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Agenda

Software Architecture
Components of the Generic Software Platform
Test Features of the Generic Software Platform

Current Status
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Embedded Systems Software Architecture

App

Drivers
(DRV)

APP: Software running on device (protocol stack, multimedia, PIM)
DRV: High-level application drivers (use RTOS services)

RTOS: Abstracts from HW and manages resource sharing

BSP: Basic HW support to boot system, low-level drivers

HW: Mobile phone chipset including MCU, DSP and Peripherals
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Digital Baseband Chip for GSM/GPRS/UMTS

RAM AUDIO
GSM
. GPRS
MCU
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' |
uART TBBA105
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The software in a mobile phone is executed on the MCU and DSP of
the Digital Baseband chip.

UMTS

ROM
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GSM Protocol Stack for Mobile Phones

* Software Entities running in different
RTOS threads implement the GSM
protocols

* Message based Communication
between software entities

 Nearly all software entities use
RTOS services like timers, memory,...

* Extensive tests of software entities
mandatory
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Embedded Systems Software Architecture

App

Drivers
(DRV)

Challenge: Different operating systems need to be supported
(Nucleus, Linux, Symbian, ...)

Drawback: The application software is dependent on the RTOS.
Objective: Keep application software operating system independent.
Conclusion: Introduction of the Generic Software Platform (GSP)
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Embedded Software Architecture with GSP

App Drivers

Application Software accesses the Operating system through the
Generic Software Platform (GSP) and remains OS independent.
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Software Architecture with GSP

App Drivers

In addition to the RTOS abstraction GSP provides several services
needed to run and test the application entities.
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GSP Components

* Abstraction of Operating System API
» OS dependent diagnose

» OS dependent start-up
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GSP Components

* OS Services
* Threads
* Memory
» Messaging
* Timers
« Semaphores
* Proprietary Services
* Trace (printf)
« Message routing
» Supervision
* Memory
* Stack
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GSP Components

* High level startup

* [nitialization

* Creation/Start of threads
* Programming environment

« Main loop of threads

» Message dispatcher

March 8, 2015 Slide 11




%3 TEXAS INSTRUMENTS INNOVATE. CREATE. MAKE THE DIFFERENCE."

THE TECHNOLOGY
DIFFERENCE

GSP Components

 Test interface
« Send messages to tools
« Receive messages from tools

* Diagnose and crash handling

----- « Handle CPU exceptions

» Store CPU state at crash time

« API to handle errors/warnings
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GSP Components

» Test tool connectivity
« Message protocol
» Access to UART, USB, Ethernet
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OS Interface

* provides interface to RTOS services
* Threads
 Low-level memory management
* Queues
 Timers
« Semaphores
* Interrupts

* Diagnosis
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GSP Interface

* Entity/thread services

* High-level memory management
» Messaging (send, receive)

 Timer services (single shot, periodic)

» Semaphore/mutex

* Trace services
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Software Entity Interface (SEI)
* Provides interface of a software entity
e creation
« initialization
* message passing
* timeouts
* The SEI needs to be implemented in
each GSP based software entity
* Interface functions are exported by the

software entity (not statically linked)
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App Drivers

NucleusRTOS

. NEgssE

Changing from Nucleus to Linux
« Exchange OS Layer, RTOS and BSP

 Application software and major parts of GSP remain unchanged
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« Message Duplication, monitor communicationin PCO
* Message Redirection, run test scripts with TAP

* Tracing, view debug information in printf() formatin PCO

- all filters are set dynamically (not at compile time)
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& Untitled - TapCaller

# File Conkrol Wiew Configurakion 7
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=10l x|

Test Application (TAP)

=HE| | ole|n|e| s[#=| #[F|u| T

LI

* run test scri ptS Test Case | State | Date and Time | Title
GRROZES0 Passed Movember 25, 2004 - 10:01:50  ul_tbf_request_over_dl_tbF_grraaso
GRROSEE0 Passed Movember 25, 2004 - 10;05:23  packet_timeslot_reconfigure_new_dl_grra3e0
Jﬁ"main.svc - Live data stream O] x| packet_pdch_release_grr3avo
File Edit Wiew Server Target Tools Help eficsson_iot_test_case_number 3 3_28
— . R T i ericsson_iot_kest_case_number_3_3_28
(2o Q|| @SB 2=0f - #-lmn| 2y 2| vmz] iR | 5
Hr . | Tim. .. | pre | 1 | 1 | c2 | r=lev | AT | arfcn | bsiil IW
0 | | 20 13 [ sel(20%) 4
| | ;I_I
T| Hr | Time | Snd | Content il
= 1324 00849100 ms GELC ——— IN:CGELC _TEF_REL EES—{0=x80050098) .
5 1325 00849100 m= GRLC tm_cgrlc_thf_rel res <4 Trace Viewer (PCO)
= 1326 00849100 m= GELC tm_ul tbhf ind
Eﬁn 1327 00849993 m= TAP 01 00 00 00 63 00 00 00 00 00 FF ¢ 13=00)
= 1328 00849100 m= GER ———00UT: HFHP TIMING ADWAHCE FEQ—({0=0Z20E) °
= 1329 00849100 m= GER [FFH]: SENT—:5TORED: w=si_com.ci(B812) dISpIay traces
Eﬁl‘l 1330 00849100 m= GEER 00 OO 0O OO0 04 FF FE OO0 =
E 1331 00224050 m= GER pEl_primitive
= 1332 00849100 m= GER [FFH]: SEHT—-:STORED: w=i_com.ci(812) * deCOde rOUted messages
E__ 1333 00849100 m= GER DL TEBF _EFEEL TAD: new: 4 255 256— old 1 2_IL|
4 » . . .
' ' - set dynamic configuration
Element & | Walue | Cleartest/|nfa |
EHEﬁJI HPHP TIMIHG ADWAHCE . OQOPC: 0x0Z20E
L@ assign_id () oo
=G p timing advance .. 04 FF FF 00 <5ub =structure:
L@ ta_wvalus () n4 Speech mode
----- @ ta_index () FF value not present
“@ tn {time=lot nu. . FF Value not present
Ready [ CCODATA-Ver.: 1.7.2 | 1.2
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Target System PC

Serial, USB, Ethernet

Link target system to PC via test interface and connect TAP and/or PCO

* Log message exchange between the software entities in target system

 Log traces and routed messages sent by the software entities in target system
» Run testcases (send a messages into the target and check the response)
 Additional GSP based tools can be designed to run on PC
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MCU DSP

GSPrunning on MCU(ARMx) and DSP(TMS320C5x)

* GSP-light' on DSP due to memory constraints

* [dentical GSP API on MCU and DSP for services existing on both
 Transparent location (no need to know own location for most services)
» Transparent communication (no need to know location of partner)
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Operating Systems:

* Nucleus (ARM, MNT)

* Linux (kernel space, user space, RT Linux)
» Symbian (feasibility study done)

* WIinCE (feasibility study planned)

* Win32 for test tools

* pSOS, Vxworks (currently no support)

* DSP/BIOS (planned to run on DSP)

Test interface drivers supported:
* UART

» Simulated UART (Shared memory)
» Socket

- USB
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Conclusion

GSP supports you in
* designing operating system independent software
* reducing time to market by reuse of existing software

* increasing software quality by using built-in test
functionality
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