
2020. 06. 18

Jong-Wook Choi

(jwchoi@kari.re.kr)



jwchoi@kari.re.kr (x2066) 2

KOMPSAT-2(‘06) 
OBC/RDU/EC
(80386/80387)

VRTX

KOMPSAT-3(‘12)
IBMU (PM32/MCMERC32) 

VxWorks 5.4
K3-FSS

KOMPSAT-6(‘22)
IBMU (PM697/AT697F)

VxWorks 5.4
K6-FSS

KOMPSAT-5(‘13)
IBMU (PM32/MCMERC32) 

VxWorks 5.4
K5-FSS

KOMPSAT-3A(‘14)
IBMU (PM32/MCMERC32) 

VxWorks 5.4
K3A-FSS

KOMPSAT-7(‘22)
IBMU (PM697/AT697F)

VxWorks 5.4
K7-FSS

CAS-500(‘20)
SBMU (PM697/AT697F)

VxWorks 5.4
C1-FSS

KPLO(‘22)
SBMU (PM697/AT697F)

VxWorks 5.4
KPLO-FSS & LUNASIM



jwchoi@kari.re.kr (x2066) 3

KOMPSAT-2

(‘06)
KOMPSAT-3/5/3A 

(’12/13/14)

KOMPSAT-6/7 & 

CAS-500 & KPLO (’20~)

Intel i386 Astrium
MCMERC32

Atmel AT697F

New KOMPSAT

Multi-Core
(GR712RC/GR740)

KOMPSAT

Processor

RTOS

FSW

FSS
K3-FSS

K5-FSS

K3A-FSS

K6-FSS, K7-FSS

C1-FSS, KPLO-FSS
laysim-GR712RC

laysim-GR740
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laysim-LEON3FT

laysim-UT700

laysim-GR712RC

laysim-GR740

lay2cpu (E-FSS)
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Emulator Type ERC32 LEON2 LEON3
LEON 
MP

Supplier Remark

TSIM Interpreter    X
COBHAM
Gaisler

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

Interpreter    X
Astrium/

CNES
- Astrium Internal (SIMERC32 Emulator in SiMIX)
- Gaia Real-Time Simulator

Sim-SCOC3 DBT X X  X Astrium - Spacecraft Controller On-a Chip with LEON3FT

leonSVF H/W X   X
Terma/
Astrium

- 100% Representative
- Realtime OBC Simulation at 60MHz+

ESOC 
Simulator

Interpreter    X
ESOC/
VEGA

- Used for most ESOC/ESA ground system
- New LEON2/LEON3 are supported

QERx DBT    X
SciSyS/
FFQTECH

- Based on QEMU 0.9.1
- Galileo Constellation Operation Simulator

TEMU2 Interpreter     Terma
- New emulator based on LLVM framework
- 200MIPS on a 3.5GHz PC
- Support LEON4, PowerPC and ARM processor

Emulator Type ERC32 LEON2 LEON3
LEON3/4
MultiCore

Remark

laysim
Interp
reter

  



(GR740/
GR712RC)

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

laysim-
DBT

DBT   



(GR740/
GR712RC)

- 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, UT700)

QEMU
laysim

DBT  X  X
- Based on QEMU 1.0.1
- S/W development in VxWorks/RTEMS
- Discontinued and outdated



History of laysim Development
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Problem ?
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Easy 

Solution ?
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SpW SpW

USB 2.0

1553B Card

SpaceWire

Link Analyser

SpaceWire Monitor
BIOM/PIOM

Simulator

1553B Monitor

1553
Ethernet

RS-422

Power Supply

28VDC

UART(RS-422)

SMCS116

RS-422

NetROM
Tornado Host

Printer

NetROM

 Interface

IBMU STBM

UART(RS-422)

cTTCE

UART(RS-422)

cTTCE 

Test Box

PCDU/VDE

Simulator

We want 

to use 

also!

How to debug 

in real-time ?

How to 

cost down ?

How to 

shorten 

period ?

STB (Software Test Bed)
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Use 

Emulator

/Simulator

JTAG 
Debugger

In-
Circuit 

Emulator

ARMMIPS Coldfire

PPC Intel

ERC32

Processor 
Emulator

No Working JTAG for MCM-ERC32

No In-Circuit Emulator

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

MCMERC32

LEON3-FT

Rich Solution

Poor Solution

AT697F

http://www.google.com/imgres?imgurl=http://upload.wikimedia.org/wikipedia/commons/thumb/c/cc/KL_Toshiba_MIPS_R4000.jpg/220px-KL_Toshiba_MIPS_R4000.jpg&imgrefurl=http://en.wikipedia.org/wiki/R4000&usg=__e2yjZTTY4hbJOORt1lKvFpVUcTA=&h=233&w=220&sz=7&hl=ko&start=12&itbs=1&tbnid=q3iouDU2WhZt4M:&tbnh=109&tbnw=103&prev=/images?q=MIPS+R6000&hl=ko&rls=com.microsoft:ko:IE-SearchBox&rlz=1I7ADBR&tbs=isch:1
http://www.google.com/imgres?imgurl=http://www.ip-extreme.com/images/products/MCF520XPKG-Cropped.jpg&imgrefurl=http://www.ip-extreme.com/newsletter/newslet_0612_folder/newslet_0612.shtml&usg=__f_UF9s5zLAGIc-mpzQfj7mZVJM0=&h=417&w=452&sz=30&hl=ko&start=9&itbs=1&tbnid=pyja4duWUDf3aM:&tbnh=117&tbnw=127&prev=/images?q=Coldfire&hl=ko&rls=com.microsoft:ko:IE-SearchBox&rlz=1I7ADBR&tbs=isch:1
http://cfs10.tistory.com/image/34/tistory/2009/02/16/17/26/49992347d1384
http://www.google.com/imgres?imgurl=http://carlstrom.com/machines/KL_Intel_i386DX.jpg&imgrefurl=http://carlstrom.com/machines/&usg=__kI5tS4-gi1FYDsdV6H0XySHk74Q=&h=1161&w=1113&sz=191&hl=ko&start=30&itbs=1&tbnid=pODWXmrrcBppTM:&tbnh=150&tbnw=144&prev=/images?q=80386&start=20&hl=ko&sa=N&rls=com.microsoft:ko:IE-SearchBox&rlz=1I7ADBR&ndsp=20&tbs=isch:1
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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• Construct KOMPSAT Flight Software Simulator with Commercial ERC32 
Processor Emulator (TSIM-ERC32 from Gaisler)
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IP1553 #3
IP1553 #2
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• 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 

processor
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TSIM

Develop ERC32&LEON2/3 

emulator based on open 

source emulator

[QEMU, SkyEye]

Develop new ERC32&LEON2/3 emulator  

[All new development]

1) relatively easy
2) use IU/FPU core from open source emulator
3) implement only ERC32&LEON2/3 own functions
4) timing problem
5) interpretation or dynamic binary translation ?

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 ?

Escape from 
TSIM



• 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

• 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
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• Fetch one instruction from guest binary (ERC32)

– Get one instruction pointed by PC (Program Counter) 
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Emulation 
Manager

(Interpreter)

i1 : 0x12345678

PC : 0x02000000

nPC : 0x02000004

status = ERC32_emulator_fetch (ERC32.pc, &inst)

inst  0xb206600b

Guest Binary (ERC32)

0x02000000 : b206600b   add %i1, 0xb, %i1  
0x02000004 : a0100000   clr %l0

Fetch

Target ISA (ERC32)

ERC32 Processor Emulator (x86, Windows 7)



• Decode fetched instruction

– Is it ADD, AND, XOR or MOV ?
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Emulation 
Manager

(Interpreter)

i1 : 0x12345678

PC : 0x02000000

nPC : 0x02000004

Guest Binary (ERC32)

0x02000000 : b206600b   add %i1, 0xb, %i1  
0x02000004 : a0100000   clr %l0

Decode

10 11001 000000 11001 1 0000000001011

rd

rs1

simm13add

Target ISA (ERC32)

ERC32 Processor Emulator (x86, Windows 7)



• Execute Emulation Function

– Call corresponding C function 
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Emulation 
Manager

(Interpreter)

i1 : 0x12345678

PC : 0x02000000

nPC : 0x02000004

Guest Binary (ERC32)

0x02000000 : b206600b   add %i1, 0xb, %i1  
0x02000004 : a0100000   clr %l0

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

}

i1 : 0x12345683

PC : 0x02000004

nPC : 0x02000008

ERC32 Processor Emulator (x86, Windows 7)

Target ISA (ERC32)
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Register View

C Source Level Debugging

Control Console

Breakpoint

Watchpoint

Symbol Table
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• Real-Time Performance Problem on new Processor

– AT697F (LEON2-FT) / SCOC3 (LEON3-FT) (run @ 80~100MHz) 
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Develop ERC32&LEON2/3 

emulator based on open 

source emulator

[QEMU, SkyEye]

Develop new ERC32&LEON2/3 emulator  

[All new development]

1) relatively easy
2) use IU/FPU core from open source emulator
3) implement only ERC32&LEON2/3 own functions
4) timing problem
5) interpretation or dynamic binary translation ?

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 ?

Real-Time
Performance



• Dynamic Binary Translation

1. First time execution, no translated code in code cache

2. No translated block (TB) matching, then directly interpret the guest (ERC32) instruction

3. As a basic block discovered, trigger the binary translation module

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

5. 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
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ERC32 Processor Emulator (DBT)

Guest Binary
(ERC32)

Emulation 
Manager

Binary 
Translator

Interpreter

Host Binary 
Code Cache

(x86)

TB

TB

TB

TB

Basic Block(BB)

Basic Block(BB)

hit

exit

missreturn

trigger



• 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

jwchoi@kari.re.kr (x2066) 27



• QEMU laysim-ERC32/LEON3 show high-performance than interpretation 
emulator. But ….
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• 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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Final Solution
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New Space Processor 
Emulator based on 

DBT
with Cycle Accuracy



• 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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Emulation 
Manager

Prologue
Translation 
Block #1
Epilogue

Prologue
Translation 
Block #2
Epilogue

Prologue
Translation 
Block #3
Epilogue

Prologue
Translation 
Block #4
Epilogue

Prologue
Translation 
Block #5
Epilogue

Host Binary Code Cache
(TC : Translation Cache)

01010101…00000000

00000000…00000010

00000000…...

01010101…00005A90

00000000…...

SPC to TPC Map Table

selftpcspc

002D2005902005A90

002D201B502000050

002D2025B0200102C

102D208B802005AA4

0-1-1

.........

0-1-1

IU registers

PC/nPC

PSR/WIM/TBR/Y

FPU registers

System registers

cycle count

hit/misspc

...
Cycle Module

Cycle/Time Operation

Time Event Module

Event Operation

offsetarg

153421610

callback

SpW Rx event

id

0

10232210VASI RTC event1

…………

Event Table

Shadow Memory

Guest Processor Status

Interrupt Module

Interrupt Operation

Trap Module

Trap Operation

Helper Functions

FPU status check
Helper Function

FPU exception 
check Help Fun.

I/O memory read
Helper Function

I/O memory write
Helper Function

WRPSR Instruction
Helper Function

RESTORE Inst.
Helper Function

RETT Instruction
Helper Function

SAVE Instruction
Helper Function

read

lookup/
update

h
i
t
/
m
i
s
s

trigger on miss

update

Guest Memory

Guest Text

Guest data

Guest bss

Basic Block #1

Basic Block #2

Basic Block #3 Basic Block #4

Basic Block #5

VxWorks RTOS Kernel Space

branch

exit

chainingBinary Translator

Generate Prologue

Translator

Generate Epilogue

check

read/write

read/write

BB #n

BB #n+1 BB #n+3BB #n+5

BB #n+6 BB #n+4

BB #n+2

Kernel 
data

Kernel 
bss

flush

f
l
u
s
h

flush

event
add/del

Int.

read/write
Processor Peripheral

Embedded Peripherals

To/From 
Simulator

To/From 
Simulator

Retrans.



• Emulation Manager

– Do not use interpreter

– Generate native host code 
directly using DBT
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ERC32 PC

Calculate Hash 
Index with ERC32 

PC (SPC)

Hit in Map 
Table ?

Get Target PC 
(TPC) from Map 

Table

Yes

Branch to TPC for 
executing TB

Generate Prologue

Translator

Generate Epilogue

No

No

Pending

No

Occur

YesNo

ERC32 Timer 
Operation

Direct Block 
Chaining

Flush TC, Map 
Table and Shadow 

Memory

Yes

Check trap

Halt 
Condition ?

Check 
Retranslation 
Condition ?

Update Map Table

Check Interrupt

Interrupt 
Operation

Trap Operation

Guest Binary
(ERC32)

Emulation 
Manager

Binary 
Translator

Host Binary (x86)
Code Cache

BB

BB

hit

exit

miss

TB TB TB

TB TB TB
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laysim-DBT for ERC32

Basic Block of ERC32

02000000     a0100000   clr %l0
02000004     29008004   sethi %hi(0x2001000), %l4
02000008     81c52000   jmp %l4 + 0x0
0200000c     01000000   nop

Emulation 
Manager

Binary 
Translatortrigger

#------------------------------------------ prologue ---
x86_emit_push_r32(ebp)
x86_emit_mov_r32_r32(esp, ebp)
x86_emit_mov_imm32_edx((guint32)(&ERC32))
#------------------------------------------ or ---------
x86_emit_mov_m32_r32(edx, eax, (4 * op3_rs1))
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))
#------------------------------------------ sethi ------
x86_emit_mov_imm32_eax((INST.inst_f2_sethi.imm22 << 10))
x86_emit_mov_r32_m32(eax, edx, (4 * INST.inst_f3_i0.rd))
#------------------------------------------ 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_rs1))
x86_emit_mov_imm32_ebx(operand)
x86_emit_add_r32_r32(ebx, eax)
x86_emit_test_imm8_al(0x3)
x86_emit_jz_with_offset(22)
x86_emit_write_erc32_trap_with(ERC32_TRAP_07_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
#------------------------------------------ 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

ERC32 DBT Engine

Map Table

lookup miss 
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laysim-DBT for ERC32

Basic Block of ERC32

02000000     a0100000   clr %l0
02000004     29008004   sethi %hi(0x2001000), %l4
02000008     81c52000   jmp %l4 + 0x0
0200000c     01000000   nop

Emulation 
Manager

Binary 
Translatortrigger

place

#-------------------------------------------------- prologue ---
push  %ebp
mov %esp, %ebp
mov $0x101b0e0,%edx       ; ERC32 reg. address -> %edx
#-------------------------------------------------- or ---------
mov 0x0(%edx), %eax ; ERC32.g0 -> %eax
mov 0x0(%edx), %ebx ; ERC32.g0 -> %ebx
or    %ebx, %eax ; %ebx OR %eax -> %eax
mov %eax, 0x40(%edx)    ; %eax -> ERC32.l0
#-------------------------------------------------- sethi ------
mov $0x02001000, %eax ; 0x02001000 -> %eax
mov %eax, 0x50(%edx)        ; %eax -> ERC32.l4
#-------------------------------------------------- jmpl -------
movl $0x2000008,0x280(%edx)  ; Current PC -> ERC32.PC
movl $0x200000c,0x284(%edx)  ; Current nPC -> ERC32.nPC
mov 0x50(%edx),%eax ; ERC32.l4 -> %eax
mov $0x0,%ebx              ; 0x00000000 -> %ebx
add    %ebx,%eax ; %ebx ADD %eax -> %eax
test   $0x3,%al               ; Check memory aligned
je     0x191b553               ; Jump to JMPL operation
movl $0x7,0x3dc(%edx)      ; 0x00000007 -> ERC32.trap
addl $0x3,0x3cc(%edx)      ; Add 3 to ERC32.icnt
leave                          ; Return to Emulation Manager
ret
mov %eax,0x284(%edx)       ; %eax -> ERC32.nPC
#-------------------------------------------------- epilogue ---
mov 0x284(%edx),%eax ; Read ERC32.nPC
mov %eax,0x280(%edx) ; ERC32.nPC -> ERC32.PC
add    $0x4,%eax         ; Add 0x4 to %eax
mov %eax,0x284(%edx)  ; %eax -> ERC32.nPC
addl $0x5,0x3cc(%edx)  ; Add 5 to ERC32.icnt
leave                     ; Return to Emulation Manager
ret

x86 Translation Block in TC

Map Table

lookup miss 
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• 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)

Benchmark

Intel Core i7-870 @ 2.93GHz (Windows 7 Enterprise 64bit) Intel
i7-6700K
@ 4GHz

laysim-
erc32 DBT

ERC32 
CPU 

(20MHz)

LEON2-
FT CPU
(80MHz)

TSIM
(Interpreter)

lasyim-erc32
(Interpreter)

QEMU-
laysim-
erc32
(DBT)

laysim-
erc32 DBT
(DBT)

Dhrystone
(Iterations 800K)

11.67
MIPS

46.27
MIPS

23.99
MIPS

27.98
MIPS

126.79
MIPS

218.45
MIPS

494.97
MIPS

Whetstone
(Single Precision)

10.18
MOPS

38.44
MOPS

20.71
MOPS

24.39
MOPS

110.82
MOPS

174.49
MOPS

286.02
MOPS

Whetstone
(Double Precision)

9.57
MOPS

38.10
MOPS

20.67
MOPS

23.62
MOPS

113.53
MOPS

172.94
MOPS

271.67
MOPS

CoreMark
(Iterations 60)

12.88
MIPS

52.75
MIPS

25.10
MIPS

29.79
MIPS

133.87
MIPS

328.76
MIPS

526.10
MIPS
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• The cycle accuracy of laysim-DBT is 95.49% with ±8% error margin against 
TSIM-ERC32 which is a cycle-true emulator of ERC32

Benchmarks
Total Cycles and Cycle Accuracy

TSIM-ERC32 laysim-erc32 laysim-DBT

Dhrystone 633,639,362 633,639,223 99.99% 604,838,274 95.45%

Whetstone SP 2,092,189,460 2,064,362,894 98.67% 2,261,798,805 108.11%

Whetstone DP 2,443,432,999 2,450,234,938 100.28% 2,626,116,296 107.48%

Stanford 37,118,286 36,898,680 99.41% 35,504,199 95.65%

CoreMark 286,125,763 286,125,297 99.99% 276,845,452 96.76%

MiBench.qsort 103,742,892 94,299,659 90.89% 104,063,427 100.31%

MiBench.dijkstra 399,444,134 399,442,953 99.99% 381,148,771 95.42%

MiBench.basicmath 292,667,095 320,161,268 109.39% 281,889,706 96.32%



Current laysim
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• Processors : ERC32, AT697F, LEON3, LEON4, UT700, GR712RC, GR740

• GRLIB : GPTIMER, IRQMP, FTMCTRL, AHBSTAT, and more

• KARILIB : CAN Master, DMAUART, TMU/TCU, and more
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LEON3 & FT
(0x01:0x003)
(0x01:0x053)

AT697FERC32
LEON4-FT

(0x01:0x048)
UT700 GR712RC GR740

GPTIMER
(0x01:0x011)

GPTIMER
(0x01:0x011)

GRCLKGATE
(0x01:0x02C)

GRTIMER
(0x01:0x038)

IRQMP
(0x01:0x00D)

IRQ(A)MP
(0x01:0x00D)

MCTRL
(0x04:0x00F)

FTMCTRL
(0x01:0x054)

AHBSTAT
(0x01:0x052)

AHB2AHB
(0x01:0x020)

AHBCTRL
APBCTRL

(0x01:0x006)
GRIOMMU

(0x01:0x04F)
GRPCI2

(0x01:0x07C)

FTAHBRAM
(0x01:0x050)

L2CACHE
(0x01:0x04B)

APBUART
(0x01:0x00C)

CAN_OC
(0x01:0x019)

GRSPW2
(0x01:0x029)

GRSPWROUTER
(0x01:0x03E)

GRETH
(0x01:0x01D)

GR1553B
(0x01:0x04D)

GRGPIO
(0x01:0x01A)

GRGPREG
(0x01:0x087)

B1553BRM
(0x01:0x072)

Actel 
1553BRM

KARI CAN 
Master

KARI
DMAUART

KARI
MDMAUART

KARI
TCU

KARI
TMU

KARI
Mass Memory

KARI CAN 
Slave

KARI
BIOM

KARI
PIOM

KARI
CIOM

KARI
PDM

LAN91C

KARI
RU

KARI
RTC

KARI
RU

KARI
PCDU



• 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)
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38.79

404

11.94

90.73

49.43

515

64.11

84.46

0 100 200 300 400 500 600

laysim-leon3

laysim-leon3-dbt

TSIM2-LEON3

RTEMS5-SIS

MIPS

Processor Emulator Performance

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

CentOS 7 Windows 7



• UT700 processor with 100MHz clock

– LEON3-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
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Memory 
Controller
(FTMCTRL)

32MB
SRAM

AHB
Controller

AMBA AHB

DSU3

LEON3-FT

4x4KB
D-cache

4x4KB
I-cache

GRFPU

MUL/DIV

MMU
AHB Interface

AHBUART AHBJTAG 4xGRSpW2 GRPCI PCIDMA 2xCANOC

8MB
MRAM

AHB/APB
Bridge #1

FTMCTRL IRQMP

AMBA APB

CLKGATE GRGPIO APBUARTGPTIMER

AHBUART

AHBSTAT

AHB/APB
Bridge #2

GR1553B SPICTRL GRGPREG

AMBA APB

UT700 Model in 
laysim-LEON3-PRO

GRETH
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• 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
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Memory 
Controller
(FTMCTRL)

8MB
MRAM

32MB
SRAM

AHB
Controller

AHB/APB
Bridge #1

APBUART IRQMP GPTIMER

AMBA AHB

AMBA APB

DSU3

LEON3

4x4KB
D-cache

4x4KB
I-cache

IEEE754
FPU

MUL/DIV

MMU
AHB Interface

SPICTRL

AHBJTAG 2xSTCAN 6xGRSpW2 1553BRM GRTC GRTM GRSLINK

FTAHBRAM

GRGPIO CLKGATE

AHB/APB
Bridge #2

CANMUX GRGPRES GRASCS GRGPIO I2CMST AHBSTAT

GRETH

APBUART APBUART APBUART APBUART APBUART GRTIMER

AMBA APB

GR712RC (dual) Model in 
laysim-LEON3-MP-PRO

LEON3

4x4KB
D-cache

4x4KB
I-cache

IEEE754
FPU

MUL/DIV

MMU
AHB Interface
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• 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
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Caches

 LEON4
F
P
U

MMU
Caches

 LEON4
F
P
U

MMU
Caches

 LEON4
F
P
U

MMU
Caches

 LEON4
F
P
U

MMU

LEON4
STAT.UNIT

IRQ(A)MP

Memory
Scrubber

L2
Cache

AHB/APB
Bridges

AHB/APB
Bridges

SDRAM
CTRL w.
EDAC

PROM & IO 
CTRL. W
EDAC

64MB
SDRAM

8MB
MRAM

PCI
Master

PCI
DMA

PCI
Target

AHB Bridge
IOMMU

AHB
Status

AHB/AHB
Bridge

DSU4
AHB/APB
Bridges

SpW RMAP
DCL

JTAG
DCL

AHBTRACE

Pad/PLL
controller

Clock 
gating 
unit

Temp.
Sensor

AHB Status
Timer Unit 

1-4

Timer unit 
0 watchdog

GPIO port 
0-1

UART
0-1

Bootstrap 
GP reg.

TDP
controller

SPI
controller

SpW Router
CAN

Controller
0-1

MIL-STD-
1553B

Ethernet
0-1

Memory bus
128-bit AHB

Statistics

32-bit APB

Slave IO bus
32-bit AHB

Debug bus
32-bit AHB

32-bit APB

Master IO bus
32-bit AHB

Processor bus
128-bit AHB

laysim-GR740
Architecture
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Integration laysim to KOMPSAT-FSS
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• K6-FSS Architecture

– laysim-AT697F  PM697 Simulator  IBMU Simulator  K6-FSS
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IU PCI

2x
UART

3x
Timer

AHB
STAT

FPU

MEM
CTRL

GPIO

64KB
PROM

6MB
SRAM

IRQMP

Cache

LAN
91C

2x
MRAM

l
a
y
s
i
m
-
a
t
6
9
7
f
 
E
m
u
l
a
t
o
r

GR
PCI2

2xDMA
UART

1553B
CH#0

1553B
CH#1

IRQMP

512KB
SRAM

CAN
Master

AHB
STAT

AT697F 
Processor

SBU FPGA

GR
PCI2

2x
SpW

IRQMPGPIO

3x
Timer

FTAHB
RAM

APB
CTRL

AHB
STAT

SWR FPGA

2xDMA
UART

IRQMP

FTAHB
RAM

I/O
FPGA

AHB
STAT

AUX FPGA

MEM
CTRL

GPIO

GRA
STA

GPS

DTCU
DSHU-
A DSHU-

BBIOM PIOM

SGM

M.M

TCU

TMU

TCTM Sim.

I/O Sim.

GR
PCI2

PM697 Simulator

IBMU Simulator

Ground
Station

AIS Simulator

1553RT Sim.

Payload Sim.

CMD

RT/PB

KOMPSAT-6 Flight Software Simulator

PCDU VDE

PCDU Sim. 
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Command & 
Telemetry 
Interface

Virtual
Network



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