HTTP Servers —
State-of-the-art and requirements
for embedded hardware

Robert Manzke

Faculty of Computer Science and Electrical Engineering, FH-Kiel
robert.manzke@fh-kiel.de

AmlIEs 2014 — R. Manzke — 30.04.2015



Evolution of Computer Power/Cost Brain First  Comparable
MIPS per $1000 P / MIP:S,’ Equivalent 0511‘[11131’ Machines
illi (1998 %) 9 rganisms
Billion }0 Q {(,‘4 eta 2‘05%
y A f,.d 1 reasoning,
Human ¢ i MYBP c
2z —
/ G newsons G3eta2040 | =
/ | ¥ (imagination)\ 3
/ “Monkey /& I 60 & A
Million a4 A ) myse -
& s o Py G2eta2030| 2=
& ¥ 3G newrons (a::h tation)|
Paper from 1998 A4 Mouse - 200 P &
5 S va P MYBP i
S A - G1 eta 2020
/ S . (skills)
Dell 340/2G P Lizard 7 350
000 Mac G3/266 / Yoy 0 teat QF:‘}"?T/ MYBP »
Gateway (G6-200 "///' 1 %igﬁ;}fi\\ ! Ul't?' [{Ob(:t
PowerMac 8100/80 /, Guppy «iee >m 450 eta 2010-2015
Gateway-486DX2/66 //-/Ma: G4 dual 500 e MYBP 3D perception
o // 2000 in use 2005
Power Tower 180e
Macintosh-128K 2Ulmi1 P 1};}1
ATAT Globalyst 600 - robots
1 Commodore 64 ¥ 1 Worm J 550
M PC IBM PS/2 90 MYBP SRI Shakey
) Applell o o 5 Mac [Nx Sug 1 mm Stanford Cart
DG Eclipse 300 nourons 1970-1980
COC 7600 Sun-3
DEC PDP-10 °® Hopkins Beast
1 1BM 7080 IBM 1130 -. Vax 11/750 1073 Bacterium 3,500 1960
1000 Whirtwind DEC VAX 11/780 Million
) Years
IBM 704 o }" o DEC-KL-10 Vheuens " Before  Grey Walter
UNIVAG | DG Nova the lortoise
ENIAC /. 505 920 Present 1950
° g IBM 360/75
1 Colossus o ‘ ° IBM 7040 10_5
Million o ./ Burroughs 5000
IBM 1620
Burroughs Class 16 - / L 1M 650 2‘112:];::[1(;“ -
~ % l
1 IBM Tabulator ~  Zuse-1 .. ° 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050
Billion Monroe Calculator ( ® o ASCC (Mark 1)
o
e 1900 ° 1920 1940

FACHHOCHSCHULE KIEL

w University of Applied Sciences

INFORMATIK UND ELEKTROTECHNIK

Hans Moravec http
AmIlEs 2014 — R. Manzke — 30.04.2015



Number of transistors on a
computer chip doubles approx. every two years

Moore's law

Microprocessor Transistor Counts 1971-2011 & Moore’s Law
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http://misfitsarchitecture.com/2012/12/09/arm-architecture-is-not-trying-to-look-beautiful/

Getting Benefits of Moore's Law
Across all Value Vectors

Lower Cost Active Power per Function
S/ Transistor (Normalized)

)
45nm 22nm 14nm*

MOORE'S

Lower Power LAW Higher Performance
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Source Intel
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Development over last decade

Source ARM
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Fabs: not as popular as they used to be

Altis Semiconductor
Dongbu Hitek

Dongbu Hitek

Freescale Freescale
Fujitsu Fujitsu
Globalfoundries Globalfoundries Freescale
Grace Semiconductor Grace Semiconductor Fujitsu
IBM IBM Globalfoundries
Infineon Infineon IBM
Intel Intel Infineon Fujitsu
Panasonic Panasonic Intel Panasonic
Renesas (NEC) Renesas (NEC) Panasonic Globalfoundries
Samsung Samsung Renesas (NEC) IBM
Seiko Epson Seiko Epson Samsung Intel
SMIC SMIC SMIC Renesas (NEC) Globalfoundries
Sony Sony Sony Samsung Intel
ST Microelectronics ST Microelectronics ST Microelectronics  SMIC Panasonic Globalfoundries
Texas Instruments Texas Instruments Texas Instruments ST Microelectronics  Samsung Intel
Toshiba Toshiba Toshiba Toshiba ST Microelectronics  Samsung
TSMC TSMC TSMC TSMC TSMC ST Microelectronics
umMcC uMcC umMc umMc umc TSMC
130nm 90nm 65nm/55nm 45/40nm 32/28nm 22/20nm

Source: http://www.the?iste

®
The Architecture for the Digital World® ARM
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http://www.theregister.co.uk/

Semiconductor Revenue Required To Support One Leading Edge Fab

Intel
Samsung i
TSMC*
Toshiba
Texas Instruments
Renesas
ST Miao
Qualcomm
Hynix

Miaon

Broadcom 3 0 OITI m Fa b:

2019+

2011 Estimated Revenue from
Semiconductor Shipments

S Billions 0 25 30 35 40

www.cnx-software.com
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Embedded technology
ARM’s 2020 Vision

= ARM is growing into new markets and product categories
= From sensors to servers, from 50c to $200, from <50MHz to >2GHz

= Today's processor licenses drive shipments beyond 2015
= Expect over 100 billion cumulative ARM based chips by 2020

Royalty opportunity
grows with
volume and scope

S ———

Microcontrollers SSD  HDD Mobile Computing
Sensors Smaricards BT WiFi Baseband

Source: http://www.theregister.co.uk
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Embedded technology
ARM’s High Performance Computing

= ARM Cortex-A family are used as applications processors in
a wide range of computing products

Smart Mobile** DTVs/ Servers** Desktops
phones Computers STBs
Market |2015 1100m 750m 500m 110m 140m
size* 2010 280m L230m 350m L 70m _150m

ARM’s 2010
Market share

)
* Lt mames on teaees | ¢ Multiple semiconductor companies working on ARM-based server chips

fom Gartoer. SA and ARM

- iachuten bt retsoces wne | | CNIPS based on clusters of 2.5GHz Cortex-A15 suitable for some server applications
ey * ARM is working with software/OEM ecosystem to enable products to get to market

= Oppoturdy for ARM-Damed

Source: http://www.theregister.co.uk

wnl, FACHHOCHSCHULE KIEL

w University of Applied Sciences AmIEs 2014 — R. Manzke — 30.04.2015

INFORMATIK UND ELEKTROTECHNIK


http://www.theregister.co.uk/

o ( r SITP S

af" 4xGPerm performance compared to
Mali-T604 lmﬁl’::entations o

= Scalable to 8 cores

= Next Midgard GPU: building on the
technology leadership of Mali-T604

* Perfect embedded high-end GPU
for 4K mass markets

* Highest performance GPU for
immediate design start

* Common set of drivers enables faster time-
to-market and minimizes software upgrade
costs

* ARM system-level approach to GPU 20 -
Compute now in place
* Compatible with ARMv8 8
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AMD Roadmap

AMBIDEXTROUS COMPUTING ROADMAP

h 2014 A 2015 A 2016+ N
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“Project SkyBridge” Developing 64-bit ARM

| )
AT
family of 20nm APUs cores alongside new

“Seattle” and SoCs 64-bit x86 cores

18 | AMD CORE INNOVATION UPDATE | MAY 5, 2014

http://wccftech.com/

Ambidextrous
Computing Leadership

x86 and 64-bit ARM for:

v
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Raspberrypi.org

* Credit card-sized computer released 2012

e Charity foundation founded in 2009 RCAVIDEO AUDIO LEDS >\ USB LAN
to promote the study
of basic computer science

* Keyboard, TV connector, HD Video
* Price tag $25 to S35

=“BPI0 255MBRAM‘“ 7 < @
CPUGEPU  HOMI A

* Various OSs

SDCARD  POWER
€
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Raspberrypi.org

Model A Model B
Target price:[] Uss 25 uss$ 3571
socC:[] Broadcom BCM2835 (CPU, GPU, DSP, SDRAM, and single USB port)[?
CPU: 700 MHz ARM1176JZF-S core (ARM11 family, ARMv instruction set)l]

@ 250 MHz[417]

GPU:
icensel’ 1), 1080p30 h.264/MPEG-4 AVC high-profile decoder and encoder!?]
Memory (SDRAM): | 256 MB (shared with GPU) 512 MB (shared with GPU) as of 15 October 2012
USB 2.0 ports:l'#! 1 (direct from BCM2835 chip) 2 (via the built in integrated 3-port USB hub)[5€]
Video input: A CSlinput connector allows for the connection of a RPF designed camera modulel’®]

Composite RCA (PAL and NTSC), HDMI (rev 1.3 & 1.4),[77 raw LCD Panels via DSIEI7]

Video outputs:!’] , , 50
14 HDMI resolutions from 640x=350 to 1920=x1200 plus various PAL and NTSC standards.[60]

Audio outputs:[’] 3.5 mm jack, HDMI, and, as of revision 2 boards, 12S audiol®' (also potentially for audio input)

Onboard storage:[u] SD/MMC / SDIO card slot (3,3V card power support only)

Onboard network:"l'4l None 10/100 Ethernet (8P&C) USB adapter on the third port of the USB hubl56]
Low-level peripherals: 8 x GPIO,[%<] UART, IEC bus, SPI bus with two chip selects, IS audiol®?! +3.3 v, +5 V, ground(741184]
Power ratings: 300 mA (1.5 W)[#3] 700 mA (3.5 W)
Power source:[’] 5volt via MicroUSB or GPIO header
Size: 85.60 mm x 53.98 mm (3.370 in x 2.125 in)(86]
Weight: 45 g (1.6 0z)[87]

Operating systems: | Arch Linux ARM,[2] Debian GNU/Linux, Fedora, FreeBSD, NetBSD, Plan 9, Raspbian 0S, RISC 05 [BSlackware Linux(8e]

REI. VVIKI
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Approximate cost per
Date Approximate cost GFL%FIL'S inflation ad'zsted Least expensive platform
! able to achieve 1 GFLOPS

GFLOPS [
per to 2012 dollars/*?]

FLOPS

1961 | $1,100,000,000,000 US $8 3 trillion
($1.1 trillion)

1984 $15,000,000 $33.000,000 Cray X-MP

About 17 million IBM 1620
units costing $64,000 each

Two 16-processor Beowulf
1997 | $30,000 $42.000 clusters with Pentium Pro
microprocessorsi#/]

MINCCINADC=LED21 0 Aprll A Ao m N - T - N T N S

Built using commercially available parts, a system using one AMD

November AMD Sempron 145 GeForce
2013 $0.16 $0.16 GTX 760 System® Sempron 145 and three GeForce GTX 760 reaches a total of 6.771
= TFLOPS for a total cost of $1090.66.1°7
@24GFLOPS=53.48
December $0.12 $0.12 Pentium G550 R9 290 Built using commercially available parts. Pentium G550 & AMD R9 290
2013 .@24GFLOPS.—$2 38 System & tops out at 4.848 TFLOPS grand total of $681.84 USD.[“]
August .
48 a2 Microwulf &
2007 5 5
March
24GFLOPS=$43 AN 51 80 $1.80 HPU4Science &
2011
— August (Quad AMD7970 GHz
@24GFLOPS=$17.50 $0.75
2012 System &
June
@24G FLOPS=SS.30 2013 $0.22 Sony Playstation 4 &
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http://en.wikipedia.org/wiki/FLOPS

Raspberry Pi competitors

 Banana Pi (Dual Core)

e Cubieboard (Dual Core)
 Beagle Bone Black

* Intel Galilieo

* Intel Edison

* Arduino Tre

e Humming Board

* Minnow Board

e (Qdroid-U3
e Udoo
 Radxa Rock

Source Intel
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Internet of Things (loT)

@
= ¢ o D, -4 I Q) &
ﬂ |i' n w Yo% O ~II [l z,i-
Vehicle,asset,person & pet AJrica/fure automation Smart grid Secufcif/ & 31(,1% managment

monéfor&g & coufro//éog

survedllance

Everyday things_.: for smarter

’) Embedded .
@ Mobile Internet of thi ngs get connected tomorrow

. LB =N By @
e 522 ile. Tat

MM & wireless
Sensor network 6ve(ryo{aéy things Smart homes & cities Telemedicine & helthcare
Copyright © NKonnect Infoway All rights reserved. www.nkonnect.com r)nkQQQQCE
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Embedded HTTP Servers Requirements

* Small resource footprint (RAM/CPU)

* Cross-platform, support multiple OS / no-OS
* Easy integration into controller / sensor apps
e Serving pages from memory if no file system
* Modular

* Single / multi-thread support

w/uly FACHHOCHSCHULE KIEL
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(Embedded) HTTP Servers
Name  |Featwes

Mongoose
Libmicrohttpd
TNTNet
TinyWebServer

Contiki

Poco C++ Libs

Apache2

NodelS

Nginx

X-Platform, Lib + Stand-alone, Multi-threaded, GPL, C
X-Platform, LGPL2.1, Multi-threaded, C
Linux/Posix, LGPL2.1 (C++)

Small web server for Arduino, fits in 10KB ROM, less than 512 bytes
RAM, C++

Tiny embedded OS with http server support

X-Platform, Modular Lib, SSL, Single/Multi-threaded, In-Mem Boost
License

Heavy weight, ultra-comprehensive, OS required, Processes/Thread-
based

Requires OS, JavaScript, Event-based—>System resources manages by
OS

Handle C10k "get one web server to handle 10,000 connections”,
Event-based - System resources manages by OS




Embedded HTTP Servers

 Nabto SDK http://nabto.com/

e 20 kB Web Server Example: Web
Enabled Embedded Device - Dot

Solar performance
Mon Jan 12012 - 20:41

* Enable users to access your product
from a web browser or mobile /
tablet device. Direct access, strong
encryption, no intermediate cloud
data storage - all taken care of by
the Nabto framework.

Source: Danfoss

>
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Embedded HTTP Servers

 The Nabduino board is an open source peer-
to-peer remote access embedded board with

a user modifiable web-interface developed by
Nabto.

¢ 33€

* http://www.nabduino.com/

wnd, FACHHOCHSCHULE KIEL
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Embedded HTTP Servers

e Tessel, NodelS Embedded
System

"Use it to easily make physical
devices that connect to the
web"

e S99 - Still expensive
* https://tessel.io/
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Embedded HTTP Servers Experiment

e Test: 300 concurrent HTTP requests to Cubietruck
Ubuntu HTTP Server from Laptop Node.js Client

* Apache2 = Best 4s, average 5s+/-2s, CPU Load <1%,

many processes spawned

* Node.js -> Best 4s, average 4s+/-0.5s, CPU Load <3%

continuously increasing after experiment repeat

* PocoNet -> Best <1s, average 2s +/-2s, CPU Load <3%

AmlIEs 2014 — R. Manzke — 30.04.2015



Embedded HTTP Servers Conclusions

* Lean C++ implementation seems to perform
best as expected

* More and better defined testing on multiple
platforms still needed
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