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Introduction to Z79Forth

• Hardware (HD6309 based SBC) and software platform for learning Forth and

hardware experimentation.

• HW design started at the end of 2018 and lasted about 3 months.

• Forth is the OS and mostly EEPROM resident.

• Code originally written for the Z80 in 1983 (EDTASM+ by Microsoft).

• Either a 79-STANDARD sub-set or an extended ANS94 core word set.

• 32 KB SRAM, 8 KB EEPROM, mass storage over CompactFlash (64 MB).

• Asynchronous serial line for the console (USB or RS232 based).

• USB powered.

• Has been ported to other platforms (Scott Vitale, David J. Richards).
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Z79Forth/A as a Minimalist Implementation

• Produces machine code directly (no VM).

• Return addresses are stored in the 6309 system stack (via Sreg).

• The 6309 Ureg points directly to the data stack.

• Error handler can perform introspection.

• No multi-tasking support (single user variable set).

• No �les, vocabularies or �oating point support.

• Has a dedicated control �ow stack.

• Has a dedicated exception stack.
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Methodology

Con�dence is what you have before you understand the problem. Woody Allen

• Prototyping user level exceptions in Forth.

• Design with Gemini (concepts identi�cation, exceptions typology).

• Step by step implementation (6309 assembly).

• Observability concerns.

• Testing/troubleshooting and standard conformance.

• Application level veri�cation.

• Packaging, documentation changes and source control updates.

• Public release on Github.

Constraints Limited EEPROM capacity.

Goals Standard conformance, quality/predictability.
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Forth Standard Exception Concepts

• The Exception word set: CATCH, THROW, ABORT and ABORT"

• Some incidence on EVALUATE and LOAD.

• Exception numbers have the same size as a cell.

• Negative exceptions are mostly system generated.

• Positive exceptions are application de�ned.

• An error condition is signalled by throwing an exception.

• Can be nested, so an exception stack is needed.

• Entries on the exception stack are called frames.

• An exception frame has all the elements describing a saved process context.

• The Forth Standard suggests a reference implementation, which is not normative.

Brad Nelson's Reference Implementation (SVFIG)
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User Level Exceptions Prototyping (1/2)

• Dedicated exception stack primitives: >E and E>.

• A stack frame has 3 cells: the system stack pointer, the data stack pointer and

the return stack pointer.
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User Level Exceptions Prototyping (2/2)
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Implementation�Taming the Error Handler

• An 8 bit a�air. Abstraction needed.

• A cell based interface was required for THROW.

• Negative error codes handling capability.

• Need to align error codes to standard speci�ed exception numbers.
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Exception Dispatching

THROW

Dictionary Entry

SYSTHRO

16 bit Dispatcher

SYSTHR8

8 bit Adapter
Exception Stack

User De ned

Handler

ERRHDLR

Default Handler

System Generated

Exceptions or FIRQ
System TRAP

(ILOP or DIV0)

• The error handler becomes a backend invoked only for uncaught exceptions.

• We can have a cell based interface and keep the old 8 bit API.
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Actual Implementation�CATCH
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Actual Implementation�THROW
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ABORT" Concerns (1/2)

The Standard Speci�cation

• If TOS in NZ, a string (caddr\length) is pushed on the data stack and -2 is thrown.

• If that exception is caught, it is supposed to be handled by the application.

• It is uncaught, the string is displayed and the semantics of ABORT is performed.

The Z79Forth/A Implementation
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ABORT" Concerns (2/2)

If ABORT" is caught and there was something on the data stack, there will still be something (same depth + 1)
on the data stack but there is no way for a user de�ned handler to tell, in a predictable manner, what it is...
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A Case for EVALUATE (1/2)

SwiftForth x86 64 4.1.10 De�nition
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A Case for EVALUATE (2/2)

Z79Forth/A Assembly Dictionary Entries
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Observability Notes

• Serial line input is interrupt driven in Z79Forth. When �C is detected (in the FIRQ handler), control will redirected
to a small piece of code which:

• Sets the return address to SYSTHRO.
• Preserves the original user code return address in the system stack.
• Sets the exception number to EUINTR (via Dreg).

• The perils of tail call optimization. CATCH should not be allowed to be terminal. A few changes to ; were
needed.
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Conclusions

• Exception support in Forth is very useful and can greatly simplify your code.

• An application should not hesitate to re-throw an exception that it does not

own. The default handler might provide more useful information.

• Firmware supported exceptions now is an integral part of Z79Forth/AE.

• Standard conformance is essential.

Q&A
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