is a huge software project
and publishes large parts of source repositories to
AOSP (Android Open Source Project).

“Hardware-driven software revolution” is the trickery. To

fairly develop, it has to turn into "evolution”.

— SoC vendors built up the community(-like) hosted
Android variants. — Qualcomm, Tl, Samsung, ST-
Ericsson, ...

Quality-control is another key factor
— Oxlab delivered Oxbench and related validation
infrastructure.

Solution to Android ecosystem is to continue to grow the

A

AOSP community
— need to unify to move forward

— Reasons why Linaro exists




Functional View (1.5)

Applications
Gallery Phone Web Browser || Google Maps R
Android Framework
Activity Window Content : Notification
Manager Manager Manager WHERD S Manager
Package Telephony Resource Location
Manager Manager Manager Manager
System Library Android Runtime
SurfaceFlinger || OpenCORE SQLite Class Library
Dalvik Virtual Machine
OpenGL|ES AudioFlinger WebKit
SGL OpenSSL bionic libc Freetype

Linux Kernel




Functional View (2.3)

Applications

Gallery Phone Web Browser || Google Maps o o o

Android Framework
Activity Window Content : Notification
Manager Manager Manager Wik Sl Manager
Package Telephony Resource Location
Manager Manager Manager Manager

System Library Android Runtime

SurfaceFlinger SQLite Class Library
Dalvik Virtual Machine

OpenGL|ES

AudioFlinger

WebKit

Skia

OpenSSL

bionic libc

Freetype




Frequently Asked Questions

"What is the minimal hardware requirement for
running Android?"
— UX is the key.

"May | reduce BOM cost in my Android product?”
— cost down is always possible, but it
depends on the overall performance.

"How can | upgrade Android without pain?"

"I need XXX feature from newer version of
Android. How can | get it into the current and old
codebase?"

— Partially upgrading is feasible for system

A

libraries, but always difficult for Android
framework




Mythbusters




Think Difficult

The Effects of Convergence
— Mobile computing platform

— Ecosystem

Content providers lead the development of
containers (devices)

Innovation is integrated by open source software
model. The cost of proprietary software gets much
higher.

To optimize or not to optimize, that is the question.
— Merge Local optimizations != Optimized
globally

— Hardware revolution sharpens optimization
strategies and product directions. ‘

— The role of your team
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