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Roadmap 
Motivation - Mars Polar Lander 

Example of flawed requirements decomposition 

Requirements Decomposition: 
Means to perform analysis (check decomposition done correctly) 

Example I : Study of Science Experiment’s Requirements . Simple consistency checking . Additional complexity arises when timelines involved 

Example 2: Study of an Entire Flight Project’s Requirements . Sheer volume of requirements! . Existing capabilities for traceability . New capability for traceability closure . Extracting relevant requirements without relying on existing traceability . Motivation . New capability for text-search based retrieval, & example 

Status & Future 
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A p L  Motivation - Mars Polar Lander 
3.7.2.2.4.2 Wait a minute, how many requirements were there? 

Requirement didn 't flow down 

/ I Mars PolarLandedDeep 1 
Space 2 Loss - JPL Special 

Review Board Report 
JPL D-18709 - page 120 
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A p L  Requirements Decomposition * 
System Requirem Level I Req u i remen ts 

Level2 Req u iremen ts 

Level3 Requirements 

-c 
Software Req u i remen ts 

* * 
... * a. k.a. “Requirements Flowdown” 

1 If decomposition is incorrect between a pair of levels’ 
requirements, how might this be detected? 

something amiss 
. Knowledgeable designerskodersltesters notice 

Not thorough or systematic (CMM level I) . System fails validation test (behavior does not 
match h i g h -level req u i remen ts) Imperfect 

- can’t test everything 
Inspection/review of the two levels of requirements 

This Cl’s purpose is to improve our ability to do this! 
1 
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JPLStudy: Science Experiment’s Rqmt 
(identities are being deliberately obscured in this material) 

a 

P 

/ 
3.1.6 a shall respond to engineering event 
appropriate response mission replan (sent 
30625 MI, execution of this plan shall 

and generate an 
memory size) and 
10% y) frequency 

invalid commands (again sent from <System> to the.. b . . FSW, and as determined by flight safety 
rules) with less than 0.02% frequency invalid c o d a n d s  (from <System> to the . . . FSW) 
(expt 2.1.1,2.1.2,2.1.3, 2.1.4,2.1.5, <T>: cpu 2.56, ram 2.1.7) 

4 
4 

4 
4 

4 

2.1.7 The p CDS shall have 49.5 MB of RAG per spacecraft continuously available for the 
<System> software image to run during <$stem> experiment time. Of this only 24MBytes is 
for <System>-specific planning softwarV*the remainder is carried in the CM RAM budget. 

4 
4 

4 Running Code Size 4 
4 

4 

Simple 
co ns is te n cy 

4 y Core + scriptshules 0.5MB 4 

Y Database 

Observation Planner 
Cluster Manager Logging 20MB 

4 

a 

2MB checking 
Total 49.5MB 
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JPLStudy: Science Experimentk Rqmt 

2.2.2 p shall provide ability to <. . .>, 5 12K bytes(-) n 
during < S y s t e m d m 1  (uplinq5Ok bits per second) 

(est[[9 (estI3 contacts per day) (for 11.25Mbits 

mission uplink(=$ Uplink data to be required no more than 

I two daw before uplink] 

Tim e I i nes i n t rod u ce 
additional complexity 

Level 2 and level 3 requirements: 
approximately 9 pages in total 

NASA OSMA SAS, Summer 2003 Requirements Decomposition Analysis Page 6 



A p L  Study 2: An Entire Flight Project 
(identities being deliberately obscured in this material) 

. (1 of) Spacecraft requirements module 

. (I of) Mission operations requirements module 

. (5 of) Level 2 requirements modules: 

. (1 of) Level 2.5 requirements module 

. (5 of) Level 3 requirements modules: 

. (8 of) Level 4 requirements modules: 

660 requirements 

235 requirements 

1,370 requirements 

550 requirements 

840 requirements 

1,595 requirements 

Scale: sheer volume of requirements! 
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JpL Tracing Decomposition Structure 
Existing Capabilities 
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JPLExtracting Relevant Requirements 
Without using Existing Traceability 

Why? 

While the Project, SQA & IV&V should and will 
continue to use existing traceability information 
(e.g., does every requirement trace to a test 
case? Do the traced-to requirements achieve the 
traced-from requirement?), nevertheless. 

For assurance purposes, don’t want to rely on 
completeness and correctness of existing 
traceability information. 
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JPLExtracting Relevant Requirements 
Without using Existing Traceability 

From the ENTIRE set of project requirements, 
extract only those dealing with a resource, 

e.g., mass allocation 
Search for “mass” (potentially many results) 

Search for units of mass: “kg” (potentially many results) 

Search for “ [digit] kg ” (yields small set of results) 

Note: may need to search for multiple units, e.g., bits 
per second expressed in Gbps, Mbps, Kbps and bps! 
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JpLExtract i ng Relevant Requirements 
Without using Existing Traceability 

“[0-9]( )[Klk]g” yields 15 requirements dealing with mass. 
Here are several of them: 

mass o m T 2180 kg. m 

NASA OSMA SAS, Summer 2003 Requirements Decomposition Analysis Page 12 
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