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On the road to discovery

hitp:/glastgsfc.nasa.gov

Exploring the High Energy Univer_s"é
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Large Area Telescope

Mass: 3000 kg Anti-Coincidence

Instrument Size: 180 x 180 x 280 cm (X-Y-Z) D(‘ng‘g;’r Y Tracker (16)
Radiator Area: 2.83 m”"2 each side -

Science FOV: 2n sr, +Z, above I/F plane

Mounting: 4-point mounting I/F at grid Mechanical
Grid
Key LAT Accommodation Requirements:
Pointing Knowledge (10 arcsec, 1o-r)
Science Data I/F and Peak Rate (40 Mbps LVDS)
Operational Power (650 W OAP)
Clear Radiator FOV on +/- Y faces from LAT I/F
Plane (LIP) to L/V Interface Plane (PAF)
Significant Mass Drives Observatory Axial CG
Calorimeter
(16)
Electronics
z Y
Radiator (2) X
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é LAT FSW: executes on SIU and EPU

AT FSW is an integral part of the
| —— € data acquisition (DAQ)
TKR Front-End Electronics (MCM) subsystem and is managed,
ACD Front-End Electronics (FREE) 4 budgeted, and scheduled as
CAL Front-End Electronics (AFEE)\ TKR part of the DAQ subsystem

— DAQ electronics module (DAQ-EM)
— Power-supplies for tower electronics

CAL % 16 Tower Electronics Modules

3 Event-Processor Units (2 + 1 spare)
—Event processing CPU
—LAT Communication Board

Spacecraft Interface
Units

— Storage Interface
Board (SIB):
Spacecraft interface,
control & telemetry

—LAT control CPU

—LAT Communication
Board (LCB): LAT
command and data
interface

Power-Distribution Unit (PDU)*

— Spacecraft interface,
power

— LAT power distribution
— LAT health monitoring

* Primary & Secondary Units shown in one chassis
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LAT Electronics (Signals)

P/R To SCP P/R

To SCR
1 PPS/GRB Science Data  Science Data MIL1553/
Discretes

« TKR: Tracker v
. |ter|ng oftware Command/
e CAL: Calorimeter sy | ComtolMoritor
« ACD: Anti-Coincidence
Detector
e TEM: Tower Electronics
Module !
. . [}
« EPU: Event Processor Unit oo i sowdr
«  SIU: Spacecraft Interface i GAS Unit. | command Fesporee uni
. Event Builder — Prime Event Builder
U n |t ACD Electronics Module == Redundant ACD Electronics Module
* GAS Unit: Global Trigger-
ACD-Signal Distribution
Unit
— CRU:
Command/Response
Unit
EBM' Event Bu”der TEM O ecee TEM 7 TEM 8 eoee TEM 15
Module
— GEM: Global trigger of It of | A A cof It o |
Electronics Module IR Ll IR D D LR LR
— AEM: ACD Electronics 0 1 1
Module
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FSW Organization Chart
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LAT FSW Development Overview

FSW is an integral part of the data acquisition (DAQ) subsystem
and is managed, budgeted, and scheduled as part of the DAQ
subsystem

> 3 million configuration bits to configure system and to take
event data properly

Majority of software is to configure & setup hardware (boot,
TKR, CAL, ACD, DAQ trigger, event-builder, sub-system
setup, etc)

Rest is filtering, data monitoring, health & safety, telemetry
Once running, most is done in hardware

FSW builds are coordinated with the DAQ hardware builds in
both timing and content
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é/ LAT FSW Strategy

* Incremental FSW builds to coincide with the natural hardware builds as follows:
 Major Builds
— Engineering Model 1
 Run single tower, single CPU
— Used for EGSE test-stands for hardware development (built, tested, done)
— Used for LAT single-tower engineering unit by I&T group (built, tested, done)
— Engineering Model 2
 Multiple towers, GASU*, single CPU
— Used for EGSE test-stands for hardware development (in progress)
— Used as test-bed for hardware and software development & test (in progress)

e Releases

— ISIS (Instrument Spacecraft Interface Simulator) Build & Release
— To be delivered to the Spacecraft vendor (Formal Release)

— Full LAT Build & Release

« Complete set of 16 towers, GASU*, full set of CPU’s
— Used as test-bed for hardware and software development & test
— To be delivered to I&T for full-LAT testing (Formal Release)

* GASU includes LAT Global Trigger, LAT Event-Builder, Command-Response Unit, ACD Electronics Module
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= LAT FSW Architecture

Spacecraft Event Builder (EB) output side. The EB is an element of the GASU. LAT
To SSR To SIU To EPU(S) Instrument
g;ﬂid Spacecraft Interface Unit Event Processing Unit(s)
ate qe 0000 T po=———c———=—c———c——-o-c--—=-==-= : Soc——coo—cooooocoooo 1
Recorder bl 1553 Rx service |} bommezoa- OtherTasks ________ 1 Lca ... .Other Tasks ___ |
¢ il MsG |l 1PPs || eBM ||| Ry Il LPPS | MsSG |
. |, | | | |
Discretes | LCB Rx service tasklnterruptlnterrupt Interrupttask
(toSIUPIDS) |[—» > M :
P Masters | . Saves i||||i__Saes |
s — : o ' e
B Y s atmime [ |1 sc atmime |1 [T sc AttTime |
s ouL | K i
.,% Instr. Phys. I -»% Instr. Phys. -»-
o | = L : a4 : aat
Legend | [i-olo] FilelObject [zt " File/Object " File/Object || :
Telecommand (SC to LAT) § é—i;% HSK -1»5’ i Q] HSK 'i’g i Q] HSK ”i’g
: s 3 : i . : : ﬁ:" : ﬁ:’g ------
TeemEtry(LATtOSC). . ,% Watchdog 35> = Watchdog < Watchdog |
Master to slave o i ! | : | :
t el Tos el : | |
Slave to master . et T les==c==s==ccoo==d
oooooooooooooooooooo » ° o o
. _ eees o | L _ _ qeee® o
Physics data from LAT * 911553 Tx service —%: : ..., % LCB Tx service LCB Tx service %4
- -
Data to SSR From SIU H From EPU(s) Event Assembly
S —— e Event Builder (EB) input side. The EB is an element of the GASU.
P | Command/Response Unit (CRU). The CRU is an element of the GASU. |
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é EM2 Consumers

Field test stands for ACD, CAL, TKR, & DAQ
— Functionality to test subsystems
» Configuration
 Event read-out
— ACD has special hardware needs, being dependent on

« All elements of the GASU
— CRU, AEM, GEM, EBM

« Through CRU/AEM, access to
— ACD front end electronics (GAFE, GARC)

— Field maintenance is the responsibility of LAT I&T
« FSW responsible for providing embedded system software only
Spectrum Astro
— Instrument Spacecraft Interface Simulator (ISIS)
1&T
— Building up the instrument
Instrument Flight Software (ourselves)
— Development of instrument flight software final deliverable
— Development done on the test-bed
o A full flight-like DAQ system (except sensors)
« Sensors emulated by Front End Simulators (FES)

29 January 2004 EM2 Design Review - Overview
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Engineering model 2 elements

Instrument Flight Software

— PPS Interrupt
— GBM Interrupt

— Watchdog
— Off CPU Timers
— EEProm / File

29 January 2004

— Event Driven Commands
— GPS Message
— Attitude Message

— GBM Message
— Transient Alert

— S/C Repointing Request

— File Upload

Interfaces S/C Commanding LAT Control System Startup Functions
— 1553 — Authentication — Thermal t Processor Boot — Housekeeping
— Solid State Recorder — Real Time Commands Instrument Startup — Low Rate Science
— CPU Reset — Mode Control

— Configuration Control — Calibration
TRK, CAL, ACD
I: GASU (CRU, GEM, EBM, AEM)

PDU, XBRD

— Diagnostics

— |dentify Transients

—Event Delivery
— Event Monitoring

— Fault Handling

— Event Filtering

— File Download

Note:

— This is instrument flight software, not spacecraft flight software

EM2 Design Review - Overview
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é’* Functions to Requirements Mapping

Test Stands Spectrum | 1&T FSW FSW
TKR.CAL | ACD Astro Test-bed DeIi\{erabIe
Requirement

Configure TKR and CAL front end electronics Y Y Y 5.3.4.6
Configure ACD front end electronics Y Y 5.3.4.6
Configure GASU (CRU, GEM, EBM, AEM) Y Y Y Y 5.3.4.6
Configure PDU Y Y Y 5.3.4.6
Configure XBRD Y Y Y N/A
Configure by compressed file Y Y Y 5.3.4.6
Real event delivery (instrument to CPU) Y Y Y 5.2.2.3
Housekeeping data stream Y Y Y Y 5.3.4.8
RAD750 boot and crate initialization Y Y Y 5221,5341
1553 bus communications Y Y Y 5311
Telecommand/telemetry database and services Y Y Y 534.2,5344
Emulated event delivery (to science data interface) Y 5314
CPU internal communications/task frameworks Y Y Y N/A
Software watchdog Y Y Y 5212,5321
Wall clock time services (GPS) Y Y Y 5.3.43.4-5

29 January 2004

EM2 Design Review - Overview
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é Software Design for Safety

« The software safety environment
— Software cannot damage hardware (hardware protects itself)

— Reprogrammable on orbit (except for primary boot code)
« The software safety philosophy during development
— Leverage the fact that software cannot damage hardware
— Make unexplained conditions “fatal but not serious” and reboot

* Decreases complexity
* Increases reliability / robustness
 Immediate and graceful exit quickly identifies code
weaknesses
— Improves efficiency for producing reliable / robust final code

— On a case by case basis, develop recovery strategies
* Not recoverable and CPU compromised: Stay with reboot

strategy
 Not recoverable but CPU integrity good: Report to ground and

await intervention
» Fully recoverable: Perform recovery action, continue operation
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éf Software Fault Handling

 Fault Recovery
— On basis of fault identified

 Reboot
— Always attempt to save a block of information describing
the fault condition in a known fixed memory location so that
it can be picked up and sent to ground after the reboot

* Notify ground and await intervention
 Execute recovery procedure and continue operation

29 January 2004 EM2 Design Review - Overview 15



é Development Environment

Embedded System
— Processor / operating system: BAE RAD750 / VxWorks
— Toolset (Wind River Systems):
 Language: C
 Development platform: Sun / Solaris
o« Compiler /linker / binutils: GNU cross compiler suite
 Debugger: Crosswind
Host System
— Processor / operating system: Sun / Solaris or Intel / Linux
— Toolset (host simulation or cooperating processes):
« Language: C
 Development platform: Sun / Solaris or Intel / Linux
o Compiler /linker / binutils: GNU compiler suite
 Debugger: GDB / DDD

— Toolset (test executive and scripting): Python / XML / MySQL / Qt / Perl

Other Tools

— Requirements management: DOORS

— Code / configuration management: CMX/CMT / CVS

— Autogeneration of documentation: Doxygen, in-house developed tools

— Documentation: Microsoft office suite (also Adobe / Framemaker, etc.)
29 January 2004 EM2 Design Review - Overview 16



é Software Development Approach

Software lifecycle model
— lterative / incremental development model
— Multiple builds with increased capability with each build
— Regression testing on each build

 Requirements flowdown, analysis, review
— Flowdown from program and system specs
— Peer reviews

 Continuous cycle of development and test

« Code management
— Formal control through the CMX / CMT / CVS toolchain

« Configuration management
— Formal control through project management tools
« LATdocs

- FSW CCB

29 January 2004 EM2 Design Review - Overview 17



é Evolutionary Delivery model

\
Software  |je——
Concept
.
/
Preliminary
: -
—»| Requirements
Analysis
é Design of .
: Deliver
_| Architecture :
> Final
and System Versi
ersion
\ Core
Develop a
/ sema
Repeat this cycle until you run :
out of time, you run out of Incorporate Deliver
money, you complete the Customer the
number of iterations planned, Feedback Version
or the customer is satisfied.
Elicit
Customer
Feedback

18




Waterfall model with subprojects

Software
Concept

Requirements
Analysis

Detailed
Desi
Coding and
Debu
Subsystem
Detailed Testing
Des -
Coding and
Debug
Detailed
Des Testing
Coding and
Debugging
Subsystem
Testing
Coding and
Debu
Subsystem

Testing

Architectural
Design

Y

Detailed
Design

System
Testing

Figure 7-6. The waterfall model with subprojects. Careful planning can allow you
to perform some of the waterfall’s tasks in parallel.

29 January 2004 EM2 Design Review - Overview
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é Management & Configuration

Version numbers follow strict naming conventions indicating:
— Major: non-backwardly compatible interface changes

— Minor: backwardly compatible interface changes

— Patch: bug-fixes and performance enhancements

« A traditional build is a coherent collection of tagged packages

« Changes to builds delivered for formal testing (e.g. ISIS, FU),
must be approved through configuration manager and CCB
process

« Configuration management
— Formal control through project management tools
e LATDocs System
« Non conformance reporting system
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é Software Testing Approach

« Software code and package level test
— Performed on developer’s platform or captive embedded system
— Verify algorithm development, debug software logic

« Software composite test
— Higher-level functionality tests — combine many packages
— Verify functionality and interfaces

o System build tests
— Highest level tests — verify / validate against requirements

e Test environment
— Software / hardware integration and test
* Performed on FSW test bed with breadboard / brassboard hardware
(COTS and then RAD750)
* Verify software executing on target processors with real-time
operating system (VxWorks).
» Verify software interfaces with input/output hardware in loop
— Software / system integration and test
 Performed on flight spacecraft hardware in EGSE environment
 Verify FSW with flight spacecraft hardware

29 January 2004 EM2 Design Review - Overview 21



é Code Organization

« FSW partitioned into functional blocks based on the Software
Requirements Specification (SRS)

— Functional blocks are then mapped into packages, the fundamental
unit of the code management system

« Package code is (and has been) version/configuration controlled via
Code Management System

— Package structure includes
e Source code
« Documentation directory (manuals, developer guides, ...)
« Software Development Folder (a directory)
— Development notes, version log, running log, to do lists, ...
« Package test directory
— Pure test code
— LTX test definitions/scripts
 Build: a collection of version-tagged packages
— For an example for EM1 build see

29 January 2004 EM2 Design Review - Overview 22
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é SW Code Management

« Packages exist at 3 levels
— Test
o “Sand-box” in the developer’s private area
— Development

 Public area used to exercise code in a non-critical
environment

— Production
 Public area used for official, tagged versions
« A number of these can exist at a given time
— One is declared the current production version
— Back copies exist for comparison and other purposes

* All production versions are tagged in CVS

29 January 2004 EM2 Design Review - Overview 23



é Code Metrics

Summary:

— Identify productivity metrics and definition of Source Line Of Code
Action Plan —

— Action 3A: GPO, SLAC: Develop a mutually understood and agreed
upon definition for metrics measurement. Specifically for SLOC
and SLOC/day. Use this to put the IRT concerns to bed once and
for all. Report on these metrics to Project . Recommend that after
we get a good “baseline” estimate, that we ask for updates of
‘actual’ vs. ‘estimated’ at the package/unit level at build/release
milestones. (See Test Process Action (#4/5) for more on Test
Metrics.)

— Determine whether there is adequate validity to providing estimated
productivity metrics to build/release milestones. If we use them,
evaluate productivity/performance needs to support planned future
milestones from the past performance.

— Action 3B: GPO, SLAC: Work a baseline to report out, using that
baseline on our overall project estimates.

29 January 2004 EM2 Design Review - Overview 24



> Productivity Definitions

. Implicitly a Source Line Of Code is tested and verified (I guess this sentence makes it explicit! :-)

. Duration of Project Life for which to measure amount of effort associated with a piece of software - From
the Requirements Analysis Phase through FQT. Since FQT often reveals problems which need to be
corrected, the effort associated with the correction and retest of problems found in the initial FQTs is
included. Maintenance/Enhancements following FQT are not considered part of the project duration (and
therefore the staffing for these efforts are not included in productivity estimates).

. Due to the duration of the effort on a project which is used to measure productivity, intermediate
measurements of SLOC/day are inherently risky metrics to take stock in.
There may be some value in assessing iterations (Build 1, Build 2, etc) for tracking purposes, but the
parameters for the assessment must be made clear and the error bars on this type of intermediate
assessment are typically large (eg. 2X).

. Note: In all cases (LAT, GBM, SC), we are utilizing the C programming language (except in the cases where
assembly language is required for specific tasks. These are very few.)

. C Source Line Of Code - Semi-colon delimited statement of lexically valid programming language.

*  Flight Software. Only lines of code that are compiled into executable images for the flight processor and
are placed into memory on the spacecraft/instrument are considered Flight Software. ALL flight software
must be tested to the same rigorous standard and held to meet requirements.

. Productivity. Productivity estimates will be greatly influenced by what tasks are included in establishing
the amount of effort (measured in staff-months) to perform the FSW tasks. Here at GSFC, and for GLAST,
the effort associated with the FSW task includes:

— (1) FSW Management/Leadership.

— (2) FSW Dev't & Test Engineering Support.

—  (3) FSW Design: Includes all analysis, design, development and Unit Test.

— (4) FSW Testing: Beyond the Unit Testing, Through Build and Release Testing.
—  (5) H/W Support.
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é Productivity based on definitions

Person Months Person Months
JJ 43 CurtB 40
Tony 43 Sergio 30
GXH 22 Kim Lo 18
Erik A 21 James S 22
Eric Hansen 15 Owen S 22
Amadeo P. 18 Dan W 43
Huffer/TTL 22 Ray C 20
Rama 18 Brian D 6
Shanu 16 Steve M. 16
Eric D/Asim 15 Mike D 15
Mark A. 15 R Morin 15
Ric & Selim 18 TBD SE 15
Total Man Months On Project: 528
Total Man DAYS on Project 10560
Estimated SLOC on LAT: 100000
Estimated Productivity (SLOC/day): 9.47
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é Breakdown of Development Cycles

CDR GSFC Quicklook ISIS Formal Release Tested FU build
5/03 Review 6/1/04 to 1&T End Qf LAT test,
11/21/03 12/15/04 ship to LAT
EM1 Code SW Peer EM2 Build SW Demo FU Formal ~ Environmental
Build* Review to 1&T on Testhed Release Testing
9/1/03 1/04 5/15/04 8/1/04 2/15/05 7/15/05

I | b [ ! | |

EML1 cycle (Single Tower, Single CPU)

EM2/ISIS cycle (Multi-Tower, Single CPU)

ir

FU cycle (All)

i i i

Design/Develop  Develop/Test System-Level Test

. Start design, code small prototypes, no hardware available, only descriptions
. Code and test against real hardware, take snap-shot at end (i.e. define build)
. Build Test

*: EM1 was built/tested/delivered, group is now integrating/testing another recently available piece of hardware for EM1, the
LCB.
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é Software Key Milestones for I&T/ISIS

* August 03

— Tested Software to control/read-out single tower with Calorimeter and Tracker sub-
system (done, EM1), delivered to I&T

« Jan 04
— SW peer review
« June 04

— |1&T requires software to control/readout multi-tower (i.e. GASU) configuration (EM2)
« June 04 (TBD)
— Instrument Spacecraft Interface Simulator (ISIS) to Spectrum Astro
« August 04
— Demo to LAT system engineering on fully instrumented test-bed
« December 04
— 1&T requires tested software to control/readout full LAT
— FU SW build to I&T
 February 05
— 1&T requires FU software release to operate/test (whole LAT is integrated)
— Start of system testing
e May 05
— End of system test

* FUNCTIONAL DEMONSTRATIONS every month
— with Lehman review / ISIS / mid FU having larger audience
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é EM 2

« EM2is an iterative step on the way to flight code that supports
general LAT (& spacecraft) development which develops needed
core functionality.

« Major Builds
— Engineering Model 1
 Run single tower, single CPU
— Engineering Model 2
 Multiple towers, GASU*, single CPU
 Releases
— ISIS Build & Release
— Full LAT Build & Release
« Complete set of 16 towers, GASU*, full set of CPU’s
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LAT FSW Team Heritage

 Very experienced people
— HEP

Experiment | # CPUs | Man-years Time

_ NRL SLD > 500 12 4 years

Babar > 200 15 3 years
In

progress

e Successful track record

— Architected, designed,
implemented, tested, and
commissioned major large
experiments

SLD: SLC Large Detector
BaBar: B-B Detector (Matter-Antimatter Exp.)

BFEM: GLAST LAT Balloon-Flight (proof-of

 Leads are developers principle for GLAST LAT detectors and DAQ)

e Leads are scientists
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“PMCS” schedule for EM2

Achivity Activity Early Early
- L) Dosaripan Start Fivsh ‘o4l o1 | op a3 | o | m o o3 | o4 ar @ w3 o4 | T
TEMEOO0000 ENGZ Pasr Raview SN ‘EH! Paar Fawisa
TEMBDICI0 ibe EM2 Harchwars for DervalopyTast [Earty) WISERTD 4; EM3Z Hardwara for DavalopiTast (Early)
TENBDINE i EMZ Hardwara for Davalap Tast Latel HSER it EMZ Hardwara for DovalopiTast {Lata)
TEMBNAO0 | EMZ Coda DavalopTast [e0ECos 15mNDe T EM2 Code DevelopTest
TEMSDI000 | SILUEPL Comenen Applcation Code [1TFEBDS  |17MAYD ST SINEPL Comman Application Code
TEMB4O R0 Files Marmgemen| (sl 1FEBM | 14MAYD L P Managamsnt {slave)
TENMOIDED | CPU Housshesping (slevs) [17FEBMM | 14mAYDY WL &PU Housakoaping {slava)
TEMBCI0GD | Software Walchdesg [WFEBDY 1aMAYDY ST Software Watehiing
TEMSMDIDGD | SS5R services [17FERDS | 14mMAvD4 W S5R services
TEMBAD 1600 SILEPU Comenon Application Cods Camplals 17RANT* AEIUVEPU Comman Application Code Complote
TENSICZ000 |EPUI Specilic Applcation Coda [MEnECDE  [15MIND4 T EPU Specific Application Code
TEMBAO20N0 | Event Dispabchar [1EIANGE  |1GMARDS UL Ewent Dispateher
TEMBLI20E0 Evenl cutpul fanmating/compression 1E0ECOS | 15MARDS LT Event autput Sormastingicomprassian
TEMBMOZ0GN | Ewend Monkaring [17FERDY | 15APRM WL Evant Monitaring
TENSIOZ0MD | Charges insction calibmtion (sl [1TFERBY  1eMAYD WL Charge injection calbration {stave)
TEMMOZ0E0 | Commandiconimbtlemesry |17FERDS | 15APROS W Commandicontrobtalamatry
TENBMOIZE00 EPL Specilic Applicsion Cods Camplets 15 IINDL* #EPU Specific Application Cade Gomplete
TEMBDINON | SILI Specilic Application Cida |1EDECDE  15ANDE TSI Specific Application Code
TEMBOI0N0 | File Menagement (master) [ATFEBDd | 14MAYD CTEEEL P Managamsent {rasier)
TEMB4D 3030 DAO conliguration {all lsments of GASLE 1E0ECOS 13FERLY T DAG configuration (all slemants of GASL)
TEMMOING | Commandicontoltakemedry |97FEBM | 14mAYTM WL Commandicontrolielematry
TEMBIIED | Charge ingachion callbratian (mastery [A/FEBDY 1naIMDe T Charge injoclion calibration imaster)
TEMBOIOT0 | Housskeening (masier) [TFEBB4 | 15APROM ST Househesping (mashes)
TEMBMOA060 Trendabeninds check TTFERD | 1SAPRO4 WL Trandsibaunds chack
TENMDIDGN | Mode control |17FEBDY | 15APRM W Mode controt
TEMED500 [BIL1 Bpeciiic Applcation Coda Complata [ [15xNDe @5 Spacific Application Coce Comphls
TENBD4010 if: EMZ Code DevalopiTast Camplots 15HIND4 14 EM3 Coda DevelopiTest Comalate
TENGMDMAE EM2 Fird Code Relasas 15RIMD4* #EM2 Final Code Ralaase
TEMBIEDT D ENEG Linit Testing WFERB  [17AUMOE T EM2 Unit Testing
TEMBME1000 | SILVEPL Commen Appicaticn Coda [17hAYDd | TEMAYDY TISINERU Common Application Code
TEMMEADIE | Fiks Marmgement skrve) [1mmavad | 1amanny " Fila Managemans (siava)
TEMSE 1020 CFL Househiaping (slae) TMAYDD  18MAYT % GPU Housekeaping (skrva}
TEMBEIOI | Software Walchdeg [amaawas | 1Emavnd I Saftware Walchog
TENBMEI060 | S5R services [1mnvos | Emavos i 55A sarvicas
TEMBME 1500 SILIEPL Common Agplication Cods Camphts TAMAYT* #EIVERU Comman Application Code Camplata
TENIE 200 [EPLI Specific spplication Coda [1EMaADE 15AUINDS T EPU Specific Application Code
TEMBEZ01D | Event Dispatchar [MEMARDE | 17MARDS 1 Ewent Dispateher
B4 Da CANPR) _ Eaity Bar HEW1 : TELE Shestd ol 11
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“PMCS” schedule for EM2

Achivity Activity Early Early
-. L Doscriptian | Sart | Finish F;:E o m_ﬁmus o4 | m uﬂmm o4 o I:EFWEDJ od | a1
FEMBIEATAD Ewent cufput farmatinglcompnession 1ERAHDE TFMARDE L Bl Ul Sarrralling e crnpinasdaaan
TEMBEZ030 Event Mankaring IGAPRIM | 19APRIM I Ewert Manitaring
TEMMEZ04D Charge injection calibiation (siee) TMAYDd [ 1EMAYTI . Chargu injection calibration (slava)
TENSIEROS0 | Commandcantraltakameiry [1BaPRIM  [198PRD4 Commandcantralislemetny
TEMBAEZA00 |EPU Spexific Applicaion Code Complets [ (15 x0HDe ®EPU Spacific Application Code Compbts
TEMBE S0 S Spexific Applicaion Code TFEBD4 | 170UND4 W sk Specific Application Codle
TENMEIOI | Fiks Managamsant (mastee) [amaavon |1amavd ' Filo Managemant (mastar)
FEMISESI D | [AD) canfiguraticn (all alements of GASLY -'Iﬂ'I'HIN .'IﬂH-HD-l ..'.. D configisration (all elemsats of GASLE
JEMBMEXN0 | Commandoonirbtlemesry [17mavoe  1EmMAYDY i Commandicontroltakamatry
TEMBE 3060 Charge injeciion calibation (master) TEJUMDS  [1TINDE . Charge injection calibraticn jmaster)
TEMBEID | Housskeeging (master) [EaPmp 19APRDY o Housekeeping {master}
TEMBMEIO0 | Trendsibounds check [EAPRM | 19APROM { Trendseands check
TEMBE 3000 Mo caniral 1GAPRIM  19APRM 5 Mods candral
TENGMEIN0 | SIL) Specilic Applcaiion Code Compiets | |17 Ah 5 Specific Applicatian Sode Gomplin
FEMEBEA1H .IA: ENE? Lint Tesling Comiplata .'I."J.]NN AFiA: EMZ Unit Tusting Complete
TEMSIES1 10 |Enz Uit Testing Complate |17 im0 HEMZ Unit Tasting Comglate
4.1 4 ELILL TESTIMNG
Vit Tast Scripts EAPR WL Write Test Soripts
TEMBFA000 [ENZ Buikd Tasting (19 leataF SV Taal Flar [1RmDe 17ALGH L EM2 Build Testing (19 insteFSW Tost Plan)
[N Buikd Testing Complete | [17ALIGH #EMZ Buikl Testing Complate
CLIMERT A TICH
TEMBGO000 ENZ Documentation Start HOCTOS FEMZ Documantation Start
TENMGION | EMZ Documentation |pocToa 17AUGHM P EM2 Documantation
TEME4C 1010 | Varstan Dascription Document [macToa [15mN0e '_ " Warsion Description Document
TEMBAG 1020 | EM2 Tast Rapon |0I0ETOE | 15A0M04 | Fisgicat
TEMBAG 1030 Design Documests DIOCTOG  15MUNDE '_ Design Documants
TENBMGHO0 |1 EM2 Documentatian Compiata | (150004 #iA: EM2 Documentaion Complete
FEMEGET 10 .I-M.? Pocumantaton Camplate .1|"A| I WEMZ Docurmentation Comgplels
41T 8E FLIGHT UMIT
41,7861 FL
TEMSE1000 iN: Flight Godie Inpuls fasilable HISEROL W Fisght Cods Inputs. Avalabla
TEMBEI0N0 M Tt Biad for FEW Lisa EFERDE Aitl: Tost Dad for FSW Usa
TEMES11000 | SILVERL Common Apphcation Coda [97FERD  aoALIGD4 T SILVEPU Common Application Code
TEMSE11020 | CPU Houschzaping (sl [ATFEBDS | 14MAYD ST cPU Heusekeaping [slave)
TEMBE12000 EPLI Specific Applicalion Cods EOECDE | 30AUGH T EPU Specific Application Cods
TEMSEIZOZ0 | Ewend oufput fammalling/comprassion |160ECDE | 1mAPRM WL Evant output formattingicomprassion
TEMBE1Z00 | Event Monkaring [AFEBDY 1nAPRDY ST Evant Menitaring
TEMBE 12040 | Charge injection calibration {skae) [17FEBB4 | i4mavDd "L Chargs infection callbration (slava)
TEMBEA 2050 Comenandiconiraltelemetry 1TFEBNS. 15APRN. W Commandicontroltolometry
Elan Dals AP0 _ Eaity Bar HEW1 « TELE shes bl 11
e e | A——— iy £ Electronics Rebasaling Schadule o P Foed. | eprrrel
Ru= Oats FIIAKT 1253 _*’-""J"“““’.‘f FawW OI’“)’
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FSW LATDocs Document Index

S5 - System Specification (Design To Specification)

Doc. No. Vi#
SS5=00053

55-0016%
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L]
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55=-00286 O
55-00363 5
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Ext.

PDF

PDF

PDF

PDF

FDF

PDF

5 Primary Author / Document Title

Russell, 1.1
Balloon Flight Data Format

Johnson, Robert P.
Tracker Front-end Readout ASIC Specifications

Johnson, W. Neil
Conceptual Design of the GLAST Tracker Readout Controller
Electronics ASIC (GTRC)

Johnson, W. Neil
Calonmeter Readout Control, ASIC - Conceptual Design

Russell, 1.

GLAST LAT - Conceptual Design of the Global Tnigger
Bielawski, Rich

LAT Dataflow Subsystem Specification - ACD-AEM Interface
Waite, Anthony P.

LAT Flight Software Level IV Specification
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é FSW LATDocs Document Index, cont.

S5-00424 4IW Johnson, W. Neil
Calonmeter Front End ASIC - GCFE V9 Design Descrniption
S5£-00443 ?? AIW PDF Wallace, James L
Conceptual Design of the Instrument Simulator
S5-00461 1 4IW FPDF Hufter, Michael E.
LAT TEM-GASU to CPU Data Formats
S5-00912 0O 4IW FPDF Brune, Curtis
LAT Dataflow Simulation
S5-01596 O 4IW PDF Huffer, Michael E.
The GLAST Global Trigger - Design Specification
55=-01597 2 3IW FPDF Russell, 1.
Configuration Data: Storage and Transmission
55=-01792 0 4IW FPDF Russell, JJ.
SIB - The GLAST/LAT Spacecraft Interface Board, Hardware
Specification
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TD - Technical Document
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TD-00331
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TD-00593
TD-00597
TD=-00605
TD-00606
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29 January 2004
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41IW

350

350

450

Ext.

DocC

PDF

PDF
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PDF

PDF

DocC
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5 Primary Author / Document Title

Russell, JJ.

LAT Flight Software Preliminary Design Report
Hufter, Michael E.

LAT Global Tngger and ACD Hit Maps

Brune, Curtis
LAT Comm I'0) Board -- Response FIFO

Brune, Curtis

LAT Comm /'O Board - Tniggenng

Huffer, Michael E.

The Tower Electronics Module (TEM) - A Pnimer
Hufter, Michael E.

LAT Inter-module Communications

Haller, Gunther
The ACD Electronics Module (AEM)

Russell, JJ.
LAT Auxiliary Data Survey

LAT Flight Software Test Plan
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TD-00863 1
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TD-01199 10
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TD-01543 1
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350
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350
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FDF
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PDF

Doc
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FDF

PDF

Hufter, Michael E.

Test-stand Architecture Redux

Hufter, Michael E.

Test-stand Update

Huffer, Michael E.

LAT Custom Processor Specification

Russell, JJ.

Trngger and Dataflow Resource Usage

Brune, Curtis

LAT Test Stand Communications Interface

Brune, Curtis

LAT Communication Board Driver

Russell, JJ.

SC [ LAT ICD for Startup Procedures

Hufter, Michael E.

The Power Distribution Unit Programming ICD Specification
Huffer, Michael E.

The GLT Electronics Module Programming ICD Specification
Hufter, Michael E.

The Event Builder Module Programming ICD Specification
Hufter, Michael E.

The Command/Response Unit Programming ICD Specification
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Doc

FPDF

PDF

PDF

FPDF

PDF

FPDF

Russell, JJ.

Instrument Damage Protection against LAT Processor Hardware or
Software Malfunction

Russell, JJ.

LAT Flight Software Package Descriptions and LOC Basis of Estimate
Russell, JJ.

Primary Boot Code

Waite, Anthony P.

Glossary of Flight Software Terms

Waite, Anthony P.

LAT Flight Software Secondary Boot Code

Swain, James E.

LAT Instrument Startup

Swain, James E.

Trigger Test Plan

Waite, Anthony P.

Eml Code Release Version Description

Wood, Daniel Lee

LAT Flight Software Telecommand and Telemetry Formats
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é FSW LATDocs Document Index, cont.

XR - Change Record

Doc. No. Vi DCS  Ext. S5 Primary Author / Document Title

XR-02038 1 3IW PDF Russell, JJ.
Dcn for LAT Dag Trngger and Dataflow Resource Usage
XR-02619 ATIW Swain, James E.

Den for LAT Instrument Startup

Legend

Heading Description

Doc. No. LATDocs document number

Vi current version number

DS Document Control & Status (abndged)
Ext File Extension

8 Status (7 indicates new document)

Author [ Title First author listed by LATDocs, Title

This page last moditied on January 222004 at 14:16 PST.
{Included material may have been updated at a ditferent time.)
Contact tsw-wehb for help requests, comments, bug reports, ete.
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é Software Fault Detection Methods

State of health (SOH)
— Bridge chip built-in test
Software watchdog
— All registered tasks must regularly report progress in order for SWD
to reset hardware watchdog
Data validity
— Checksums
— Parity bits
— LCB timeouts, error records
Data reasonableness checks
— HSK queries software/hardware regularly
« Memory correction reports from bridge chip
« Thermal conditions
 Power conditions
— All instrument configurations read out at beginning and end of all
data collection runs (must agree)
— Event monitoring code on EPUs checks event data for correct format,
completeness

— Event filtering code checks event data for physics consistency
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