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ABSTRACT

Hypervisor virtualize hardware resources to utilize them more effectively. At the same time,
hypervisor’s characteristics of time and space partitioning improves reliability of flight software
by reducing a complexity of the flight software. Korea Aerospace Research Institute chooses
one of hypervisors for space, XtratuM, and examine its applicability to the flight software.
XtratuM has strong points in performance improvement with high reliability. However, it does
not support SMP. Therefore, it has limitation in using it with high performance applications
including satellite altitude orbit control systems. This paper proposes RTEMS XM-SMP to
support SMP with RTEMS, one of real time operating systems for space. Several components
are added as hypercalls, and initialization processes are modified to use several processors with
inter processors communication routines. In addition, all components related to processors are
updated including context switch and interrupts. The effectiveness of the developed RTEMS
XM-SMP is demonstrated with a GR740 board by executing SMP benchmark functions.
Performance improvements are reviewed to check the effectiveness of SMP operations.
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Fig. 1. Next generation satellite flight software
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Fig. 2. Virtualized system based on XM
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Table 1. Hypercall added for SMP

HyperCall Description

Returns the number
of vCPU configured
in the partition

int XM_get_vcpu_count
(void)

Generates Inter
Processor Interrupt
between vCPUs
configured in the
partition

int XM_gen_ipi (unsigned int
target_cpu, unsigned int
hwlrgMask, unsigned
intextirgMask)
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vCPU1 ~ N
vCPUs Reset Release

vCPUO
From RTEMS Boot Sequence

.

‘ _CPU_SMP_Initialize ‘ ‘ Startup() ‘

! I

‘ _SMP_Start_processors ‘

! !

SMP_Start_multitasking_on_seconda
ry_processor()

l

‘ _Thread_Start_multitasking ‘

!

Perform Threads

‘ bsp_start_on_secondary_processor ‘

‘ _CPU_SMP_Finalize_initialization ‘

Perform Threads
Fig. 9. vCPU Wakeup flow
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- Context switch code patch
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| Current Thread Context Backup ‘

i ‘ Load Next Thread Executing_Flag |

| Current Thread Executing_Flag = 0 ‘
I N
¥

| Next_Thread_Ticket = 1

Executing_Flag = 1

‘ Retry

Try New Thread Dispatching

l

Try to restore context of the new thread

| Swap* Next_Thread_Ticket with ‘ ‘
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l *Swap : SPARC Atomic Instruction
Execute Next Thread

Fig. 10. Context switch code patch
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Table 2. Interrupt target vCPU

IRQ Number
17
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20
21
22

Target vCPU
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Table 4. Software experiment environment

Factor Specification
XtratuM Version 4.6.1a
RTEMS 4.11.1
Build Optimize Option -02
Floating point unit —-mhard-float
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Table 5. ParMiBench Algorithm and Parameter

Test Category Test Algorithm Parameters
bitcnts 92,000 lteration
BitCount | bitcnts_1 112,500 lteration
bitstring 18,000 String length, 500 Iteration
smooding
Susan edge 2,000 x 1,490 pixel image
Automotive corner
Solve Cubic Equations
Calculate Integer Square Roots
BasicMath | Calculate Long Square Root (SgggllMDeat: NSSrtnber)
Perform Degree to Radian Angle Conversion 9
Perform Radian to Degree Angle Conversion
Single Queue 2,000 Nodes
Dijkstra Multi Queue 2,000 Nodes
Network All Path 160 Nodes
Pz%tr.lma Patricia Trie 5,000 Nodes
rie
Pratt-Boyer-Moore
Office String Case-sensitive Boyer-Moore-Horspool 3 MiB Data pooal,
Search Case-Insensitive Boyer-Moore—Horspool 40 Pattern search
Boyer—-Moore—-Horspool
Security SHA SHA-1 300 KiB x 13Set
32 Ms&5dZ3 2Y (Overhead)®} Ej2==9} vCPU 9| F7tel| wg 2
. . =8 oHre =v Folt}, 7Hdsk 24
gl ZHe XM s @A RTEMS 19 ‘Hi] o =7 mEelth XM 7Hsh
- . = sz A= 2AET FA A XM sto]Huto]HE AA
SMP dtg|Ad] ddE+= vCPUES < 17H°M R N
5 - 515 Hro = 7} W Zoll Bl BAH tinliEte] ~AEY 2
47W 7k A 718 ParMiBench $4&9) = el == o ol =1l
AEAT. AEo =HE XMo|A Al 2= »5}_,:_ go]  MIEZE S7FHAT. Table 62 B39 5715} B

Elo]m Stol¥ES o] &dtd FAsIGoH ZAHE
WX 3 A ZHS } o2 4sdd P& (Speed Up)

I I 59| AMS H&(Efficiency)S Al4bste] £

oA JdE XM 71 Hke] 7p3sl 7oA RTEMS

SMP 73t &7 digk 284S B4
Ao g2 2 (1) gl dYFe] HAeAH

(Ts) tiHl vCPUS 7 SVt W& A543 (Tp)o
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Ty,

Speed Up = T, 1

Figure 112 2= #l lﬂ}_:L OP—ra] ]
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Fig. 11. Performance of the RTEMS XM-SMP based on XtratuM virtualization

Table 6. CPU control register access time

Function RTEMS | RTEMS

SMP | XM-SMP

Read Process Status Register 4 ns 112 ns
Write Process Status Register 4 ns 392 ns
Set Process Interrupt Level 4 ns 56 ns
Clear Process Interrupt Level 4 ns 304 ns
Flush Register Window 4 ns 184 ns
g:;)é:rig\s/v Register Window 4 ns 184 ns

Non Virtualization
3.00
250
2.00
150 _
100 \
0.50
0.00
1-Core 2-Core 3-Core 4-Core
g DIESITING === sOuUEUE =g Patriciatrie

Fig. 12. Non—Virtualized performance
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Table 7. Multi-Core efficiency

Number of Core

Test Algorithm 1 2 3 4
bitcnts 1.00 | 1.06 | 1.11 | 0.96
bitcnts_1 1.00 | 0.57 | 0.37 | 0.33
bitstring 1.00 | 0.86 | 0.71 | 0.26
smooding 1.00 | 1.00 | 0.99 | 0.99
edge 1.00 | 0.90 | 0.94 | 0.78
corner 1.00 | 0.89 | 0.80 | 0.70
Cubic Equations 1.00 | 1.00 | 1.05 | 1.00
Integer Square Roots 1.00 | 0.99 | 0.99 | 0.99
Long Square Root 1.00 | 0.99 | 0.99 | 0.99
oearee 10 Radan Andle | 100 | 1.00 | 1.00 | 1.00

Radian to Degree Angle 100 11001 100 | 112

Conversion

squeue 1.00 | 0.57 | 0.24 | 0.13
maueue 1.00 | 0.95 | 0.94 | 0.80
allpath 1.00 | 1.00 | 1.00 | 0.99
Patricia trie 1.00 | 0.95 | 0.22 | 0.16
Pratt-Boyer-Moore 1.00 | 0.98 | 1.02 | 0.94

Case sensitive

Boyer-Moore—-Horspool 1.00 | 0.99 | 1.01 ) 0.82

Case Insensitive

Boyer-Moore—Horspool 1.00 | 0.99 | 1.00 | 0.92

Boyer-Moore—Horspool 1.00 | 0.99 | 1.01 | 0.92
SHA-1 1.00 | 0.78 | 0.77 | 0.68
3o HEEo JIFARYTFE ATH oz DA}

= =%o] 2 AHolth
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