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This document contains all TEMU release notes.
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Chapter 1. Release Notes

1.1. Version 4

1.1.1. TEMU 4.2.0

TEMU 4.2.0 was released on 2024-05-06.

TEMU 4.2.0 addresses several bugs. It also adds a number of additional features and general
enhancements.

Bug Fixes

• GPTIMER chained timer issue, causing unexpected reloads and interrupts under some
circumstances.

• GPTIMER event frequency and off by one error.

• GPTIMER could generate negative values under some conditions. in multi-threaded mode.

• GR740 IOMMU configuration file fixes.

• P2020 incorrect RC/EP mode detection for PCIe.

• Memory read traces were not logged under certain cases (mostly impacting PowerPC
processors).

• P2020 boot-record handling fixes.

• Fix issue where some TEMU debugging commands would assume there is IR allocated.

• P2020 CCSRBAR write issues.

• Scheduler performance measuring system was incorrectly using the thread clock instead of the
monotonic clock.

Enhancement

• Additional statistics collection for Profiler.

• Cleanup of some logging.

• P2020 UART trace now contains received characters (if printable).

• Memory dump command now prints out dump in ASCII as well as hex.

• e500 MMU cleanup and logging improvements.

• Binary translation support for floating point instructions (for SPARC processors).

• Outbound window logging improvement for P2020.

• Adding CAN bus implementation example, that can be used as a starting point for mission
specific CAN bus models.

Features
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• Adding trace command to print out disassembly of all executed instruction (this is currently
only for direct CPU execution or the legacy machine model).

• Support code pattern matchers for custom idle mode, code substitution and code skipping.

• Experimental YAML-based components.

1.1.2. TEMU 4.1.0

TEMU 4.1.0 was released on 2023-11-14.

TEMU 4.1.0 addresses several bugs. It also adds a number of useful features for debugging
SpaceWire interactions and user applications.

Bug Fixes

• GRETH control register reset bit was not cleared after completing reset. This resulted in Linux
GRETH reset polling failing.

• Redundant operations were executed when entering the CPU core, these have been moved to
the processor create functions. This reduces the quanta expiration penalty, effecting multi-core
processors.

• Memory tracer were not properly handling large transactions.

• GPTIMER counter registers were stuck between quantas for the non-primary processor (the
model’s timesource).

• GR740 was not configured to enable the IRQMAP registers for the GRGPIO devices.

• GRGPIO IRQMAP registers could be written with invalid values, Linux kernel expects that the
device only sets valid bits.

• Race condition addressed in code generators.

• Invalid log category name would crash the log-level command.

• GRCAN buffer full detection logic was incorrect.

• Memory probing operations used in atomic ASI operations (casa, ldstuba) on SPARC processors,
did not check for MMU privileges.

• Snapshot functions did not return an error code when a file cold not be opened.

Enhancement

• PowerPC processor models are now using the pre-decoded interpretation functionality.

• SPWROUTER model has improved logging that can be enabled using config properties. It can
now log the packets that are being transmitted, transfer descriptors etc, using trace level instead
of debug level. This makes low level SPWROUTER logging available also in the normal release
mode.

• GRCAN transmit logging has been adjusted and is less chatty.

• Exposing exitReason as a property on all processor models.
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• Performance improvements in several places.

Features

• SPARC processors with MMU now have a find-page-table-root command, that lets you search
for a page table root matching either a specific VA, or a specific VA-PA translation.

• Added SpaceWire injector models.

• Added SpaceWire PCAP dumping model.

• The old GDB server now lets you set the page table root used for translations on SPARC
processors. This enables the debugging of user applications running with the MMU enabled.

• A new GDB server supporting the parallel scheduler has been added.

• Added placeholder models for:

◦ GR740THSENS

◦ L4STAT

◦ MEMSCRUB

◦ MMCTRL

1.1.3. TEMU 4.0.3

TEMU 4.0.3 was released on 2023-07-26.

Bug Fixes

• A race condition resulting in a deadlock in the parallel scheduler has been fixed. Worker
threads not finishing initializing, before the run command was issued by the user could trigger
a deadlock on highly loaded systems.

1.1.4. TEMU 4.0.2

TEMU 4.0.2 was released on 2023-07-24.

Bug Fixes

• SPWROUTER AMBA port resets not functioning correctly

• GRCAN incorrect memory mapping of sync-registers

• GRIOMMU Register writes should not overwrite read-only bits.

1.1.5. TEMU 4.0.1

TEMU 4.0.1 was released on 2023-07-18.

Bug Fixes

• GDB server not translating addresses using the MMU

TEMU: Release Info
Doc. no: TERMA/SPD/63/TEMU/RELNOTES
Rev. no: latest

PUBLIC

Page 6 of 52

The use and/or disclosure,etc. of the contents of this document (or any part thereof) is subject to the restrictions referenced on the front page.



• GDB server using deprecated memory interface

• GDB server issuing hwbreak as reasons for a stop, triggering a bug in GDB.

1.1.6. TEMU 4.0.0

TEMU 4.0.0 was released on 2023-06-30.

Features

• Parallelization of TEMU. TEMU has a parallel scheduler, that enables the execution of different
simulated processor cores on different host processors. This enables the high speed simulation
of multi-core processors. Note that as this effects full determinism, so it is possible to still select
the single threaded scheduler.

• User configurable speed factor. The Cycles per Instruction (CPI) or Instructions per Cycle (IPC)
can now be set by the user. This is combined with the elimination of the per instruction timing
model. All instructions now execute in one step, the CPI/IPC values are used to convert between
steps to / from cycles.

API Changes

Event functions now take a temu_TimeSource pointer as argument. The TimeSource pointer in
temu_Object has also been updated to this type. This may lead to failed builds if using C++.

To update the models, make sure you pass a temu_TimeSource pointer in place of a temu_Object
pointer to these functions.

As with the introduction of temu_Object pointers in the API of TEMU 3.0.0, to keep compiling without
changes, set the pre-processor flag: TEMU_TYPE_ERASED_POINTERS.

API Additions

• Scheduler Control

◦ temu_runSecs()

◦ temu_step()

◦ temu_stop()

◦ temu_asyncStop()

• Time Conversions

◦ temu_cyclesToSteps()

◦ temu_stepsToCycles()

◦ temu_cyclesToStepsRoundedUp()

◦ temu_stepsToCyclesRoundedUp()

◦ temu_convertToOtherFrequencyTruncated()

◦ temu_convertToOtherFrequencyRoundedUp()
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Deprecations

• temu_EventIface is deprecated.

• The exchange function in temu_MemAccessIface is deprecated and the function will no longer be
called.

• Machine class is deprecated. Note that as the new Scheduler class is not yet supported by the GDB
Server, the Machine will still be around for some time.

Other

• License manager have been reworked a bit. TEMU now requires an explicit installation /
configuration step. The steps are detailed in the user’s manual.

• Time source system simplified and cleaned up.

• GLIBC version requirement raised to 2.29.

1.2. Version 3

1.2.1. TEMU 3.0.9

TEMU 3.0.9 was released on 2023-07-24.

Bug Fixes

• SPWROUTER AMBA port resets not functioning correctly

• GRCAN incorrect memory mapping of sync-registers

• GRIOMMU Register writes should not overwrite read-only bits.

1.2.2. TEMU 3.0.8

TEMU 3.0.8 was released on 2023-07-18.

Bug Fixes

• GDB server not translating addresses using the MMU

• GDB server using deprecated memory interface

• GDB server issuing hwbreak as reasons for a stop, triggering a bug in GDB.

1.2.3. TEMU 3.0.7

TEMU 3.0.7 was released on 2023-06-30.

Bug Fixes

• Add missing GRGPIO registers.
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1.2.4. TEMU 3.0.6

TEMU 3.0.6 was released on 2023-06-20.

Bug Fixes

• Fix SPWROUTER configuration in GR740 configuration file.

• Fix SPWROUTER not supporting resets via AMBA port RS bit.

• Fix issue with interrupts sometimes being delayed to the next event for SPARC targets.

• Fix issue with IRQAMP model missing some registers on the GR740.

• Fix issue in binary translator resulting in interpreted delay slots being skipped by accidentally
chaining the block to the next.

• Improving robustness of some APIs and models with additional null-pointer checks.

1.2.5. TEMU 3.0.5

TEMU 3.0.5 was released on 2023-04-24.

Bug Fixes

• Fix GRCAN IRQ IDs in GR740 configuration file.

• Fix missing GRCAN AMBA P&P updates when configuring IRQ numbers.

• Fix missing GRCAN AMBA P&P updates when mapping devices to memory.

• Fix issue in IRQMP and IRQAMP, with extended main interrupt bits being set incorrectly for
extended interrupts.

Features

• Add receive and transmit tracing code to GRCAN model

1.2.6. TEMU 3.0.4

TEMU 3.0.4 was released on 2023-03-22.

Bug Fixes

• Enable GR740 IRQ remapping in config file

• Fix issue where IRQ remapping would be applied to late in the interrupt chain

Features

• Add ABI level stacktrace command to SPARC processor model

1.2.7. TEMU 3.0.3

TEMU 3.0.3 was released on 2023-03-01.
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Bug Fixes

• Adding AHB2AHB model for the GR740 (it only provides PNP data)

• Adding two extra AHBCTRL devices in the GR740 (memory- and AHB slave I/O buses)

• Adding AHB PNP interfaces for GRIOMMU (master AHB, secondary master AHB and slave AHB
interfaces).

• Aligning default capability register values in GRIOMMU with values from GR740 hardware.
Documented values were incorrect.

• The experimental namespace for the SoC ID and version properties in the AhbCtrl added in
TEMU 3.0.2 has been dropped. Properties should now be named without the experimental tag.

1.2.8. TEMU 3.0.2

TEMU 3.0.2 was released on 2023-02-07.

Bug Fixes

• Fix sometimes incorrect determination of on/off page jumps in the binary translator.

• Fix invalid jump instructions in binary translated code, that could happen if the offset was more
than 2 GiB.

• PikeOS would not boot in TEMU, resolving this by:

◦ Fix device version in AMBA PNP data LEON4 processor core

◦ Adding GRGPREG model. This model is a dummy, but provides the correct PNP info and user
configurable registers.

◦ Adding GRGPRBANK model. This model is a dummy, but provides the correct PNP info and user
configurable registers.

◦ Adding a workaround in AhbCtrl model to expose undocumented SoC ID and version IDs.

Enhancements

• Adding built-in ExecutionProfiler model that can monitor performance metrics over time.

• Adding built-in Sampler model that can sample arbitrary properties over time.

• Adding built-in ScriptSequencer model that can sequence TEMU scripts on specific times.

1.2.9. TEMU 3.0.1

TEMU 3.0.1 was released on 2022-12-19.

Bug Fixes

• Crash in binary translated code due to invalid x86-64 instructions being emitted.

• Move code binary translated code fragment manager from processors to memory system.
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Enhancements

• Increase ATC size from 16 to 512 entries on SPARC targets.

1.2.10. TEMU 3.0.0

TEMU 3.0.0 was released on 2022-11-11.

Features

• Several new models (see Section 1.2.10.2).

• New command line interpreter engine. The CLI has been rewritten with a recursive decent
parser. The new interpreter adds support for:

◦ If-statements

◦ Custom commands via defcmd construct.

◦ C-style single line comments //

◦ Object commands (e.g. cpu0.pregs)

◦ Class commands driven by new meta-class concept. A class can customize the new
command in the meta-class with additional named parameters.

• Experimental new idle loop pattern detection API.

Models

• Bus Models

◦ SPI

◦ PCIe

• GRLIB

◦ IRQAMP

• PowerPC

◦ e500 PowerPC core (including SPE instruction set)

◦ P2020 peripherals

▪ GPIO

▪ eSPI

▪ PCIe

▪ eTSEC Ethernet MAC

▪ DUART

▪ PIC

▪ DDR controller

▪ Coherency module
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Enhancements

• Instruction set interpreters have moved to a pre-decoded dispatch mechanism:

◦ Much higher performance (50% increase observed).

• Adding a binary translation engine, improving performance a further 100%.

Removals

• The legacy event API has been removed

• External class support has been removed. The replacement of this feature is to write wrapper
classes with pseudo properties.

Deprecations

None

1.2.11. TEMU 3.0.0-pre8

TEMU 3.0.0-pre8 was released on 2023-12-11.

Notes

This is a bug fix on the qualified 3.0.0-pre4 release. The release is only intended for users of 3.0.0-
pre4.

Note that 3.0.0-pre5, 6 and 7 were internal testing builds and have not been released publicly.

Bug Fixes

• An issue was addressed when running a powered off processor. Processors in power-off state
could inadvertently exit idle mode without being powered on first.

1.2.12. TEMU 3.0.0-pre4

TEMU 3.0.0-pre4 was released on 2023-09-04.

Notes

This is a bug fix on the qualified 3.0.0-pre0/pre3 release. The release is only intended for users of
3.0.0-pre0/pre3.

Note that 3.0.0-pre1 and 3.0.0-pre2 were internal testing builds and have not been released publicly.

Bug Fixes

• An issue was addressed when running a powered off processor. Processors in power-off state
could inadvertently exit idle mode without being powered on first.

1.2.13. TEMU 3.0.0-pre3
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TEMU 3.0.0-pre3 was released on 2023-05-25.

Notes

This is a bug fix on the qualified 3.0.0-pre0 release. The release is only intended for users of 3.0.0-
pre0.

Note that 3.0.0-pre1 and 3.0.0-pre2 were internal testing builds and have not been released publicly.

Bug Fixes

• The LEON2 interrupt controller was in the case of, re-raising the same interrupt as the
acknowledged one; not immediately triggering the interrupt. Instead it got delayed to the next
event. This issue has now been fixed.

1.2.14. TEMU 3.0.0-pre0.6

TEMU 3.0.0-pre0.6 was released on 2023-11-17.

Notes

This is a bug fix on the qualified 3.0.0-pre0 release. The release is only intended for users of 3.0.0-
pre0.

Note that 3.0.0-pre0.1, 2, 3, 4, and 5 were internal testing builds and have not been released publicly.

Bug Fixes

• In certain cases, level triggered interrupts would not be cleared after lowering them. Potentially
resulting in an extra spurious interrupt being taken.

1.2.15. TEMU 3.0.0-pre0

TEMU 3.0.0-pre0 was released on 2022-04-12.

Features

• New command line interpreter engine. The CLI has been rewritten with a recursive decent
parser. The new interpreter adds support for:

◦ If-statements

◦ Custom commands via defcmd construct.

◦ C-style single line comments //

◦ Object commands

◦ Class commands driven by new meta-class concept. A class can customize the new
command in the meta-class with additional named parameters.

◦ In-place snapshot restore without recreating objects

TEMU: Release Info
Doc. no: TERMA/SPD/63/TEMU/RELNOTES
Rev. no: latest

PUBLIC

Page 13 of 52

The use and/or disclosure,etc. of the contents of this document (or any part thereof) is subject to the restrictions referenced on the front page.



Models

• Data Buses

◦ PCIe

◦ SPI

• GRLIB

◦ GRIOMMU

◦ IRQAMP

• PowerPC

◦ e500 PowerPC core (including SPE instruction set)

◦ P2020 peripherals

▪ GPIO

▪ eSPI

▪ PCIe

▪ eTSEC Ethernet MAC

▪ DUART

▪ PIC

▪ DDR controller

▪ Coherency module

• Integration Support

◦ DeviceIDIntegrator

Enhancements

• Instruction set interpreters have moved to a pre-decoded dispatch mechanism:

◦ Much higher performance (50% increase observed).

• Many functions now take and return temu_Object* instead of void*. This means that some code
in C++ may fail building. The old behavior can be enabled conditionally by setting the compiler
definition: TEMU_TYPE_ERASED_OBJECTS=1 when building code using the TEMU API.

Removals

• The legacy event API has been removed

• External class support has been removed. The replacement of this feature is to write wrapper
classes with pseudo properties.

Deprecations

None

TEMU: Release Info
Doc. no: TERMA/SPD/63/TEMU/RELNOTES
Rev. no: latest

PUBLIC

Page 14 of 52

The use and/or disclosure,etc. of the contents of this document (or any part thereof) is subject to the restrictions referenced on the front page.



1.3. Version 2

1.3.1. TEMU 2.3.9

TEMU 2.3.9 was released on 2024-01-23.

Bug Fixes

• CAN_OC incorrectly cleared the Clock Divider Register, when the chip entered reset mode (not
to be confused with a device reset).

1.3.2. TEMU 2.3.8

TEMU 2.3.8 was released on 2023-12-21.

Bug Fixes

• CAN_OC reset values not reflecting CAN_OC but SNJ1000

1.3.3. TEMU 2.3.7

TEMU 2.3.7 was released on 2023-11-17.

Bug Fixes

• CAN_OC PeliCAN dual-filter mode was not correctly implemented

1.3.4. TEMU 2.3.6

TEMU 2.3.6 was released on 2023-07-10.

Bug Fixes

• Double transactions issued during byte-read/write decays.

• B1553BRM mode code support added

1.3.5. TEMU 2.3.5

TEMU 2.3.5 was released on 2022-07-26.

Bug Fixes

• #121 LEON2 timer underflow value not as documented in COLE/CREOLE configuration.

• #122 SPARC interrupts could sometimes be delayed due to an incorrect PIL check.

1.3.6. TEMU 2.3.4

TEMU 2.3.4 was released on 2022-06-09.
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Bug Fixes

• #114 LEON2 interrupt controller pending / mask not correctly used

1.3.7. TEMU 2.3.3

TEMU 2.3.3 was released on 2022-06-03.

Bug Fixes

• #113 Mode code transfer support for BC mode of B1553BRM model

1.3.8. TEMU 2.3.2

TEMU 2.3.2 was released on 2022-05-20.

Enhancements

• #101 Remote Terminal mode for the B1553BRM device model

1.3.9. TEMU 2.3.1

TEMU 2.3.1 was released on 2022-05-03.

Bug Fixes

• #106 Missing plug-and-play info for B1553BRM device

• #107 Missing examples in GR712RC sysconfig file for instantiating the B1553BRM

1.3.10. TEMU 2.3.0

TEMU 2.3.0 was released on 2022-05-02.

Models

• #86 B1553BRM Bus Controller. Adding model of the B1553B BC used in the GR712RC.

Features

• Support bus inhibit for MILBUS API. It is possible to flag which bus a transaction is not sent to,
and to inhibit bus A or bus B in the bus model.


API compatibility is provided via the temu_mil1553Create family of functions.
Manual initialization of 1553 transactions is supported if they are properly zero-
initialized (e.g. using memset or C-initialization).

1.3.11. TEMU 2.2.17

TEMU 2.2.17 was released on 2022-03-29.
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Bug Fixes

• !115 SPARC GPR snapshots. Restoring the GPRs could potentially override adjacent data in
virtual CPU.

• #96 Erroneous window count in LEON3 / LEON4 %asr17 register. Adjusting field to reflect
reality instead of processor documentation.

1.3.12. TEMU 2.2.16

TEMU 2.2.16 was released on 2021-12-17.

Bug Fixes

• #85 Crash when restoring snapshot containing a GenericCache model.

1.3.13. TEMU 2.2.15

TEMU 2.2.15 was released on 2021-11-26.

Bug Fixes

• #82 AHBSTAT failing address register not updated on access to absent memory.



In order to enable the support for the FAILAR fixes in your customized processor
scripts, connect the memory space absentHandlers property to the
AbsentMemoryIface interface in AHBSTAT. This can be done by adding a line as
follows to the config script: connect a=mem0.absentHandlers
b=ahbstat0:AbsentMemoryIface.

1.3.14. TEMU 2.2.14

TEMU 2.2.14 was released on 2021-10-14.

Bug Fixes

• #79 CAN_OC self-test mode not supported.

1.3.15. TEMU 2.2.13

TEMU 2.2.13 was released on 2021-09-22.

Bug Fixes

• #76 References to entries in interface arrays cannot be snapshotted/checkpointed.

1.3.16. TEMU 2.2.12

TEMU 2.2.12 was released on 2021-09-14.
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Bug Fixes

• #75 LEON2 interrupt controller should support configurable level / edge triggering.

1.3.17. TEMU 2.2.11

TEMU 2.2.11 was released on 2021-07-07.

Bug Fixes

• #66 ApbUart infinite speed mode sets status bits it should not.

• #67 GpTimer warnings over scaler limits generating false positives.

• #70 LEON2 external / GPIO interrupts not correctly modelled.

• #72 ATC not cleared on CPU resets.

1.3.18. TEMU 2.2.10

TEMU 2.2.10 was released on 2021-04-30.

Bug Fixes

• #60 Memory space passes wrong object when decaying block reads to memory transactions.

• #61 IRQMP force interrupts should clear the ext int ack register in certain cases.

• #62 Do-not-exit-at-halt mode does not advance time correctly

1.3.19. TEMU 2.2.9

TEMU 2.2.9 was released on 2021-04-19.

Bug Fixes

• #58: IRQMP extended interrupts not taken if master interrupt masked.

1.3.20. TEMU 2.2.8

TEMU 2.2.8 was released on 2021-04-07.

Bug Fixes

• #56: Address issues with IRQMP extended interrupts.

1.3.21. TEMU 2.2.7

TEMU 2.2.7 was released on 2021-03-18.

Bug Fixes

• #50: Expose GRGPIO pin mask (to adjust the number of GPIO pins) as configuration property.
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1.3.22. TEMU 2.2.6

TEMU 2.2.6 was released on 2021-03-15.

Bug Fixes

• #24: Missing CLKDIV register in GRSPW2 model

Enhancements

• #45: Accept TEMU3 licenses in TEMU2

1.3.23. TEMU 2.2.5

TEMU 2.2.5 was released on 2021-01-06.

Bug Fixes

• Regression for #23: Excessive GR1553 logging

1.3.24. TEMU 2.2.4

TEMU 2.2.4 was released on 2020-11-20.

Bug Fixes

• #29: Incorrect null-check in memory space

1.3.25. TEMU 2.2.3

TEMU 2.2.3 was released on 2020-11-09.

Bug Fixes

• #29: Possible crash when fetching instructions from an MMIO device without fetch handlers.

1.3.26. TEMU 2.2.2

TEMU 2.2.2 was released on 2020-10-13.

Bug Fixes

• #26 LEON2 timer problem near overflow

• #27 Expose stickyBits flag in CPU for resume on halt support

1.3.27. TEMU 2.2.1

TEMU 2.2.1 was released on 2020-06-22.

Bug Fixes
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• Excessive GR1553 logging (23)

1.3.28. TEMU 2.2.0

TEMU 2.2.0 was released on 2020-06-18.

New Models

• PowerPC architecture support

◦ Added PPC750 CPU core model

• ARMv7-R architecture support

◦ ARMv7-R CPU core model.

◦ Cortex-R4 based memory controller.

◦ Sysconfig file for TMS570LC43.

◦ TMS570 VIM, SCI-LIN and RTI device models

• MIL-STD-1553 support is starting to stabilise, it is still however marked as experimental until it
has been properly tested by more third parties implementing bus controller and remote
terminal models.

• SpaceWire models added (GRSPW, GRSPW2, GRSPWROUTER)

• CAN models added (SimpleCANBus, CAN_OC, GRCAN)

• Ethernet models added (GRETH, GRETH_GBIT)

New Features

• Command API added. In T-EMU 2.1 and earlier, there was no user exposed API for adding
custom commands the only way to do this was an internal C++-API which was/is not exposed to
the user. We now provide a C and Python API to create user commands.

◦ Additional functions added to temu-c/Support/CommandLine.h

◦ Added Python API for creating commands using kwarg syntax. the raw API can be accessed
with import temubuiltins (at the moment).

◦ ELF Symtab API added. The API supports loading and querying the symbol tables in an ELF
file. The symtabs are useful as fallback if DWARF info is not available.

◦ DWARF support extended and source level debugging commands added.

Changes

• Rebased to LLVM 6.0 (internal change)

• A lot of activity has been on internal cleanup.

• The emulator generator support tool has been rewritten and is a lot simpler now. This paves the
way for more advanced interpretation methods and binary translation further on in time. CPUs
should otherwise remain identical to their function. This is an internal change and does not
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have an impact on the end user.

• GDB C++ API is removed, replaced with plain C-API.

• Python API is reorganised. Please update your Python scripts with the new module paths
(temu.c.xxx) insead of temu.xxx.

◦ temu.c.xxx will keep the raw wrappers over the C-api.

◦ temu.xxx (not including temu.c) will provide a more native and natural Python API when
implemented.

◦ Replacing GDB Server C++ API with C99 API, old headers have been deleted.

◦ POTENTIALLY BREAKING API CHANGE: Event API is rewritten, the old one is there and is
compatible with the new one, except for the event registration function (which should be
replaced with temu_publishOldStyleEvent) which now takes a source object pointer. The
event publication is with the new API mandatory before posting an event (previously, it was
technically only needed for checkpointing support). Users should move to the new style
events as soon as possible. These events are preallocated when models are allocated and a
lot faster than the old style events. The old style event API is marked as deprecated and it
will be removed in a later release. Although, while the old style event API is still there, it has
been renamed LegacyEventIface in the code. Thus, when you rebuild your models you must
make a decision on either sticking with the deprecated legacy API or moving to the new API.
New API is based on a function interface, and it is no longer needed to handle the writing of
a queue property in a special way to register events. To post an event use the
temu_eventPostXXX() functions (where XXX at present is Cycles, Nanos and Seconds).

Deprecations

• Old / legacy event API is deprecated, will be removed in TEMU 3.0

1.3.29. TEMU 2.1.0

TEMU 2.1.0 was released on 2015-11-12.

New Features

• Command Line Interface Improvements:

◦ Variable support, these can be used as parameters to commands. They are set using the var-
set command or by assigning them using VAR=VALUE syntax.

◦ Default variables can now be taken by some commands. Current default variables include
DEFAULT_CPU (used by some CPU commands, e.g. register set and inspection commands),
DEFAULT_MACHINE (used by some machine commands) and DEFAULT_RUNNABLE (used by
the run, step and time commands). System configs have been updated to assign these
variables.

• Experimental DWARF support. When loading an ELF file, it is possible to add the parameter
dwarf=1, this enables experimental DWARF parsing (and a whole lot of terminal output
dumping the DWARF records). Currently, there is support in the disassembler command where
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instead of an address, it is possible to specify func=name, where name is the name of the
function to disassemble. E.g: "dis cpu=cpu0 func=main" will dissassemble the main function.
Note as this feature is experimental, it is likely that there are bugs (e.g. incorrect parsing,
memory leaks, etc), and many parsing errors are currently handled with assert().

• Added a non-time-based event API. This is used to issue for example trap taken events that the
user can intercept. Currently, the following events are defined 'temu.cpuErrorMode',
'temu.cpuTrapEntry' and temu.cpuTrapExit'. Note that there isn’t any standard reporting of
these (except the error mode event) and the user should provides his own event handlers in
that can report the events.

• Added GUI based console. A problem with the inline serial console was that it was printing too
much info in the T-EMU console window when booting systems with lots of output like Linux.
There is now a graphical user interface console with rudimentary VT100 support that also
supports console input. This keeps your emulator command window clean from serial output.
The GUI console does not log traffic at the moment.

• GdbServer now available. The GdbServer is available as firstly a library, secondly through a
stand-alone tool (temu-gdbserver) and thirdly as a command in the temu command line
interface. Note that it is available as a C library, and C libs in the emulator are not seen as API
stable. A stable C library may be made available later if there is need for one.

• Adding Python scripting support to command line interface.

• Adding cache emulation support. Note that unlike hardware, emulating a cache will slow down
the emulation. The cache emulation interfaces and a generic cache model are available through
libTEMUMemory. The cache APIs exist to allow the user to do detailed performance analysis
and estimate the impact from running with and without caches. Note, that for normal usage, it
is best to emulate caches by setting the average waitstates on the RAM and / or ROM models.

◦ LEON2, 3 and 4 now support caches in the CPU models. Caches are optional and you do not
pay for something that is not used.

◦ LEON2SoC is now working as a cache controller to keep taps on flushing bits.

Changes

• CPU Changes

◦ SPARCv8

▪ LEON4

▪ Add support for NGMP reset values

• Rebased to LLVM 3.7, giving around 10% performance improvements.

• Added some custom LLVM optimisation passes (2-3 % extra performance).

Deprecations

• Logging function temu_logCritical() is deprecated. It is renamed as temu_logFatal()` to more
clearly illustrate the intent.

• temu_MemoryKind is no longer used. The enum will be removed later.
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• temu_MemoryMapIface is deprecated. The interface is no longer used and the function interface is
preferred. At present users should not implement their own memory spaces. This may change
in the future, but at the moment, all fields in the interface are deprecated and the interface will
be removed in the future.

1.3.30. TEMU 2.0.2

TEMU 2.0.2 was released on 2015-09-03.

Bug Fixes

• License key verification problems.

1.3.31. TEMU 2.0.1

TEMU 2.0.1 was released on 2015-08-28.

Bug Fixes

• Read and write watchpoints were not detected in some cases

• DEB-packages now define architecture.

1.3.32. TEMU 2.0.0

TEMU 2.0.0 was released on 2015-08-21.

Bug Fixes

• Typesafe wrappers for temu_ifaceArrayDispose (see temu-c/Support/Objsys.h) were passing the
wrong pointer to the dispose function.

• Several other issues discovered in 2.0-pre.

New Features

• Machine class

• temu_Object root type added

Changes

• SPARCv8

◦ Events are triggered when they expire, even if the CPU is halted

◦ Supports machine synchronized events

◦ LEON4

▪ Adding partial wrpsr instruction support (SPARCv8-E extension)

• Devices
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◦ All devices inherit from temu_Object

◦ GpTimer now posts synchronized timer events

• API

◦ Adding extra flags argument to event posting function

◦ Machine interface is now public

1.3.33. TEMU 2.0-pre

TEMU 2.0-pre was released on 2015-05-27.

New Features

• Processor Models

◦ ERC32

◦ LEON2

◦ LEON3

◦ LEON4

• Devices

◦ MEC

◦ LEON2-on-chip-devices

◦ GRLIB AhbCtrl

◦ GRLIB ApbCtrl

◦ GRLIB ApbUart

◦ GRLIB IrqMp

◦ GRLIB GpTimer
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Chapter 2. Licenses

2.1. TEMU License
The Terma Emulator (TEMU) is the intellectual property of Terma. It is provided under a license
that should be provided to you when requesting a license key or downloading the software.

TEMU is part of the Terma Ground Segment Suite (TGSS) and the general TGSS license applies to
TEMU.

The license is provided at: https://www.terma.com/space/ground-segment/terma-ground-segment-
suite/ A non-authoritative copy is also provided here for your convenience. In case of differences
the license found at the Terma website takes precedence.

 Without a valid license key, you do not have a right to use the software.

The licenses for third party products that may be bundled or included in TEMU are included in this
document.

2.2. TGSS General License



This is a non-authoritative copy of the official license available at
https://www.terma.com/space/ground-segment/terma-ground-segment-suite/. The
license at the Terma website takes precedence over this document in case of
differences.

This Software License Agreement is a binding contract between Terma and Licensee.



The Software and the Documentation remain the property of Terma and relevant
third-parties. By clicking on the “accept” button at the end of this document or by
accessing, executing or otherwise using the Software, Licensee acknowledges to
have read and understood this Agreement, and agrees to be bound by its terms. If
Licensee is not willing to be bound by the terms of this Agreement, the Software
may not be accessed or used.

2.2.1. Definitions

As used in this Software License Agreement, the following terms shall have the following meaning:

“API”

means Application Programming Interface.

“Agreement”

means this Software License Agreement

“Day”

means a calendar day according to the Gregorian calendar.
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“Documentation”

means all documentation and other materials related to the Software and provided by Terma,
including manuals, help files and other instructions, specifications, documents, and materials
that describe the functionality, installation, testing, operation, use, maintenance, support,
technical features, or requirements of the Software.

“Effective Date”

has the meaning assigned to this term in Clause 5.1

“End User”

means Licensee or employees of Licensee (whether named or not), for whom Licensee has
rightfully obtained a License to use or access the Software regardless whether the individual is
actively using the Software at any given time.

“Intellectual Property Rights”

means inventions, patents, patent applications, trademarks, service marks, trade names, domain
names, registered designs, unregistered design rights, copyrights, know-how, trade secrets and
rights in confidential information, and all and any other intellectual property rights, whether
registered or unregistered, and including all applications and rights to apply for any of the same.

”License”

means a machine bound license allowing the Software to be loaded onto no more than one
computer at a time. Transfer of the License from one machine to another can be done inside the
tool or via the dedicated product support site accessed through https://tgss.terma.com and
requires that the Software is uninstalled from the previous machine.

“Licensee”

means an entity or person intending to download, install or otherwise use the Software in
accordance with the terms of this Agreement.

“Party”

means Terma or Licensee individually.

“Parties”

means Terma and Licensee collectively.

“Release”

means any subsequent update(s) of the Software, including error corrections and/or
improvements, made available by Terma to those Licensees having in place an active Software
support and maintenance agreement with Terma.

“Software”

means the Terma owned computer software program(s) purchased by Licensee and for which
this Agreement applies as well any related Documentation and subsequent Releases.
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“Terma”

means Terma B.V., a company incorporated under the laws of The Netherlands with its
registered address at Schuttersveld 9, 2316XG Leiden, The Netherlands.

“Terma A/S”

means Terma A/S, a company incorporated under the laws of the Kingdom of Denmark with its
registered address at Hovmarken 4, DK-8520 Lystrup, Denmark.

“Terma Group”

means the group of affiliated entities either controlled by Terma A/S or under the ultimate
control of the same entity which controls Terma A/S.

“TGSS”

means Terma Ground Segment Suite tools.

2.2.2. License grant

2.1 The Software is licensed, not sold. Subject to the terms and conditions set forth in this
Agreement, Terma hereby grants to Licensee a non-exclusive, perpetual, limited, non-transferable
license to install and use the Software in accordance with the Documentation, provided that the
corresponding License fee has been received in full by Terma.

2.2 Delivery of the Software shall be made by electronic means and such delivery shall be deemed
to have been made upon Terma making the Software available to Licensee for download or by
providing Licensee with a license key for such usage. Licensee shall be sole responsible for the
installation, supervision, management and control of its use of the Software, including, without
limitation, assuring proper machine configurations, audit controls, security and operations
methods.

2.3 For each License acquired by Licensee, Terma will provide Licensee with one (1) object code,
machine-readable version of the Software together with access to a complete set of relevant user
documentation in electronic form.

2.4 Copies. Licensee may make one (1) copy of the Software in executable code form, or such
additional copies of the Software as may be agreed to by Terma in writing, for archival or backup
purposes. All archival or backup copies of the Software are subject to the provisions of this
Agreement, and all titles, trademarks, legends, and copyright notices shall be reproduced in
unmodified form in such copies. Licensee agrees to maintain records of the location and use of
each copy, in whole or in part, of the Software.

2.5 Configuration. Licensee may configure the Software using the configuration tools or
configuration functionality made available by Terma together with or as part of the Software.

2.6 Combination. Licensee acquires the right to combine the Software through the published APIs, if
any, with other software products, provided that the Software or such portions thereof included in
such derivative software product remains subject to the provisions of this Agreement.
Furthermore, it is a condition that the software being combined with the Software is not subject to
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freeware or open-source software licenses or similar terms, if these in any way inflict with or are
contrary to this Agreement or Terma’s rights.

2.7 Restrictions. Licensee agrees not to perform, cause the performance of or permit the reverse
engineering, disassembly or de-compilation of the Software.

2.8 Third-party components. Licensee acknowledges that certain third-party software (including
commercial, open-source and freeware software) for which additional terms apply may be
incorporated in the Software. Current information about the additional terms are set forth in the
relevant Documentation provided by Terma. Licensee’s ability to use third-party software included
in the Software is subject to Licensee agreeing to the licensing terms of such third-party software.

2.9 European Space Agency (ESA) Software. In addition to the above, where the third-party software
includes (or consists of) ESA software, Licensee’s ability to use the Software is subject to Licensee or
Terma (as the case may be) obtaining an ESA license applicable to the specific End-User. For
purposes hereof, ESA may require additional information from Licensee, including but not limited
to the nature of the project where the Software will be used. In such case(s), Licensee commits to
support Terma as necessary in order for Terma to apply for such ESA license. Software which
includes ESA software cannot be delivered before the ESA license has been obtained, which
normally takes 2-4 weeks. See table Table 1 for an overview of which Software has ESA software
included. For more information on licensing of ESA Software, please use the following link:
http://www.esa.int/Enabling_Support/Operations/gse/
ESA_operations_software_licensable_products_-_overview.

2.2.3. Sublicensing, Assignment and Transfer

3.1 The rights granted herein are personal to Licensee, are restricted for use solely by Licensee and
may not be assigned, transferred, or sublicensed, in whole or in part, to any third party without the
prior written authorization of Terma. Licensee shall not make the Software or any part thereof
available to any third party without Terma’s prior written authorization. The aforementioned shall
not prevent Licensee from having a third party operate the IT system on which the Software is
installed, provided, however, that such third party are bound by confidentiality obligations not less
stringent than those stipulated in Clause Section 2.2.11. Any such arrangement remains Licensee’s
sole responsibility.

3.2 Terma may assign or transfer its rights and obligations under the Agreement at any time
without the approval of Licensee.

2.2.4. Verification

4.1 By accepting this Agreement, Licensee warrants that Licensee will use only the number of
Licenses acquired and paid for under the Agreement and otherwise use the Software in strict
conformance with the terms herein. Upon Terma’s reasonable request, Licensee shall provide
Terma with a signed statement warranting and reasonably documenting that the Software is being
used only in the number of Licenses acquired and paid for by Licensee and in accordance with the
Agreement.
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4.2 If at any time the number of Licenses installed exceeds the number of Licenses purchased,
future license and support and maintenance fees are adjusted accordingly (according to Terma’s
then applicable price list), and Licensee will pay Terma a sum equal to the standard License fees
and standard support and maintenance fees covering the unlicensed installations during the period
from their respective installation.

2.2.5. Term and Termination

5.1 The Agreement shall come into effect upon the first to occur of the following events:

i. when the Agreement is accepted by Licenses(by clicking on the “accept” button at the end of this
document) or

ii. Licensee’s use of the Software (the “Effective Date”).

Licenses granted hereunder shall remain in effect perpetually (unless terminated according to
Clause 5.2 or if otherwise agreed in writing between the Parties).

5.2 Terma may terminate the Agreement or any License upon written notice to Licensee if Licensee
becomes in breach of the Agreement and fails to remedy such breach within thirty (30) Days
following Terma’s written notice.

5.3 Termination of the Agreement or any License shall not prevent either of the Parties from
pursuing any other remedies available to it, nor shall such termination relieve Licensee’s obligation
to pay all fees that have accrued prior to such termination.

5.4 If a License granted under this Agreement terminates, for whatever reason, Licensee shall: (a)
cease using the Software, and (b) certify to Terma within one (1) month after termination that
Licensee has destroyed or has returned to Terma the Software and all copies hereof. This
requirement applies to copies in all forms, partial or complete, on all types of media and computer
memory, and whether or not modified or merged into other materials.

2.2.6. Intellectual Property Rights

6.1 All Intellectual Property Rights in the Software are owned or licensed by Terma and shall
remain the property of Terma or Terma’s third party vendor(s) (as applicable). Any rights granted
to Licensee and/or the End User are licensed, not sold. Neither Licensee nor the End User acquires
any Intellectual Property Rights under the Agreement.

6.2 Neither Licensee nor any of its affiliates in any country shall attempt to register any of the
trademarks or trade names held or used by Terma or any combination of similar words or phrases.

6.3 Terma retains all Intellectual Property Rights in all Documentation, user guides and other
materials provided with the Software.

6.4 Licensee may copy Documentation for internal use provided that Terma’s copyright notice and
name is not removed. Licensee shall only acquire such rights in the Software as are expressly stated
in the Agreement, and Licensee does not acquire any rights of ownership or rights to sub-license,
lend or lease the Software to any third party unless Terma has provided its prior written approval.
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6.5 Terma shall indemnify Licensee against third party claims that the Software licensed and used
within the scope of the Agreement infringes a proprietary right, patent, trademark, copyright, etc.,
occurring in The Netherlands and/or Licensee’s country (each a “Claim”), provided that:

Terma be promptly notified in writing of any such Claim or action; Terma be allowed to retain
control over any litigation proceedings regarding such Claim or action; Terma be rendered such
assistance from Licensee as may be required in connection with the settlement or contesting of
such Claim or action; the Software has been used for the specific use for which Terma supplied the
same; the infringement is not due to Terma having followed a design or instruction furnished by
Licensee; the infringement is not caused by use of a superseded or altered Release if such
infringement would have been avoided by the use of a current, unaltered Release that Terma
provides to Licensee; the infringement is not caused by the combination or use of the Software with
materials not furnished by Terma if such infringement would have been avoided by use of the
Software alone; the infringement is not based on Licensee’s negligence or willful misconduct.

6.6 Terma shall not be bound by any settlement or agreement made, accepted or otherwise
approved by Licensee (whether in or out of court) regarding a Claim, nor any costs, damages,
losses, etc. associated therewith, unless Terma has provided its express written approval of such
settlement or agreement.

6.7 If, due to a Claim, Licensee is enjoined from using the Software, Terma will, as soon as is
reasonably possible, using all reasonable efforts and at its expense, do one of the following: (a)
modify the Software to be non-infringing; or (b) procure for Licensee the right to continue using the
Software free from any liability for that infringement; or (c) terminate the License (and any related
support and maintenance) for the infringing Software and return to Licensee the License fees paid
to Terma for acquiring such Software. Terma disclaims all other liability for violation,
misappropriation or infringement of intellectual property rights and further disclaims any liability
for incidental or consequential damages relating thereto.

2.2.7. Warranty

7.1 Unless otherwise expressly provided for in the Agreement, the Software is provided without
warranty of any kind.

7.2 As part of the license fee, Terma will provide support and maintenance with respect to the
Software for a period of one (1) year following the Effective Date or for such other period as may be
agreed to by Terma in writing. The support and maintenance will include corrective maintenance,
telephone and e-mail support (during Terma’s normal working hours), and access to new Releases
or bug fixes (as such may be offered by Terma from time to time). If Licensee desires to continue
the support and maintenance agreement beyond the initial one (1) year period, annual/multi-year
extensions to the support and maintenance agreement can be purchased either at the time of
purchase of the License or prior to the expiration of the initial one (1) year support and
maintenance period. Upon Licensee’s written request minimum three (3) months in advance,
Terma may (at its sole discretion) offer Licensee to reactivate a previously expired or terminated
support and maintenance agreement. Such notice shall include the effective date of the reactivation
(“Reactivation Date”). The reactivation is subject to Licensee paying a reactivation fee calculated as
the accumulated amount that Licensee would have paid as regular support and maintenance fee as
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per the Reactivate Date had Licensee been signed up to the support and maintenance up until this
date without interruption, less an amount equal to what Licensee has actual paid in regular
support and maintenance fee.

7.3 Licensee accepts the Software “as is”. Terma does not warrant that the Software will meet
Licensee’s requirements or operate in the combinations which may be selected for use by Licensee,
that the operation of the Software will be uninterrupted or error free, or that all Software errors
will be corrected. Unless otherwise expressly stated in the Agreement, Licensee assumes full
responsibility for the selection of the Software to achieve its intended purposes, for the proper
installation and use of the Software.

7.4 No warranty under this Agreement applies if the Software has been modified or misused.

7.5 UNLESS OTHERWISE EXPRESSLY STIPULATED IN THE AGREEMENT NO OTHER WARRANTIES
ARE PROVIDED, EXPRESS OR IMPLIED, WHETHER ORAL OR WRITTEN, WITH RESPECT TO THE
SOFTWARE FURNISHED PURSUANT TO THIS AGREEMENT, AND THIS AGREEMENT EXPRESSLY
EXCLUDES, WITHOUT LIMITATION, IMPLIED WARRANTIES OF MERCHANTABILITY, OR OF FITNESS
FOR A PARTICULAR PURPOSE, NON-INFRINGEMENT, OR ARISING FROM A COURSE OF
PERFORMANCE OR DEALING, OR FROM USAGE OR TRADE. IN ADDITION, TERMA EXPRESSLY
DISCLAIMS ANY WARRANTY OR REPRESENTATION TO ANY PERSON OTHER THAN LICENSEE WITH
RESPECT TO THE SOFTWARE OR ANY PART THEREOF.

2.2.8. Limitation of Liability

8.1 In no event regardless of any negligence shall Terma be liable, in contract, tort (including
negligence and strict liability) or otherwise howsoever, and whatever the cause thereof,

i. for any direct loss of profit, business, contracts, revenues, wasted expenditure, anticipated
savings, loss of data including their re-establishment or loss of goodwill or

ii. for any special (including multiple or punitive), indirect or consequential losses or damages of
any nature whatsoever. Terma’s total accumulated liability for damages related to the Software
or any transaction contemplated herein shall in no event exceed the License fee actually paid by
Licensee for the Software, however not more than EUR 100,000.

2.2.9. License Fee

9.1 The License fee payable by Licensee for use of the Software will cover the Software License, and
support and maintenance agreement as provided in Clause 7.2 of this Agreement.

9.2 Licensee is not entitled to download or use the Software until the License fee has been paid in
full.

9.3 Unless otherwise stated, the License fee does not include taxes. If Terma is required to pay
import, sales, use, property, value added, withholding or other taxes based on the Licenses granted
or services rendered under the scope of the Agreement or on Licensee’s use of the Software, then
such taxes shall be invoiced to and paid by Licensee. The aforementioned shall not apply to taxes
based on Terma’s income.
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2.2.10. Export Control

10.1 The Software may be subject to export restrictions of governments of multiple jurisdictions,
and such restrictions may apply to Licensee and pose important legal requirements as to the use,
handling and disposal of the Software. See table Table 1 for an overview of export control
restrictions applying to the Software. Table Table 1 is for information purposes only and Licensee is
encouraged to seek current information from Terma in order to make sure that Licensee
understands what export restrictions apply to the specific Software acquired by Licensee.

10.2 Licensee undertakes to comply with all applicable export regulations and expressly represents
to observe each and every requirement with regard to use, handling and disposal. Specifically, if
the Software requires an export license, it may require that Licensee provides the following to
Terma in order for Terma to apply for any pre-requisite export license:

i. an International Import Certificate prior to delivery and a Delivery Verification Certificate (DVC)
from the relevant national authorities, to confirm delivery of the Software. In such cases,
Licensee expressly undertakes to obtain such documents at the request of Terma and
specifically undertakes to obtain the DVC as soon as possible and no later than sixty (60) Days
after delivery has been completed and forward the original document to Terma within said
timeframe;

ii. an End User Statement from the relevant national authorities. In such cases Licensee expressly
undertakes to obtain or issue (as applicable) such document at the request of Terma and
forward such original document to Terma; or

iii. a Statement of Supply from Licensee. In such cases Licensee expressly undertakes to obtain or
issue (as applicable) such document at the request of Terma and forward such original
document to Terma.

2.2.11. Confidentiality

11.1 Each Party (as a “Receiving Party”) undertakes to keep in confidence and not to transfer or
convey to any third party any proprietary and/or technical information, including technical
information, software products, business plans, marketing plans, future potential business
relationships, and/or financial information of the other Party (as a “Disclosing Party”), or other data
which the Disclosing Party treats as company private and which is identified in writing as
proprietary at the time of disclosure or which, in case of orally disclosed information, is identified
as proprietary at the time of disclosure and is reduced to writing within thirty (30) Days thereafter
(hereinafter referred to as “Proprietary Information”).

11.2 The obligation of confidentiality, cf. Clause 11.1 shall not apply to the extent that information:
has been published or was otherwise publicly known when disclosed by the Disclosing Party; was
in the possession of the Receiving Party free of any obligation of confidence when disclosed to it;
was dispersed into the public domain through no fault of the Receiving Party; or is disclosed by the
Receiving Party pursuant to governmental or judicial order or request provided that the Receiving
Party shall, whenever practicable, promptly notify the Disclosing Party. The Receiving Party shall
co-operate to all reasonable extents with the Disclosing Party in contesting such order or request.

11.3 The Proprietary Information disclosed shall be and remain the property of the Disclosing Party.
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11.4 The Proprietary Information shall not be used by the Receiving Party for any purpose except as
specifically required by the Agreement and shall only be disclosed within the organization of the
Receiving Party to employees with a need to know and who are bound by obligations of strict
confidentiality. Subject to the limitations in the foregoing, Terma may share Licensee Proprietary
Information with other parts of the Terma Group strictly for purposes of Terma’s performance of
its obligations pursuant to the Agreement.

11.5 Upon completion or termination of the Agreement all such Proprietary Information (including
copies) shall be promptly destroyed or returned to the Disclosing Party upon written request. If
destruction is requested, the Receiving Party shall provide written certification of compliance
within thirty (30) Days of such request.

11.6 The undertakings according to this Clause Section 2.2.11 are not limited in time and shall
remain in effect also in case of the termination of the Agreement by any Party for any reason
whatsoever.

2.2.12. Miscellaneous

12.1 Notices. Any notice by one Party to the other Party under this Agreement must be sent by post,
fax, e-mail with delivery receipt or by hand to the person and address designated in the Agreement
or such other person and address as may be advised in writing for the purposes of the Agreement.

12.2 No representation. It is understood that Licensee is not an agent of Terma and has no authority
to and shall not enter into any agreements on Terma’s behalf or in Terma’s name, make any
warranties or representations with respect to the Software or otherwise bind Terma to any
obligation.

12.3 Severability. In the event any provision of this Agreement is held to be invalid or
unenforceable, the remaining provisions of the Agreement will remain in full force and effect.

12.4 Waiver. The waiver by either Party of any default or breach of this Agreement shall not
constitute a waiver or any other or subsequent default or breach.

12.5 Entire Agreement. This Agreement represents the entire agreement between the Parties
regarding the Software and supersedes all previous agreements or representations, written or oral,
with respect hereto. This Agreement may not be modified or amended except in writing signed by a
duly authorized representative of each Party. It is expressly agreed that any terms and conditions of
any purchase order, order confirmation or other document submitted by either party conflicting
with the terms and conditions of this Agreement shall be of no force and effect, and that the terms
and conditions of this Agreement shall prevail unless otherwise expressly agreed to in writing by
the Parties. A Party’s failure to object to provisions contained in any such purchase order, order
confirmation or other document shall not be construed as a waiver of the terms of this Agreement
nor an acceptance of any such provisions.

12.6 Force Majeure. Terma shall not be liable for any delay or failure in performing hereunder if
caused by factors beyond its reasonable control, such as acts of God, acts of any government,
pandemic or epidemic, war or other hostility, civil disorder, the elements, fire, explosion, power
failure, equipment failure, failure of telecommunications or Internet services, industrial or labor
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dispute, inability to obtain necessary supplies and the like.

12.7 Point of Contact. On purchase of a License, Licensee agrees to storage of contact details for a
specific point of contact, which includes an email address of Licensee’s choosing. Terma may use
this contact point exclusively for the purpose of providing technical or administrative support to
Licensee, as relevant to its purchase.

2.2.13. Governing Law and Venue

13.1 The Agreement shall be governed by and interpreted in accordance with the laws of The
Netherlands, excluding its conflict of law provisions.

13.2 Any dispute or claim arising out of or in connection with the Agreement, or the breach,
termination, or invalidity thereof, shall be settled by The International Chamber of Commerce in
accordance with the rules of arbitration procedure adopted by The International Chamber of
Commerce at the time when proceedings are commenced. The arbitration tribunal shall be
composed of a sole arbitrator. The arbitrator shall be appointed by the arbitration institute. The
arbitrator and the legal counsels of the Parties shall be fluent in English. The place of arbitration
shall be The Hague, The Netherlands. The language of the arbitration shall be English. The
decision(s) of the arbitration tribunal shall be final and binding upon the Parties.

13.3 Notwithstanding the above, Terma shall have the right to undertake legal proceedings and to
obtain provisional or ancillary remedies in a court of competent jurisdiction or other appropriate
authority before, after, or during the pendency of any arbitration, in order to enforce or protect any
patent, trademark, copyright or other intellectual property right or trade secret, or to demand
payment based on the Agreement. The institution of such action shall not constitute a waiver of the
right of Terma to submit the dispute, controversy or claim to arbitration.

REVISIONS TO THIS AGREEMENT. This Agreement will be made available on the website:
https://www.terma.com/space/ground-segment/terma-ground-segment-suite/ (the “Website”). Terma
may make changes to the terms of this Agreement from time to time by posting an updated version
of the Agreement on the Website. Licensee is encouraged to visit the Website to review the latest
published Agreement from time to time to be aware of changes. Changes to this Agreement will be
effective upon the earlier of

i. Licensee’s first use of the Software with actual knowledge of such change, or

ii. thirty (30) Days from amended Agreement being published on the Website

The installation and use of any of updates, upgrades or modifications to the Software or continued
use of the Software following notice of changes to this Agreement, shall conclusively demonstrate
Licensee’s acceptance of such changes If Licensee does not agree to abide by these or any future
Agreement(s), do not use (or continue to use) the Software.

Table 1. Products

TEMU: Release Info
Doc. no: TERMA/SPD/63/TEMU/RELNOTES
Rev. no: latest

PUBLIC

Page 34 of 52

The use and/or disclosure,etc. of the contents of this document (or any part thereof) is subject to the restrictions referenced on the front page.

https://www.terma.com/space/ground-segment/terma-ground-segment-suite/


Software (TGSS Product
name)

ESA software (cf. Clause 2.9) Export Control restrictions
(cf. Clause Section 2.2.10)

TSC None Yes – EU Dual Use

CCS5/SCS5 None Yes – EU Dual Use

uNIS ESA License None

TRACK None None

TEMU None None

ORBIT Not released yet

STAT Not released yet

PLAN Not released yet

2.3. Third Party Licenses
TEMU utilise several third party libraries, including open source software.

In general, only permissively licensed libraries are used. Copyleft (e.g. GPL) software is in general
not used in TEMU.

An exception was made for TEMU 2.0 and TEMU 2.1. The GCC runtime libraries were bundled in the
SLES11 build of those TEMU versions as SLES11 lacked native C++11 support. These libraries are
licensed by the GPL, but covered by the runtime library exception. The libraries were bundled due to
lack of native C++11 support on the system.

The source code of the GCC runtime can be obtained by downloading the gcc-4.8.4 source code from
the GCC website: http://gcc.gnu.org/.

Terma can also provide the sources at request.

TEMU 3 introduced the replxx-library in place of libedit.

2.3.1. Common

Date Library

The MIT License (MIT)

Copyright (c) 2015, 2016, 2017 Howard Hinnant Copyright (c) 2016 Adrian Colomitchi Copyright (c)
2017 Florian Dang Copyright (c) 2017 Paul Thompson Copyright (c) 2018 Tomasz Kamiński

Permission is hereby granted, free of charge, to any person obtaining a copy of this software and
associated documentation files (the "Software"), to deal in the Software without restriction,
including without limitation the rights to use, copy, modify, merge, publish, distribute, sublicense,
and/or sell copies of the Software, and to permit persons to whom the Software is furnished to do
so, subject to the following conditions:
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The above copyright notice and this permission notice shall be included in all copies or substantial
portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED,
INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR
COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN
AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

Our apologies. When the previous paragraph was written, lowercase had not yet been invented
(that would involve another several millennia of evolution). We did not mean to shout.

JSON for modern C++

 __|  |   __|     |   | |  JSON for Modern C++
|  |  |__   |  |  | | | |  version 3.5.0
|_____|_____|_____|_|___|  https://github.com/nlohmann/json

Licensed under the MIT License http://opensource.org/licenses/MIT. SPDX-License-Identifier: MIT
Copyright (c) 2013-2018 Niels Lohmann http://nlohmann.me.

Permission is hereby granted, free of charge, to any person obtaining a copy of this software and
associated documentation files (the "Software"), to deal in the Software without restriction,
including without limitation the rights to use, copy, modify, merge, publish, distribute, sublicense,
and/or sell copies of the Software, and to permit persons to whom the Software is furnished to do
so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all copies or substantial
portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED,
INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR
COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN
AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

Libcrc

https://github.com/lammertb/libcrc

Copyright (c) 1999-2018 Lammert Bies Permission is hereby granted, free of charge, to any person
obtaining a copy of this software and associated documentation files (the "Software"), to deal in the
Software without restriction, including without limitation the rights to use, copy, modify, merge,
publish, distribute, sublicense, and/or sell copies of the Software, and to permit persons to whom
the Software is furnished to do so, subject to the following conditions:
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The above copyright notice and this permission notice shall be included in all copies or substantial
portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED,
INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR
COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN
AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

Libffi

libffi - Copyright (c) 1996-2014 Anthony Green, Red Hat, Inc and others. See source files for details.

Permission is hereby granted, free of charge, to any person obtaining a copy of this software and
associated documentation files (the ``Software''), to deal in the Software without restriction,
including without limitation the rights to use, copy, modify, merge, publish, distribute, sublicense,
and/or sell copies of the Software, and to permit persons to whom the Software is furnished to do
so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all copies or substantial
portions of the Software.

THE SOFTWARE IS PROVIDED ``AS IS'', WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR
COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN
AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

Libsodium (ISC License)

Copyright (c) Year(s), Company or Person’s Name <E-mail address>

Permission to use, copy, modify, and/or distribute this software for any purpose with or without fee
is hereby granted, provided that the above copyright notice and this permission notice appear in all
copies.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT, INDIRECT, OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

Python 2.7

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at 160 Saratoga
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Avenue, Santa Clara, CA 95051, and the Individual or Organization ("Licensee") accessing and
otherwise using this software in source or binary form and its associated documentation ("the
Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement, BeOpen hereby
grants Licensee a non-exclusive, royalty-free, world-wide license to reproduce, analyze, test,
perform and/or display publicly, prepare derivative works, distribute, and otherwise use the
Software alone or in any derivative version, provided, however, that the BeOpen Python
License is retained in the Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis. BEOPEN MAKES NO
REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE, BUT NOT
LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY OF
MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF THE
SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

5. This License Agreement will automatically terminate upon a material breach of its terms and
conditions.

6. This License Agreement shall be governed by and interpreted in all respects by the law of the
State of California, excluding conflict of law provisions. Nothing in this License Agreement shall
be deemed to create any relationship of agency, partnership, or joint venture between BeOpen
and Licensee. This License Agreement does not grant permission to use BeOpen trademarks or
trade names in a trademark sense to endorse or promote products or services of Licensee, or
any third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions granted on
that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be bound by the terms
and conditions of this License Agreement.

SoftFloat

Written by John R. Hauser. This work was made possible in part by the International Computer
Science Institute, located at Suite 600, 1947 Center Street, Berkeley, California 94704. Funding was
partially provided by the National Science Foundation under grant MIP-9311980. The original
version of this code was written as part of a project to build a fixed-point vector processor in
collaboration with the University of California at Berkeley, overseen by Profs. Nelson Morgan and
John Wawrzynek. More information is available through the Web page http://www.cs.berkeley.edu/
~jhauser/arithmetic/SoftFloat.html.

THIS SOFTWARE IS DISTRIBUTED AS IS, FOR FREE. Although reasonable effort has been made to
avoid it, THIS SOFTWARE MAY CONTAIN FAULTS THAT WILL AT TIMES RESULT IN INCORRECT
BEHAVIOR. USE OF THIS SOFTWARE IS RESTRICTED TO PERSONS AND ORGANIZATIONS WHO CAN
AND WILL TAKE FULL RESPONSIBILITY FOR ALL LOSSES, COSTS, OR OTHER PROBLEMS THEY
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INCUR DUE TO THE SOFTWARE, AND WHO FURTHERMORE EFFECTIVELY INDEMNIFY JOHN
HAUSER AND THE INTERNATIONAL COMPUTER SCIENCE INSTITUTE (possibly via similar legal
warning) AGAINST ALL LOSSES, COSTS, OR OTHER PROBLEMS INCURRED BY THEIR CUSTOMERS
AND CLIENTS DUE TO THE SOFTWARE.

Derivative works are acceptable, even for commercial purposes, so long as (1) the source code for
the derivative work includes prominent notice that the work is derivative, and (2) the source code
includes prominent notice with these four paragraphs for those parts of this code that are retained.

YAML CPP

Copyright (c) 2008-2015 Jesse Beder.

Permission is hereby granted, free of charge, to any person obtaining a copy of this software and
associated documentation files (the "Software"), to deal in the Software without restriction,
including without limitation the rights to use, copy, modify, merge, publish, distribute, sublicense,
and/or sell copies of the Software, and to permit persons to whom the Software is furnished to do
so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all copies or substantial
portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED,
INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR
COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN
AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

2.3.2. TEMU 4.3 and Later

CURL Library

The CURL library was embedded in TEMU 4.3 and later. It comes with the following license:

License Text

COPYRIGHT AND PERMISSION NOTICE

Copyright (c) 1996 - 2024, Daniel Stenberg, daniel@haxx.se, and many contributors, see the THANKS
file.

All rights reserved.

Permission to use, copy, modify, and distribute this software for any purpose with or without fee is
hereby granted, provided that the above copyright notice and this permission notice appear in all
copies.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED,
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INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE AND NONINFRINGEMENT OF THIRD PARTY RIGHTS. IN NO EVENT SHALL
THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT
OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
SOFTWARE.

Except as contained in this notice, the name of a copyright holder shall not be used in advertising
or otherwise to promote the sale, use or other dealings in this Software without prior written
authorization of the copyright holder.

JWT CPP Library

The JWT CPP library was introduced in TEMU 4.3, it comes under the following terms:

MIT License

Copyright (c) 2018 Dominik Thalhammer

Permission is hereby granted, free of charge, to any person obtaining a copy of this software and
associated documentation files (the "Software"), to deal in the Software without restriction,
including without limitation the rights to use, copy, modify, merge, publish, distribute, sublicense,
and/or sell copies of the Software, and to permit persons to whom the Software is furnished to do
so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all copies or substantial
portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED,
INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR
COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN
AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

OpenSSL

TEMU links to the system provided OpenSSL library. OpenSSL is a system library and is not
distributed with TEMU.

This library has its own set of distribution rules which may depend on the exact version. The
version TEMU is built with is licensed under the Apache-2.0 license.

License Text

         Apache License
   Version 2.0, January 2004
http://www.apache.org/licenses/
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TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1. Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work
(an example is provided in the Appendix below).

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
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represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including
the original version of the Work and any modifications or additions
to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent
to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

2. Grant of Copyright License. Subject to the terms and conditions of this License, each Contributor
hereby grants to You a perpetual, worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of, publicly display, publicly perform,
sublicense, and distribute the Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of this License, each Contributor
hereby grants to You a perpetual, worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made, use, offer to sell, sell,
import, and otherwise transfer the Work, where such license applies only to those patent claims
licensable by such Contributor that are necessarily infringed by their Contribution(s) alone or
by combination of their Contribution(s) with the Work to which such Contribution(s) was
submitted. If You institute patent litigation against any entity (including a cross-claim or
counterclaim in a lawsuit) alleging that the Work or a Contribution incorporated within the
Work constitutes direct or contributory patent infringement, then any patent licenses granted to
You under this License for that Work shall terminate as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the Work or Derivative Works
thereof in any medium, with or without modifications, and in Source or Object form, provided
that You meet the following conditions:

(a) You must give any other recipients of the Work or
    Derivative Works a copy of this License; and
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(b) You must cause any modified files to carry prominent notices
    stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
    that You distribute, all copyright, patent, trademark, and
    attribution notices from the Source form of the Work,
    excluding those notices that do not pertain to any part of
    the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
    distribution, then any Derivative Works that You distribute must
    include a readable copy of the attribution notices contained
    within such NOTICE file, excluding those notices that do not
    pertain to any part of the Derivative Works, in at least one
    of the following places: within a NOTICE text file distributed
    as part of the Derivative Works; within the Source form or
    documentation, if provided along with the Derivative Works; or,
    within a display generated by the Derivative Works, if and
    wherever such third-party notices normally appear. The contents
    of the NOTICE file are for informational purposes only and
    do not modify the License. You may add Your own attribution
    notices within Derivative Works that You distribute, alongside
    or as an addendum to the NOTICE text from the Work, provided
    that such additional attribution notices cannot be construed
    as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise, any Contribution
intentionally submitted for inclusion in the Work by You to the Licensor shall be under the
terms and conditions of this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify the terms of any separate
license agreement you may have executed with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade names, trademarks, service
marks, or product names of the Licensor, except as required for reasonable and customary use
in describing the origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or agreed to in writing, Licensor
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provides the Work (and each Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied, including,
without limitation, any warranties or conditions of TITLE, NON-INFRINGEMENT,
MERCHANTABILITY, or FITNESS FOR A PARTICULAR PURPOSE. You are solely responsible for
determining the appropriateness of using or redistributing the Work and assume any risks
associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory, whether in tort (including
negligence), contract, or otherwise, unless required by applicable law (such as deliberate and
grossly negligent acts) or agreed to in writing, shall any Contributor be liable to You for
damages, including any direct, indirect, special, incidental, or consequential damages of any
character arising as a result of this License or out of the use or inability to use the Work
(including but not limited to damages for loss of goodwill, work stoppage, computer failure or
malfunction, or any and all other commercial damages or losses), even if such Contributor has
been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing the Work or Derivative Works
thereof, You may choose to offer, and charge a fee for, acceptance of support, warranty,
indemnity, or other liability obligations and/or rights consistent with this License. However, in
accepting such obligations, You may act only on Your own behalf and on Your sole
responsibility, not on behalf of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability incurred by, or claims asserted
against, such Contributor by reason of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS

2.3.3. TEMU 3 and later

Replxx

Copyright (c) 2017-2018, Marcin Konarski (amok at codestation.org) Copyright (c) 2010, Salvatore
Sanfilippo (antirez at gmail dot com) Copyright (c) 2010, Pieter Noordhuis (pcnoordhuis at gmail dot
com)

All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted
provided that the following conditions are met:

• Redistributions of source code must retain the above copyright notice, this list of conditions and
the following disclaimer.

• Redistributions in binary form must reproduce the above copyright notice, this list of conditions
and the following disclaimer in the documentation and/or other materials provided with the
distribution.

• Neither the name of Redis nor the names of its contributors may be used to endorse or promote
products derived from this software without specific prior written permission.
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THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE
DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR
ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS
OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN
IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

wcwidth.cpp

Markus Kuhn — 2007-05-26 (Unicode 5.0)

Permission to use, copy, modify, and distribute this software for any purpose and without fee is
hereby granted. The author disclaims all warranties with regard to this software.

ConvertUTF.cpp

Copyright 2001-2004 Unicode, Inc.

Disclaimer

This source code is provided as is by Unicode, Inc. No claims are made as to fitness for any
particular purpose. No warranties of any kind are expressed or implied. The recipient agrees to
determine applicability of information provided. If this file has been purchased on magnetic or
optical media from Unicode, Inc., the sole remedy for any claim will be exchange of defective media
within 90 days of receipt.

Limitations on Rights to Redistribute This Code

Unicode, Inc. hereby grants the right to freely use the information supplied in this file in the
creation of products supporting the Unicode Standard, and to make copies of this file in any form
for internal or external distribution as long as this notice remains attached.

Pugixml: MIT License

Copyright (c) 2006-2020 Arseny Kapoulkine

Permission is hereby granted, free of charge, to any person obtaining a copy of this software and
associated documentation files (the "Software"), to deal in the Software without restriction,
including without limitation the rights to use, copy, modify, merge, publish, distribute, sublicense,
and/or sell copies of the Software, and to permit persons to whom the Software is furnished to do
so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all copies or substantial
portions of the Software.
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THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED,
INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR
COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN
AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

AsmJit

Copyright (c) 2008-2020 The AsmJit Authors

This software is provided 'as-is', without any express or implied warranty. In no event will the
authors be held liable for any damages arising from the use of this software.

Permission is granted to anyone to use this software for any purpose, including commercial
applications, and to alter it and redistribute it freely, subject to the following restrictions:

The origin of this software must not be misrepresented; you must not claim that you wrote the
original software. If you use this software in a product, an acknowledgment in the product
documentation would be appreciated but is not required. Altered source versions must be plainly
marked as such, and must not be misrepresented as being the original software. This notice may
not be removed or altered from any source distribution.

LLVM Project

==============================================================================
The LLVM Project is under the Apache License v2.0 with LLVM Exceptions:
==============================================================================
                                 Apache License
                           Version 2.0, January 2004
                        http://www.apache.org/licenses/

    TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

    1. Definitions.

      "License" shall mean the terms and conditions for use, reproduction,
      and distribution as defined by Sections 1 through 9 of this document.

      "Licensor" shall mean the copyright owner or entity authorized by
      the copyright owner that is granting the License.

      "Legal Entity" shall mean the union of the acting entity and all
      other entities that control, are controlled by, or are under common
      control with that entity. For the purposes of this definition,
      "control" means (i) the power, direct or indirect, to cause the
      direction or management of such entity, whether by contract or
      otherwise, or (ii) ownership of fifty percent (50%) or more of the
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      outstanding shares, or (iii) beneficial ownership of such entity.

      "You" (or "Your") shall mean an individual or Legal Entity
      exercising permissions granted by this License.

      "Source" form shall mean the preferred form for making modifications,
      including but not limited to software source code, documentation
      source, and configuration files.

      "Object" form shall mean any form resulting from mechanical
      transformation or translation of a Source form, including but
      not limited to compiled object code, generated documentation,
      and conversions to other media types.

      "Work" shall mean the work of authorship, whether in Source or
      Object form, made available under the License, as indicated by a
      copyright notice that is included in or attached to the work
      (an example is provided in the Appendix below).

      "Derivative Works" shall mean any work, whether in Source or Object
      form, that is based on (or derived from) the Work and for which the
      editorial revisions, annotations, elaborations, or other modifications
      represent, as a whole, an original work of authorship. For the purposes
      of this License, Derivative Works shall not include works that remain
      separable from, or merely link (or bind by name) to the interfaces of,
      the Work and Derivative Works thereof.

      "Contribution" shall mean any work of authorship, including
      the original version of the Work and any modifications or additions
      to that Work or Derivative Works thereof, that is intentionally
      submitted to Licensor for inclusion in the Work by the copyright owner
      or by an individual or Legal Entity authorized to submit on behalf of
      the copyright owner. For the purposes of this definition, "submitted"
      means any form of electronic, verbal, or written communication sent
      to the Licensor or its representatives, including but not limited to
      communication on electronic mailing lists, source code control systems,
      and issue tracking systems that are managed by, or on behalf of, the
      Licensor for the purpose of discussing and improving the Work, but
      excluding communication that is conspicuously marked or otherwise
      designated in writing by the copyright owner as "Not a Contribution."

      "Contributor" shall mean Licensor and any individual or Legal Entity
      on behalf of whom a Contribution has been received by Licensor and
      subsequently incorporated within the Work.

    2. Grant of Copyright License. Subject to the terms and conditions of
      this License, each Contributor hereby grants to You a perpetual,
      worldwide, non-exclusive, no-charge, royalty-free, irrevocable
      copyright license to reproduce, prepare Derivative Works of,

TEMU: Release Info
Doc. no: TERMA/SPD/63/TEMU/RELNOTES
Rev. no: latest

PUBLIC

Page 47 of 52

The use and/or disclosure,etc. of the contents of this document (or any part thereof) is subject to the restrictions referenced on the front page.



      publicly display, publicly perform, sublicense, and distribute the
      Work and such Derivative Works in Source or Object form.

    3. Grant of Patent License. Subject to the terms and conditions of
      this License, each Contributor hereby grants to You a perpetual,
      worldwide, non-exclusive, no-charge, royalty-free, irrevocable
      (except as stated in this section) patent license to make, have made,
      use, offer to sell, sell, import, and otherwise transfer the Work,
      where such license applies only to those patent claims licensable
      by such Contributor that are necessarily infringed by their
      Contribution(s) alone or by combination of their Contribution(s)
      with the Work to which such Contribution(s) was submitted. If You
      institute patent litigation against any entity (including a
      cross-claim or counterclaim in a lawsuit) alleging that the Work
      or a Contribution incorporated within the Work constitutes direct
      or contributory patent infringement, then any patent licenses
      granted to You under this License for that Work shall terminate
      as of the date such litigation is filed.

    4. Redistribution. You may reproduce and distribute copies of the
      Work or Derivative Works thereof in any medium, with or without
      modifications, and in Source or Object form, provided that You
      meet the following conditions:

      (a) You must give any other recipients of the Work or
          Derivative Works a copy of this License; and

      (b) You must cause any modified files to carry prominent notices
          stating that You changed the files; and

      (c) You must retain, in the Source form of any Derivative Works
          that You distribute, all copyright, patent, trademark, and
          attribution notices from the Source form of the Work,
          excluding those notices that do not pertain to any part of
          the Derivative Works; and

      (d) If the Work includes a "NOTICE" text file as part of its
          distribution, then any Derivative Works that You distribute must
          include a readable copy of the attribution notices contained
          within such NOTICE file, excluding those notices that do not
          pertain to any part of the Derivative Works, in at least one
          of the following places: within a NOTICE text file distributed
          as part of the Derivative Works; within the Source form or
          documentation, if provided along with the Derivative Works; or,
          within a display generated by the Derivative Works, if and
          wherever such third-party notices normally appear. The contents
          of the NOTICE file are for informational purposes only and
          do not modify the License. You may add Your own attribution
          notices within Derivative Works that You distribute, alongside
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          or as an addendum to the NOTICE text from the Work, provided
          that such additional attribution notices cannot be construed
          as modifying the License.

      You may add Your own copyright statement to Your modifications and
      may provide additional or different license terms and conditions
      for use, reproduction, or distribution of Your modifications, or
      for any such Derivative Works as a whole, provided Your use,
      reproduction, and distribution of the Work otherwise complies with
      the conditions stated in this License.

    5. Submission of Contributions. Unless You explicitly state otherwise,
      any Contribution intentionally submitted for inclusion in the Work
      by You to the Licensor shall be under the terms and conditions of
      this License, without any additional terms or conditions.
      Notwithstanding the above, nothing herein shall supersede or modify
      the terms of any separate license agreement you may have executed
      with Licensor regarding such Contributions.

    6. Trademarks. This License does not grant permission to use the trade
      names, trademarks, service marks, or product names of the Licensor,
      except as required for reasonable and customary use in describing the
      origin of the Work and reproducing the content of the NOTICE file.

    7. Disclaimer of Warranty. Unless required by applicable law or
      agreed to in writing, Licensor provides the Work (and each
      Contributor provides its Contributions) on an "AS IS" BASIS,
      WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
      implied, including, without limitation, any warranties or conditions
      of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
      PARTICULAR PURPOSE. You are solely responsible for determining the
      appropriateness of using or redistributing the Work and assume any
      risks associated with Your exercise of permissions under this License.

    8. Limitation of Liability. In no event and under no legal theory,
      whether in tort (including negligence), contract, or otherwise,
      unless required by applicable law (such as deliberate and grossly
      negligent acts) or agreed to in writing, shall any Contributor be
      liable to You for damages, including any direct, indirect, special,
      incidental, or consequential damages of any character arising as a
      result of this License or out of the use or inability to use the
      Work (including but not limited to damages for loss of goodwill,
      work stoppage, computer failure or malfunction, or any and all
      other commercial damages or losses), even if such Contributor
      has been advised of the possibility of such damages.

    9. Accepting Warranty or Additional Liability. While redistributing
      the Work or Derivative Works thereof, You may choose to offer,
      and charge a fee for, acceptance of support, warranty, indemnity,
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      or other liability obligations and/or rights consistent with this
      License. However, in accepting such obligations, You may act only
      on Your own behalf and on Your sole responsibility, not on behalf
      of any other Contributor, and only if You agree to indemnify,
      defend, and hold each Contributor harmless for any liability
      incurred by, or claims asserted against, such Contributor by reason
      of your accepting any such warranty or additional liability.

    END OF TERMS AND CONDITIONS

    APPENDIX: How to apply the Apache License to your work.

      To apply the Apache License to your work, attach the following
      boilerplate notice, with the fields enclosed by brackets "[]"
      replaced with your own identifying information. (Don't include
      the brackets!)  The text should be enclosed in the appropriate
      comment syntax for the file format. We also recommend that a
      file or class name and description of purpose be included on the
      same "printed page" as the copyright notice for easier
      identification within third-party archives.

    Copyright [yyyy] [name of copyright owner]

    Licensed under the Apache License, Version 2.0 (the "License");
    you may not use this file except in compliance with the License.
    You may obtain a copy of the License at

       http://www.apache.org/licenses/LICENSE-2.0

    Unless required by applicable law or agreed to in writing, software
    distributed under the License is distributed on an "AS IS" BASIS,
    WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
    See the License for the specific language governing permissions and
    limitations under the License.

---- LLVM Exceptions to the Apache 2.0 License ----

As an exception, if, as a result of your compiling your source code, portions
of this Software are embedded into an Object form of such source code, you
may redistribute such embedded portions in such Object form without complying
with the conditions of Sections 4(a), 4(b) and 4(d) of the License.

In addition, if you combine or link compiled forms of this Software with
software that is licensed under the GPLv2 ("Combined Software") and if a
court of competent jurisdiction determines that the patent provision (Section
3), the indemnity provision (Section 9) or other Section of the License
conflicts with the conditions of the GPLv2, you may retroactively and
prospectively choose to deem waived or otherwise exclude such Section(s) of
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the License, but only in their entirety and only with respect to the Combined
Software.

==============================================================================
Software from third parties included in the LLVM Project:
==============================================================================
The LLVM Project contains third party software which is under different license
terms. All such code will be identified clearly using at least one of two
mechanisms:
1) It will be in a separate directory tree with its own `LICENSE.txt` or
   `LICENSE` file at the top containing the specific license and restrictions
   which apply to that software, or
2) It will contain specific license and restriction terms at the top of every
   file.

==============================================================================
Legacy LLVM License (https://llvm.org/docs/DeveloperPolicy.html#legacy):
==============================================================================
University of Illinois/NCSA
Open Source License

Copyright (c) 2003-2019 University of Illinois at Urbana-Champaign.
All rights reserved.

Developed by:

    LLVM Team

    University of Illinois at Urbana-Champaign

    http://llvm.org

Permission is hereby granted, free of charge, to any person obtaining a copy of
this software and associated documentation files (the "Software"), to deal with
the Software without restriction, including without limitation the rights to
use, copy, modify, merge, publish, distribute, sublicense, and/or sell copies
of the Software, and to permit persons to whom the Software is furnished to do
so, subject to the following conditions:

    * Redistributions of source code must retain the above copyright notice,
      this list of conditions and the following disclaimers.

    * Redistributions in binary form must reproduce the above copyright notice,
      this list of conditions and the following disclaimers in the
      documentation and/or other materials provided with the distribution.

    * Neither the names of the LLVM Team, University of Illinois at
      Urbana-Champaign, nor the names of its contributors may be used to
      endorse or promote products derived from this Software without specific
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      prior written permission.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.  IN NO EVENT SHALL THE
CONTRIBUTORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS WITH THE
SOFTWARE.

2.3.4. TEMU 2

Libedit

Redistribution and use in source and binary forms, with or without modification, are permitted
provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and
the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions
and the following disclaimer in the documentation and/or other materials provided with the
distribution.

3. Neither the name of the University nor the names of its contributors may be used to endorse or
promote products derived from this software without specific prior written permission.
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