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Numerical Scenario Evaluation

« Task Objective: Verify the software architecture (the top-level
software design) will meet all of the software performance
requirements, e.g.

CPU loading

Bus loading

Message throughput

Uplink and downlink throughput
Storage

Timing

Command processing

« Approach: Generate realistic quantitative scenarios

5 May 11

Scenarios generated with events and physical models of internal
processes

Calculation of resource usage/performance



Numerical Scenario Evaluation

IV&V Facility

 Motivated by desire to address performance-
related requirements

— Many IV&V methods do not handle performance
requirements very well, which typically involve
meeting performance goals. i.e. actual vs. budgeted
performance

« Directly triggered by requirement to perform
MAVEN architecture assessment task

— Evaluation of architecture assessment led to focus on
performance requirements, which led to this approach
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Analysis Process Flow
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Evaluating Resource Usage

e This is the step for which the tool is used (the
darker blocks on flow diagram)

e Approach is to capture, numerically vs. time,
all resource requirements

e Total all requirements to come up with a plot
vs. time of the total resource consumption

e Approach depends on detailed data of
resource utilization by every consumer of the
resource

5 May 11



Scenario Components and Build-Up: How it Works
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timeline points
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when events
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ldentify Resources

Objective: Evaluate bus traffic during a critical maneuver
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ResourceName
LVDS

MFEB

MIL-5TD-1553

R5-422 IMU
RS-422  a PF_data
RS-422 a PF_cmd
RS-422 a RS _data
RS-422 a RS cmd
R5-422 a NGIMS data
RS-422 a NGIMS cmd
VDS s EUT up

LVDS s EUT dwn
LVDS_s SDST up
LVDS_s_SDST dwn
cPCl bus

*END™*

B C D
33 Mbps
) 10% Mbps
1 30 Mbps
4 50% M

ﬁ_..._.
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4
57
4 s
57 50% Kbp
2 50% Mbps
57 50% Kbps
10 Mbps
12 50% os
33 50% Mbg
33 50% Mbps
3 50% Mbps
Author: hor:

MAVEN CDR F2 pg 34
SDST synchronous
downlink

‘EMN CDR F2 Pg 34
T synchronous uplink

Author:
MAVEN CDR. C2 21
Acynch fast for data

Resource Usage in Critical Maneuver: Building the Model
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Resource Usage in Critical Maneuver: Building the Scenario
ldentify Driving Events

IV&V Facility

A B C D E F G H I
1 Metwork loadings
o o 2 Model Node2 Data words per IRate (Hz) Resource Protocol Words/se MBPS When
3 | SSAJAAC DTCI 7638 1 MFB SynchfSerial 960 0.03072 SSA powered
Mission
. . 4 |DTCI SSASAAC 1 1 MFB Synch/Serial 1.25 0.00004 55A powered
Descrlptlon 5 EPS DTCI 12 1 MFB Synch/Serial 15| 0.00048 always
6 |DTCI EPS 2 1 MFB Synch/Serial 2.5 0.00008 always
Documents 7 |DTCI UsmM 2 1 MFB Synch/Serial 2.5 0.00008 always
g8 [DTCI BAPU 16 10 MFB Synch/Serial 200 0.0064 RCS events
9 |DTCI PAPL 16 5 MFB Synch/Serial 100 0.0032 articulation eve
10 |GIF SDST 4 1 MIL-5TD-1553 CMD/2DATA words 5/ 0.00016 changing SDST ¢
] 11 |5T GIF 16 10 -5TD-1553 1553 RT/BC 200 0.0064 when 5T is on (:
A 12 |SDST_UPL uLDL 32 1 LVDS_SRST UP synch/Serial 40| 0.00128 during data pas
13 |ULDL SDST_DWMN H 10000 L SDST BWN  Synch/Serial 100000 3.2 during data pas
14| 1MU GIF 54 200 RS-4237wgu  |Author: _ 16000  0.512 IMU powered
7 BCM Author: The GNC ST data is read
& Cannot be lass than 4 32 from the instrument at
3 [SASM TM 16 bit words. In addition, 10 Hz, but read from the
17 commanding, GhIF card allt 5 Hz. Half
4 USM T i the samples are
houskeeping data and S :!
5 |SDST setup
ﬁ -S‘D-S‘T anE RS L Q] | SRap Jy [ Tl TP JAF S ) TULIUU LY IiCiauiv e
7 |5D5T setup 6[to MIL-5TD-1553 0.00016 Relative
& SDST done F[tO MIL-5TD-1553 -0.00016 Relative
9 554 0on B|t0 MFB 0.03072 Relative
10 |S5ATM 12|10 MFE 0.00004 Relative
11 |desat IMU -24|desat RS-422 IMU 0.512 Relative
12 desat -20|desat MFB 0.0064 Relative
13 desatend 40(desat MFB -0.0064 Relative
14 |gofast -5|gofast MFB 0 Relative
15 |gofast end 5|gofast MFB 0 Relative
16 LGA40 -5|LGA40 MIL-5TD-1553 0.00016 Relative
17 |LGAAD end 5|LGA40 MIL-5TD-1553 -0.00016 Relative
18 |MOI_start 0[MOI_burn MFB 0.0064 Relative
19 |MOI_end 0(MOI_burn_DV MFB -0.0064 Relative
20 MOl IMU off 500|MOI_burn_DV RS-422 MU -0.512 Relative
21 |[*END*
22
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Resource Usage in Critical Maneuver: Building the Timeline

{Performed in VBA }

Build list of
_ Resources
Time Resources
[ c 0 - : Calculate S « g
1 [Time LVDS MEB MIL-STD-1553 RS-422_IMU  RS-422_ a PF_d RS-422 4 e Rs-422 |l 222 5 NGIM:LVDS_s_EUT
1 o i, ; szl 7 o NGiivos s Eor_

2 0.0000 0 0 0 0 0 Event Ume 0 0
3 0.0001 0 0 0 0 0 N 0
4 0.1000 0 0 0 0 0 d @) 0
5 0.1001 ] ] ] ] ] an Sort | 0
6 1.0000 0 0 0 0 0 \V/ 0
7 1.0001 0 0.00048 0 0 0 0
8 2.0000 0 0.00048 0 0 0 é\ 0
3 2.0001 0 0.00056 0 0 0 [0 0
10 3.0000 0 0.00056 0 0 0 | I (&) 0
11 3.0001 0 0.00064 0 0 0 Ca Ccu a-te Usage a 0
12 4.0000 0 0.00064 0 0 0 > 0
- o oows  ooooms 0 § for each Resource @ = 0
14 5.0000 0 0.00064 0.00016 0 0 0
15 5.0001 0 0.00064 0 0 0 0 0
16 5.0000 0 0.00064 0 0 0 0 0
17 6.0001 0 0.00064 0.00016 0 0 0 0 0
18 7.0000 0 0.00064 0.00016 0 0 . 0 0
19 7.0001 0 0.00064 0 0 0 B ul | d 0 0
20 8.0000 0 0.00064 0 0 0 0 0 0
21 8.0001 0 0.03136 0 0 0 summ ary 0 0 0
22 10.0000 0 0.03136 0 0 0 0 0 0
23 10.0001 0 0.03136 0 0 0 C h art 0 0 0
24 10.1000 0 0.03136 0 0 0 0 0 0
25 10.1001 0 0.03136 0 0 0 0 0 0 0 0
el 172 nnnn n N N2128 n n n n n n n n



Resource Usage in Critical Maneuver: Evaluation
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MFB usage during MOI PAPU Traffic during thruster events

A B € D E F G H 1 J K L M N 8] P
1
5 Refresh List |
3 |Selected Resource MFE =] Update Chart | 0.04
4 |show Capacity Line No \
5 |Show Limit Line No
6 0.035 A
7
S Tme  MF8 MFBCap MFBLm 003
9 0 0 B 0.6
10 0.0001 0 6 0.6
11 0.1 0 6 0.6 0.025
12 0.1001 0 0 0.6
13 1 0 6 0.6
| 002
14 1.0001 0.000438 B 0.6 H
15 2| 0.00043 0 0.6
16 2.0001 0.00056 6 0.6 0.013
17 3 0.00036 B 0.6
13 3.0001 0.00064 b 0.6 . : :
i Al 000084 ; o w01 { MFB: High _spged synch/serial bus
20 4.0001|  0.00064 6 0.6 6 nodes within DTCI/power/pyro
21 5| 0.00064 6 0.6 0.005
22 2.0001 0.00064 b 0.6
23 6 0.00064 6 0.6
24 6.0001 0.00064 B 0.6 v ' ' ' ' ' ' '
75 7 0.00064 5 0.6 a 300 1000 1500 2000 2500 3000 350

Bus traffic far below hardware or software resource limitations




Complex Resource Usage: Model Development for Buffer Sizing
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Science Orbit Scenario
Data buffer sizing with missed DSN passes

Multiple instruments with varying duty cycles Blant: The
Track orbit phases and activities portion of a
Asynchronous periodic events model which
represents
internal state of a
system | Timer
And
Or
Xor
First_order
. . . Plant MOdel sSummer
Periodic Slgnals Integrator
Buffer

1 mmmmmmw

2 Apoapsis 16140 1 OrbitCount Relative TRUE
3 DataPass D1 432[”]! 18000 Telem Relative TRUE EI.55‘

4 |*END*



Complex Resource Usage: Building a Plant Model

S

__V4 Plant model consists of 41 elemen
8 ors
4 ands
13 timers
9 first order
5 summers
1 buffer
1 integrator
pl3 ame e ~
PostApoapsis timer Apoapsis
Slewl timer Apoapsis
Inbound timer Apoapsis
Slew2 timer Apoapsis
Preperiapsis timer Apoapsis
Periapsis timer Apoapsis
Paostperiapsis timer Apoapsis
Desat timer Apoapsis
V| Slews timer Apoapsis
. |Outbound timer Apoapsis
! Slewd timer Apoapsis
i |Prefpoapsis timer Apoapsis
| lop_Periapsis or Preperiapsis
i [op_Apoapsis ar Prefpoapsis
+ 'op_DataPass and DataPass
" |IsScience and -op_DataPass
i |DeepDip timer Preperiapsis
HIUVS first_order op_Apoapsis
I lop_NGIMS and -DeepDip
. NGINMS first_order op NGIM
' lop STATIC and IsScience
| op_SWEA ar Inbound
b lop_SWIA or IsScience
i [Op_SEP ar op_Apoapsis
ilon | P nr Inhnnnd
4 ¥ M| Events Resources Plant Models PeriodicSignals

Orbit phase construction
Orbit type construction

Instrument state construction

- - [ 0 - fu oto ¥ ote - oterd Bd ote - D -
0 0 2712 0 from ap to begin slew  Timers use para
2712 600 0 Param2 = on del
3312 3480 Param3 = off de
6792 600 Param4 =retrigg
7392
8058
8059
8748
9048
9645
= ELT-1.1-]
1 Node2 Data words per [Rate (Hz) Resource Protocol Words/se MBPS When Comments On-usage rat em—
Buffer 2000 1 MFB Synch/Serial 2000 0.002 Always 2418.2 All rough estimates 0.002
MS Buffer 281 1 MFB Synch/Serial 281 0.000281 Periapsis 339.8976 0.003345
IUVS Buffer 628 1 MFB Synch/Serial 628 0.000628 Apoapsis (preferred) 759.6288 0.000628
PF Buffer 5200 1MFB Synch/Serial 5200 0.0052 6289.92
=static PF internal 0.001 Always
[=swea PF internal 0.001 Sun Pointed Sides
=SWIA PF internal 0.001 Always
[=SEP PE internal 0.002 not Sun Pointed =1l
-LPW PF internal 0.001 Sun Pointed Sides
FEUVM PF internal 0.002 not Sun Pointed
=MAG PF internal 0.001 Always
Buffer Telem 250000 1 MFB 250000 0.25 Datapasses 2 per week 302400
0.003344646
Periodic signals sec duration
|Apoapsis 16140 1
Data Pass 43200 43200
Science Pass Type I _l
1
2 Average bps
G20 1047 GET
Mamed Times Timeline Chart Data System description Network Lneﬁ._ Il




Complex Resource Usage: Evaluating Results (lots of code
later)
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Option for multi-plots

O caoH =8 ]

O \ Buffer usage in MB
O rlantMame

7

Slewl
Inbound I I I | I
Slew2 & 111

Preperiapsis I

Periapsis
Postperiapsis 5
Dresat
Slew3
Outbound 14 e s Outhound
Slewd -
Predpoapsis
op_Periapsis
op_Apoapsis
IsScience
Deephip
IS
op_MNGIMS
MGIMS
op_STATIC 1
op_SWEA
op_SWIA
op_SEP a

o D PWLAT n Fonnnn Annnnn RONNNN RONNNN 1anannn 1300000 1dannnnn

— BT

100000000O0000O00000O0000000

Data buffer size has adequate margin
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Complex Scenario: Building a large-scale model

Objective: Evaluate MOI reboot timeline

(time-limited sideswap/reboot/initialization during critical flight phase)

Approach: Step by Step boot/initialization model with multiple path
and semaphores including such variations as memory bank

failures and variable instrument warm-up times. =~

PlantName ﬂ PlantType

EMC_start
EMC_wait
EMC_reginit
EMC_pfl
EMC_enablevl
EMC_SUROM_CRC
EMC_rel PCI
EMC_set WDT

} |[EMC_cancel EMCwdt
_ EMC_find_cmic

' [EMC_config_CMIC

i [EMC_initSDRAM

| |EMC_release_R750

SUROM_A_clear_timebasereg
SURCOM_A_disable_int_int
SUROM_A_m_chk_ena

i |SUROM_A_DSI

SUROM_A_ids_IDMMU

| [SUROM_A_initBATs

. |SUROM_A_TLB

! [SUROM_A_SetDBATs
VSUROM_A_init_seg reg
L [SUROM_A_setupFP

SUROM_A_memtest

Pienenn A catinCotack

timer
timer
timer
timer
timer
timer
time,
tir
timer
timer
timer
timer
timer
timer
timer
timer
timer
timer
timer
timer
timer
timer
timer
timer

tirnar

A B C D E
HWActivity  RAD750 ActiviEMC Activity  line Implementation  Function
POR hw na
EEPROM Segment Select hw na

EMC SUROM Init> EMC

emc_main.eme  START

Release RAD750 432 EMIC
Enter monitor mode

release raset

clear time base registers 7n

R750_asm_main.s START

G +
Addr. Mode

£
j};«.

real, no stack

also enables cache, store gatherin

starting setup for caching

setup for MMU

Tep Level soot

0.001
0.921

e

EMC_release_R750
SUROM_A_clear_timebasereg
SUROM_A_disable_int_int
SUROM_A_m_chk_ena
SUROM_A_DSI
SUROM_A_ids_IDMMU
SUROM_A_InitBATS
SUROM_A_TLB
SUROM_A_SetDBATS
SUROM_A_init_seg_reg
SUROM_A_setupFP

CHEMNA A mamtact

T s T T O T e R s s T e T

o oo oo o

=]
[}
=
=

o o0 o0 oo oo o oo




Complex Scenario: Evaluating a Big Model
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Anticipated a big model and amply rewarded.
Ial (=] (= o [ r [E] H 1 o) K. L (L] I (5] [nd ) [a] o 1 u
Time ENMC SUROM F5h EMC_start EMC_wait EMC_reqginit  EMC_pH EMC_enabley EMC_SUROM EMC_rel PCI EMC_zet WD EMC_cancel EMC_find Ch EMC_config_| EMC_initSDR EMC_releaze SUROM_A ol SUROM_A_di SUROM_A_m SUROM_&
1}

coocococooooo

=)

Timeline s ep

000 CO0O0O0C0D0OC OO oo 00000000 o
CoooCcOoO0OoOoOoOoOoOoOOoOOoOoOOoOCOoOoooOoD o

Ccoocoocoocoocooooooo

Model incomplete: All of boot has been modeled

and initialization is partly complete

CoocoocoocoocoOoCoCoCooOoOoCoooCooOooooooS
CoCocoOCoo0oOoO0OoOOoOO0O0oO0O0O0O000oo0o0oo0o0O0o o
I I I I I I I I I I I I I I I I I I I I I I - )

o000 CoC0O0O0O0O0O0O000O0O0C00000000000000000

288 steps out of anticipated 500+/-

o0 CoOoo0C0oO0O0O0O0O0O0O000000O0000000000000 0

1
0
0
1]
0
0
0
]
0
0

Tooocoooon
o oo oo o

Time
5 minutes out of 13 minutes modeled

Requires non-timeline post-run analysis




Notes on Architecture: Good, bad, and not so pretty
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. Yes!
Did it work? < >
Accurate results depend upon careful modeling

Tables as framework for input parameters

Why Excel/VBA? —> Use of scratchpad worksheets

VBA is clearly adequate for the purpose
Self-documenting via comments

Rich and flexible post-processing including statistical analysis

Limitations? —> Model size (at an absurd 16,384 elements)

Slightly annoying VBA /Excel integration

NOT a simulation — feedback cannot be modeled




On the Horizon

e Monte Carlo

e This is the key remaining future capability,
and in my mind the capability that enables
broader usage and highly meaningful results

 Necessary due to syncing (i.e. fine
alignment/overlap of utilizations)

e Time Series Simulation and Feedback
 Requires model evaluation sorting

e Logic regarding state propagation and time
sampling/integration periods.



Conclusions

IV&V Facility

* Numerical Scenario Analysis supported and validated design features for
MAVEN

» Bus utilization and C&DH data flow

« Science data buffer sizing

« Partial view of boot timeline

« Developed a general and flexible scenario evaluation tool
* Numerical performance analysis
 Integrated graphical and data analysis
 Integrated scenario setup using Excel capabilities.

5 May 11
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