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KOMPSAT Series

KOMPSAT-5("13)

CAS-500(20) KPLO('22)
IBMU (PM32/MCMERC32) SBMU (PM697/AT697F) SBMU (PM697/AT697F)
VxWorks 5.4 VxWorks 5.4 VxWorks 5.4
K5-FSS C1-FSS KPLO-FSS & LUNASIM

IRNYTLFATA

KOMPSAT-3A

KOMPSAT-3A('14)
IBMU (PM32/MCMERC32)
VxWorks 5.4
K3A-FSS

KOMPSAT-6('22)

el ,BMUK%'\&ZS;,IAEME?@Z) IBMU (PM697/AT697F) KOMPSAT-7(22)
o Works 5.4 VxWorks 5.4 IBMU (PM697/AT697F)
(803*\3/%?)?387) K3.FSS K6-FSS VxWorks 5.4
K7-FSS
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KOMPSAT-2

(06)

Processor i

Intel i386

RTOS  VRTX

FSW ESV

FSS

Astrium
MCMERC32

VxWorks®

D

WIND RIVER

ES\V

K3-FSS
K5-FSS
K3A-FSS

KOMPSAT-3/5/3A
(12/13114)

KOMPSAT-6/7 &
CAS-500 & KPLO ('20~)

VxWorks®

D

WIND RIVER

RSV
K6-FSS, K7-FSS laysim-GR712RC
C1-FSS, KPLO-FSS laysim-GR740
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laysim Processor Emulator

KS-ESS
KSA-ESS
KS-FSS
GK2A-FSS*

GK2B-FSS*

K6-FSS
K7-FSS
C1-FSS
KPLO-EFSS
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ERC32&LEON Processor
Emulators

. ]

- Cycle True / Used for most ESA Projects
Not meet real-time performance for LEON2/3 (30MPIS)

TSIM Interpreter O O O X ég?gygl - Used for Initial KOMPSAT-3/5 FSS
- GRSIM provides LEON MP Simulation
- New TSIM3 beta versions are released
Leon-SVE Interpreter X X Spacebel - Full representativity of LEON2-FT
SimERC32/ Interpreter o X Astrium/ - Astrium Internal (SIMERC32 Emulator in SiMIX)
SimLEON P CNES - Gaia Real-Time Simulator
Sim-SCOC3 DBT X X O X Astrium - Spacecraft Controller On-a Chip with LEON3FT
Terma/ - 100% Representative
LR H/W X © © X Astrium - Realtime OBC Simulation at 6@MHz+
ESOC ESOC/ - Used for most ESOC/ESA ground system
Simulator  LNterpreter © . © X VEGA - New LEON2/LEON3 are supported
SciSyS/ - Based on QEMU 0.9.1
QERX DBT v e v X FFQTECH - Galileo Constellation Operation Simulator
- New emulator based on LLVM framework
TEMU2 Interpreter O O O O Terma - 200MIPS on a 3.5GHz PC

- Support LEON4, PowerPC and ARM processor

LEON3/4
s N ) RN ) N -

laysim Ir‘netteer‘r‘p (@) @) (@) (GR740/
GR712RC)
laysim- O )
DBT DBT @) @) O (GR740/
GR712RC) -
QEMU DBT o X o X -
laysim

- Window & Linux Execution Platform

- Source Level Debugging and Cycle True
- Used for KOMPSAT Flight Software Simulator (FSS)
- Expandable through user loadable modules (GR712RC, UT700)

New DBT engine from scratch

High Performance and Cycle Accuracy

(over 500MIPS @i7-6700K 4GHz)

Used for KOMPSAT FSS and Operation Simulator

Expandable through user loadable modules (GR712RC, UT7090)

Based on QEMU 1.0.1
S/W development in VxWorks/RTEMS
Discontinued and outdated
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Anguish ?

Easy
Solution ?
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Limitation ?

How to
shorten

USB 2.0

= —
SpaceWire Monitor BIOM/PIOM
Simulator

UART(RS-422)

SpaceWire

= Link Analyser H
= cTTCE RS-422 PCDU/VDE
cTTCE Test Box | Simulator

RS-422
NetROM ———  Ethernet s —
5 =||15538 Card Interface — .
NetROM

1553B Monitor Tornado Host

Power Supply

®

STB (Software Test Bed)

Printer
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Solution ?

Use
Emulator
Simulator

JTAG

Coldfire
Debugger

MIPS ARM

i = In-
! Circuit
. Emulator

Processor
Emulator

MCMERC32
No Working JTAG for MCM-ERC32

No In-Circuit Emulator

Only ERC32 & LEON2/3 Simulator
(TSIM) from Gaisler [Commercial]

LEON3-FT
10
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http://cfs10.tistory.com/image/34/tistory/2009/02/16/17/26/49992347d1384
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http://www.google.com/imgres?imgurl=http://upload.wikimedia.org/wikipedia/commons/thumb/a/a6/PPC750CXEHP55-3_01.jpg/220px-PPC750CXEHP55-3_01.jpg&imgrefurl=http://en.wikipedia.org/wiki/List_of_Macintosh_models_grouped_by_CPU_type&usg=__7zFBQDopB0Y1fQexZTRYWZUfCoM=&h=203&w=220&sz=25&hl=ko&start=7&itbs=1&tbnid=GypJ7s9PqJU0HM:&tbnh=99&tbnw=107&prev=/images?q=PPC750&hl=ko&rls=com.microsoft:ko:IE-SearchBox&rlz=1I7ADBR&tbs=isch:1
http://www.google.com/imgres?imgurl=http://www.visionmc.com/images/ERC32/ERC32s1.gif&imgrefurl=http://www.visionmc.com/solution/ERC32/ERC32solution.htm&usg=__ABcj8JKlhY9O9bTgBIPX38f9d90=&h=135&w=133&sz=9&hl=ko&start=21&itbs=1&tbnid=1MzzIqbo1KRUoM:&tbnh=92&tbnw=91&prev=/images?q=erc32&start=20&hl=ko&sa=N&rls=com.microsoft:ko:IE-SearchBox&rlz=1I7ADBR&ndsp=20&tbs=isch:1
http://www.lauterbach.com/_powerview.html
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1st Solution [1/2]

* Construct KOMPSAT Flight Software Simulator with Commercial ERC32
Processor Emulator (TSIM-ERC32 from Gaisler)
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2 [ Core g 5 g WindowXP
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$°:“"‘ﬂft‘d 8 Linux
elemetry
) (Fedora8)
e Edt Ve Bockmans Secins el PM3Z Si KOMPSAT-5 Simulator (Final 1.1)
—' Virtual Network 4
inal vi.1 by layright: -
NVMEM A (4MB) Overall | TCS Test | PM32  BIOM  PIOM | TCTM-P | TCTM-R | PCDU-P | PCDU-R |VDE P/R 15538 CH1 | 15538 Ch2
TSIM ERC32 1553 CH#1 Overall Traffic
Hsg to : 0 Ps(RTOL): (A8 E
™ 128 (pratessioant verss cmnd: 4€28 (09-T-17-08) RT9(GRA) -SAL7
PROM VASI e s (rros): (B2 | E
(64K8) Data: 0000 0000 0000 000 00GO 000 0000 0000 sma(rmos): (A [8][E
|| > GRAGRTOS): (A B E
Hsg No : 1 —e
Cmd:  4EA4  (09-T-21-04)  RT9(GRA)-SA2L AopoD (RT20): (A ] B ][]
ERC32 SRAM Status: 4800 {
sre aneann — Status: BRD(RT31) ale] 4 Clear|
Processor (6MB) Data: 000 005 0000 0000

1553 CH#1 Receive Editor

Interrupt Hsg to : 2 Remote Terminal: |GPS (RT01) v
UART A Controller 15538 {UDP) | C0i AECH (09-T-22:08) | RT9(GR)-5Az2 sub-patress: G | £ ropiy | oo
Data:

P1553 #1 | B 0008 0015 0000 0000 status Word : (0800
No Response
Msg No : 3 1553 CH#1 Transmit Editor-
Cmnd: 4EE4 (09-T-23-04) RT9(GRA) -SA23
Status: 4800 Remote Terminal : | GPS (RT01) ~
oA (28) bata: 0068 00Ls 0000 0000 ) sub-divess (51 | oms| @ om
SpaceWire Link (UDP! Wsg o : 4 Status Word : (0800
aceWire Linl 59 tlo
] R > ERC32 UART A < P { ) $>| Cnd: 4F04 (09-T-24-04) RT9(GRA) -SA24 No Response

=l > status: 4800 00-03 0201 0101 [0101 |0201
SMCS332 #1 > |Data: 0008 0015 0000 0000

% 04-07 0101|0201 0201 0101

s 08-11 (0101|0201 0201 0101

Cmd: 1630 (03-T-01. RT3(STAL)-SAOL 12-15(0101 [0101 [f0101 (0101

Status: 1600
DPRAM #1(32KB) orer™ oaat oL oL oaor ol oamL GOl o 16-15 (o101 G0 011 oion
0301 0301 0301 0301 0301 o301 0301 0301 20-23 (0101 [jooa [o201 [oto1
: 24-27 0101|0201 0101 0101

Hsg to : 6
ERC32 UART B GPIO Input Cmd: 1RO (03-T-13-32)  RT3(STAL)-SAL3
GPIO [ Status: 1800
HearBeat Signal Datai 030 030D 030D 030D 03D 0300 0300 030D
0300

26-31 (0101|0201 0201 0101
030 0300 0300 0300 030D 0300 0300
030 0300 0300 030D 036D 0300 0300 0300

IEREEAN® Control AN a3 A0 A0 a0 A a0 Avan o
- ‘ @ RECORD

3 Status

Msg No
16)
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1st Solution [2/2]

KOMPSAT-5 Flight Software Simulator Final v1.1 by layright

Overall TCS Test PM32 BIOM PIOM TCTM-P TCTM-R PCDU-P PCDU-R VDE P/R|1553B CH1 | 1553B CH2

1553 CH#1 Overall Traffic

GRA (RT09) :

Msg No : O eps(rron):  [a|[B[E]

4E28 (89-T-17-68)  RT9(GRA)-SAL7
© 4800 STAL (RT03) 3
0800 0000 ©0D0 000 BO0O 0800 0O0G 0BGO STA2 (RT05) - e
£

Y
Cmnd: 4EA4 (89-T-21-04) RT9(GRA) - SA21

Data: 060B 0015 0000 0060

Session Edit View Bookmarks Settings Help

Msg No : 2
Crnd: 4EC4 (09-T-22-04) RT9(GRA) - SA22 [PM32 Simulator] VASI Reset [a]

Status: 4800 [PM32 Simulator] Virtual Network Reset
Data: 086 0G5 0000 0080
"""""""""""""""""""""""""""""" section: ../obj/K3-prom.hex at 0xB, size 46392 bytes
section: ../obj/K3-prom.hex at 0xf@08, size 2472 bytes

Msg No : 3 entry point: 0x8
Cond: 4EE4 (09-T-23-04) RT9(GRA) - SAZ3 tsim> go
Status: 4300 resuming at 8x00000000
pata: 9608 0015 ©Gs0d seGd Bx24783e8 (TMAIN): OBT:0880007 - OEDB:INIT GDA

0x24783e0 (TMAIN): 0BT:000007 - OE99:INIT_TRAP KOMPSAT-5 Flight Software Simulator Final v1.1 by layright
Msg Mo : 4 0x24T83e0 (tMAIN): OBT:000067 - GFD6:SPW CH#0 Established
. 0x24T83e0 (tMAIN): OBT:000067 - GFD7:SPW CH#l Established
grtngi\..li‘ :;g; (09-T-24-04) RTO(GRA) -SA24 0x24783c0 (TMAIN): OBT:000067 - OFGB:SPW CH#2 Established overall TS Test | PM32 | BIOM PIOM TCTM-P TCTM-R PCDU-P PCDU-R VDE P/R 15538 CH1 15538 CH2
Data: 0008 0015 0800 0080 0x24T83e0 (tMAIN): O0BT:000007 - OFE9:5PW CH#3 Established ERC32 GPIO (0X0LFB00AC) NVMEM Control Register (0x13000014) —— [GPS 1PPs Interval Counter (0x1300001C)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 0x247E3e@ (tMAIN): OBT:000007 - BF1D:SPW CH#4 Link Error Bit 0 : Launch Abort Signal |0 |(bit) Bit 0 : NVMEM Bank A&B Power On/Off [2 ] | [oooooo0o | < Apply
Bx24F83eB (tMAIN): 0BT:000067 - BF11:SPW CH#5 Link Error L -

Msg No : 5 Bx24fB3eB (tMAIN): OBT:0808087 - 8114:5GM P scrub disable befor] Bit 1: Heart Beat Signal o |(bit) Bit 1: NVMEM Rep. Enable Latch Clear |1=\ GPS 1PPS Tick Counter (0x13000020)
cmnd:  1C30 (63-T-01-16) RT3(STAL)-SAOL 0x24f83e0 (tMAIN): O0BT:880007 - 8116:5GM R scrub disable beforyd git 4: Test/Flight Mode #1 @ Test Flight Bit 2 : NVMEM FSW Wrtie Enable #1 1] 00000000 [ apply
status: 1800 0x24F83eb (): OBT:808087 - ODCA:mmd_init coda not found Bit 5 : EGSE Repro Enabl Disabl —

: programming nable = Disable Bit 3 : NVMEM FSW Wrtie Enable #2 1
Data: 0301 0301 0361 0361 0301 0361 0301 0301 [|0x24fB3ed (): OBT:000007 - BDCB:mm p selected TR ' € Enable [2 | Gps 1pPs status Register (0x13000024)
X X . Bit 6 : PM32 Identification |1 | — 9!
0301 030L 0301 0301 6301 0301 0301 0301 [|l0x24fB3e0 (): OBT:008807 - ODCE:mmd init completed IO s Ce ey (e, -
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr Bx24fB3eB [): OBT:888887 - BE9A: INIT UART ; LR LT e | | 00000000 | </ Apply
: : : — PM32 Direct Input (0x13000004)
0x24f71d0 (tBACK): 0BT:800007 - OE98:tSCP Spawned = Bit 0 : NVMEM Power Status of Bank A [o ]
Msg No : 6 X ) ) 3 Bit 0 : Test/Flight Mode #2 ® Test: Flight ~— GPS 1PPS Delta-T Counter (0x13000060)
g No : 0x24F71d0 (tBACK): 0BT:080067 - BE92:t1553 Spawned Bit 1+ PCOU AUX Con, Fault (0V) @ No Fault (- Fauit | | Bit 1¢ NVMEM Power Status of Bank 8 [0
Cmnd:  1DAG  (03-T-13-32) RT3(STAL)-SAL3 0x24f71d0 (tBACK): 0BT:080067 - BE92:t1553 Spawned ! on- a“‘ ° a“‘ a“‘ el o — | 00000000 |
: . . . n Bit 2 : PCDU AUX Con. Fault (SC) @ No Fault ©) Fault | Bit 2: NVMEM Bank Select cTMP o
g;igyi éggg o300 0300 0360 0300 0300 0300 ozop M|P2ATT250 (1SCP): 0BT:000007 . DAE:RTCS EXECUTE ] on. Fault (SC) @ No Fau gl ] I SRR [0 ) exeornat RTC N Counter (0x13000028)
" 0300 030D 030D 036D 030D 0300 0300 0300 [loiaairian Lioark) oot opooor T ESd:HONE Spawned GLTE23 (e UGS ([P E LD | Bt 3: NVMEM Bank Selection from TCTMR [0 | | [go26259F |
D  oobb |[px24t71de (tBACK): OET:000807 - GES6:tTWO Spawned Bit 0 : BIOM SMCS 116 Chip Enable/Disable (] | it 4+ nvmem en, spc cm status from Tp |1=‘
D300 D3O Daoh 0300 oaub Dah 0300 D300 |lex2a771de (tBACK): OBT:@0867 - @ADD:SRAM EDAC ENABLE , " " __ : : 1 | External RTC Control Reg (0x1300002C)
@ recor BT oK) Oy Sotey | neziUNII SO PATCHE e[| SiiivioMsmesmechb naemiabe 1 | ais: wwem en pe cwb status rom [ | it Sync Enaberistie o
* (EBACK}: OBT: - : Bit 2: PROM_EN (A) for K5 COSI B s mrmm e e i e S Ll —
24f71de (tBACK): OBT:B06007 - BAE2:Enable PIT ISR i) it6: n. atch Status 1 || Bit1:SyncIRQ Select [o]
0x24F71d0 (tBACK): OBT:0000867 - GAE4:VASI 16Hz subminor tick e Bit3: PROM_DIS (A) for K5 COSI \1=\ Bit 7: NVMEM Wiite Enable Status [1] | Bit2: sync RQ Enable/Disable [o]
0x24771d0 (tBACK): 0BT:000007 - GAE7:Enable N slot down counte| g, v cecer (a) for ks COSI I — i
Ox24TF250 (tSCP): 0BT:00008B8 - GB1E:RTC EXECUTION ! .= || -NVMEM Block Erase Start/End (0x1300003C) Bit 3 : N Slot Divider Enable/Disable |1 \
0x24TF2560 (tSCP): OBT:000008 - 00A4:No operation Bit 5 : PROM_EN (B) for K5 COSI \1 \ |ODDDUDDD ‘ . .
0x24TF250 (tSCP): 0BT:000056 - ©B1E:RTC EXECUTION e FEEL B () G IS m External SW Data Register (0x13000030)-
Dx2477250 (tSCP): OBT:G0085G - DBA4:No operation it6: _DIs (B) for 1 | NVMEM Page Read Start/End (0x13000040) Bit 0 : SW Control 8Hz =
0x2477250 (tSCP): 0BT:00005F - BB1E:RTC EXECUTION Bit 7 : HW-RESET (B) for K5 COSI /1| | |oooooooo |l | &it 1: swcontrol anz =
0x247F250 (tSCP): OBT:00005F - B8375: - = = =
Dx24e4bal (tONE): OBT:008118 - 00A4:No operation PM32 PIT Registers. NVMEM Page Write Start/End (0x13000044) Bit 2 : SW Control 1Hz |1 ‘
PIT Control Register (0x1 | | | —
E] shell PIT Status Register (0x1300000C) 00000000 | NVMEM Write Protection/Spare (0x13000048)
SpaceWire Reset Register (0x13000010)—— 20000002 J
Bit 0 : SMCS116 Pri. Reset for both TCTMs [0 | NVMEM Busy status Register (0x13000058)
Bit 1: SMCS116 Red. Reset for both TCTMs [1] | 00000003 |
Bit 2 : SMCS116 Reset for B-IOM [o]
Bit 3 : SMCS116 Reset for P-IOM [o]
Bit 4 : SMCS332 Reset [1]
UARTO MUX Register (0x1300005C))
00000000 |
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Limitation of 15t Solution

 KOMPSAT Flight Software Simulator based on TSIM-ERC32/TSIM-LEON3

Cost Problem : over 20,000 € (all FSW member should buy TSIM ? Another segments ?)
Real-time register & variable monitoring limitation
How can enhance or add test/debug interface into TSIM core ?

Difficulty for integration/develop of Satellite Simulator with another pre-developed

avionics simulator

In case of LEON2-FT processor, TSIM-LEON2 can not represent actual AT697F

processor

In case of LEON3-FT processor, TSIM-LEON3 can not represent actual LEON3-FT

@@
N

processor

jwchoi@kari.re.kr (x2066) 14
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How to ?

Develop ERC32&LEON2/3
emulator based on open 1) relatively easy

source emulator 2) use IU/FPU core from open source emulator
[QEMU, SkyEye] implement only ERC32&LEON2/3 own functions
timing problem

interpretation or dynamic binary translation ?

Escape from
TSIM

Develop new ERC32&LEON2/3 emulator
[All new development]

-

1) really hard

2) develop all for ERC32&LEON2/3 cores
3) verification problem

4) add everything if want

5) cycle accuracy

6) Interpretation or DBT ? )

\\’/
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2" Solution

* Develop ERC32 & LEON2/3 Processor Emulator based on Interpreter method
— laysim-erc32 & laysim-leon3 (based on interpretation method)
— TSIM also uses Interpretation method

* Interpreter Execution Flow
1. Fetch one guest instruction from guest memory image
2. Decode and dispatch to corresponding emulation unit

3. Execute the functionality of that instruction and modify some related system states,
such as simulated register values

4. Increase the guest PC (Program Counter Register) and then repeat this process again

e Pros & Cons

— Pros : Easy to implement

— Cons : Poor performance / Real-Time Performance Problem at high CPU clock

=» ERC32 processor runs at 20MHz (Max 12DMIPS)

=» ERC32 processor emulator based on Interpreter can meet real-time performance
because of low CPU clock

jwchoi@kari.re.kr (x2066) 17



Interpreter [1/3]

* Fetch one instruction from guest binary (ERC32)
— Get one instruction pointed by PC (Program Counter)

Guest Binary (ERC32) Target ISA (ERC32)
PC : 0x02000000

0Xx02000000 : b206600b add %il, Oxb, %il _

nPC : 0x02000004

0x02000004 : a0100000 clr %10

il : ©6x12345678 ‘

@ Fetch

status = ERC32_emulator_fetch (ERC32.pc, &inst)

Emulation
Manager ——> jnst €& 0Oxb206600b

(Interpreter)

ERC32 Processor Emulator (x86, Windows 7)

jwchoi@kari.re.kr (x2066) 18



Interpreter [2/3]

« Decode fetched instruction
— Isit ADD, AND, XOR or MOV ?

Guest Binary (ERC32) Target ISA (ERC32)

: 0x02000000
0x02000000 : b206600b add %il, Oxb, %il

0x02000004 : a0100000 clr %10
0x02000004

il : ©6x12345678

j:E Decode rsi

10 |11001] 000000 |11001| 1| 0000000001011

rd add simmi3

Emulation
Manager
(Interpreter)

ERC32 Processor Emulator (x86, Windows 7)

jwchoi@kari.re.kr (x2066) 19



Interpreter [3/3]

* Execute Emulation Function
— (all corresponding C function

Guest Binary (ERC32)

0x02000000 : b206606b add %il, Oxb, %il

0x02000004 : a0100000 clr %10

U

Emulation
Manager
(Interpreter)

ERC32 Processor Emulator (x86, Windows 7)

Target ISA (ERC32)

PC : 0x02000004

nPC : 90x02000008

il : 0x12345683

<
<

Add Execute

void ERC32_add_function (...)
{
rs1 = ERC32.reg[inst.rs1]
simm13 = inst.simm13
rd =rs1 + simm13
ERC32.reg[inst.rd] = rd
ERC32.pc = ERC32.npc
ERC32.npc = ERC32.npc + 4
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LEON3-FT Processor Emulator

[laysim-LEON3 (based on Interpreter)]

GUI based LEON3-FT Processor Emulator : laysim-leon3 ¥0.01 by layright [SCU-DM modell

File Edit “iew Debug Tools MWindow Help |IU FPLI
w ﬂ ° . Load File : |tesU31.exe
IU Req. |FPU Req. | GRLIE while .
2| | = . 1 C Source Level Debugging
Register Yalue — 1ay1Te;
40001200 0310002k  sethi  %hi(Ox4000ac
40001204 9=1060a¢  or sgl, Oxat, %
nPC 0x40001264 40001208 0310002b  sethi  %hi (0x4000ac
b PSR OxF34010EG 4000120c S21060=4 or tgl, Oxad, %d
40001210 cz004000  1d [%g1], %gl
WM 000000001 40001214 52006001  add sgl, Oxl, 59
b TER 40000050 40001218 c2234000 st tgl, [%05]
layZ++;
¥ 0x00000000 10001210 4000aca8 00024d61 lay2
b Glohal 40001230 4000acal 0010%9aci lay3
40001224 :
- Shaow Breakpoints A
b Win 0 40001228 P ; TR - Sumbol Table Window
b Win 1 1000122¢ Remave All Breakpoints 11, sgl
b wi 40001230  SetPCHere » Ox1l, 593 Num, |Type|Address |Size |Name 4]
Wi 2 40001234  add \Watch s [%03]
b Wwin 3 Register View 1a130:1;:§ Run to Cursor xa000 187 bss 4000a97c 00000080 inirg
x ac L
bW 4 40001230 "EETE T ET— To1, Oxan, & 188 hss  400039fc 00000004 nao_inirg_check
b Wi S 40001240 0310002k sethi  %hi(0Ox4000acl 189 bss 40005300 00000200 _oirgtl
_ 40001244 9=1060a¢  or sgl, Oxat, % )
¥ Win 6 40001248 0310002k sethi  3%hi(Ox4000ac 190 bss  4000ac0D 000000SD _irqtb|
al 000000007 4000124c 52106088  or 5gl, Oxad, %q¢ 191 bss 4000ac80 00000004 _ |bst_pthread_mutexatr_
40001250 d=034000  1d [$05], %05
ol x00000001 el - 0000 1d Lemi], Sl 192 hss  4000ac84 00000004 _ lbst_pthread_mutexatr_
el x00000002 40001258 S2034001  add 505, %$gl, $gf 193 hss  4000ac88 00000004 _ lbst_pthread_mutexatr_
4000125¢c c2230000 st sgl, [%o04]
ee] x00000003 ol fffes  ho Ox4b001200 194 hss  4000acSc 00000004 _ lhbst_pthread_rmutex_unl |
o4 D 000ACAD 40001264 01000000  nop 195 hss  4000ac90 00000004 _ lhbst_pthread_rmutex_lod - |
o x000S4060 Console |UART 1| 106 hss  4000ac94 00000004 _ lbst_pthread_rmutex_tryl
ofifep  Ox403FFDIE tlaysim) stop 197 hss  4000ac98 00000004 _ lbst_pthread_rmutex_des k|
{laysim) ©
a7 Ox400011F8 21226423  4000125c c2230000 st sgl, [$04] 198 bss 4000ac%c 00000004 _lbst_pthread_mutex_init
[n] Ox40009048 N LOCALE ouTE CLOBALE 199  bss 4000aca0 00000004 lay3
= o: [afulululululu]s] 40009DAg aoogooo? [afulululululu]s]
200 b 4000aca4 00000004 layl
1 40004300 1: 40005008 40004800 00000001  OOLOSACL ° 33 i Svmbol Table
] 0x%00000000 z: 00000000 00000000 00000002 4000A8A40 201 bss  4000acad 00000004 |ay2 y
3: 00000000 00000000  0O000000%  FFFFFFES
12 0x00000000 4: 00000000 00000000  4000ACAD 40009000 202 bss 4000acac 00000004 errno
E: 00000000 00000000 00084060 4000AS74
14 000000000 §: 403FFEQ0 00000000  403FFD38 40009370
5 00000000 7: 40001064 00000000  400011F8 00000000 204 bss  4000acc0 0000000 xtime -
1] Ox00000000 psr: F34010EE [n:0 =:1 w:0 c:0 ef:l pil:0 s:1 ps:1 et:l cy |‘| ﬂ
wim: 00000001  thr: 40000050  y: 00000000
17 000000000
) po: 40001260 1l0bfifed  ba 0240001200
i 0x00000000 npc: 40001264 01000000  nop Control Console |
i1 e A000anneS A {laysim} L=
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Construct KOMPSAT FSS

[base on laysim-ERC32]

@ KOMPSAT-3 Flight Software Simulator v1.2 by layright

@ KOMPSAT-3 over._ L= e
KOMPSAT-3 Overall Status
PM32 B s

TCTM Primary |G| oFF
TCTM Redundnat |JGIN| oFF

Pri32] | Tcim | som | piom | peousvoe [ about |

| Load |TesUStatu5 | Control

!32

UART-A | UART-B 15538 BIOM - R
PIOM B e
PCDU Primary [0 OFF
® Event Display = | B | | PCDU Redundant | OM | OFF
suie—iu—es us P - binary riis size : wewic oyses VDB [AINE ) ON JiBEE
2013-10-25 08: K3-FSS K3 NVMEM File is loaded - C:\MinGW\msys\1.0\home\jwchoi\K3 Flight_ Software Simulator\examp WDE Redundant | ON |OFF
2013-10-25 E2-FS5S - Calculated NVMEM CRC3Z : Ox53C28BFCF
Z013-10-25 E3-FSS - Loaded NVMEM length : Ox001EDOOO GRAPS #1 - OFF
2013-10-25 E3-FS5S5 No K3 RAM File
2013-10-25 K3-F55 K3 Config File is loaded - C:\MinGW'.msys'l._0%home\jwchoi\K3_Flight_ Software_ Simulatori\exam GRA P.5 #2 - OFF
2013-10-25 K3-F55 ERC32 ROM File ia loaded, atarta from ROM Star Tracker 1 onN | OFF
2013-10-25 K3-F55 K3-F55 is running E
2013-10-25 K3-F5S RU iz Actvie! After 3mins RU will momitor H/B failure Star Tracker 2 oM | OFF
2013-10-25 K3-FS5 VASI/EM3Z is reset .
2013-10-25 K3-F55 RU starts H/B Monitoring ] GPS Receiver 1 ON | OFF
o = - GPS Receiver 2 OMN | OFF
L CEU Primary CM | OFF
=
# PM32/1BMU Register Window # KOMPSAT-3 15538 Monitor
“ (1553 CH#1 Overall Traffic:
Address MName Walue Description + ERC32 GPIO (0x01F200AC) Msg No : O ) GRS RTOL): | A |B | E
0x01FS800AC ERC32 GPIO 00000070 Read/Write Bit 00 : Launch Abort Signal e (09-T-16-08) RTS8 (GRR)-SR18 STAL(RTOZ): | A | B | E
Status:
0x13000000 FM32 Direct Qutput 000000FF Write Only Bit 01 : Heart Beat Signal Data: FoOO 8E32 7T3CE 565F 8071 AE0T Fs02 C8ES STAZ (RTOS): | A | B | E
0x13000004 PM32 Direct Input 00000001 Read Only Bit 02 GRa (RTog) - M| B | E
0x13000008 PIT Control Register 00000000 Write Only Bit 03 : o iy Ao s 1 emysa CEURIZD: | A |B | E
Cmnd : -T-17-08 -5al7 IDHU RT22): | A |B |E
0x1300000C PIT Status Register 00000000 Read Only Bit 04 : Test/Flight Mode #1 (Test=0, Flight=1) Status:
P r ' Data: Q0000 0000 0000 0000 0000 0000 0000 0000 XAAL (RT23) A B E
0x13000010 Space\Vire Reset Register 00000012 Write Only Bit 05 : EGSE Reprogramming (Enable=0, Disable=1) XAA2(RT24) (A | B | E
) .
0x13000014 NVMEM Control Register 0000000F Write Only Bit 06 - PM32 Identification (Red=0, Pri=1) Mag ¥o : 2 BRD(RT3I) » s
0x13000018 NVMEM Status Register 000000F0 Read Only Bit 07 - Cmnd: (09-T-21-32) RTS (GRA) -SA21 S
. Status: eceive Editor.
0x1300001C GPS 1PPS Interval Counter 00000000 Read Only Data: 02D8 3F46 0068 107A 0036 OB2ZA 0038 4126 Remote Terminal - | GPS (RT01) |Z|
0x13000020 GPS 1PPS Tick Counter 00000000 Read Only 0058 SAS0 419 F87A 78CF F78D FBOO 7387 .
FFFE 0000 0000 0000 FF87 4832 5C98 0000 SibsdiesE 01
0x13000024 GPS 1PPS Status Counter 00000000 Read Only JFFF 7333 D4CA 0000 SCFF 39DB 13EC 09FC Status Word - | 0800
0x12000028 External RTC M Counter 0026259F Write Only [7] No Response
0x1300002C External RTC Control Register 00000008 Write Only . (091 1‘315]: No =R§9(ij . 1553 CH#1 Transmit Editor.
Cmnd: -T-22-32 —-5Rh22
0x13000030 Extemal SW Data Register 00000001 Write Only Status: Remote Terminal = | GPS (RT01) |Z|
0x1300003C NVMEM Block Erase Start/End Flag 00000000 Write Only Data:  036L SFES 006F 1448 0033 5500 FEEE 4236 Sub-Address : |01
005E SAS0 4074 0933 7830 F38D FEOO0 7421
0x13000040 MVMEM Page Read Start/End Flag 00000000 Write Only FFFE 0000 0000 0000 0003 4337 GSD6A 0000 Status Word : | 0800
7FFF 4EOE D4E6 0000 9SC58 C3BA EC27 09F8
0x13000044 NVMEM Page Write Start/End Flag 00000000 Write Only i 7] o Response
00 - 030000 |0000 [0000 |0000
0x13000048 NVMEM Write Protection Register 00000002 Write Only
. ) Msg No : 4 04 - 070000 |0OCO |00CO |00OO
0x13000058 NVMEM Busy Status Register 00000003 Read Onky ;I:;Ss (09-T-23-32) RIS (GRL)-SR23 08 - 11 0000|0000 loooo |oooo
0x1300005C UARTO MUX Register 00000000 Write Only | Data: 038E 3FCE 0072 10E6 0037 5351 0000 4211 - | 12-15|0000 |oooo |oooo |oooo
0x13000060 GPS 1PPS Defta-T Counter 00000000 Read Only - @ RecoRD - 16 - 19 (0000 (0000 |0000 (0000
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Limitation of 2"d Solution

e Real-Time Performance Problem on new Processor
— AT697F (LEON2-FT) / SCOC3 (LEON3-FT) (run @ 80~100MHz)

Integer Performance (Dhrystone v2.1 with 800,000)

e Real-Time Performance for ERC32
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F— : erfo

ERC32 CPU LEON2 CPU TSIM-ERC32 TSIM-LEON2 laysim-erc32
(20MHz) (80MHz) v1.3.8 v2.0.24
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How to ?

Develop ERC32&LEON2/3 /T -
emulator based on open 1) relatively easy
source emulator 2) use IU/FPU core from open source emulator

[QEMU, SkyEye] implement only ERC32&LEON2/3 own functions
timing problem

interpretation or dynamic binary translation ?

Real-Time
Performance

Develop new ERC32&LEON2/3 emulator
[All new development]

1) really hard

2) develop all for ERC32&LEON2/3 cores
3) verification problem

4) add everything if want

5) cycle accuracy

6) Interpretation or DBT ?

\\’/
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Dynamic Binary Translation (DB

* Dynamic Binary Translation

First time execution, no translated code in code cache

No translated block (TB) matching, then directly interpret the guest (ERC32) instruction
As a basic block discovered, trigger the binary translation module

Translate guest (ERC32) basic block to host (x86) binary, and place it in the code cache

A A

Next time execution, run the translated block (TB) in the code cache
= DBT is 5 ~ 10 times faster than interpretation, but instruction cycle & I/O timing issue

Binary
", . Translator _-
Guest Binary 1trigger Host Binary
(ERC32) Code Cache

hit

Emulation —mm—>
g 09
exit
] |

Interpreter

ERC32 Processor Emulator (DBT)
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3rd Solution [1/2]

* Develop ERC32/LEON3 Processor Emulator based on QEMU 1.0.1

— QEMU is generic and open source machine emulator based on DBT
— QEMU laysim-erc32 & QEMU laysim-leon3

' QEMU laysim (laysim-erc32) ! = Tornado - layright-pc.aerospace.kari.re. kr
dev-prop: UART-A = serial0® File Edit Miew Project Build Debug Tools Window Help
dev-prop: uwartar (0x01FB00EQ) = 0x00000000 = - —
dev-prop: UART-B = seriall D|D|n| | | |§|?|k‘?| 1921680 2@layrightpe = | 0|')1| |@|E| | Zlz|=z|: ~| 1|¥ ﬂﬂ 1=
deu—prop: vartbr (0x01F800E4) = Ox00000000 = 7 %]
dev-prop: uwartsr (0xO1FBO00EB) = 0x00060006 ﬂ [C] \3\3\._‘ Name Value
irg 4 UINTS  warl: Py —
nnio 0600000001f80000.-0000000000080000 ﬂ g%g%g vargg warl 0w
(gemu) info registers ﬂ vara. var? 0
## Declars EXE local functions =~ 2 \"ar3l 0
INS LOCALS ouTs GLOBALS J void (*#functionl) (void *exe_ptr): =functionl
0: 0Z08EG00 FFFFFE00 0208FASO 00000000 o void (*function?) (void *exe_ptr). +ewe_localp,, {void ()} 0
1: 0Z08F400 0Z009EEC  000000A8  114000C4 = ) ENE ot pypgriend) (void wexe ptr). O ealp.. tveid O} 0
2: 0Z0OEBOO  02009EFO  000000A0  ©23BCOC4 Kl - R i s A
—— o o “ (10 ! w EXE_CSC_TYPE exe_local_type: +exe_local_p,..{void (3} 0
. QEMU laysim (laysim-erc32 el o Bfin A
1111111 11111 1 111111 NI T S T | My ESllevrightope;aerospace karire
11111111 11111 111 1111111 1 1111111 1111 1111 1111 11111 lﬁ
111111111111111111111111111111 =
11111111111111111111111111111 Deuelopment System -
1111111111111111111111111111 Bl INT13
111111111111111111111111111 Uxllorks version 5.4 =
11111111111111111111111111 KERNEL: WIND version 2.5 = [ExClESK
1111111111111111111111111 Copyright Wind River Systems, Inc., 1984-1999 |E= tLogTask
CPU: lay-ERC3Z2SC. Processor #0. tShell
Menory Size: Ox400000. BSP version 1.2-.0.3.
WDB: Ready. tWidbTask
tNetTask
PRI STATUS t¥Etherd
_excTask 23fc2f8 2065b04 23fc118 tWvRBuffMgr §
_logTask 2319978 2065h04  23£9798 il
_shell 23b3926 1 READY 203344c  23b3308 tdle
_netTask 23bba38 50 PEND 2028804 23bb86O
2004bf8 23b9028 50 READY 2011504 23bBeds INT13 : 0949918 : intExitk. () wiatch1 | watch 2| watch 3| wiatch 4
value = 0 = Ox0 -
> I Wind River Systems e 16 (0x2327128) 192,168,0, 2@layright-pc ¢ Stopped
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3rd Solution [2/2]

* QEMU laysim-ERC32/LEON3 show high-performance than interpretation
emulator. But ....

Integer Performance (Dhrystone v2.1 with 800,000)

A,
) Meet

Real-Time
Performance

Measured Time (sec)

IIIIIIIIIIIIIIIIIIIII%al.%llllIIIIIII EEEEEEEN AEEEEEEEEEESEEENEEEEEEEEEEESR /AEEEEEEEN

ERC32 CPU LEON2 CPU TSIM-ERC32 TSIM-LEON2 laysim-erc32 QEMU
(20MHz) (80MHz) v1.3.8 v2.0.24 laysim-erc32
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Limitation of 3 Solution

*  QEMU laysim-erc32/leon3
— Dynamic Binary Translation Emulator based on QEMU
— Behavior modeling
— Not Cycle Accuracy! But high-performance
= QEMU relies on host clock without instruction cycle counting
=>» Lead issues with guest clock and I/O timing
=>» It is not easy to run Flight Software which have time constrained attributions

= QEMU laysim-erc32/leon3 only run at Linux Machine
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New Space Processor
Emulator based on
DBT

with Cycle Accuracy
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Final Solution

* Develop new Processor Emulator & Simulator from scratch

« Improve performance of Space Processor Emulator & Simulator

— By Dynamic Binary Translation (DBT)

» DBT engine generate from guest BB (ERC32) to host TB (Translation Block, x86) without IR
(Intermediate Representation)

— Minimize helper functions (C routine called from Translation Cache [TC])
— Maximize chaining without self-chaining
— By Multi-Thread : another avionics simulator run on another core

* Cycle Accurate
— By cycle counting with static cycle-approximate model as chunk
— By precise trap supporting
— By fast interrupt handling

* Self-Modifying Code

— Use shadow memory to resolve side effect of using VritualProtect() in Windows
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laysim-DBT for ERC32 [1/2]

read/write
<

¥ T Processor Peripheral
SPC to TPC MapT‘abM Guest Processorﬁw N Trap Module | Embedded Peripherals
spc tpc self T e Trap Operation | F
02005A90 | 02D20059| © 1U°F$dka”tpe/ 4 PC/nPC Event Table |
02000050 |02D201B5| © PSR/WIM/TBR/Y 1d] callback [farg] offset
- N Interrupt Module I o | spw Rx event | 10 | 1534216
0200102C |©2D2025B ] FPU registers | - 1 |VAST RTC event| © | 1023221
02005AA4 | 02D208B8| 1 System registers Interrupt Operation |
7y
A
1 1 ) v chy.ctl/e .count Int. event i add/del
o~ 1T/misspc - H
..1. . 1. . § Cycle Module > Time Event Module > To/From
= Cycle/Time Operation | Event Operation Simulator
A
T flush read T T
l I pread/write
Guest Memory [ |i i flush > Host Binary Code Cache Helper Functions
Guest Text . | Retrans. (TC : Translation Cache)
Emulation ‘br‘anch FPU status check
Manager\ Helper Function
B >
< T lati 3
— T )
e jrieser on miss
A4 b Binary Translator chaining T [T T
(Basic Block #3] (Basic Block #4] Helper Function To/From
(Gener‘ate Pr‘ologue] Translation .
Simulator

Translator

Basic Block #5

_P> ( Y ] - Helper Function

(
(
(
Tl (TR
(
(
(
(

b Y Prologue WRPSR Instruction
Guest data (Gener‘ate Epilogue Translation Helper Function
Block #3
Guest bss i“Pdate HSESZ?REuEE%Jicén ]
VxWorks RTOS Kernel Space Shadey ”e""l"h]
00000000 (01010101 i RETT Instruction
— Tr‘Balnosclkat#lson Helper Function ]
Ly| 00000010 (00000000 - .
BB #n+5)«{(BB #n+1)»(EB #n+3
€8 e L i) 00000000 B8
SAVE Inst ti
lr 00005A90 (01010101-- exit Helper‘nSFur‘nucctiloonn ]
BB #n+2 cee 00000000
X check
]
read/write
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laysim-DBT for ERC32 [2/2]

* Emulation Manager

— Do not use interpreter

— Generate native host code
directly using DBT

ERC32 PC

A
Calculate Hash
Index with ERC32
PC (SPC)

Hit in Map No

Table ?

!

Update Map Table

Get Target PC
(TPC) from Map
Table

)

Translator ]

Guest Binary
(ERC32)

.

Binary
Translator

Trnhs

Emulation
Manager

Host Binary (x86)
Code Cache

Pending

Interrupt
Operation

Check trap

No

A

Occur*(

Direct Block
Chaining

A

[Branch to TPC for]‘

executing TB J‘

ERC32 Timer
Operation

Y

Retranslation

Yes

Trap Operation J

Halt
Condition ?

Flush TC, Map
Table and Shadow
Memory
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Translation Example [1/2]

Basic Block of ERC32

02000000
02000004

a0100000 clr %10
29008004  sethi
81c52000  jmp
01000000  nop

%14 + ox0

02000008
0200000c

%hi(0x2001000), %14

Emulation Binary
Manager  trigger.  Translator
lookup miss
Map Table
laysim-DBT for ERC32

x86_emit push_r32(ebp)

x86_emit _mov_r32 r32(esp, ebp)

x86_emit _mov_imm32_edx((guint32)(&ERC32))
jirecssesssossssosssssssocssocsosssooossooes OF ===c=====
x86_emit _mov_m32 r32(edx, eax, (4 * op3_rsl))

x86_emit _mov_m32 r32(edx, ebx, (4 * op3_rs2))

x86_emit or_r32 r32(ebx, eax)

x86_emit mov_r32 m32(eax, edx, (4 * op3_rd))
e sethi ------
x86_emit mov_imm32_eax((INST.inst_f2 sethi.imm22 << 10))
x86_emit mov_r32 m32(eax, edx, (4 * INST.inst f3 io0.rd))
R e L T LT T P E e jmpl -------
x86_emit write_imm32_erc32_pc(pERC32->erc32.pc)

x86_emit write_imm32_erc32_npc(pERC32->erc32.npc)
x86_emit _mov_m32 r32(edx, eax, (4 * op3_rsi))

x86_emit mov_imm32_ebx(operand)
x86_emit add r32 r32(ebx, eax)
x86_emit test imm8 al(@x3)

x86_emit jz with offset(22)

x86_emit_write erc32_trap_with(ERC32_TRAP_©7 MEM NOT_ALIGN)
x86_emit _increas_icnt((inst_cnt+1)

x86_emit_return

x86_emit mov_imm32_ ebx(pERC32->erc32.pc)

x86_emit mov_r32 m32(ebx, edx, (4 * op3_rd))

x86_emit write_eax_erc32_npc
e e L L L L TP PP TR epilogue ---
x86_emit read_erc32 npc_eax

x86_emit write_eax_erc32 pc

x86_emit add_imm8 r32(4, eax)

x86_emit write_eax_erc32_npc

x86_emit increase_icnt(inst_cnt)

x86_emit_return
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Basic Block of ERC32

02000000
02000004 29008004 sethi
81c52000  jmp

01000000 nop

02000008
0200000c

a0100000 clr %10
%hi(0x2001000), %14
%14 + Ox0

Emulation
Manager  trigger.

lookup miss

Map Table

laysim-DBT for ERC32

Binary
_ Translator =/
e place

%esp, %ebp
$0x101b0e0, %edx

ox0(%edx), %eax
ox0(%edx), %ebx
%ebx, %eax

%eax, 0x40(%edx)

$0x02001000, %eax
%eax, 0x50(%edx)

$0x2000008 , 0x280 (%edx)
$0x200000c , 0x284 (%edx)
0x50 (%edx) , %eax

$0x0, %ebx

%ebx, %eax

$0x3,%al

0x191b553

$0x7,0x3dc (%edx)
$0x3,0x3cc(%edx)

%eax,0x284 (%edx)

0x284 (%edx) , %eax
%eax,0x280 (%edx)
$0x4, %eax

%eax,0x284 (%edx)
$0x5,0x3cc (%edx)

; ERC32.g0 -> %eax
; ERC32.g0 -> %ebx
; %ebx OR %eax -> %eax
; %eax -> ERC32.10

; 0x02001000 -> %eax
; %eax -> ERC32.14

; Current PC -> ERC32.PC

; Current nPC -> ERC32.nPC

; ERC32.14 -> %eax

; 0x00000000 -> %ebx

; %ebx ADD %eax -> %eax

; Check memory aligned

; Jump to JIMPL operation

; 0x00000007 -> ERC32.trap

; Add 3 to ERC32.icnt

; Return to Emulation Manager

; %eax -> ERC32.nPC

epilogue ---

; Read ERC32.nPC

; ERC32.nPC -> ERC32.PC

; Add @x4 to %eax

; %eax -> ERC32.nPC

; Add 5 to ERC32.icnt

; Return to Emulation Manager
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Emulator Performance
Comparison

Intel Core i7-870 @ 2.93GHz (Windows 7 Enterprise 64bit)

i7-6700K
) QEMU- . @ 4GHz
Benchmark ERC32 LEON2 TSIM lasyim-erc32 laysim- laysim
cPU FT CPU (Interpreter) (Interpreter) erc32 erc32 DBT 1 i
20MHz 80MHZz DBT aysim-
( ) ) (DBT) (DBT) erc32 DBT
Dhrystone 11.67 46.27 23.99 27.98 126.79 218.45 494 .97
(Iterations 800K) MIPS MIPS MIPS MIPS MIPS MIPS MIPS
Whetstone 10.18 38.44 20.71 24.39 110.82 174.49 286.02
(Single Precision) MOPS MOPS MOPS MOPS MOPS MOPS MOPS
Whetstone 9.57 38.10 20.67 23.62 113.53 172.94 271.67
(Double Precision) MOPS MOPS MOPS MOPS MOPS MOPS MOPS
CoreMark 12.88 52.75 25.10 29.79 133.87 328.76 526.10
(Iterations 60) MIPS MIPS MIPS MIPS MIPS MIPS MIPS

* All Benchmark program are compiled from LECC and BCC with -O0 optimization

* T-EMU 2.0 from TERMA shows 110MIPS on a 3.5GHz PC when running Dhrystone
(from website)

*  QERx from SCISYS shows 12.1x faster than TSIM (from paper)
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Cycle Accuracy Evaluation

Benchmarks

Dhrystone
Whetstone SP
Whetstone DP
Stanford
CoreMark
MiBench.gsort
MiBench.dijkstra

MiBench.basicmath

TSIM-ERC32

633,639,362

2,092,189,460

2,443,432,999

37,118,286
286,125,763
103,742,892
399,444,134

292,667,095

Total Cycles and Cycle Accuracy

laysim-erc32

633,639,223

2,064,362,894

2,450,234,938

36,898,680
286,125,297
94,299,659
399,442,953

320,161,268

99.99%
98.67%
100.28%
99.41%
99.99%
90.89%
99.99%

109.39%

laysim-DBT

604,838,274

2,261,798,805

2,626,116,296

35,504,199
276,845,452
104,063,427

381,148,771

281,889,706

95.45%
108.11%
107.48%
95.65%
96.76%
100.31%
95.42%

96.32%

* The cycle accuracy of laysim-DBT is 95.49% with +8% error margin against

TSIM-ERC32 which is a cycle-true emulator of ERC32
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laysim Support Devices

 Processors : ERC32, AT697F, LEON3, LEON4, UT700, GR712RC, GR740
« GRLIB: GPTIMER, IRQMP, FTMCTRL, AHBSTAT, and more
« KARILIB : CAN Master, DMAUART, TMU/TCU, and more

LEON3 & FT

LEON4-FT

(0x01:0x011)
- _/

(0x01:0x011)
- _/

(0x01:0x02C)
- _/

(0x01:0x038)
\_ Y,

(0x01:0x00D)

(0x01:0x00D)
\ J

ERC32 AT697F (0x01:0x003) . uT700 GR712RC GR740
(0x01:0x053) (0x01:0x048)
GPTIMER GPTIMER GRCLKGATE GRTIMER TRQMP IRQ(A)MP MCTRL

(0x04 : Ox00F)
\§ J

(0x01:0x050)

(0x01:0x04B)

(0x01:0x000C)

(0x01:0x019)

(0x01:0x029)

(0x01:0x03E)
\§

4 R
FTMCTRL AHBSTAT AHB2AHB AHBCTRL APBCTRL GRIOMMU GRPCI2
(0x01:0x054) (0x01:0x052) (0x01:0x020) (0x01:0x006) (0x01:0x04F) (0x01:0x07C)
\_ J /L \_ J
FTAHBRAM L2CACHE APBUART CAN_OC GRSPW2 GRSPWROUTER GRETH

(0x01:0x01D)
\§ J

( )
GR1553B GRGPIO GRGPREG B1553BRM Actel LAN91C
(0x01:0x04D) (0x01:0x01A) (0x01:0x087) (0x01:0x072) 1553BRM
\_ O\ VNG O\ /L \_ J
KARI CAN KARI CAN KARI KARI KARI KARI
Master Slave DMAUART MDMAUART TMU TCU
KART KARI KARI KARI KARI KARI
BIOM PIOM CIOM PDM RU RU

KARI
RTC

KARI
Mass Memory

KARI
PCDU
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laysim Performance

* Run Dhrystone for LEON3 (Single Core) at 100MHz

— Emulator Performance with laysim-leon3, laysim-leon3-dbt, TSIM2-LEON3 and
RTEMS5-SIS
» RTEMS5-SIS does not emulate Cache System of LEON3
* laysim-leon3-dbt shows outstanding performance (over 515MIPS on CentOS 7)

Processor Emulator Performance
[When running Dhrystone on Intel i7-6700K @4GHz]

84.46
RTEMSS5-SIS
90.73

TSIM2-LEON3 l

11.94

515
laysim-leon3-dbt

49.43
laysim-leon3
38.79

| I

100 200 300 400 500 600
MIPS

H CentOS 7 H Windows 7
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laysim-UT700 [1/2]

« UT700 processor with 100MHz clock
— LEONS3-FT and GRFPU
— 16KB 4-way I-CACHE and 16KB 4-way D-CACHE

— Many UT700 GRLIB IP cores are emulated
* No GRPCI, PCIDMA and SPICTRL emulation

— 8MB MRAM, 16MB SDRAM and test I/O
— Also provide loadable modules for laysim-LEON3-PRO

GRFPU
LEON3-FT
MUL/DIV
4x4KB 4x4KB DSU3 AHBUART AHBITAG 4XGRSpW2 GRPCI PCIDMA 2xCANOC GRETH
D-cache I-cache
MU AHB Interface

AHB AMBA AHB
Controller

AMBA APB
Memory AHB/APB I I I |

Controller Bridge #1 I I I
(FEGE) FTMCTRL IRQMP AHBSTAT CLKGATE GRGPIO GPTIMER APBUART
|

1 1 I
8MB 32MB AMBA APB
MRAM SRAM AHB/APB AHBUART
Bridge #2 I [ | l ' .
(GR155BBJ [SPICTRL] [GRGPREGJ UT700 MOdEl iln
N laysim-LEON3-PRO
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laysim-UT700 [2/2]

uT. Source  About

Failed to initialize grpci driver -2

—-—— BUS TOPOLOGY -—-
|-> DEV 0x5f8des70
|-> DEV 0x5f8de5ds
|-> DEV 0x5f8de&40
|-> DEV 0x5f8deéald
|-> DEV 0x5f8de710
|-> DEV 0x5f8de778
|-> DEV O0x5f8deT7e0
|-> DEV 0x5fBdeB48
|-> DEV 0x5f8de8b0
|-> DEV 0x5f8des18
|-> DEV 0x5f8de%80
|-> DEV 0x5f8def%ed
|-> DEV 0x5f8deas0
|-> DEV 0Ox5f8deab8
|-> DEV 0x5f8deb20
|-> DEV 0x5f8debis8
|-> DEV 0x5f8debf0
|-> DEV 0x5f8dec4s8
|-> DEV 0Ox5f8dechk0
|-> DEV 0x5f8dedls
|-> DEV 0Ox5f8ded80
|-> DEV 0x5f8deded
|-> DEV 0x5f8deeS50
|-> DEV 0x5f8deebd
|-> DEV 0xS5f8def20
|-> DEV 0Ox5f8def8s

You can use the shell
more about the system

GRISLER LECH3FT
GRISLER_AHBUART
GRISLER AHBJTAG
GRISLER PCIFBRG
GRISLER DMACTRL
GRISLER ETHMAC
GRISLER SPW2
GRISLER SPW2
GRISLER_SPW2
GRISLER SPW2
GRISLER GR1S553B
GRISLER FTMCTRL
GRISLER_APBMST
GRISLER LECH3D5U
GAISLER_ APBMST
GRISLER_CANRHE
GRISLER_ CANAHB
GRISLER_APBURRT
GRISLER IRQMP
GRISLER GPTIMER
GRISLER CLEGATE
ESAR PCIARB
GRISLER GPIO
GRISLER AHBSTAT
GRISLER_SPICTRL
GRISLER GPFREG

commands drvmgr and

I# UT700 Source Code Window

File Name : | /opt/riems—+.10-mingw;

SF80A3DC AT8E00000
Co0838020
10BFFFFE
01000000
§1C3E008

01000000

SF80A3E4
SF80A3ES
SF80A3EC
SF80A3FO

laysim for UILIT700 processor
laysim>
[Ho MRAM file

SEAM file is loaded - C:\MinGW\msys\1l.0\home\jwchoil [400] New LEON3 Emulator\UT700\T

(interpreter)

v0.99 for APL by layright

TO00-Interprerteri\vl.O0-Formal\RCC-testhrtems-shell.elf
0000, size 546768 bytes
57D0, =size 11328 bytes

8410, size 4 bytes

addr: Ox5F80
addr: 0x5F88
addr: Ox5F88
addr: 0x5F88

- .text,
.data,
.jer,
.bas,

— found DWARF debug inf

[OT700 RAM file is loaded,

laysim> run
laysim> stop

laysim> reg

INS LOCRLS
00000000 SF88ED28
00000000 SF28B400

ol ooonon

rtup/bspic

%g0, %g0, %asrls
[¥sp] Ox1, %g0
0x5f80a3de

%07 + 0x8, %g0

8420, size 16608 bytes

ormation

(not loaded, just info.)

starts from RAM

laysim-ut700 emalator is stopped by user

COUTs
00000000
S5F88B400

CEonronE

O =] O N oob W B

GLOBALS

00000000
SFBOA3DC

oooooonn

Idle Thread Body

This routine puts LECHN3 in power—down mode)

COPYRIGHT (c) 2004.
Gaisler EResearch.

The license and distribution terms for thi)
found in the file LICENSE in this distrib
http://www.rtems.com/license/LICENSE.

Creating /etc/passwd and group with three 1 #include <rtems/asm.h>
root/pwd , test/pwd, rtems/NO PASSWORD
/* LEON specific power—-down functiom */
RTEMS SHELL

/1 #

{(Ver.l.0-FRC) :dev/console. Dec
.align 4
PUBLIC (bsp_idle_thread)
5YM (bsp_idle thread):
pwdloop: mow %gl, %asrls
lda [#sp] 1, #%gD
ba pwdloop

jwchoi@kari.re.kr (x2066)




laysim-GR712RC [1/2]

*  GR712RC processor with 100MHz clock
— Dual LEON3-FT and GRFPU
— 16KB 4-way I-CACHE and 16KB 4-way D-CACHE

— Many GR712RC GRLIB IP cores are emulated
* No STCAN, GRTC, GRTM, GRSLINK, GRASCS, I2CMST and SPICTRL emulation

— 8MB MRAM, 8MB SRAM and test I/O
— Also provide loadable modules for laysim-LEON3-PRO & laysim-LEON3-MP-PRO

EEEEEEE
LEON3 LEONS3
/ KB /PIV | aaks bumd  DSU3 | | AHBITAG | [ 2xSTCAN | | 6xGRS pw2 | | as553BRM | |  GRTC [ | GRTM [ | GRSLINK
ccccc h I-cache D-cach I-cach
terface MU 1 AHB Inter face
HB
ontroller
MMMMM Yy AHB/APB | | | | | |
oooooo 1ller g
(RIMCIRE ) ——""" | aeeumr ovp ||| epTIMER ||| spicTRL ||| GRGPIO
|
GGGGG
1 1
sMB oM g | cawux | | crepres | | erascs | | erepzo | | z12cmMsT
MRAM
AMBA APB
AHB/APB I I I I I I
Bridge #2
AAAAAAA j [APBUART] [APBUART] [APBUART] APBUART] [GRTIMER GR712RC (dual) MOde:l. in
laysim-LEON3-MP-PRO
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laysim-GR712RC [2/2]

i laysim for GR712RC Dual Core Processor (CACHE) v1.2 by layright

by layright
Control CORE#0 CORE#1 ¥ yrign

=8| B=3| [B=8| =8| B=8| | v | =&

|k URRT—1 URART—2 UART=Z URART—c UART—E

(not loaded, just info.)

=]

rGR712RC 1553B Overall Traffic———

=]

—
0 BC (GRTLZRC) —: Msg No : 18 [T7017351744] RT#1 : o B |E
0B 68 {01-R-03-08) RT1-5A03 RT#2 : A B | E
0000 0047 0052 0008 0000 0000 0000 0000
I RT#3 : A B E
———————————————————————————————————————————————————— RT#4 : A|B |E
BC (GRT12RC) -> Msg No : 19 [T0OLl7372495] BRD (RT31): A | B 7 Clear
——————————— START LIST EXECUTION ————————————— Crond: g {01-R-04-09) RT1-5A04 ) )
: - r—
essing. : 0000 0047 0052 OOCA 0000 0000 0000 0000 1553B Receive Edito
0000 Remote Terminal : | RT#1 ~
_________________________________________________ Sub-Address: |01 | </’ Apply|| &5 Show
——————— : START LIST EXECUTION ————————————— Status Word : | 0800
art RESULT list processing. Msg No : 20 [9018335238]
- (01-T-01-08) RT1-SA01 [ No Response

S 1553B Transmit Editor——
0020 0021 0022 0023 0024 0025 00

& 0027

(%]

Rermote Terminal : | RT#1 v

Sub-Address : | 01 7 mpply || &5 Show

Msg Mo : 21 [90183559:
(01-T-02-08) RT1-5RO

Status Word : | 0800

No Response
0040 0041 0042 0043 0044 0045 0046 0047 [ E

.- 00-03 0020 0021 |0022 0023

=
-
=
.
t
.

04 -07 0024 0025 (0026 |0027

5]
8]

Sleeping ; Msg No [9018376738]

(01-T-03-08) RT1-5L0O: 08-11 0028 0029 |002A |002B

[
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laysim-GR740 [1/3]

* GR740 processor with 250MHz clock

Quad LEON4-FT and GRFPU
16KB 4-way I-CACHE, 16KB 4-way D-CACHE and 2MB Level-2 Cache

Many GR740 GRLIB IP cores are emulated
* Under development for GRCAN, GRIOMMU and TDP emulation
8MB MRAM and 64MB SDRAM

laysim-GR740 I 32-bit APB I I 35-Di APD I I
. T F — F
Architecture IRQUAYMP Leona  |Statistics] LEON4 | P LEON4 |e| | bsUa AHB/APB spw RMAP | 1o
STAT.UNIT u u Bridges DCL
| 1
] Caches MMU Caches MMU Deb‘}g bus
1 q q 32-bit AHB
1 | | AHB/AHB
Memory Bridge
Scrubber
6aMB SDRAM Processor bus I 1TAG
SDRAM e  CTRL w. L2 128-bit AHB AHBTRACE DCL
EDAC Cache
Memory bus I I 'y
128-bit AHB 1 .
AHB/APB AHB/APB AHB
Bridges Bridges Status
8MB PROM & 10 1= i AHBIOBMI;‘;LU’:Ige
b{ CTRL. W Slave IO bus
MRAM EDAC 32-bit AHB I Master 10 bus
1 1 32-bit AHB
1 | 1 | 1 1 1 1
. . PCI CAN
Pad/PLL Timer Unit PCI PCI MIL-STD- Ethernet
contr‘oller‘- AHB Status 1-a Master DMA Target SpW Router Conter-olller‘ 15538 0-1
A A I A A I A A I A
Clock I ! T I
gating [==
unit
Timer unit GPIO port UART Bootstrap TDP SPI
Temp. - 0 watchdog 0-1 0-1 GP reg. controller| |controller
Sensor A A X A 7\
A 4 \4 vy A 4 \4 \4 \ 4 \4 \ 4 \4 v VY
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laysim-GR740 [2/3]

1,2 laysim for GR740 Quad Core Processor (CACHE) v0.5 by layright

CORE#0 SDRAM file is loaded - C:\MinGW\msys\1l.O0\home\jwchoi\[280] laysim-grT740%GR740-Interpreter\v0.5-Major\Examy
uites\smptests\snp08\smp08.elf
.text, addr: O0x00000000, size 212320 bytes
.rtemsroset, addr: 0x00033D60, size 112 bytes
.rtemsstack, addr: O0x00033EQ0, =ize 16334 bytes (not loaded, just info.)
.data, addr: O0x00037E00D, size 4944 bytes
.bss, addr: 0x00039180, size 29536 bytes (not loaded, just info.)
found DWARF debug information
CORE#1 SDRAM file
Cnly GRT40 CORE#0 SDRAM file is loaded, starts from SDRAM
Set CORE#0 %sp/%fp : Ox03FFFFF0/0x04000000

BEGIN OF TEST SMP 8 *** laysim> run
TEST VERSIOH: 5.0.0.1fea3cTat6f062cbed4clec4cTodoc3 72860295 modified laysim>
TEST STATE: EXPECTED-PASS CORE#1 is started by MSR
TEST BUILD: RTEMS NETWORKING RTEMS_ POSIX API RTEMS_SHP
TEST TOOL5: 7.2.0 CORE#2 is started by MSR
CPU 3 running task Init rtems_clock get tod
CPU running task TAO1 rtems_clock_get_tod H H 2 CORE$3 is started by MSR
CPU running task TAOS rtems_clock get tod
CPU running task TRO& rtems_clock_get_tod
CPU running task TAO7 rtems_clock get tod
CPU running task TAOS rtems_clock_get_tod H H 2 laysim> stop
CPU running task TROS rtems_clock _get_tod
CPU running task TALD rtems_clock_get_tod
CFU running task TAll rtems_clock_get_tod
CPUO
CFO
CPO
CFUO
CPO
CFUO

laysim-gr740 emulator is stopped by user

laysim> core 4

running task TAL2 rtems_clock_get_tod H H GR740 all COREs are selected for debugging
running task TRO2 rtems_clock_get_tod
running task TAOD3 rtems_clock get tod H H 2 laysim> reg
running task ThO4 rtems_clock_get_tod
running task TRO1 rtems_clock get tod :00: 2 CORE#0 CORE#1

running task TRO1 rtems_clock_get_tod :00: 2 INS LOCALS GLOBALS INS LOCALS OUTS GLOBALS
00000005 F3000FC1 00000005 00000000 0000000R F3400FC0 0003F6R4 00000000
00000000 0001Ce70 00000004 00000001 00000000 000116F4 00035Ce4 00001230
00038ACS 0001CeT4 00000000 00000005 00000005 000116F8 00007406 00000003
00000004 00000080 FFS04000 00000000 00000DC3 F34000C0 0003a128 0OA010001
0003ED1O 0001C400 0000000E 00000000 0003F6A0 00000100 0003A12C 000025BC
80000000 00000010 00000004 00000000 00035C64 O0003R0OE4 00000001 00000078
0004C238 0003D738 0004C1Co 0003F3C0 00035C00 0003D738 00035BA0D 0003F5CO
0002C038 0003BECE 00011A04 00000000 00011204 0003RA318 00001B24 00000000

CPU
CPU
CPU
CPUO
CPU
CFU
CPU
CFU
CPU
CFU
CPU

running task TAO1 rtems_clock_get_tod
running task TRO3 rtems_clock _get_tod
running task TAODL rtems_clock_get_tod
running task TRAOZ2 rtems_clock_get_tod
running task TAD4 rtems_clock get tod
running task TROS rtems_clock_get_tod
running task TAOD1 rtems_clock get tod
running task TRAO& rtems_clock_get_tod
running task TAOL - rtems clock get tod 08:00: 2 g psT:F3000FCL wim:00000010 thr:00000800 v:00000012 psr:F3400EE0 wim:00000080 thr:O00001E0 ¥:00000000
running task TAO2 rtems_clock_get_tod sugs 2 [n:0 z:0 w:0 c:0 ef:0 pil:l5 =:1 ps:1l et:0 cwp:l] [n:0 z:1 v:0 c:0 ef:0 pil:14 =:1 ps:l et:l cwp:0]
running task TAOD3 rtems_clock get tod 08:

R T T T
Ao e Wk D

2
2
2
2
2
2
2
2
2
1
0
3
3
3
CPU 3 running task TRO2 rtems_clock get tod
3
3
3
3
3
3
3
3
0
]
0

pc:  0001C660 : 91002000 ta 0x0 pc:  00001DCC : CO838020 1da [$sp] Oxl, %g0
*** END OF TEST SME § *** npc: 0001C664 : B2102001 or %90, 0xl, %gl npc: 00001DDO : 30BFFFFE  ba,a 0x00001dcS
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laysim-GR740 [3/3]

1% laysim for GR740 Quad Core Processor (CACHE) v0.5 by layright

CORE#3

CORE#1 CORE#2

Control  CORE#0

=1

ji UART-1

Starting | L ¥
NOTE: running o ] DM eWire link (no link:
EMALP C iz working

Initi array

LP write ir nc
i ) . . GRSpW2 Test —————
Node #1 Mo Response @ D Mo Response

(GR740 SpW#l ——> SpW Port 3 —-> Node#3) JREETEEELWES Node #1 Write Status : [] Error ssue

roor 1 42 01 4C 00 20 00 OO0 OO 40 00 00 00 00 0O 04 3D
TgEL An Node #1 Read Status : [ Ermor Issue
arget in |

target in O

(NEaEHa == B Al PG E == IGRTA0NSENRL)| [256595564] Node #1 Disconnect :
20 01 OC 00 42 00 00 0O 0O 00 04 26 00 00 00 0O 0O

Node #2 Mo Response : [] Mo Response

(GR740 SpW#l ——> SpW Port 3 -—> Node#3)EELELEEREI Node #2 Write Status : [] Eror Issue

MPLETED.
42 01 &C 00 00 Q1 00 40 00 Q0 00 00 QO 04 &B FF FF FF FF 7B
Node #2 Read Status : [] Error Issue

20

(Node#3 —--> AMBA Port 1 —-> GR740 SpW#l) [Z5¢6053e67] Node #2 Disconnect : % 7 Error Issue
20 01 2C 00 42 00 01 585

Node #3 Mo Response : [] Mo Response

(GRTAD SpW#l > SpW Port 3 --> Node#3) | EELISlley)| Node #3 Write Status : [] Error Issue
42 01 4C 00 20 00 02 00 40 00 00 OO0 00 00 04 €5 Node #3 Read Status : D Error Issue

(Node#3 ——> AMBA Port 1 —-> GR740 SpWEl) [256610412] Node #3 Disconnect :
20 01 OC 00 42 00 02 00 00 00 04 35 FF FF FF FF 7B

Node #4 Mo Response : [] Mo Response
Node #4 Write Status : [] Error Issue

00 00 00 €0 Node #4 Read Status : [] Error Issue

00 00 00 08
00 OB 00 QO Node #4 Disconnect :
00 00 00 11
00 16 00 00
oo oo oon ar

(GR740 SpW#l --> SpW Port 3 --> Node#3) |l
01 &C 20 00 03 00 40 00 00 00 00 03 EO
01 00 00 00 02 00 OO0 OO0 03 00 00 00 04 00
00 00 07 00 00 00 08 00 00 00 0% 00 00 00
0C 00 00 00 0D 00 OO0 00 OE 00 00 00 OF 00
00 00 12 00 00 00 13 00 00 00 14 00 00 00
17 a0 a0 a0 18 00 o0 o0 1S an on oon 13 an

CCESSFULLY COMPLETED.

Traffic Clear :
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Integration laysim to KOMPSAT-FSS
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KOMPSAT-6 FSS [1/2]

* K6-FSS Architecture
— laysim-AT697F - PM697 Simulator - IBMU Simulator = K6-FSS

(d (d
KOMPSAT-6 Flight Software Simulator
IBMU Simulator
PM697 Simulator
—— AUX FPGA —l (
AT697F — GR 2Z0S AIS Simulator
—_ PCI2 UART
Processor
L
AHB
U PCI IRQMP STAT
~——PCDU Sim.
FPU IRQMP FIP/ G(Z F;ﬁ:B
PCDU VDE
S |
E 3x 2x
3 Timer UART SBU FPGA
w
4 o o T e | | ~—— 1553RT Sim. —
2 || pcz2 [T]| vART
S GRA
P STA
£ MEM AHB MEM 15538 GPS
o CTRL STAT CTRL [[] cH#e \_ Y,
©
~ .
I 512kB ||| 15538 — Payload Sim. —
SRAM CH#1
LAN 64KB ——1/0 Sim. — DTCU
91C PROM DSHU-
AHB CAN A | DSHU-
STAT [[|Master B
v ™ BIOM PIOM
SRAM MRAM \ ) ~ ~/
GPIO [ IRQMP
— ——TCTM Sim. —
I | (
GR FTAHB 3x 2x CMD
PCI2 RAM Timer SpW S6M T Ground
T T T T
I 1 1 1 .
Station
APB AHB
GPIO CTRL STAT IRQMP M.M MU — >
\\ J L
L SWR FPGA
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KOMPSAT-6 FSS [2/2]

1111111 11111 1 111111
11111111 11111 111 1111111
111111111111111111111111111111
11111111111111111111111111111
1111111111111111111111111111
111111111111111111111111111
11111111111111111111111111
1111111111101111111111111

1 111

1111 11 1111
1111111 1111

1111 1111
1111 1111

§® laysim-at697f Source Window
File Name : |

INIT SBU/SWR/BUX FPGA
all INT for FPGRA
abli

1111
11111

i : onitor mini-IVF (Integrated Verification Facility) for K6 v0.9 by layright
KOMPSAT-6 Flight Software Simulator v0.0.14 by layrig & SBY DMAUART =0 Monit =l gaist i Ly SEnY
[11217962084] 4 [SBU DMAUART #0 Select
Q0 00 00 0O G0 00 00 00 00 00 DO 00 00 00 00 00 00 00 00 00 00 [ | | LogSelect: @ Al €MD only g 8 = AlS
i =
Traffic | AT697F | Soufoo oo 00 00 00 00 00 Response : @ Response () Mo Res. d
(Tx) 66510291 Check Size : @ Same Size () -1 Reduced Teleport RTTM  Commender TLM Viewer AIS Viewer Event Viewer P
CF F3 [PCDU 5AR analog telemetry request] Data Size : @ Same Size -1 Reduced
T D T # Teleport @ Manual Command Manager
(ECHO) 226750695] [ O Data Fiterin
CF F3 Rx Parity Error : Error Issue| 9 Command Information
CF F3 fty [ Clear mnemonic [ = ]| [serach] | command Frame Type: RT [+
& seucan MD'!'W [E=8 R =) ¥| Command V| Real-Time Mnemonic  Description Arg Hex ATCID HEX
+  rSBU CAN BIOM Test CCSELPSGMCE Select Primary SGM for cor 0055 are .
#® PM697 Control Console (PMG9T <— PIOM-B) 667269301 BIOM No Response : No Response 1 j:ggi 22 a CCSELRSGMCH Select Redundant SGM for FFAA .
TOB-ID : 594, DLC Data : 32 EF BE EF BE BIOM Tx No Response : Cﬁ 4j<]_L‘;> o0 CCATCCANCE Cancel ATC 0100 HEX S
layrigh 2<TIM> 00
® SR Spacewire Monior 1221714201040 00 CCCSARESET Clear CSA 02
12<TIM> 00 CCRTCSEXC  Execute RTCS 0100 s/c |G/
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF * [SWR GRSpW CH#0 Test PP — FERTASEN__Easble RTCS vy R re— N
R FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF { TCTM-P Mo Response : bit RTCS @ 008 Telemety =
wehoil\ [2/ Pt e v -
). FF FF FF FF 23 TCTID WP Gatye - e RTCS
% ATEOTF Cache Window [f= Lot rrcs
- - - ch CAN char] ' 1
icache set#1 | icache set#2 | icache set#3 | dcache set#0 | dcache set#1 o At eh s -
ch CAN char]
index address TAG 0x00 0x04 0x08 0x0C 0x10 0x14 0x18 0x1C CAN channel
_| = @ 02 9402800 CAN channel
111111 11111 111111 1 11111 111 11 1111 11111111 1111 110 8022800

d RWA 4 wh
cription
O0P

Access
Read/Write

Read/Write
Read/Write
Read/Write

Read/Write
Virt

Netw

Access
Read/Wrl

1

GRGPIO I/C Port Data Register
GRGPIO I/Q Port Output Register
GRGPIO I/O Port Direction Register

) (i ATl
@ Primary Mass Memory
Page Status Register (OxFFFF) 0000

| Change | Double Bit E

a0

0 0
0 0
0 0
0 0
0 0
0 0

O0FFFO00  Read Only
F3000000 Read/Write
FFOO0000 Readf

Al

o = e

o000 | Apply

WA

Write

rror Counter (0xFFAA)

[ comrandn o

=& Tomado - Shell 127.0.0.1@LAYRIGHT-PC

File Edit View Project Build Debug Tools Window Help
D[E|H| &|=(2] S[7|%| [onienreTr ] ai|-~mE |z |mfz -
Shell 127.0.01@LAYRIGHT-PC
tLogTask  _logTask 104£9£18 0 PEND 1006ea2c 404£9d38
tShell “shell 10481£50 1 PEND 1002=5ac 40481330
tUdbTask 040027298 40484170 3 READY 1002=bac 40483270
o tHetTask _netTask 104bbfds 50 READY 10022424 404bbasl
b tONE “CORE_EXE_su 40378dc0 110 PEND 1002550 40378bal
Base E £ THO TCORE_EXE_su 40376bb0 110 PEND 100255 40376948
Upload t1553CHD  _COMM_1553ch 40382af0 120 PEND 100255 40302918
Tpload| | IN |£1553CHT ~ COMM_1553ch 4037a£d0 120 PEND 1002e55c 4037adiB
Bvent B +SCP TCMD_SCP_tas 40384400 130 PEND 1006ea2c 40384b30
IN |tBack TCORE_EXE_ba 4038010 150 READY 403b99fc 4037fefB
onk N [ralus = 0 <T0x0
—>
IN| .
iE.
tLogTask
tShell
twdbTask
tNetTask
tWwRBuffMgr
14 tONE
Fiee [ | tTWO
11553CHO
11553CH1
tscP
tBACK
Kl —
Interval [0.266894 s - 0.650885 ] Duration (383.991 ms)

Wind River Systems
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Full Dynamic

KPLO Simulator

KPLO-FSS + LUNASIM (Dynamic AOCS Simulator) + STK (Visualization) +
ITOS (Ground Segment)

X LUNASIM

cat_atn.08_guides_Teff .cat
Init Model
Initiali:
About to initi zation
Init UDP 88 . . S ress set to default: 127.8.8.1
DAS port nunhPr to default: 28980
DAS UDP SOCK for RECU .
DAS UDP SOCK for SEND .
iting Time Sync from FSS . Current time is =
i» Command (Current_time = 1.088808>
ent time is 1.808000
L_inf Norm Torque Method Enabled ??
Current time is = 1.008000
L_inf Norm Momentum Method Enahled !?
Current time is = 1.000000

isable Wheel Speed Limitation Method
ACS New Submode Set to 1, (Current_time = 1.800080>

Enable All Wheel Loops %1?
ACS New Submode Set to 7 <TP), (Current_time = 9.080808>

Current time is = 1 4 sec
Back to Nadir (Current_time = 1008.000000>

ouem-n.-.

13:54:5¢2

@ 4Ps0 @ APSI ® APS2 ® APS3 ® APS4 ® APSS ® APSE

® APS? ® APSE ® APSS

¢
B cRiTicAL CHECK
B ReQuEST cHECK

LOAD IMP
RUN
ABORT
INTERRUPT

CONTINUE

TELEMETRY

-0.8
13:46:59,000 13:48:39,000 13:50:19,000 13:51:59,000

APS 0
K TACMDTYPE = "LVLH", TIMEOUT=32
TAQCMD1 RANGE -8.2491 TO -0.2291, TIMEOUT=32
TAQCMD2 RANGE ©.0890 TO 0.1090, TIMEOUT=32
TAQCMD3 RANGE @.3596 TO 0.3796, TIMEOUT=32
TAQCMD4 RANGE 0.8824 TO 0.9024, TIMEOUT=32

T TAPRESMOD > 1800

11 et SADA M

(ASADAHOLD EN 5
CK TASADAMOD = TIMEOUT=70

411 WAIT TAPRESMOD > 2000

iSmBamr % [ AWARPM x| SADACounts B | SADAAng

2020-05-14 13 5000.0
t 2020-05-14 13:
t 2020-05-14 { 4000.0
t 2020-05-14 13:54§
t 2020-05-14 1 { 3000,0

2000,0
1000,0
0.0

-1000,0

;'LTQBook

L : 1,‘"‘?,,, _ I Flade I,,,, _ APSN.\rrne" 777 | lfne I
2020-05-14 1 B N KPLO_T_CLTP1(SCOAPD0:403
2020-05-14 13:54:46 N KPLO_T_CLTP1{SCOAP00:403

-3000.0

CHECK TAQCVD4 RANGE 0.8824. 09024 ' -4000.0
CHECK success, Value = 0,892400026321411 [5474643F) [S:0] -5000.0

13:46:59.000 13:48:39,000 13:50:19,000 13:51:59,000 13:4

!LugBook Enorlog  Procedure List

L£7NZ| @ KPLO Flight Software,,, | @ Event Display £ LUNASIM

jwchoi@kari.re.kr (x2066)

am

@ ., 4 ITOS HostManager ! Control Manager "/ Real Time Operation ... || 4

| Dlscrete’ % | VDEcnt & [ voEword =

MNEMONIC
TAGRAGYRO1
TAGRAGYRO2
TAGRAGYRO3
TAGRAGYROC
TAGRASLCF
TAGRAGSLS
TAACSSMD
TCTAOCSSSW
TAPRESMOD
TZTIMWEEK
TZTIMOSEC
TASADAMOD

| £u

BUS AOCS

RAW
0x00000000
0x00000001
0x00000002
0x00000003
0x00000004
0x00000001
0x00000007
0x00000007
0x44C27C00
0x04D5
OX2FAGEF
0x00000003

2020-05-14 13|
2020-05-14 13|
2020-05-14 13
2020-05-14 13|
2020-05-14 13|
2020-05-14 13|
2020-05-14 13|
2020-05-14 13|
2020-05-14 13|
2020-05-14 13|
2020-05-14 13|




