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The CREXX Publication Series

This book is part of a library, the crexx Programming Series, documenting the
crexx programming language and its use and applications. This section lists the
other publications in this series, and their roles. These books can be ordered in
convenient hardcopy and electronic formats from the Rexx Language Associa-
tion.

Programming Guide The Programming Guide explains the working of the
tools and has examples for building programs on the
platforms it supports.

Language Reference Referred to as the CRL, this is meant as the formal de-
finition for the language, documenting its syntax and
semantics, and prescribing minimal functionality for
language implementers.

Library Reference A complete reference of all included functionality in
the crexx distribution.

VM Specification The crexx VM Specification documents the crexx
Assembly Language and its execution by the crexx
Virtual Machine. It also contains low level virtual ma-
chine and ABI specifications.
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Typographical conventions

In general, the following conventions have been observed in the crexx publica-
tions:

. Body text is in this font. Examples of language statements are in a keyword or bold type. Items that are introduced, or emphasized, are in an italic type. Included program fragments are listed in this fashion:
/* salute the reader */
say 'hello reader'

Console output generated from programs contained in the text is shown in this
form:

hello reader
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1
About This Book

This book documents the crexx virtual machine, RXAS assembly language, and
RXBIN bytecode format used by the Release 1 beta line.

The programming guide describes how to build and run programs. This book is
for readers who need the lower-level model: RXAS authors, compiler and linker
contributors, VM embedders, native plugin authors, and anyone debugging the
generated bytecode.

TheVM is the execution target for the current Level B compiler. Level B is a typed
REXX-family systems language; it is not a complete Classic REXX compatibility
layer.

The main pipeline is:

1. rxc compiles .rexx source to .rxas assembly.
2. rxas assembles .rxas to .rxbin bytecode.
3. rxlink optionally combines modules into a linked image with one shared

constant pool.
4. rxvm and related interpreters execute RXBIN bytecode.

Where this book discusses implementation structures, it describes the current C
implementation as a guide to the ABI and runtimemodel. Internal structures can
change; the public contract is the RXAS/RXBIN behaviour and the embedding
APIs exposed by the project headers.
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2
Low-Level System
Information

2.1 Register-Based Virtual Machine

crexx uses a register-based virtual machine. Instructions name their source and
target registers directly, and logical data flow is written from right to left in RXAS
instruction forms.

rxvm is the stable product VM executable. It selects the switch-dispatch rxbvm un-
der Clang/AppleClang and MSVC, and the direct-threaded rxtvm under GCC.
GNU/Clang-family builds provide both concrete engines; MSVC provides only
rxbvm. rxvme and rxbvme are extended interpreters that include the shipped core
Level B, Level C, and Level G bytecode library images.

2.2 Machine Interface

RXAS is the assembly language for the RXVM instruction set. The assembler
emits RXBIN records containing constant-pool data, module records, instruction
streams, and metadata records.

There are no privileged RXVM instructions in the current release. Native and plat-
form integration is provided through VM instructions, the embedding API, and
the plugin architecture.
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Chapter 2. Low-Level System Information

2.3 Registers and Values

The number of VM registers is limited by memory and by instruction encoding,
not by a small hardware-style register file. Source-level variables, temporary val-
ues, arguments, object attributes, and VM integration records are mapped to reg-
isters by the compiler or by hand-written RXAS.

At runtime, a register holds a value structure. The exact C structure is an imple-
mentation detail, but the current model contains:

. a value_type status. integer, floating-point, decimal, string, binary, and object storage. string and binary length/capacity fields. native payload hooks used by the plugin/runtime integration layer. an immutable object type descriptor and attribute storage used by the
class/interface runtime

The current implementation lives in interpreter/rxvalue.h. A simplified view
is:
typedef struct value {

value_type status;
rxinteger int_value;
double float_value;
void *decimal_value;
size_t decimal_value_length;
char *string_value;
size_t string_length;
char *binary_value;
size_t binary_length;
void *native_payload;
const struct RxGraphTypeRef *object_type;
struct value **attributes;

} value;

Do not rely on older documentation that showed value_type as a set of object,
string, decimal, float, and int bit flags. That layout is not the current runtime con-
tract.

4



2.4. Conversions

2.4 Conversions

RXVM instructions are typed. Conversions are explicit in generated or hand writ-
ten RXAS. For example, an integer value that must be printed as text is converted
by an integer-to-string instruction before a string-oriented instruction consumes
it.

This explicit conversionmodel is one of the reasons Level B can be checked by the
compiler and still expose useful assembler-level control.
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3
Architectural Facilities

The crexx Virtual Machine is organized as a collection of architectural facilities.
Each facility provides a coherent set of operations that implement a particular
aspect of program execution. The instruction set is the programmer-visible inter-
face to these facilities.

This organization separates the architectural capabilities of the virtual machine
from the individual instructions that implement them. New instructions may be
introduced in future releases without altering the architectural model, provided
they extend existing facilities or introduce new ones in a compatible manner.

The following sections describe each architectural facility at a conceptual level.
The detailed semantics, operands, exceptions, and examples for individual in-
structions are described in the Instruction Reference chapter.

3.1 Fixed-Point Arithmetic

The Fixed-Point Arithmetic facility provides the fundamental integer computa-
tion capabilities of the crexx Virtual Machine. These facilities operate on signed
integer values and are used for counters, loop variables, indexing, address calcu-
lations, and general-purpose arithmetic. Since integer operations produce exact
results whenever the mathematical result is representable, they form the basis of
most compiler-generated code.

The facility supports arithmetic operations, comparisons, sign manipulation, in-

7



Chapter 3. Architectural Facilities

crement and decrement operations, and conversions between integer values and
the other numeric representations supported by the virtual machine. Representa-
tive instructions include iadd, isub, imul, idiv, isex, inc, and dec.

Arithmetic operations perform the elementarymathematical functions on integer
operands. Comparison operations establish ordering relationships that are exam-
ined by the Control Flow facility. Conversion operations translate integer values
into floating-point, decimal, binary, and string representations.

3.2 Floating-Point Arithmetic

The Floating-Point Arithmetic facility provides efficient computation on approxi-
mate real numbers. It is intended for scientific, engineering, statistical, and graph-
ical applications where numerical range is more important than exact decimal
representation.

The facility supports arithmetic operations, comparisons, mathematical transfor-
mations, and conversions between floating-point values and the other numeric
representations supported by the virtual machine. Representative instructions in-
clude fadd, fsub, fmul, fdiv, floating-point comparison operations, and the vari-
ous conversion instructions.

Unlike fixed-point arithmetic, floating-point operations may involve rounding,
overflow, underflow, and exceptional values such as infinities and NaNs. These
behaviors are defined by the floating-point model implemented by the virtual ma-
chine.

3.3 Decimal Arithmetic

The Decimal Arithmetic facility provides exact computation on decimal values.
Unlike binary floating-point arithmetic, decimal operations preserve decimal pre-
cision throughout a computation, making them particularly suitable for financial,
commercial, and accounting applications.

The facility supports decimal arithmetic, comparison, scaling, rounding, and
conversions between decimal values and the other numeric representations sup-
ported by the virtual machine. Representative instructions include decimal ad-

8



3.4. String Processing

dition, subtraction, multiplication, division, comparison, scaling, and rounding
operations.

By providing decimal arithmetic directly within the instruction set, the virtual
machine ensures predictable and portable behavior independent of the decimal
facilities provided by the host processor. There are two implementations for ev-
ery decimal instruction, one following the traditional Rexx unlimited precision
model, and the other a high-performance hardware variant.

3.4 String Processing

The String Processing facility provides the text manipulation capabilities of the
crexx Virtual Machine. Character strings are represented as immutable UTF-8
values, allowing efficient storage while supporting the complete Unicode charac-
ter repertoire.

The facility includes string construction, concatenation, extraction, searching,
comparison, formatting, and conversion between strings and the other data types
supported by the virtual machine. Representative instructions include concate-
nation, substring extraction, lexical comparison, string search, and conversions
between strings and numeric or binary values.

Because text processing occupies a central role in the Rexx language family, the
virtual machine provides dedicated string operations rather than relying entirely
on runtime library routines.

3.5 Binary Memory

The Binary Memory facility provides operations on uninterpreted sequences of
bytes. Unlike the String Processing facility, binary memory assigns no character
encoding or semantic meaning to stored data. These facilities are intended for
implementing binary file formats, communication protocols, serialization, cryp-
tographic algorithms, and interfaces to external systems.

The facility includes storage management, copying, updating, typed field access,
memory movement, text-field extraction, and binary comparison. Representa-
tive instructions include blen, bresize, bcopy, bappend, bupdate, bgetu32, bseti64,

9



Chapter 3. Architectural Facilities

bgets, bsets, bmove, bmemmove, bcmpb, and bcmps.

Storagemanagement operations create, resize, and initialize binary objects. Copy-
ing and movement operations efficiently relocate byte sequences without inter-
preting their contents. Typed access operations interpret selected byte ranges as
fixed-width integers or floating-point values, while text-field operations provide
controlled interchange between binary objects and UTF-8 strings.

3.6 Logical Operations

The Logical Operations facility manipulates Boolean values and individual bits
without interpreting them as numeric quantities. These operations provide the
building blocks for condition evaluation, bit masking, flag manipulation, and
compact binary encoding.

The facility supports Boolean operations, bit testing, shifting, rotation, and other
bit-oriented manipulations. Representative instructions include and, or, xor, not,
logical and arithmetic shift operations, rotation operations, and bit-test instruc-
tions.

Logical operations frequently cooperate with the Fixed-Point Arithmetic and
Control Flow facilities to implement efficient decision-making and low-level al-
gorithms.

3.7 Control Flow

The Control Flow facility governs the order in which instructions are executed.
Every programming construct, including conditional statements, loops, proce-
dure invocation, recursion, exception handling, and program termination, is ulti-
mately implemented by this facility.

The facility includes unconditional transfers, conditional branches, procedure in-
vocation, procedure return, and exception transfer. Representative instructions
include branch, the conditional branch instructions, call, and ret.

Branch operations examine execution conditions established by previous com-
parison operations. This separation between comparison and branching allows
a single comparison result to be examined by multiple subsequent branches and

10



3.8. Object and Runtime Facilities

simplifies compiler optimization.

Procedure invocation operations preserve sufficient execution context to support
nested procedure calls and recursive execution while maintaining machine inde-
pendence.

3.8 Object and Runtime Facilities

The Object and Runtime Facilities provide services that manage the execution
environment rather than application data. These facilities support the object-
oriented execution model of the crexx Virtual Machine and expose selected
aspects of the runtime environment to executing programs.

The facility includes object creation, runtime type inspection, reflection, excep-
tion handling, metadata access, dynamic loading, stack inspection, and runtime
service invocation. Representative instructions include the object construction,
type inquiry, exception, and runtime metadata operations.

These facilities isolate application programs from the internal organization of the
virtual machine while providing the flexibility required by dynamic language fea-
tures.

3.9 Input/Output

The Input/Output facility provides controlled access to files, streams, devices,
and operating-system services while insulating application programs from host-
specific interfaces.

The facility includes operations for opening and closing files, reading and writing
streams, positioning within files, querying stream status, and performing related
operating-system services. Representative instructions include the file, stream,
console, and operating-system interface operations. The Input/Output Facility
also includes the low-level network instructions which form the base for TCP/IP
Socket handling in the runtime library.

By presenting a uniform interface to external resources, the Input/Output facility
enables programs to execute consistently across different host platforms.

11



Chapter 3. Architectural Facilities

3.10 Time Services

The Time Services facility provides access to temporal information maintained
by the execution environment. Programs may obtain the current date and time,
measure elapsed execution intervals, and access high-resolution timing facilities.

Representative instructions obtain calendar dates, clock values, elapsed times,
processor timing information, and related temporal measurements.

These facilities support scheduling, profiling, benchmarking, timeout processing,
logging, and other time-dependent algorithms while remaining independent of
the host operating system.

3.11 Debugging Facilities

TheDebugging Facilities provide architectural support for debugging, instrumen-
tation, tracing, and program analysis. They allow execution to be suspended at
well-defined locations so that execution state can be examined or modified by
external development tools.

The facility includes breakpoint operations, execution tracing, state reporting, and
controlled resumption of execution. Representative instructions include the vari-
ous breakpoint and debugging operations.

Although these facilities have no direct effect on program semantics, they pro-
vide a standardized interface for debuggers, profilers, test frameworks, and other
software development tools.

12
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4
RXVM Instruction Set

This chapter describes RXVM instructions by functional characteristic. It is a re-
ference for RXAS authors and for readers inspecting compiler output.

Read the assembler guide before writing non-trivial RXAS by hand; many details
that look obvious at the instruction level are normally handled by the compiler
and linker.

4.1 Characteristics of RXVM Instructions

Most RXVM instructions share these properties:

. logical data flow is written from right to left. comparisons write their boolean result into an explicit register. there is no separate condition-code register. constants and symbols are represented through the RXBIN constant pool. modules carry metadata records for source mapping, imports, classes, inter-
faces, factories, methods, and linker/runtime support. typed conversion instructions make representation changes explicit

15



Chapter 4. RXVM Instruction Set

4.2 Instruction Argument Types

Instruction definitions use compact argument-type names. Common ones in-
clude:

Type Description

REG VM register
ID label or symbolic identifier
FUNC global or local callable reference
INT integer literal or constant-pool integer
FLOAT floating-point literal or constant-pool float
DECIMAL decimal literal or constant-pool decimal
STRING string literal or constant-pool string
BINARY binary literal or constant-pool binary payload

where supported

Related instructions often share a mnemonic and differ by opcode and operand
types. The generated instruction tables later in this book are the detailed source
for individual opcode forms.

4.3 Fixed Point Arithmetic
DEC - Decrement Register

Syntax - form

Name OP1

DEC REG

Operation The dec instruction decrements the register specified in Operand 1.
Assume r1 holds the value 43, after the execution of the instruction r1 holds
the number 42.

16



4.3. Fixed Point Arithmetic

0x001d Decrement Int (op1--) REG

/* dec example */
main() .locals=2

say "dec example:"
load r1,43 * load the integer 43 into register 1
dec r1 * decrement register 1
itos r1 * integer to string for display
say r1 * display the string, 42
ret * return to caller

dec example:

42

17



Chapter 4. RXVM Instruction Set

DEC0 - Decrement Register 0

Syntax - form

Name OP1

DEC0 no operand

Operation The dec0 instruction decrements the r0 register, and is a shortcut that
allows a performance increase in the microcode implementation.

0x001f Decrement R0-- Int no

/* dec0 example */
main() .locals=2

say "dec0 example:"
load r0,43 * load the integer 43 into register 0
dec0 * decrement register 0
itos r0 * integer to string for display
say r0 * display the string, 42
ret * return to caller

dec0 example:

42

18



4.3. Fixed Point Arithmetic

DEC1 - Decrement Register 1

Syntax - form

Name OP1

DEC1 no operand

Operation The dec1 instruction decrements the r1 register, and is a shortcut that
allows a performance increase in the microcode implementation.

0x0021 Decrement R1-- Int no

/* dec1 example */
main() .locals=2

say "dec1 example:"
load r1,43 * load the integer 43 into register 0
dec1 * decrement register 0
itos r1 * integer to string for display
say r1 * display the string, 42
ret * return to caller

dec1 example:

42

19



Chapter 4. RXVM Instruction Set

DEC2 - Decrement Register 2

Syntax - form

Name OP1

DEC2 no operand

Operation The dec2 instruction decrements the r2 register, and is a shortcut that
allows a performance increase in the microcode implementation.

0x0023 Decrement R2-- Int no

/* dec2 example */
main() .locals=3

say "dec2 example:"
load r2,43 * load the integer 43 into register 0
dec2 * decrement register 0
itos r2 * integer to string for display
say r2 * display the string, 42
ret * return to caller

dec2 example:

42

20



4.3. Fixed Point Arithmetic

IADD - Integer Add

Syntax - variants

Name OP1 OP2 OP3

IADD REG REG REG

IADD REG REG INT

Operation

0x000f Integer Add (op1=op2+op3) REGREGREG

0x0010 Integer Add (op1=op2+op3) REGREGINT

21



Chapter 4. RXVM Instruction Set

IAND - Integer AND

Syntax - variants

Name OP1 OP2 OP3

IAND REG REG REG

IAND REG REG INT

Operation

0x00a8 bit wise and of 2 integers (op1=op2&op3) REGREGREG

0x00a9 bit wise and of 2 integers (op1=op2&op3) REGREGINT

22



4.3. Fixed Point Arithmetic

ICOPY - Integer Copy

Syntax - form

Name OP1 OP2

ICOPY REG REG

Operation

0x0009 Copy Integer op2 to op1 REGREG

23



Chapter 4. RXVM Instruction Set

IDIV - Integer Divide

Syntax - variants

Name OP1 OP2 OP3

IDIV REG REG REG

IDIV REG REG INT

IDIV REG INT REG

Operation

0x0016 Integer Divide (op1=op2/op3) REGREGREG

0x0017 Integer Divide (op1=op2/op3) REGREGINT

0x0018 Integer Divide (op1=op2/op3) REGINTREG

24



4.3. Fixed Point Arithmetic

IEQ - Integer Equals

Syntax - variants

Name OP1 OP2 OP3

IEQ REG REG REG

IEQ REG REG INT

Operation

0x0064 Int Equals op1=(op2==op3) REGREGREG

0x0065 Int Equals op1=(op2==op3) REGREGINT

25



Chapter 4. RXVM Instruction Set

IGT - Integer Greater Than

Syntax - variants

Name OP1 OP2 OP3

IGT REG REG REG

IGT REG REG INT

IGT REG INT REG

Operation

0x0068 Int Greater than op1=(op2>op3) REGREGREG

/* igt example */
main() .locals=6

load r3,0
load r4,""
load r5,"\\#"

loop:
igt r1,r3,11
brt endloop,r1
concat r4,r4,r5
inc r3
br loop

endloop:
say r4
itos r3
load r2,"we ran this "
concat r3,r2,r3
concat r3,r3," times."
say r3
ret

############

we ran this 12 times.

0x0069 Int Greater than op1=(op2>op3) REGREGINT
26



4.3. Fixed Point Arithmetic

0x006a Int Greater than op1=(op2>op3) REGINTREG
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Chapter 4. RXVM Instruction Set

IGTE - Integer Greater Than or Equal

Syntax - variants

Name OP1 OP2 OP3

IGTE REG REG REG

IGTE REG REG INT

IGTE REG INT REG

Operation

0x006b Int Greater than equals op1=(op2>=op3) REGREGREG

0x006c Int Greater than equals op1=(op2>=op3) REGREGINT

0x006d Int Greater than equals op1=(op2>=op3) REGINTREG

28



4.3. Fixed Point Arithmetic

ILT - Integer Less Than

Syntax - variants

Name OP1 OP2 OP3

ILT REG REG REG

ILT REG REG INT

ILT REG INT REG

Operation

0x006e Int Less than op1=(op2<op3) REGREGREG

0x006f Int Less than op1=(op2<op3) REGREGINT

0x0070 Int Less than op1=(op2<op3) REGINTREG

29



Chapter 4. RXVM Instruction Set

ILTE - Integer Less Than or Equal

Syntax - variants

Name OP1 OP2 OP3

ILTE REG REG REG

ILTE REG REG INT

ILTE REG INT REG

Operation

0x0071 Int Less than equals op1=(op2<=op3) REGREGREG

0x0072 Int Less than equals op1=(op2<=op3) REGREGINT

0x0073 Int Less than equals op1=(op2<=op3) REGINTREG
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4.3. Fixed Point Arithmetic

IMOD - Integer Modulo

Syntax - variants

Name OP1 OP2 OP3

IMOD REG REG REG

IMOD REG REG INT

IMOD REG INT REG

Operation

0x0019 Integer Modulo (op1=op2
0x001a Integer Modulo (op1=op2
0x001b Integer Modulo (op1=op2&op3) REGINTREG
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IMULT - Intger Multiply

Syntax - variants

Name OP1 OP2 OP3

IMULT REG REG REG

IMULT REG REG INT

Operation

0x0014 Integer Multiply (op1=op2*op3) REGREGREG

0x0015 Integer Multiply (op1=op2*op3) REGREGINT
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INC - Increment Integer Register

Syntax - form

Name OP1

INC REG

Operation

0x001c Increment Int (op1++) REG
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INC0 - Increment Register R0

Syntax - form

Name OP1

INC0 no operand

Operation

0x001e Increment R0++ Int no
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4.3. Fixed Point Arithmetic

INC1 - Increment Register R1

Syntax - form

Name OP1

INC1 no operand

Operation

0x0020 Increment R1++ Int no
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INC2 - Increment Register R2

Syntax - form

Name OP1

INC2 no operand

Operation

0x0022 Increment R2++ Int no
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INE - Integer Not Equal

Syntax - variants

Name OP1 OP2 OP3

INE REG REG REG

INE REG REG INT

Operation

0x0066 Int Not equals op1=(op2!=op3) REGREGREG

0x0067 Int Not equals op1=(op2!=op3) REGREGINT
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IPOW - Power of Integer

Syntax - variants

Name OP1 OP2 OP3

IPOW REG REG REG

IPOW REG REG INT

IPOW REG INT REG

Operation

0x0153 op1=op2**op3 REGREGREG

0x0154 op1=op2**op3 REGREGINT

0x0155 op1=op2**op3 REGINTREG
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ISEX - Integer Sign Exchange

Syntax - form

Name OP1

ISEX REG

Operation Sign EXchange, this instructions inverts the sign of the integer in the
register in OP1.

0x0156 dec op1 = -op1 (sign change) REG

/* isex example */
main() .locals=2

say "isex example:"
load r1,1 * load 1 into register 1
isex r1 * exchange the sign
itos r1 * integer to string for display
say r1 * display the number, −1
isex r1 * sign exchange again
itos r1 * need to convert again
say r1 * display the string, 1
ret * return to caller

isex example:

-1

1
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ISHL - Integer Shift Left

Syntax - variants

Name OP1 OP2 OP3

ISHL REG REG REG

ISHL REG REG INT

Operation

0x00ae bit wise shift logical left of integer (op1=op2<<op3) REGREGREG

0x00af bit wise shift logical left of integer (op1=op2<<op3) REGREGINT
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ISHR - Integer Shift Right

Syntax - variants

Name OP1 OP2 OP3

ISHR REG REG REG

ISHR REG REG INT

Operation

0x00b0 bit wise shift logical right of integer (op1=op2>>op3) REGREGREG

0x00b1 bit wise shift logical right of integer (op1=op2>>op3) REGREGINT
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ISUB - Integer Subtract

Syntax - variants

Name OP1 OP2 OP3

ISUB REG REG REG

ISUB REG REG INT

ISUB REG INT REG

Operation

0x0011 Integer Subtract (op1=op2-op3) REGREGREG

0x0012 Integer Subtract (op1=op2-op3) REGREGINT

0x0013 Integer Subtract (op1=op2-op3) REGINTREG
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ITOF - Integer to Float

Syntax - variants

Name OP1 OP2

ITOF REG

ITOF REG REG

Operation

0x00e7 Set register float value from its int value REG

0x0127 Convert integer op2 directly to float op1 REGREG
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LOAD - Load

Syntax - variants

Name OP1 OP2

LOAD REG INT

LOAD REG FLOAT

LOAD REG STRING

LOAD REG REG

LOAD REG DECIMAL

LOAD INT INT

LOAD INT REG

LOAD REG BINARY

Operation `load rDst,0x...` materializes a whole binary constant into the binary
slot of `rDst`. It is useful for small values and tests, but large lookup tables
should be read directly through the constant-source forms below.

0x0001 Load op1 with op2 REGINT

0x0002 Load op1 with op2 REGFLOAT

0x0003 Load op1 with op2 REGSTRING

0x0004 Load op1 with op2 REGREG

0x0005 Load op1 with op2 REGDECIMAL

main() .locals=6
load r3,1.23456e3d
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4.3. Fixed Point Arithmetic

dtos r3
say r3
ret

1234.56

0x0006 Load op1 with op2 (non symbolic registers) INTINT

0x0007 Load op1 with op2 (non symbolic registers) INTREG

0x00b7 Load binary literal op2 into op1 REGBINARY
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LOADSETTP - Load and Set Type

Syntax - variants

Name OP1 OP2 OP3

LOADSETTP REG INT INT

LOADSETTP REG FLOAT INT

LOADSETTP REG STRING INT

Operation

0x0206 load register and sets externally writable status flags load op1=op2
(op1.flags = op3) REGINTINT

0x0207 load register and sets externally writable status flags load op1=op2
(op1.flags = op3) REGFLOATINT

0x0208 load register and sets externally writable status flags load op1=op2
(op1.flags = op3) REGSTRINGINT
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4.4 Floating Point Arithmetic
FADD - Add Float

Syntax - variants

Name OP1 OP2 OP3

FADD REG REG REG

FADD REG REG FLOAT

Operation

0x012c Float Add (op1=op2+op3) REGREGREG

0x012d Float Add (op1=op2+op3) REGREGFLOAT
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FCOPY - Copy Float

Syntax - form

Name OP1 OP2

FCOPY REG REG

Operation

0x000a Copy Float op2 to op1 REGREG
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FDIV - Divide Float

Syntax - variants

Name OP1 OP2 OP3

FDIV REG REG REG

FDIV REG REG FLOAT

FDIV REG FLOAT REG

Operation

0x0133 Float Divide (op1=op2/op3) REGREGREG

0x0134 Float Divide (op1=op2/op3) REGREGFLOAT

0x0135 Float Divide (op1=op2/op3) REGFLOATREG
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FEQ - Float Equals

Syntax - variants

Name OP1 OP2 OP3

FEQ REG REG REG

FEQ REG REG FLOAT

Operation

0x013c Float Equals op1=(op2==op3) REGREGREG

0x013d Float Equals op1=(op2==op3) REGREGFLOAT
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FFORMAT - Format String from Float

Syntax - form

Name OP1 OP2 OP3

FFORMAT REG REG REG

Operation

0x0106 DEPRECATED use fextr. Set string value from float value using a format
string REGREGREG
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FGT - Float Greater Than

Syntax - variants

Name OP1 OP2 OP3

FGT REG REG REG

FGT REG REG FLOAT

FGT REG FLOAT REG

Operation

0x0140 Float Greater than op1=(op2>op3) REGREGREG

0x0141 Float Greater than op1=(op2>op3) REGREGFLOAT

0x0142 Float Greater than op1=(op2>op3) REGFLOATREG
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FGTE - Float Greater Than or Equal

Syntax - variants

Name OP1 OP2 OP3

FGTE REG REG REG

FGTE REG REG FLOAT

FGTE REG FLOAT REG

Operation

0x0143 Float Greater than equals op1=(op2>=op3) REGREGREG

0x0144 Float Greater than equals op1=(op2>=op3) REGREGFLOAT

0x0145 Float Greater than equals op1=(op2>=op3) REGFLOATREG
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FLT - Float Less Than

Syntax - variants

Name OP1 OP2 OP3

FLT REG REG REG

FLT REG REG FLOAT

FLT REG FLOAT REG

Operation

0x0146 Float Less than op1=(op2<op3) REGREGREG

0x0147 Float Less than op1=(op2<op3) REGREGFLOAT

0x0148 Float Less than op1=(op2<op3) REGFLOATREG
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FLTE - Float Less Than or Equal

Syntax - variants

Name OP1 OP2 OP3

FLTE REG REG REG

FLTE REG REG FLOAT

FLTE REG FLOAT REG

Operation

0x0149 Float Less than equals op1=(op2<=op3) REGREGREG

0x014a Float Less than equals op1=(op2<=op3) REGREGFLOAT

0x014b Float Less than equals op1=(op2<=op3) REGFLOATREG
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FMULT - Float Multiply

Syntax - variants

Name OP1 OP2 OP3

FMULT REG REG REG

FMULT REG REG FLOAT

Operation

0x0131 Float Multiply (op1=op2*op3) REGREGREG

0x0132 Float Multiply (op1=op2*op3) REGREGFLOAT
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FNE - Float Not Equal

Syntax - variants

Name OP1 OP2 OP3

FNE REG REG REG

FNE REG REG FLOAT

Operation

0x013e Float Not equals op1=(op2!=op3) REGREGREG

0x013f Float Not equals op1=(op2!=op3) REGREGFLOAT
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FPOW - Power of Float

Syntax - variants

Name OP1 OP2 OP3

FPOW REG REG REG

FPOW REG REG FLOAT

FPOW REG FLOAT REG

Operation

0x014e op1=op2**op3 REGREGREG

0x014f op1=op2**op3 REGREGFLOAT

0x0150 op1=op2**op3 REGFLOATREG
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FSEX - Sign Exchange Float

Syntax - form

Name OP1

FSEX REG

Operation Sign EXchange, this instructions inverts the sign of the floating point
number in the register in OP1.1

0x0151 float op1 = -op1 (sign change) REG

/* fsex example */
main() .locals=2

say "fsex example:"
load r1,1.0 * load 1 into register 1
fsex r1 * exchange the sign
ftos r1 * integer to string for display
say r1 * display the string, −1
fsex r1 * sign exchange again
ftos r1 * need to convert again
say r1 * display the string, 1
ret * return to caller

fsex example:

-1

1

1Named, like isex in honour of the PDP11 instruction that nearly got out in an assembler, but was stopped by man-
agement at the last moment.
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FSUB - Subtract Float

Syntax - variants

Name OP1 OP2 OP3

FSUB REG REG REG

FSUB REG REG FLOAT

FSUB REG FLOAT REG

Operation

0x012e Float Subtract (op1=op2-op3) REGREGREG

0x012f Float Subtract (op1=op2-op3) REGREGFLOAT

0x0130 Float Subtract (op1=op2-op3) REGFLOATREG
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FTOB - Float to Boolean

Syntax - form

Name OP1

FTOB REG

Operation

0x00e9 Set register boolean (int 1 or 0) value from its float value REG
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FTOI - Float to Int

Syntax - form

Name OP1

FTOI REG

Operation

0x00e8 Set register int value from its float value REG
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FTOS - Float to String

Syntax - form

Name OP1

FTOS REG

Operation

0x00e6 Set register string value from its float value REG
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LOAD - Load

Syntax - variants

Name OP1 OP2

LOAD REG INT

LOAD REG FLOAT

LOAD REG STRING

LOAD REG REG

LOAD REG DECIMAL

LOAD INT INT

LOAD INT REG

LOAD REG BINARY

Operation `load rDst,0x...` materializes a whole binary constant into the binary
slot of `rDst`. It is useful for small values and tests, but large lookup tables
should be read directly through the constant-source forms below.

0x0001 Load op1 with op2 REGINT

0x0002 Load op1 with op2 REGFLOAT

0x0003 Load op1 with op2 REGSTRING

0x0004 Load op1 with op2 REGREG

0x0005 Load op1 with op2 REGDECIMAL

main() .locals=6
load r3,1.23456e3d
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dtos r3
say r3
ret

1234.56

0x0006 Load op1 with op2 (non symbolic registers) INTINT

0x0007 Load op1 with op2 (non symbolic registers) INTREG

0x00b7 Load binary literal op2 into op1 REGBINARY
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4.5 Logical Operations
AND - Logical AND

Syntax - form

Name OP1 OP2 OP3

AND REG REG REG

Operation

0x00b4 Logical (int) and op1=(op2 && op3) REGREGREG
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COPY - Copy Register

Syntax - form

Name OP1 OP2

COPY REG REG

Operation

0x0008 Copy op2 to op1 REGREG
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DCALL - Dynamic Call Procedure

Syntax - form

Name OP1 OP2 OP3

DCALL REG REG REG

Operation

0x002f Dynamic call procedure (op1=op2(op3...) ) REGREGREG
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EXIT - Exit program

Syntax - variants

Name OP1

EXIT no operand

EXIT REG

EXIT INT

Operation

0x0035 Exit no

0x0036 Exit op1 REG

0x0037 Exit op1 INT
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IAND - Integer AND

Syntax - variants

Name OP1 OP2 OP3

IAND REG REG REG

IAND REG REG INT

Operation

0x00a8 bit wise and of 2 integers (op1=op2&op3) REGREGREG

0x00a9 bit wise and of 2 integers (op1=op2&op3) REGREGINT
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INOT - Invert All Bits of Integer

Syntax - variants

Name OP1 OP2

INOT REG REG

INOT REG INT

Operation

0x00b2 inverts all bits of an integer (op1= op2) REGREG

0x00b3 inverts all bits of an integer (op1= op2) REGINT

71



Chapter 4. RXVM Instruction Set

IOR - Bitwise OR of two integers

Syntax - variants

Name OP1 OP2 OP3

IOR REG REG REG

IOR REG REG INT

Operation

0x00aa bit wise or of 2 integers (op1=op2|op3) REGREGREG

0x00ab bit wise or of 2 integers (op1=op2|op3) REGREGINT
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IRAND - Random Integer

Syntax - variants

Name OP1 OP2

IRAND REG REG

IRAND REG INT

Operation

0x01d0 random number random, op1=irand(op2) REGREG

0x01d1 random number random, op1=irand(op2) REGINT
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IXOR - Bitwise Exclusive OR of two Integers

Syntax - variants

Name OP1 OP2 OP3

IXOR REG REG REG

IXOR REG REG INT

Operation

0x00ac bit wise exclusive OR of 2 integers (op1=op2ôp3) REGREGREG

0x00ad bit wise exclusive OR of 2 integers (op1=op2ôp3) REGREGINT
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LOADSETTP - Load and Set Type

Syntax - variants

Name OP1 OP2 OP3

LOADSETTP REG INT INT

LOADSETTP REG FLOAT INT

LOADSETTP REG STRING INT

Operation

0x0206 load register and sets externally writable status flags load op1=op2
(op1.flags = op3) REGINTINT

0x0207 load register and sets externally writable status flags load op1=op2
(op1.flags = op3) REGFLOATINT

0x0208 load register and sets externally writable status flags load op1=op2
(op1.flags = op3) REGSTRINGINT
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NOT - Not

Syntax - form

Name OP1 OP2

NOT REG REG

Operation

0x00b6 Logical (int) not op1=!op2 REGREG
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OR - Logical OR

Syntax - form

Name OP1 OP2 OP3

OR REG REG REG

Operation

0x00b5 Logical (int) or op1=(op2 || op3) REGREGREG
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SETORTP - OR the Register Type Flag

Syntax - form

Name OP1 OP2

SETORTP REG INT

Operation

0x0209 or externally writable register status flags (op1.flags = op1.flags | op2)
REGINT
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SWAP - Swap Registers

Syntax - form

Name OP1 OP2

SWAP REG REG

Operation

0x01fe Swap op1 and op2 REGREG
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4.6 Branching
BCF - Branch on Count if False

Syntax - variants

Name OP1 OP2 OP3

BCF ID REG

BCF ID REG REG

Operation

0x015e if op2=0 goto op1(if false) else dec op2 IDREG

0x015f if op2=0 goto op1(if false) else dec op2 and inc op3 IDREGREG
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4.6. Branching

BCT - Branch on Count if True

Syntax - variants

Name OP1 OP2 OP3

BCT ID REG

BCT ID REG REG

Operation

0x0159 dec op2; if op2>0; goto op1(if true) IDREG

0x015a dec op2; inc op3, if op2>0; goto op1(if true) IDREGREG
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BCTNM - Branch on Count to Name

Syntax - variants

Name OP1 OP2 OP3

BCTNM ID REG

BCTNM ID REG REG

Operation

0x015b dec op2; if op2>=0; goto op1(if true) IDREG

0x015c dec op2; inc op3, if op2>=0; goto op1(if true) IDREGREG
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BEQ - Branch on Equal

Syntax - variants

Name OP1 OP2 OP3

BEQ ID REG REG

BEQ ID REG INT

Operation

0x0028 if op2==op3 then goto op1 IDREGREG

0x0029 if op2==op3 then goto op1 IDREGINT
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BGE - Branch on Greater Than or Equal

Syntax - variants

Name OP1 OP2 OP3

BGE ID REG REG

BGE ID REG INT

Operation

0x0162 if op2>=op3 then goto op1 IDREGREG

/*
* rexx TESTBGT branch if op2>op3 to op1
*/

.globals=0
main() .locals=8

load r1,"Test BGE with reg reg"
say r1
load r2,0
load r3,10

loop:
bge endloop,r2,r3
inc r2
itos r2
say r2
br loop

endloop:
load r1,"Endloop reached"
say r1
ret

Test BGE with reg reg

1

2

3
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4

5

6

7

8

9

10

Endloop reached

0x0163 if op2>=op3 then goto op1 IDREGINT

/*
* rexx TESTBGT branch if op2>op3 to op1
*/

.globals=0
main() .locals=8

load r1,"Test BGE with int"
say r1
load r2,0

loop2:
bge endloop2,r2,5
inc r2
itos r2
say r2
br loop2

endloop2:
load r1,"Endloop reached"
say r1

ret

Test BGE with int

1

2

3

4

5

Endloop reached
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BGT - Branch on Greater Than

Syntax - variants

Name OP1 OP2 OP3

BGT ID REG REG

BGT ID REG INT

Operation

0x0160 if op2>op3 then goto op1 IDREGREG

0x0161 if op2>op3 then goto op1 IDREGINT

/* bgt example */
main() .locals=6

load r3,0
load r4,""
load r5,"bgt "

loop:
bgt endloop,r3,11
concat r4,r4,r5
inc r3
br loop

endloop:
say r4
itos r3
load r2,"we ran this "
concat r3,r2,r3
concat r3,r3," times."
say r3
ret

bgt bgt bgt bgt bgt bgt bgt bgt bgt bgt bgt bgt

we ran this 12 times.
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BLE - Branch on Less Than or Equal

Syntax - variants

Name OP1 OP2 OP3

BLE ID REG REG

BLE ID REG INT

Operation

0x0166 if op2<=op3 then goto op1 IDREGREG

0x0167 if op2<=op3 then goto op1 IDREGINT

87



Chapter 4. RXVM Instruction Set

BLT - Branch on Less Than

Syntax - variants

Name OP1 OP2 OP3

BLT ID REG REG

BLT ID REG INT

Operation

0x0164 if op2<op3 then goto op1 IDREGREG

/*
* rexx TESTBLT branch if op2>op3 to op1
*/

.globals=0
main() .locals=8

load r1,"Test BLT with reg reg"
say r1
load r2,12
load r3,10

loop:
blt endloop,r2,r3
dec r2
itos r2
say r2
br loop

endloop:
load r1,"Endloop reached"
say r1
ret

Test BLT with reg reg

11

10

9
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Endloop reached

0x0165 if op2<op3 then goto op1 IDREGINT

/*
* rexx TESTBLT branch if op2>op3 to op1
*/

.globals=0
main() .locals=8

load r1,"Test BLT with int"
say r1
load r2,7

loop2:
blt endloop2,r2,5
dec r2
itos r2
say r2
br loop2

endloop2:
load r1,"Endloop reached"
say r1
ret

Test BLT with int

6

5

4

Endloop reached
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BNE - Branch on Not Equal

Syntax - variants

Name OP1 OP2 OP3

BNE ID REG REG

BNE ID REG INT

Operation

0x002a if op2!=op3 then goto op1 IDREGREG

0x002b if op2!=op3 then goto op1 IDREGINT
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BR - Branch Unconditionally

Syntax - form

Name OP1

BR ID

Operation

0x0024 Branch to op1 ID

/* load example */
main() .locals=6

load r3,0
load r4,""
load r5,"load str "

loop:
igt r1,r3,11
brt endloop,r1
concat r4,r4,r5
inc r3
br loop

endloop:
say r4
itos r3
load r2,"we ran this "
concat r3,r2,r3
concat r3,r3," times."
say r3
ret

load str load str load str load str load str load str load str load

str load str load str load str load str

we ran this 12 times.
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BRF - Branch on False

Syntax - form

Name OP1 OP2

BRF ID REG

Operation

0x0026 Branch to op1 if op2 false IDREG
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BRT - Branch on True

Syntax - form

Name OP1 OP2

BRT ID REG

Operation

0x0025 Branch to op1 if op2 true IDREG
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BRTF - Branch on True

Syntax - form

Name OP1 OP2 OP3

BRTF ID ID REG

Operation

0x0027 Branch to op1 if op3 true, otherwise branch to op2 IDIDREG
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BRTPANDT - Branch on Type And True

Syntax - form

Name OP1 OP2 OP3

BRTPANDT ID REG INT

Operation

0x020c if op2 readable status flags & op3 true then goto op1 IDREGINT
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BRTPT - Branch on Type

Syntax - form

Name OP1 OP2

BRTPT ID REG

Operation

0x020b if op2 has externally writable status flags then goto op1 IDREG
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CALL - Call Procedure

Syntax - variants

Name OP1 OP2 OP3

CALL FUNC

CALL REG FUNC

CALL REG FUNC REG

Operation A call instruction calls a procedure, which can be local, from a library
or from a statically or dynamically linked plugin or VM plugin. In the exam-
ple, the returncode is deposited by the called produre in the third operand
register, the called procedure is specified in the second operand, FUNC field,
as a procedure (ending in parentheses). The third operand register contains
the register name of the first argument passed to the procedure, as per the
crexx linking convention.The other arguments are in adjacent higher num-
bered registers.The called proceduremust be linked inwith an .expose state-
ment, as on line 17 of the example.

0x002c Call procedure (op1()) FUNC

0x002d Call procedure (op1=op2()) REGFUNC

0x002e Call procedure (op1=op2(op3...) ) REGFUNCREG

.globals=0

main() .locals=4
.meta "words.main"="b" ".void" main() ""
.srcstep 1 1 17 "words.rexx" 5 1 57 "say words('The quick brown

fox jumps over the lazy dog')"
load r1,1
load r2,"The quick brown fox jumps over the lazy dog"
settp r2,512

97



Chapter 4. RXVM Instruction Set

call r3,words(),r1
itos r3
say r3
.srcstep 2 2 1 "words.rexx" 5 57 57 "say words('The quick brown

fox jumps over the lazy dog')"
ret

words() .expose=rxfnsb.words
.meta "rxfnsb.words"="b" ".int" words() "string1=.string"

9
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CALL1 -

Syntax - form

Name OP1 OP2 OP3

CALL1 REG FUNC REG

Operation

0x0191 Direct bytecode call with one explicit argument register REGFUNCREG
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CALL2 -

Syntax - form

Name OP1 OP2 OP3 OP4

CALL2 REG FUNC REG REG

Operation

0x0192 Direct bytecode call with two explicit argument registers REGFUNCRE-
GREG
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CALL3 -

Syntax - form

Name OP1 OP2 OP3 OP4 OP5

CALL3 REG FUNC REG REG REG

Operation

0x0193 Direct bytecode call with three explicit argument registers REGFUNCRE-
GREGREG
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CALL4 -

Syntax - form

Name OP1 OP2 OP3 OP4 OP5 OP6

CALL4 REG FUNC REG REG REG REG

Operation

0x0194 Direct bytecode call with four explicit argument registers REGFUNCRE-
GREGREGREG
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CNOP - No Operation

Syntax - variants

Name OP1

CNOP no operand

CNOP REG REG REG REG REG REG REG REG REG

Operation

0x0057 no operation with nine register inputs REGREGREGREGREGREGREGRE-
GREG

.globals=0

main() .locals=9
load r0,0
load r1,1
load r2,2
load r3,3
load r4,4
load r5,5
load r6,6
load r7,7
load r8,8
cnop r0,r1,r2,r3,r4,r5,r6,r7,r8
say "wide cnop accepted"
ret 0

wide cnop accepted

0x021c no operation no
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JUMPB -

Syntax - form

Name OP1 OP2

JUMPB REG BINARY

Operation

0x0278 Jump through table op2 using binary register op1 REGBINARY
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4.6. Branching

JUMPBS -

Syntax - form

Name OP1 OP2 OP3

JUMPBS REG REG BINARY

Operation

0x0279 Jump through fixed-width table op3 using binary register op1 at byte
offset op2 REGREGBINARY
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JUMPI -

Syntax - form

Name OP1 OP2

JUMPI REG BINARY

Operation

0x027a Jump through table op2 using integer register op1 REGBINARY
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JUMPN -

Syntax - form

Name OP1 OP2

JUMPN REG BINARY

Operation

0x027c Jump through table op2 using numeric string register op1 REGBINARY
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JUMPR -

Syntax - form

Name OP1 OP2

JUMPR REG BINARY

Operation

0x027b Jump through table op2 using blank-padded Rexx string register op1
REGBINARY
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JUMPS -

Syntax - form

Name OP1 OP2

JUMPS REG BINARY

Operation

0x0277 Jump through table op2 using string register op1 REGBINARY
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LINK - Link

Syntax - form

Name OP1 OP2

LINK REG REG

Operation

0x00d4 Link op2 to op1 REGREG
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NULL - Null

Syntax - form

Name OP1

NULL REG

Operation

0x000e Null (clear) op1 REG
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RET - Return

Syntax - variants

Name OP1

RET no operand

RET REG

RET INT

RET FLOAT

RET STRING

Operation

0x0030 Return VOID no

0x0031 Return op1 REG

0x0032 Return op1 INT

0x0033 Return op1 FLOAT

0x0034 Return op1 STRING
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4.7 I/O operations
READLINE - Read a Line

Syntax - form

Name OP1

READLINE REG

Operation

0x01c9 Read Line to op1 REG
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SAY - Write on Console

Syntax - variants

Name OP1

SAY REG

SAY INT

SAY FLOAT

SAY STRING

SAY CHAR

Operation

0x01c2 Say op1 REG

0x01c5 Say op1 INT

0x01c6 Say op1 FLOAT

0x01c7 Say op1 STRING

0x01c8 Say op1 CHAR
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SAYX - Write on Console without Linefeed

Syntax - variants

Name OP1

SAYX REG

SAYX STRING

Operation

0x01c3 Say op1 without line feed REG

main() .locals=3
load r1,"this is line1"
load r2,"this is line2"
say r1
sayx "this is line2"
sayx r2
say "end"
ret

this is line1

this is line2this is line2end

0x01c4 Say op1 (as string) without line feed STRING
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4.8 Time Instructions
MTIME - Microseconds Time

Syntax - form

Name OP1

MTIME REG

Operation

0x01cb Put time in microseconds into op1 REG
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4.8. Time Instructions

TIME - Get Time

Syntax - form

Name OP1

TIME REG

Operation

0x01ca Put time into op1 REG
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XTIME - Put extended Time properties into OP1

Syntax - form

Name OP1 OP2

XTIME REG STRING

Operation

0x01cc put special time properties into op1 REGSTRING
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4.9 Meta Instructions
GETTP - Get Type

Syntax - form

Name OP1 OP2

GETTP REG REG

Operation

0x0204 gets the readable register status flags (op1 = op2.flags) REGREG
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LINKATTR - Link Attributes

Syntax - variants

Name OP1 OP2 OP3

LINKATTR REG REG REG

LINKATTR REG REG INT

Operation

0x00c8 Link attribute op3 of op2 to op1 REGREGREG

0x00c9 Link attribute op3 of op2 to op1 REGREGINT
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METADECODEINST - Metadecodeinst

Syntax - form

Name OP1 OP2

METADECODEINST REG REG

Operation

0x0212 Decode opcode (op1 decoded op2) REGREG
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METALINKPREG - Metalinkpreg

Syntax - form

Name OP1 OP2

METALINKPREG REG REG

Operation

0x0218 Link parent-frame-register[op2] to op1 REGREG
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METALOADCALLERADDR - Metaloadcalleraddr

Syntax - form

Name OP1

METALOADCALLERADDR REG

Operation

0x0219 Load caller address object to op1 REG
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METALOADDATA - Metaloaddata

Syntax - form

Name OP1 OP2 OP3

METALOADDATA REG REG REG

Operation

0x0217 Load Metadata (op1 = (metadata)op2[op3]) REGREGREG

124



4.9. Meta Instructions

METALOADEDMODULES - Metaloadedmodules

Syntax - form

Name OP1

METALOADEDMODULES REG

Operation

0x020e Loaded Modules (op1 = array loaded modules) REG
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METALOADEDPROCS - Metaloadedprocs

Syntax - form

Name OP1 OP2

METALOADEDPROCS REG REG

Operation

0x020f Loaded Procedures (op1 = array procedures in module op2) REGREG
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METALOADFOPERAND - Metaloadfoperand

Syntax - form

Name OP1 OP2 OP3

METALOADFOPERAND REG REG REG

Operation

0x0214 Load Float Operand (op1 = (float)op2[op3]) REGREGREG
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METALOADINST - Metaloadinst

Syntax - form

Name OP1 OP2 OP3

METALOADINST REG REG REG

Operation

0x0211 Load Instruction Code (op1 = (inst)op2[op3]) REGREGREG
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METALOADIOPERAND - Metaloadioperand

Syntax - form

Name OP1 OP2 OP3

METALOADIOPERAND REG REG REG

Operation

0x0213 Load Integer/Index Operand (op1 = (int)op2[op3]) REGREGREG
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METALOADMODULE - Metaloadmodule

Syntax - form

Name OP1 OP2

METALOADMODULE REG REG

Operation

0x020d Load Module (op1 = module num of last loaded module in rxbin op2)
REGREG
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METALOADPOPERAND - Metaloadpoperand

Syntax - form

Name OP1 OP2 OP3

METALOADPOPERAND REG REG REG

Operation

0x0216 Load Procedure Operand (op1 = (proc)op2[op3]) REGREGREG
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METALOADSOPERAND - Metaloadsoperand

Syntax - form

Name OP1 OP2 OP3

METALOADSOPERAND REG REG REG

Operation

0x0215 Load String Operand (op1 = (string)op2[op3]) REGREGREG
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MOVE - Move

Syntax - form

Name OP1 OP2

MOVE REG REG

Operation

0x01fd Move op2 to op1 REGREG
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SETTP - Set Register Type Flag

Syntax - form

Name OP1 OP2

SETTP REG INT

Operation

0x0205 sets externally writable register status flags, preserving VM-private flags
REGINT
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STEMGET -

Syntax - form

Name OP1 OP2 OP3

STEMGET REG REG REG

Operation

0x0282 Get op1=op2[op3] from a native stem REGREGREG

135



Chapter 4. RXVM Instruction Set

STEMGET2 -

Syntax - form

Name OP1 OP2 OP3 OP4

STEMGET2 REG REG REG REG

Operation

0x0285 Get op1=op2[op3||'.'||op4] without materializing the key REGREGRE-
GREG
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STEMINIT -

Syntax - form

Name OP1

STEMINIT REG

Operation

0x0281 Initialize the private native stem representation in op1 REG
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STEMKEYAT -

Syntax - form

Name OP1 OP2 OP3

STEMKEYAT REG REG REG

Operation

0x0288 Return insertion-order key op3 from native stem op2 into op1 REGRE-
GREG
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STEMRESET -

Syntax - form

Name OP1 OP2

STEMRESET REG REG

Operation

0x0284 Set native stem op1 default to op2 and advance its generation REGREG
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STEMSET -

Syntax - form

Name OP1 OP2 OP3

STEMSET REG REG REG

Operation

0x0283 Set native stem op1[op2]=op3 REGREGREG
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STEMSET2 -

Syntax - form

Name OP1 OP2 OP3 OP4

STEMSET2 REG REG REG REG

Operation

0x0286 Set op1[op2||'.'||op3]=op4 and materialize only a new key REGREGRE-
GREG
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STEMSIZE -

Syntax - form

Name OP1 OP2

STEMSIZE REG REG

Operation

0x0287 Return the stored entry count op1 for native stem op2 REGREG
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STEMVALUEAT -

Syntax - form

Name OP1 OP2 OP3

STEMVALUEAT REG REG REG

Operation

0x0289 Return generation-aware insertion-order value op3 from native stem
op2 into op1 REGREGREG
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UNLINK - Unlink Register

Syntax - form

Name OP1

UNLINK REG

Operation

0x00d5 Unlink op1 REG
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4.10. Breakpoint Instructions

4.10 Breakpoint Instructions
BPOFF - Breakpoint Off

Syntax - form

Name OP1

BPOFF no operand

Operation

0x01ef Disable Breakpoints no
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BPON - Breakpoint On

Syntax - variants

Name OP1

BPON FUNC

BPON no operand

Operation

0x01ed Enable Breakpoints with op1 handler FUNC

0x01ee Enable Breakpoints with existing handler no
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4.11 String Instructions
APPEND - Append to String

Syntax - form

Name OP1 OP2

APPEND REG REG

Operation

0x008f String Append (op1=op1||op2) REGREG
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APPENDCHAR - Append Character

Syntax - form

Name OP1 OP2

APPENDCHAR REG REG

Operation

0x008c Append Concat Char op2 (as int) on op1 REGREG
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CONCAT - String Concat

Syntax - variants

Name OP1 OP2 OP3

CONCAT REG REG REG

CONCAT REG REG STRING

CONCAT REG STRING REG

Operation

0x0086 String Concat (op1=op2||op3) REGREGREG

/* concat example */
main() .locals=6

load r3,0
load r4,""
load r5,"conc "

loop:
igt r1,r3,11
brt endloop,r1
concat r4,r4,r5
inc r3
br loop

endloop:
say r4
itos r3
load r2,"we ran this "
concat r3,r2,r3
concat r3,r3," times."
say r3
ret

conc conc conc conc conc conc conc conc conc conc conc conc

we ran this 12 times.

0x0087 String Concat (op1=op2||op3) REGREGSTRING
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0x0088 String Concat (op1=op2||op3) REGSTRINGREG
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CONCCHAR - Concatenate Characters

Syntax - form

Name OP1 OP2 OP3

CONCCHAR REG REG REG

Operation

0x008d Concat Char op1 from op2 position op3 REGREGREG
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DROPCHAR - Drop Character

Syntax - form

Name OP1 OP2 OP3

DROPCHAR REG REG REG

Operation

0x00a0 set op1 from op2 after dropping all chars from op3 REGREGREG
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FNDBLNK - Find Blank

Syntax - form

Name OP1 OP2 OP3

FNDBLNK REG REG REG

Operation

0x00a5 op1 = find next blank in op2[op3] and behind REGREGREG

/* word
* word: procedure = .string
* arg string1 = .string, wordnum = .int

*/
.globals=0

main() .locals=13
load r1,"The quick brown fox jumps over the lazy dog."
load r2,4
load r3,0 /* offset in string */
strlen r4,r1
ieq r12,r4,0 /* break out if zero length */
brt break,r12
load r6,0 /* word count */
load r10,"" /* extracted word */

loop:
fndnblnk r3,r1,r3 /* find first/next non blank offset */
ilt r5,r3,0 /* if <0, nothing found, end search */
brt break,r5
inc r6 /* else increase word count */

/* offset of word is in R3 */
copy r8,r3 /* save offset of word */
fndblnk r3,r1,r3 /* from offset find next blank offset */
ieq r7,r6,r2 /* is this the word we are looking for?*/
brt wordf,r7 /* go and fetch it */
ilt r5,r3,0 /* if <0, nothing found, end search */
brt break,r5 /* word not found */
bct loop,r4,r3 /* cont. to look for next non blank */

wordf:
igt r5,r3,0 /* if <0 eos reached = −length(string) */

153



Chapter 4. RXVM Instruction Set

brt isplus,r5 /* length of string is offset +1 */
imult r3,r3,−1 /* make it positive */

isplus:
isub r5,r3,r8 /* calculate length to extract */

wordc:
concchar r10,r1,r8 /* extract word char by char */
bct wordc,r5,r8 /* ... until length counter is 0 */

break:
say r10
ret * return to caller

fox
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FNDNBLNK - Find Nth Blank

Syntax - form

Name OP1 OP2 OP3

FNDNBLNK REG REG REG

Operation

0x00a6 op1 = find next next non blank in op2[op3] and behind REGREGREG
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HEXCHAR - Get Hex Char from String

Syntax - form

Name OP1 OP2 OP3

HEXCHAR REG REG REG

Operation

0x0098 op1 (as hex) = op2[op3] REGREGREG
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ITOS - Integer to String

Syntax - form

Name OP1

ITOS REG

Operation

0x00e5 Set register string value from its int value REG
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LOAD - Load

Syntax - variants

Name OP1 OP2

LOAD REG INT

LOAD REG FLOAT

LOAD REG STRING

LOAD REG REG

LOAD REG DECIMAL

LOAD INT INT

LOAD INT REG

LOAD REG BINARY

Operation `load rDst,0x...` materializes a whole binary constant into the binary
slot of `rDst`. It is useful for small values and tests, but large lookup tables
should be read directly through the constant-source forms below.

0x0001 Load op1 with op2 REGINT

0x0002 Load op1 with op2 REGFLOAT

0x0003 Load op1 with op2 REGSTRING

0x0004 Load op1 with op2 REGREG

0x0005 Load op1 with op2 REGDECIMAL

main() .locals=6
load r3,1.23456e3d
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dtos r3
say r3
ret

1234.56

0x0006 Load op1 with op2 (non symbolic registers) INTINT

0x0007 Load op1 with op2 (non symbolic registers) INTREG

0x00b7 Load binary literal op2 into op1 REGBINARY

159



Chapter 4. RXVM Instruction Set

PADSTR - Pad a String

Syntax - form

Name OP1 OP2 OP3

PADSTR REG REG REG

Operation

0x00a3 set op1=op2[repeated op3 times] REGREGREG
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PARSEPLAN -

Syntax - form

Name OP1 OP2 OP3

PARSEPLAN REG REG STRING

Operation

0x019a Execute a compact frozen PARSE plan into result vector op1 from string
op2 using descriptor op3 REGREGSTRING
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PARSEPOS2 -

Syntax - form

Name OP1 OP2 OP3 OP4

PARSEPOS2 REG REG REG INT

Operation

0x0198 Parse op1 as a fixed prefix and op2 as the next word from string op3
using character split op4 REGREGREGINT
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PARSEWORDS3 -

Syntax - form

Name OP1 OP2 OP3 OP4

PARSEWORDS3 REG REG REG REG

Operation

0x0195 Parse three blank-delimited fields directly into op1-op3 from string op4
REGREGREGREG
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PARSEWORDS3D -

Syntax - form

Name OP1 OP2 OP3 OP4

PARSEWORDS3D REG REG REG REG

Operation

0x0199 Parse three blank-delimited words into op1-op3 from string op4 and dis-
card the remaining tail REGREGREGREG
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POSCHAR - Position of Char

Syntax - form

Name OP1 OP2 OP3

POSCHAR REG REG REG

Operation

0x0099 op1 = position of op3 in op2 REGREGREG
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RSEQ - Rseq

Syntax - variants

Name OP1 OP2 OP3

RSEQ REG REG REG

RSEQ REG REG STRING

Operation

0x0076 non strict String Equals op1=(op2=op3) REGREGREG

0x0077 non strict String Equals op1=(op2=op3) REGREGSTRING
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SAPPEND - Append a String

Syntax - form

Name OP1 OP2

SAPPEND REG REG

Operation

0x008e String Append with space (op1=op1||op2) REGREG
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SCONCAT - Concatenate String

Syntax - variants

Name OP1 OP2 OP3

SCONCAT REG REG REG

SCONCAT REG REG STRING

SCONCAT REG STRING REG

Operation

0x0089 String Concat with space (op1=op2||op3) REGREGREG

0x008a String Concat with space (op1=op2||op3) REGREGSTRING

0x008b String Concat with space (op1=op2||op3) REGSTRINGREG
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SCOPY - Copy String

Syntax - form

Name OP1 OP2

SCOPY REG REG

Operation

0x000b Copy String op2 to op1 REGREG
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SEQ - String Equals

Syntax - variants

Name OP1 OP2 OP3

SEQ REG REG REG

SEQ REG REG STRING

Operation

0x0074 String Equals op1=(op2==op3) REGREGREG

0x0075 String Equals op1=(op2==op3) REGREGSTRING
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SGT - String Greater Than

Syntax - variants

Name OP1 OP2 OP3

SGT REG REG REG

SGT REG REG STRING

SGT REG STRING REG

Operation

0x007a String Greater than op1=(op2>op3) REGREGREG

0x007b String Greater than op1=(op2>op3) REGREGSTRING

0x007c String Greater than op1=(op2>op3) REGSTRINGREG
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SGTE - String Greater Than or Equal

Syntax - variants

Name OP1 OP2 OP3

SGTE REG REG REG

SGTE REG REG STRING

SGTE REG STRING REG

Operation

0x007d String Greater than equals op1=(op2>=op3) REGREGREG

0x007e String Greater than equals op1=(op2>=op3) REGREGSTRING

0x007f String Greater than equals op1=(op2>=op3) REGSTRINGREG
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SLT - String Less Than

Syntax - variants

Name OP1 OP2 OP3

SLT REG REG REG

SLT REG REG STRING

SLT REG STRING REG

Operation

0x0080 String Less than op1=(op2<op3) REGREGREG

0x0081 String Less than op1=(op2<op3) REGREGSTRING

0x0082 String Less than op1=(op2<op3) REGSTRINGREG
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SLTE - String Less Than or Equal

Syntax - variants

Name OP1 OP2 OP3

SLTE REG REG REG

SLTE REG REG STRING

SLTE REG STRING REG

Operation

0x0083 String Less than equals op1=(op2<=op3) REGREGREG

0x0084 String Less than equals op1=(op2<=op3) REGREGSTRING

0x0085 String Less than equals op1=(op2<=op3) REGSTRINGREG

174



4.11. String Instructions

SNE - String Not Equal

Syntax - variants

Name OP1 OP2 OP3

SNE REG REG REG

SNE REG REG STRING

Operation

0x0078 String Not equals op1=(op2!=op3) REGREGREG

0x0079 String Not equals op1=(op2!=op3) REGREGSTRING
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STOF - String to Float

Syntax - form

Name OP1

STOF REG

Operation

0x00ec Set register float value from its string value REG
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STOI - String to Int

Syntax - variants

Name OP1 OP2

STOI REG

STOI REG REG

Operation

0x00ed Set register int value from its string value REG

0x0128 Convert string op2 directly to integer op1 REGREG
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STRCHAR - String to Char

Syntax - form

Name OP1 OP2 OP3

STRCHAR REG REG REG

Operation

0x0096 op1 (as int) = op2[op3] REGREGREG
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STRLEN - String Length

Syntax - form

Name OP1 OP2

STRLEN REG REG

Operation

0x0095 String Length op1 = length(op2) REGREG
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STRLOWER - Lowercase String

Syntax - form

Name OP1 OP2

STRLOWER REG REG

Operation

0x009d Set string to lower case value REGREG
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STRUPPER - Uppercase String

Syntax - form

Name OP1 OP2

STRUPPER REG REG

Operation

0x009e Set string to upper case value REGREG
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SUBSTCUT - Set Substring and Cut Off

Syntax - form

Name OP1 OP2

SUBSTCUT REG REG

Operation

0x00a2 set op1=substr(op1,,op2) cuts off op1 after position op3 REGREG
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SUBSTRING - Explicit String Slice

Syntax - form

Name OP1 OP2 OP3 OP4

SUBSTRING REG REG REG REG

Operation

0x00a1 String slice op1 = op2[op3..op3+op4) by character REGREGREGREG
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TRANSCHAR - Translate Characters

Syntax - form

Name OP1 OP2 OP3

TRANSCHAR REG REG REG

Operation

0x009f replace op1 if it is in op3-list by char in op2-list REGREGREG
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TRIML - Trim String from Left

Syntax - variants

Name OP1 OP2 OP3

TRIML REG REG

TRIML REG REG REG

Operation

0x0090 Trim String (op1) from Left by (op2) Chars REGREG

0x0092 Trim String (op2) from Left by (op3) Chars into op1 REGREGREG
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TRIMR - Trim String from Right

Syntax - variants

Name OP1 OP2 OP3

TRIMR REG REG

TRIMR REG REG REG

Operation

0x0091 Trim String (op1) from Right by (op2) Chars REGREG

0x0093 Trim String (op2) from Right by (op3) Chars into op1 REGREGREG
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TRUNC - Truncate

Syntax - form

Name OP1 OP2 OP3

TRUNC REG REG REG

Operation

0x0094 Trunc String (op2) to (op3) Chars into op1 REGREGREG
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4.12 Decimal Arithmetic
DADD - Dadd

Syntax - variants

Name OP1 OP2 OP3

DADD REG REG REG

DADD REG REG DECIMAL

Operation

0x0168 Decimal Add (op1=op2-op3) REGREGREG

0x0169 Decimal Add (op1=op2-op3) REGREGDECIMAL

main() .locals=6
load r3,1.23456e3d
dadd r4,r3,1e3
dtos r4
say r4
ret

2234.56
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DCOPY - Dcopy

Syntax - form

Name OP1 OP2

DCOPY REG REG

Operation

0x000c Copy Decimal op2 to op1 REGREG

main() .locals=6
load r3,1.23456e3d
dcopy r4,r3
dtos r4
say r4
ret

1234.56
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DDIV - Ddiv

Syntax - variants

Name OP1 OP2 OP3

DDIV REG REG REG

DDIV REG REG DECIMAL

DDIV REG DECIMAL REG

Operation

0x016f Decimal Divide (op1=op2/op3) REGREGREG

/* ddiv example */
main() .locals=4

say "ddiv example 100/81 in 100 decimals:"
setnumdgts 75
load r1,100
load r2,81
itod r1
itod r2
ddiv r3,r1,r2
dtos r1
dtos r2
dtos r3
say r1
say r2
say r3
ret

ddiv example 100/81 in 100 decimals:

100

81

1.23456790123456790123456790123456790123456790123456790123456790123456790123

0x0170 Decimal Divide (op1=op2/op3) REGREGDECIMAL
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0x0171 Decimal Divide (op1=op2/op3) REGDECIMALREG
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DECPLNM - Decplnm

Syntax - form

Name OP1 OP2 OP3

DECPLNM REG REG REG

Operation

0x0190 Get Decimal Plugin Name op1=name op2=description op3=version RE-
GREGREG

main() .locals=6
decplnm r3,r4,r5
load r0," Name="
concat r0,r0,r3
concat r0,r0," Description="
concat r0,r0,r4
concat r0,r0," Version="
concat r0,r0,r5
say r0
ret

Name=mcdecimal Description=Decimal Plugin using Mike Cowlishaw's dec-

Number library Version=Plugin:0.1 Library:3.64
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DEQ - Decimal Equals

Syntax - variants

Name OP1 OP2 OP3

DEQ REG REG REG

DEQ REG REG DECIMAL

Operation

0x0178 Decimal Equals op1=(op2==op3) REGREGREG

0x0179 Decimal Equals op1=(op2==op3) REGREGDECIMAL

main() .locals=6
load r3,1.23456e3d
deq r4,r3,1234.56d
brt equal,r4
say "not equal"
ret

equal:
say "equal"
ret

equal
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DEQBR - Deqbr

Syntax - form

Name OP1 OP2 OP3

DEQBR ID REG REG

Operation

0x018a Decimal Equal if (op2=op3) goto op1 IDREGREG

main() .locals=6
load r3,1.23456e3d
load r4,1.23456e3d
deqbr succeed,r3,r4
say "failed "
ret

succeed:
say "succeed"
ret

succeed
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DFORMAT -

Syntax - variants

Name OP1 OP2 OP3

DFORMAT REG REG REG

Operation
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DGT - Decimal Greater Than

Syntax - variants

Name OP1 OP2 OP3

DGT REG REG REG

DGT REG REG DECIMAL

DGT REG DECIMAL REG

Operation

0x017c Decimal Greater than op1=(op2>op3) REGREGREG

main() .locals=6
load r3,1.23457e3d
load r4,1.23456e3d
dgt r5,r3,r4
brt succeed,r5
say "failed "
ret

succeed:
say "succeed"
ret

succeed

0x017d Decimal Greater than op1=(op2>op3) REGREGDECIMAL

0x017e Decimal Greater than op1=(op2>op3) REGDECIMALREG
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DGTBR - Dgtbr

Syntax - form

Name OP1 OP2 OP3

DGTBR ID REG REG

Operation

0x0188 Decimal Greater than if (op2>op3) goto op1 IDREGREG

main() .locals=5
load r3,1.23457e3d
load r4,1.23456e3d
dgtbr succeed,r3,r4
say "failed "
ret

succeed:
say "succeed"
ret

succeed
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DGTE - Decimal Greater Than or Equal

Syntax - variants

Name OP1 OP2 OP3

DGTE REG REG REG

DGTE REG REG DECIMAL

DGTE REG DECIMAL REG

Operation

0x017f Decimal Greater than equals op1=(op2>=op3) REGREGREG

main() .locals=6
load r3,1.23456e3d
load r4,1.23456e3d
dgte r5,r3,r4
brt succeed,r5
inc r1
say "failed"

succeed:
itos r5
say r5
ret

1

0x0180 Decimal Greater than equals op1=(op2>=op3) REGREGDECIMAL

0x0181 Decimal Greater than equals op1=(op2>=op3) REGDECIMALREG

main() .locals=5
load r3,1234.56d
dgte r4,1234.56d,r3
brt succeed,r4
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say "failed"
ret

succeed:
itos r4
say r4
ret

1
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DIVF -

Syntax - variants

Name OP1 OP2 OP3

DIVF REG REG REG

DIVF REG REG FLOAT

DIVF REG FLOAT REG

Operation
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DIVI -

Syntax - variants

Name OP1 OP2 OP3

DIVI REG REG REG

DIVI REG REG INT

Operation
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DLT - Decimal Less Than

Syntax - variants

Name OP1 OP2 OP3

DLT REG REG REG

DLT REG REG DECIMAL

DLT REG DECIMAL REG

Operation

0x0182 Decimal Less than op1=(op2<op3) REGREGREG

0x0183 Decimal Less than op1=(op2<op3) REGREGDECIMAL

0x0184 Decimal Less than op1=(op2<op3) REGDECIMALREG

main() .locals=5
load r3,1234.57d
dlt r4,1234.56d,r3
brt succeed,r4
say "failed"
ret

succeed:
say "succeed"
ret

succeed
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DLTBR - Dltbr

Syntax - form

Name OP1 OP2 OP3

DLTBR ID REG REG

Operation

0x0189 Decimal Less than if (op2<op3) goto op1 IDREGREG
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DLTE - Decimal Less Than or Equal

Syntax - variants

Name OP1 OP2 OP3

DLTE REG REG REG

DLTE REG REG DECIMAL

DLTE REG DECIMAL REG

Operation

0x0185 Decimal Less than equals op1=(op2<=op3) REGREGREG

main() .locals=6
load r3,1.23456e3d
load r4,1.23456e3d
dlte r5,r3,r4
brt succeed,r5
say "failed"
ret

succeed:
say "succeed"
ret

succeed

0x0186 Decimal Less than equals op1=(op2<=op3) REGREGDECIMAL

main() .locals=5
load r3,1.23456e3d
dlte r4,r3,1234.56d
brt succeed,r4
say "failed"

succeed:
say "succeed"
ret
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succeed

0x0187 Decimal Less than equals op1=(op2<=op3) REGDECIMALREG

main() .locals=5
load r3,1234.56d
dlte r4,1234.56d,r3
brt succeed,r4
say "failed"
ret

succeed:
say "succeed"
ret

succeed
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DMOD - Decimal Modulo

Syntax - variants

Name OP1 OP2 OP3

DMOD REG REG REG

DMOD REG REG DECIMAL

DMOD REG DECIMAL REG

Operation

0x0175 Decimal Modulo (op1=op2
0x0176 Decimal Modulo (op1=op2
0x0177 Decimal Modulo (op1=op2&op3) REGDECIMALREG
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DMULT - Decimal Multiply

Syntax - variants

Name OP1 OP2 OP3

DMULT REG REG REG

DMULT REG REG DECIMAL

Operation

0x016d Decimal Multiply (op1=op2*op3) REGREGREG

main() .locals=6
load r3,1.23456e3d
load r4,5.4321e3d
dmult r5,r3,r4
dtos r5
say r5
ret

6706253.376

0x016e Decimal Multiply (op1=op2*op3) REGREGDECIMAL

main() .locals=5
load r3,1.23456e3d
dmult r4,r3,2d
dtos r4
say r4
ret

2469.12
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DNE - Decimal Not Equal

Syntax - variants

Name OP1 OP2 OP3

DNE REG REG REG

DNE REG REG DECIMAL

Operation

0x017a Decimal Not equals op1=(op2!=op3) REGREGREG

main() .locals=6
load r3,1.23456e3d
load r4,1.23457e3d
dne r5,r3,r4
brt succeed,r5
say "failed"
ret

succeed:
say "succeed"
ret

succeed

0x017b Decimal Not equals op1=(op2!=op3) REGREGDECIMAL

main() .locals=5
load r3,1.23456e3d
dne r4,r3,1234.57d
brt succeed,r4
say "failed"
ret

succeed:
say "succeed"
ret
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succeed
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DPOW - Decimal Power

Syntax - variants

Name OP1 OP2 OP3

DPOW REG REG REG

DPOW REG REG DECIMAL

DPOW REG DECIMAL REG

Operation

0x018b op1=op2**op3 REGREGREG

main() .locals=6
load r3,2d
load r4,3d
dpow r5,r3,r4
dtos r5
say r5
ret

8

0x018c op1=op2**op3 REGREGDECIMAL

main() .locals=5
load r3,2d
dpow r4,r3,3d
dtos r4
say r4
ret

8
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0x018d op1=op2**op3 REGDECIMALREG

main() .locals=5
load r3,3d
dpow r4,2d,r3
dtos r4
say r4
ret

8
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DSEX - Decimal Sign Exchange

Syntax - form

Name OP1

DSEX REG

Operation

0x018e Decimal op1 = -op1 (sign change) REG

main() .locals=4
load r3,1.23456e3d
dsex r3
dtos r3
say r3
ret

-1234.56
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DSUB - Decimal Subtract

Syntax - variants

Name OP1 OP2 OP3

DSUB REG REG REG

DSUB REG REG DECIMAL

DSUB REG DECIMAL REG

Operation

0x016a Decimal Subtract (op1=op2-op3) REGREGREG

main() .locals=5
load r3,1.23456e3d
dsub r4,r3,1e3
dtos r4
say r4
ret

234.56

0x016b Decimal Subtract (op1=op2-op3) REGREGDECIMAL

0x016c Decimal Subtract (op1=op2-op3) REGDECIMALREG

main() .locals=5
load r3,1.23456e3d
dsub r4,1e3,r3
dtos r4
say r4
ret
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-234.56
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DTOF - Decimal to Float

Syntax - form

Name OP1

DTOF REG

Operation

0x00f4 Convert Decimal Number to Float op1=f2dec(op2) REG

main() .locals=4
load r3,1.23456e3d
dtof r3
ftos r3
say r3
ret

1234.56
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DTOI - Decimal to Integer

Syntax - form

Name OP1

DTOI REG

Operation

0x00f0 Convert Decimal Number to Integer op1=dec2s(op2) REG
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DTOS - Decimal to String

Syntax - form

Name OP1

DTOS REG

Operation

0x00ef Convert Decimal Number to Decimal String op1=dec2s(op2) REG

main() .locals=4
load r3,"1e3"
stod r3
dtos r3
say r3
ret

1000
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4.13 Binary Memory
BAPPEND - Binary Append

Syntax - form

Name OP1 OP2

BAPPEND REG REG

Operation `bappend rDst,rSrc` appends the binary payload of `rSrc` to `rDst`.
This instruction operates on raw bytes and do not validate UTF-8.

0x00bb Append binary op2 to op1 REGREG
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BCHECKRANGE - Binary Range Check

Syntax - form

Name OP1 OP2 OP3

BCHECKRANGE REG REG REG

Operation `bcheckrange rBin,rOffset,rLen` checks that the byte range `rOff-
set..rOffset+rLen` is inside the logical binary length. It does not mutate
any operand. It is an explicit assertion; target-sized copy, typed reads, typed
writes, text field instructions, and compare instructions still perform their
own range checks.

0x0257 Check binary range op1[op2..op2+op3) REGREGREG
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BCLEAR - Binary Clear

Syntax - form

Name OP1

BCLEAR REG

Operation `bclear rBin` sets the logical binary length to zero.

0x0247 Clear binary op1 length REG
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BCMPB - Binary Byte Compare

Syntax - variants

Name OP1 OP2 OP3

BCMPB REG REG REG

BCMPB REG BINARY REG

BCMPB REG REG BINARY

BCMPB REG BINARY BINARY

Operation `bcmpb rCmp,rSrc,rNeedle` compares bytes from binary memory
without copying. On entry, `rCmp` contains the byte offset into `rSrc`.
`rSrc` may be a binary register or binary constant. `rNeedle` may be a bi-
nary register or binary constant. The compare length is the whole length
of `rNeedle`. On success, `rCmp` is overwritten with `-1`, `0`, or `1` for
unsigned-byte lexicographic ordering.

0x026f Compare binary register op2 slice at offset op1 with binary register op3
REGREGREG

0x0270 Compare binary constant op2 slice at offset op1 with binary register op3
REGBINARYREG

0x0271 Compare binary register op2 slice at offset op1 with binary constant op3
REGREGBINARY

/* Binary zero−copy compare example */
main() .locals=4

load r1,0x6162630061626400
load r2,0x616263

load r3,0
bcmpb r3,r1,r2
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itos r3
say r3

load r3,4
bcmpb r3,r1,0x616263
itos r3
say r3

load r3,0
bcmps r3,r1,"abc"
itos r3
say r3

load r3,4
bcmps r3,r1,"abe"
itos r3
say r3
ret

0

1

0

-1

0x0272 Compare binary constant op2 slice at offset op1 with binary constant
op3 REGBINARYBINARY
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BCMPS - Binary String Compare

Syntax - variants

Name OP1 OP2 OP3

BCMPS REG REG REG

BCMPS REG REG STRING

BCMPS REG BINARY REG

BCMPS REG BINARY STRING

Operation `bcmps rCmp,rSrc,rString` compares a zero-terminated UTF-8 field
in binarymemorywith a string register or string constant. On entry, `rCmp`
contains the byte offset into `rSrc`; on success it is overwritten with `-1`, `0`,
or `1`. The source field is validated exactly as `bgets` would validate it, but
no temporary string is allocated.

0x0273 Compare zero-terminated UTF-8 string frombinary register op2 at offset
op1 with string register op3 REGREGREG

0x0274 Compare zero-terminated UTF-8 string frombinary register op2 at offset
op1 with string constant op3 REGREGSTRING

0x0275 Compare zero-terminated UTF-8 string from binary constant op2 at off-
set op1 with string register op3 REGBINARYREG

0x0276 Compare zero-terminated UTF-8 string from binary constant op2 at off-
set op1 with string constant op3 REGBINARYSTRING
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BCONCAT - Binary Concatenate

Syntax - form

Name OP1 OP2 OP3

BCONCAT REG REG REG

Operation `bconcat rDst,rLeft,rRight` concatenates two binary registers into
`rDst`.
This instruction operates on raw bytes and do not validate UTF-8.

0x00ba Binary concat op1 = op2 || op3 REGREGREG
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BCOPY - Binary Copy

Syntax - variants

Name OP1 OP2 OP3

BCOPY REG REG

BCOPY REG REG REG

BCOPY REG BINARY REG

Operation `bcopy rDst,rSrc` copies the whole binary payload from one register
to another.
`bcopy rDst,rSrc,rOffset` copies exactly `blen(rDst)` bytes from `rSrc` start-
ing at `rOffset` into `rDst`. `rSrc` may be a binary register or a binary con-
stant. The destination must already have the required length.

0x0245 Copy Binary op2 to op1 REGREG

0x0259 Copy op1 length bytes from binary op2 at byte offset op3 into op1 RE-
GREGREG

0x025a Copy op1 length bytes from binary constant op2 at byte offset op3 into
op1 REGBINARYREG

/* Binary target−sized copy example */
.const table binary 0xaabbccdd
main() .locals=8

load r1,0x0011223344556677
load r2,3
bresize r3,r2
load r4,2
bcopy r3,r1,r4
load r4,0
bgetu8 r5,r3,r4
itos r5
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say r5
load r4,2
bgetu8 r6,r3,r4
itos r6
say r6

load r4,1
bcopy r3,table,r4
load r4,0
bgetu8 r5,r3,r4
itos r5
say r5

blen r7,0x0102030405
itos r7
say r7
ret

34

68

187

5
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BFILL - Binary Fill

Syntax - form

Name OP1 OP2

BFILL REG REG

Operation `bfill rBin,rByte` fills the current logical byte range with `rByte`. The
byte value must be in `0..255`.

0x0248 Fill binary op1 with byte op2 REGREG
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BGETF32 - Binary Float32 Read

Syntax - variants

Name OP1 OP2 OP3

BGETF32 REG REG REG

BGETF32 REG BINARY REG

Operation

0x0264 Float32 little-endian binary read op1=op2[op3] REGREGREG

0x0265 Float32 little-endianbinary constant readop1=op2[op3]REGBINARYREG
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BGETF64 - Binary Float64 Read

Syntax - variants

Name OP1 OP2 OP3

BGETF64 REG REG REG

BGETF64 REG BINARY REG

Operation

0x024f Float64 little-endian binary read op1=op2[op3] REGREGREG

0x0261 Float64 little-endianbinary constant readop1=op2[op3]REGBINARYREG
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BGETI16 - Binary Signed 16-bit Read

Syntax - variants

Name OP1 OP2 OP3

BGETI16 REG REG REG

BGETI16 REG BINARY REG

Operation

0x024c Signed 16-bit little-endian binary read op1=op2[op3] REGREGREG

0x025e Signed 16-bit little-endian binary constant read op1=op2[op3] REGBI-
NARYREG
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BGETI32 - Binary Signed 32-bit Read

Syntax - variants

Name OP1 OP2 OP3

BGETI32 REG REG REG

BGETI32 REG BINARY REG

Operation

0x024e Signed 32-bit little-endian binary read op1=op2[op3] REGREGREG

0x0260 Signed 32-bit little-endian binary constant read op1=op2[op3] REGBI-
NARYREG
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BGETI64 - Binary Signed 64-bit Read

Syntax - variants

Name OP1 OP2 OP3

BGETI64 REG REG REG

BGETI64 REG BINARY REG

Operation `bgetu8`, `bgeti8`, `bgetu16`, `bgeti16`, `bgetu32`, `bgeti32`, `bgeti64`,
`bgetf32`, and `bgetf64` read fixed-width fields from a binary register or bi-
nary constant. Multi-byte values use little-endian storage. Signed integer
forms sign-extend into the destination integer register. Unsigned forms
raise `OUT_OF_RANGE` if the result cannot be represented by the active
VM integer type.
`.int` maps to signed 64-bit storage through `bgeti64`. `.f32` is IEEE bi-
nary32 storage and widens to the VM float register. `.float` maps to the cur-
rent VM float representation, which is binary64 for Release 1.

0x0262 Signed 64-bit little-endian binary read op1=op2[op3] REGREGREG

0x0263 Signed 64-bit little-endian binary constant read op1=op2[op3] REGBI-
NARYREG

232



4.13. Binary Memory

BGETI8 - Binary Signed 8-bit Read

Syntax - variants

Name OP1 OP2 OP3

BGETI8 REG REG REG

BGETI8 REG BINARY REG

Operation

0x024a Signed 8-bit little-endian binary read op1=op2[op3] REGREGREG

0x025c Signed 8-bit little-endian binary constant read op1=op2[op3] REGBINA-
RYREG
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BGETS - Binary UTF-8 String Read

Syntax - variants

Name OP1 OP2 OP3

BGETS REG REG REG

BGETS REG BINARY REG

Operation `bintos rReg` validates the register's current binary bytes asUTF-8 and
copies them into its string slot. Invalid UTF-8 raises `UNICODE_ERROR`.

0x0268 Zero-terminated UTF-8 binary string read op1=op2[op3] REGREGREG

0x0269 Zero-terminated UTF-8 binary constant string read op1=op2[op3] REG-
BINARYREG
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BGETU16 - Binary Unsigned 16-bit Read

Syntax - variants

Name OP1 OP2 OP3

BGETU16 REG REG REG

BGETU16 REG BINARY REG

Operation

0x024b Unsigned 16-bit little-endian binary read op1=op2[op3] REGREGREG

0x025d Unsigned 16-bit little-endian binary constant read op1=op2[op3] REG-
BINARYREG
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BGETU32 - Binary Unsigned 32-bit Read

Syntax - variants

Name OP1 OP2 OP3

BGETU32 REG REG REG

BGETU32 REG BINARY REG

Operation

0x024d Unsigned 32-bit little-endian binary read op1=op2[op3] REGREGREG

0x025f Unsigned 32-bit little-endian binary constant read op1=op2[op3] REG-
BINARYREG
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BGETU8 - Binary Unsigned 8-bit Read

Syntax - variants

Name OP1 OP2 OP3

BGETU8 REG REG REG

BGETU8 REG BINARY REG

Operation `bgetu8`, `bgeti8`, `bgetu16`, `bgeti16`, `bgetu32`, `bgeti32`, `bgeti64`,
`bgetf32`, and `bgetf64` read fixed-width fields from a binary register or bi-
nary constant. Multi-byte values use little-endian storage. Signed integer
forms sign-extend into the destination integer register. Unsigned forms
raise `OUT_OF_RANGE` if the result cannot be represented by the active
VM integer type.
`.int` maps to signed 64-bit storage through `bgeti64`. `.f32` is IEEE bi-
nary32 storage and widens to the VM float register. `.float` maps to the cur-
rent VM float representation, which is binary64 for Release 1.

0x0249 Unsigned 8-bit little-endian binary read op1=op2[op3] REGREGREG

0x025b Unsigned 8-bit little-endian binary constant read op1=op2[op3] REGBI-
NARYREG

237



Chapter 4. RXVM Instruction Set

BINEQ -

Syntax - variants

Name OP1 OP2 OP3

BINEQ REG REG REG

BINEQ REG REG BINARY

Operation

0x027d Whole binary equals op1=(op2==op3) REGREGREG

0x027e Whole binary equals op1=(op2==op3) REGREGBINARY
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BINNE -

Syntax - variants

Name OP1 OP2 OP3

BINNE REG REG REG

BINNE REG REG BINARY

Operation

0x027f Whole binary not equals op1=(op2!=op3) REGREGREG

0x0280 Whole binary not equals op1=(op2!=op3) REGREGBINARY
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BINTOS - Binary to String

Syntax - form

Name OP1

BINTOS REG

Operation `bintos rReg` validates the register's current binary bytes asUTF-8 and
copies them into its string slot. Invalid UTF-8 raises `UNICODE_ERROR`.

0x00c1 Convert binary register bytes to string bytes after UTF-8 validation REG
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BLEN - Binary Length

Syntax - variants

Name OP1 OP2

BLEN REG REG

BLEN REG BINARY

Operation `blen rOut,rBin` stores the logical byte length of a binary register in
`rOut`. `blen rOut,bConst` does the same for a binary constant without ma-
terializing the constant in a register.

0x00b8 Binary byte length op1 = length(op2) REGREG

0x0258 Binary constant length op1=len(op2) REGBINARY
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BMEMMOVE - Binary Memory Move

Syntax - form

Name OP1 OP2 OP3

BMEMMOVE REG REG REG

Operation `bmemmove rBin,rDstOffset,rLen` copies `rLen` bytes within one bi-
nary register.The source byte offset is read from `rBin`'s integer slot and the
destination offset is the explicit `rDstOffset` operand. Overlapping ranges
are safe and behave like C `memmove`.

0x026e Move op3 bytes within binary op1 from source offset op1.int to destina-
tion offset op2.int REGREGREG
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BMOVE - Binary Move

Syntax - form

Name OP1 OP2 OP3

BMOVE REG REG REG

Operation `bmove rDst,rSrc,rLen` copies `rLen` bytes between different binary
registers. The destination byte offset is read from `rDst`'s integer slot; the
source byte offset is read from `rSrc`'s integer slot. The registers must be
different.

0x026d Copy op3 bytes from binary op2 offset op2.int to binary op1 offset
op1.int REGREGREG

/* Binary memory move example */
main() .locals=6

load r1,0x001122334455
load r2,0xaabbccdd
load r1,1
load r2,2
load r3,2
bmove r1,r2,r3
load r5,1
getbyte r4,r1,r5
itos r4
say r4

load r1,0
load r2,2
load r3,4
bmemmove r1,r2,r3
load r5,2
getbyte r4,r1,r5
itos r4
say r4
ret
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204

0
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BRESIZE - Binary Resize

Syntax - form

Name OP1 OP2

BRESIZE REG REG

Operation `bresize rBin,rLen` changes the logical binary length. Existing bytes
are preserved up to the new length and growth is zero-filled.Negative lengths
raise `OUT_OF_RANGE`.

0x0246 Resize binary op1 to op2 bytes, zero-fill growth REGREG

/* Binary fixed−width field example */
main() .locals=8

load r1,0x
load r2,16
bresize r1,r2

load r2,0
load r3,−42
bseti64 r1,r2,r3
bgeti64 r4,r1,r2
itos r4
say r4

load r2,8
load r5,1.5
bsetf32 r1,r2,r5
bgetf32 r6,r1,r2
ftos r6
say r6

load r2,0
bgetu32 r7,0x78563412,r2
itos r7
say r7
ret
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-42

1.5

305419896
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BSETF32 - Binary Float32 Write

Syntax - form

Name OP1 OP2 OP3

BSETF32 REG REG REG

Operation `bgetu8`, `bgeti8`, `bgetu16`, `bgeti16`, `bgetu32`, `bgeti32`, `bgeti64`,
`bgetf32`, and `bgetf64` read fixed-width fields from a binary register or bi-
nary constant. Multi-byte values use little-endian storage. Signed integer
forms sign-extend into the destination integer register. Unsigned forms
raise `OUT_OF_RANGE` if the result cannot be represented by the active
VM integer type.
`.int` maps to signed 64-bit storage through `bgeti64`. `.f32` is IEEE bi-
nary32 storage and widens to the VM float register. `.float` maps to the cur-
rent VM float representation, which is binary64 for Release 1.

0x0267 Float32 little-endian binary write op1[op2]=op3 REGREGREG
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BSETF64 - Binary Float64 Write

Syntax - form

Name OP1 OP2 OP3

BSETF64 REG REG REG

Operation `bgetu8`, `bgeti8`, `bgetu16`, `bgeti16`, `bgetu32`, `bgeti32`, `bgeti64`,
`bgetf32`, and `bgetf64` read fixed-width fields from a binary register or bi-
nary constant. Multi-byte values use little-endian storage. Signed integer
forms sign-extend into the destination integer register. Unsigned forms
raise `OUT_OF_RANGE` if the result cannot be represented by the active
VM integer type.
`.int` maps to signed 64-bit storage through `bgeti64`. `.f32` is IEEE bi-
nary32 storage and widens to the VM float register. `.float` maps to the cur-
rent VM float representation, which is binary64 for Release 1.

0x0256 Float64 little-endian binary write op1[op2]=op3 REGREGREG
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4.13. Binary Memory

BSETI16 - Binary Signed 16-bit Write

Syntax - form

Name OP1 OP2 OP3

BSETI16 REG REG REG

Operation

0x0253 Signed 16-bit little-endian binary write op1[op2]=op3 REGREGREG
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BSETI32 - Binary Signed 32-bit Write

Syntax - form

Name OP1 OP2 OP3

BSETI32 REG REG REG

Operation `bgetu8`, `bgeti8`, `bgetu16`, `bgeti16`, `bgetu32`, `bgeti32`, `bgeti64`,
`bgetf32`, and `bgetf64` read fixed-width fields from a binary register or bi-
nary constant. Multi-byte values use little-endian storage. Signed integer
forms sign-extend into the destination integer register. Unsigned forms
raise `OUT_OF_RANGE` if the result cannot be represented by the active
VM integer type.
`.int` maps to signed 64-bit storage through `bgeti64`. `.f32` is IEEE bi-
nary32 storage and widens to the VM float register. `.float` maps to the cur-
rent VM float representation, which is binary64 for Release 1.

0x0255 Signed 32-bit little-endian binary write op1[op2]=op3 REGREGREG
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4.13. Binary Memory

BSETI64 - Binary Signed 64-bit Write

Syntax - form

Name OP1 OP2 OP3

BSETI64 REG REG REG

Operation

0x0266 Signed 64-bit little-endian binary write op1[op2]=op3 REGREGREG
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BSETI8 - Binary Signed 8-bit Write

Syntax - form

Name OP1 OP2 OP3

BSETI8 REG REG REG

Operation `bgetu8`, `bgeti8`, `bgetu16`, `bgeti16`, `bgetu32`, `bgeti32`, `bgeti64`,
`bgetf32`, and `bgetf64` read fixed-width fields from a binary register or bi-
nary constant. Multi-byte values use little-endian storage. Signed integer
forms sign-extend into the destination integer register. Unsigned forms
raise `OUT_OF_RANGE` if the result cannot be represented by the active
VM integer type.
`.int` maps to signed 64-bit storage through `bgeti64`. `.f32` is IEEE bi-
nary32 storage and widens to the VM float register. `.float` maps to the cur-
rent VM float representation, which is binary64 for Release 1.

0x0251 Signed 8-bit little-endian binary write op1[op2]=op3 REGREGREG
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BSETS - Binary UTF-8 String Write

Syntax - variants

Name OP1 OP2 OP3

BSETS REG REG REG

BSETS REG REG STRING

Operation `bintos rReg` validates the register's current binary bytes asUTF-8 and
copies them into its string slot. Invalid UTF-8 raises `UNICODE_ERROR`.

0x026a Write string register op3 as UTF-8 plus NUL to binary op1[op2] REGRE-
GREG

0x026b Write string constant op3 as UTF-8 plus NUL to binary op1[op2] RE-
GREGSTRING
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BSETU16 - Binary Unsigned 16-bit Write

Syntax - form

Name OP1 OP2 OP3

BSETU16 REG REG REG

Operation `bgetu8`, `bgeti8`, `bgetu16`, `bgeti16`, `bgetu32`, `bgeti32`, `bgeti64`,
`bgetf32`, and `bgetf64` read fixed-width fields from a binary register or bi-
nary constant. Multi-byte values use little-endian storage. Signed integer
forms sign-extend into the destination integer register. Unsigned forms
raise `OUT_OF_RANGE` if the result cannot be represented by the active
VM integer type.
`.int` maps to signed 64-bit storage through `bgeti64`. `.f32` is IEEE bi-
nary32 storage and widens to the VM float register. `.float` maps to the cur-
rent VM float representation, which is binary64 for Release 1.

0x0252 Unsigned 16-bit little-endian binary write op1[op2]=op3 REGREGREG
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BSETU32 - Binary Unsigned 32-bit Write

Syntax - form

Name OP1 OP2 OP3

BSETU32 REG REG REG

Operation `bgetu8`, `bgeti8`, `bgetu16`, `bgeti16`, `bgetu32`, `bgeti32`, `bgeti64`,
`bgetf32`, and `bgetf64` read fixed-width fields from a binary register or bi-
nary constant. Multi-byte values use little-endian storage. Signed integer
forms sign-extend into the destination integer register. Unsigned forms
raise `OUT_OF_RANGE` if the result cannot be represented by the active
VM integer type.
`.int` maps to signed 64-bit storage through `bgeti64`. `.f32` is IEEE bi-
nary32 storage and widens to the VM float register. `.float` maps to the cur-
rent VM float representation, which is binary64 for Release 1.

0x0254 Unsigned 32-bit little-endian binary write op1[op2]=op3 REGREGREG
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BSETU8 - Binary Unsigned 8-bit Write

Syntax - form

Name OP1 OP2 OP3

BSETU8 REG REG REG

Operation

0x0250 Unsigned 8-bit little-endian binary write op1[op2]=op3 REGREGREG
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4.13. Binary Memory

BSLICE - Explicit Binary Slice

Syntax - form

Name OP1 OP2 OP3 OP4

BSLICE REG REG REG REG

Operation `bslice rDst,rSrc,rOffset,rLen` copies up to `rLen` bytes from `rSrc`,
starting at the explicit zero-based byte offset `rOffset`, into `rDst`. A neg-
ative offset is clamped to zero, a slice extending beyond the source is trun-
cated, and a negative length raises `OUT_OF_RANGE`. Binary values have
no logical cursor.

0x00be Binary slice op1 = op2[op3..op3+op4) REGREGREGREG
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BUPDATE - Binary Overlay Update

Syntax - form

Name OP1 OP2 OP3

BUPDATE REG REG REG

Operation `bupdate rDst,rOffset,rSrc` overlays the whole binary payload of
`rSrc` into `rDst` at `rOffset`. The overlay must fit in the existing desti-
nation length.
This instruction operates on raw bytes and do not validate UTF-8.

0x00bf Overlay binary op3 into op1 at byte offset op2 REGREGREG
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GETBYTE - Get Byte

Syntax - form

Name OP1 OP2 OP3

GETBYTE REG REG REG

Operation `getbyte rOut,rBin,rOffset` is the legacy tolerant byte read. It stores the
byte at `rOffset`, or `-1` when the offset is outside the logical binary length.
It has no binary-constant form; use `bgetu8` for strict constant byte reads.

0x00a7 get byte (op1=op2(op3) REGREGREG
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LOAD - Load

Syntax - variants

Name OP1 OP2

LOAD REG INT

LOAD REG FLOAT

LOAD REG STRING

LOAD REG REG

LOAD REG DECIMAL

LOAD INT INT

LOAD INT REG

LOAD REG BINARY

Operation `load rDst,0x...` materializes a whole binary constant into the binary
slot of `rDst`. It is useful for small values and tests, but large lookup tables
should be read directly through the constant-source forms below.

0x0001 Load op1 with op2 REGINT

0x0002 Load op1 with op2 REGFLOAT

0x0003 Load op1 with op2 REGSTRING

0x0004 Load op1 with op2 REGREG

0x0005 Load op1 with op2 REGDECIMAL

main() .locals=6
load r3,1.23456e3d
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dtos r3
say r3
ret

1234.56

0x0006 Load op1 with op2 (non symbolic registers) INTINT

0x0007 Load op1 with op2 (non symbolic registers) INTREG

0x00b7 Load binary literal op2 into op1 REGBINARY
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SETBYTE - Set Byte

Syntax - form

Name OP1 OP2 OP3

SETBYTE REG REG REG

Operation `setbyte rBin,rOffset,rByte` writes one byte into mutable binary mem-
ory. The offset must be in range and the byte value must be in `0..255`.

0x00b9 Set binary byte op1[op2] = op3 REGREGREG
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SGET - String Constant Extract

Syntax - form

Name OP1 OP2 OP3

SGET REG STRING REG

Operation `sget rString,sConst,rOffset` extracts from a `STRING_CONST`, not
from binary memory. `rOffset` is a byte offset into the UTF-8 string con-
stant and must be a codepoint boundary. The current codepoint length of
`rString` is the requested copy length. The VM scans that many codepoints,
copies the exact bytes, sets the destination string byte length and codepoint
count, and writes the safety NUL outside the logical value.

0x026c Copy op1 codepoints from string constant op2 at byte offset op3 into
op1 REGSTRINGREG
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STOBIN - String to Binary

Syntax - form

Name OP1

STOBIN REG

Operation `stobin rReg` copies the register's current string bytes exactly into its
binary slot. It does not append a NUL terminator.

0x00c0 Convert string register bytes to binary bytes REG
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5
Decimal instructionimplementation variants

The preceding set of decimal instructions is implemented twice, in VM Plugins
which can be switched out at runtime to determine the requested behaviour. One
set implements the classic Rexx ANSI X3.274-1996 unlimited precision decimal
floating point, which corresponds to the IEEE 754-2008 revision.The other set of
instruction implementations is new for crexx and contains the implementation
of the rxvmplugin plugin using (platform-instruction set architecture specific)
long double precision floating point numbers.

5.1 md decimal

5.2 db decimal

TABLE 1: db decimal precision.

Arch OS # long double Size Format Used Precision (bits)
Decimal
Precision

x86_64 1 16 bytes x87 80-bit extended ~64 ~19--20 digits
x86_64 2 16 bytes IEEE 128-bit 113 ~33--34 digits
x86_64 3 16 bytes IEEE 128-bit

(emulated)
106--113 ~31--33 digits

x86_64 4 8 bytes IEEE 64-bit (double) 53 ~15--17 digits
ARM64 5 16 bytes IEEE 128-bit 113 ~33--34 digits
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Arch OS # long double Size Format Used Precision (bits)
Decimal
Precision

ARM64 6 8 bytes IEEE 64-bit (double) 53 ~15--17 digits
s390x 5 16 bytes IEEE 128-bit 113 ~33--34 digits

TABLE 2: db decimal precision: OS legenda.

OS # OS Description

1 Linux (glibc, e.g. Ubuntu, Debian, Fedora)
2 Linux (musl, e.g. Alpine)
3 macOS (x86_64)
4 Windows (x86_64, MSVC)
5 Linux (glibc, including s390x and ARM64)
6 macOS (ARM64)

TABLE 3: db decimal precision: architecture notes.

Arch/OS# Notes

x86_64/1 True x87 80-bit precision; ABI aligns to 16 bytes; used by GCC
x86_64/2 long double uses IEEE binary128 via software (libquadmath)
x86_64/3 Clang supports IEEE 128-bit emulation; not hardware backed
x86_64/4 long double is just an alias for double in MSVC
ARM64/5 GCC maps long double to binary128 if supported
ARM64/6 No __float128 support in Clang; long double equals double
s390x/5 Hardware-backed IEEE 128-bit (z13 and newer)

On macOS ARM64 (Arch/OS ARM64/6), db decimal is therefore limited to about
15-17 significant decimal digits. Programs that require higher precision, such as
numeric digits 1000, must use the mc decimal backend instead of db decimal.
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6
Instructions by Opcode

Opcode Instruction parameters

0x0001 load REG,INT

0x0002 load REG,FLOAT

0x0003 load REG,STRING

0x0004 load REG,REG

0x0005 load REG,DECIMAL

0x0006 load INT,INT

0x0007 load INT,REG

0x0008 copy REG,REG

0x0009 icopy REG,REG

0x000a fcopy REG,REG

0x000b scopy REG,REG

0x000c dcopy REG,REG

0x000d acopy REG,REG

0x000e null REG

0x000f iadd REG,REG,REG

0x0010 iadd REG,REG,INT

0x0011 isub REG,REG,REG

0x0012 isub REG,REG,INT

0x0013 isub REG,INT,REG

0x0014 imult REG,REG,REG

0x0015 imult REG,REG,INT

0x0016 idiv REG,REG,REG

0x0017 idiv REG,REG,INT

0x0018 idiv REG,INT,REG

0x0019 imod REG,REG,REG

0x001a imod REG,REG,INT

0x001b imod REG,INT,REG
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0x001c inc REG

0x001d dec REG

0x001e inc0 no

0x001f dec0 no

0x0020 inc1 no

0x0021 dec1 no

0x0022 inc2 no

0x0023 dec2 no

0x0024 br ID

0x0025 brt ID,REG

0x0026 brf ID,REG

0x0027 brtf ID,ID,REG

0x0028 beq ID,REG,REG

0x0029 beq ID,REG,INT

0x002a bne ID,REG,REG

0x002b bne ID,REG,INT

0x002c call FUNC

0x002d call REG,FUNC

0x002e call REG,FUNC,REG

0x002f dcall REG,REG,REG

0x0030 ret no

0x0031 ret REG

0x0032 ret INT

0x0033 ret FLOAT

0x0034 ret STRING

0x0035 exit no

0x0036 exit REG

0x0037 exit INT

0x0038 setobjtype REG,STRING

0x0039 srcmethodsel REG,REG,STRING

0x003a srcfprocsel REG,STRING,REG

0x003b typeof REG,REG

0x003c istype REG,REG,STRING

0x003d asserttype REG,STRING

0x003e socknew REG

0x003f sockclose REG,REG

0x0040 sockconnect REG,REG,REG

0x0041 sockbind REG,REG,REG

0x0042 socklisten REG,REG,REG

0x0043 sockaccept REG,REG

0x0044 sockshutdown REG,REG,REG

0x0045 socksend REG,REG,REG

0x0046 socksendb REG,REG,REG

0x0047 sockrecv REG,REG,REG

0x0048 sockrecvb REG,REG,REG
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0x0049 sockpending REG,REG

0x004a socktimeout REG,REG,REG

0x004b sockblocking REG,REG,REG

0x004c socknodelay REG,REG,REG

0x004d sockkeepalive REG,REG,REG

0x004e sockpeer REG,REG

0x004f socklocal REG,REG

0x0050 sockstatus REG,REG

0x0051 sockerror REG,REG

0x0052 sockstarttls REG,REG,REG

0x0053 sockconnecttls REG,REG,REG

0x0054 setobjuninit REG,STRING

0x0055 assertinitialized REG

0x0056 isinitialized REG,REG

0x0057 cnop REG,REG,REG,REG,REG,REG,REG,REG,REG

0x0064 ieq REG,REG,REG

0x0065 ieq REG,REG,INT

0x0066 ine REG,REG,REG

0x0067 ine REG,REG,INT

0x0068 igt REG,REG,REG

0x0069 igt REG,REG,INT

0x006a igt REG,INT,REG

0x006b igte REG,REG,REG

0x006c igte REG,REG,INT

0x006d igte REG,INT,REG

0x006e ilt REG,REG,REG

0x006f ilt REG,REG,INT

0x0070 ilt REG,INT,REG

0x0071 ilte REG,REG,REG

0x0072 ilte REG,REG,INT

0x0073 ilte REG,INT,REG

0x0074 seq REG,REG,REG

0x0075 seq REG,REG,STRING

0x0076 rseq REG,REG,REG

0x0077 rseq REG,REG,STRING

0x0078 sne REG,REG,REG

0x0079 sne REG,REG,STRING

0x007a sgt REG,REG,REG

0x007b sgt REG,REG,STRING

0x007c sgt REG,STRING,REG

0x007d sgte REG,REG,REG

0x007e sgte REG,REG,STRING

0x007f sgte REG,STRING,REG

0x0080 slt REG,REG,REG

0x0081 slt REG,REG,STRING
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0x0082 slt REG,STRING,REG

0x0083 slte REG,REG,REG

0x0084 slte REG,REG,STRING

0x0085 slte REG,STRING,REG

0x0086 concat REG,REG,REG

0x0087 concat REG,REG,STRING

0x0088 concat REG,STRING,REG

0x0089 sconcat REG,REG,REG

0x008a sconcat REG,REG,STRING

0x008b sconcat REG,STRING,REG

0x008c appendchar REG,REG

0x008d concchar REG,REG,REG

0x008e sappend REG,REG

0x008f append REG,REG

0x0090 triml REG,REG

0x0091 trimr REG,REG

0x0092 triml REG,REG,REG

0x0093 trimr REG,REG,REG

0x0094 trunc REG,REG,REG

0x0095 strlen REG,REG

0x0096 strchar REG,REG,REG

0x0098 hexchar REG,REG,REG

0x0099 poschar REG,REG,REG

0x009d strlower REG,REG

0x009e strupper REG,REG

0x009f transchar REG,REG,REG

0x00a0 dropchar REG,REG,REG

0x00a1 substring REG,REG,REG,REG

0x00a2 substcut REG,REG

0x00a3 padstr REG,REG,REG

0x00a4 strpos REG,REG,REG

0x00a5 fndblnk REG,REG,REG

0x00a6 fndnblnk REG,REG,REG

0x00a7 getbyte REG,REG,REG

0x00a8 iand REG,REG,REG

0x00a9 iand REG,REG,INT

0x00aa ior REG,REG,REG

0x00ab ior REG,REG,INT

0x00ac ixor REG,REG,REG

0x00ad ixor REG,REG,INT

0x00ae ishl REG,REG,REG

0x00af ishl REG,REG,INT

0x00b0 ishr REG,REG,REG

0x00b1 ishr REG,REG,INT

0x00b2 inot REG,REG
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0x00b3 inot REG,INT

0x00b4 and REG,REG,REG

0x00b5 or REG,REG,REG

0x00b6 not REG,REG

0x00b7 load REG,BINARY

0x00b8 blen REG,REG

0x00b9 setbyte REG,REG,REG

0x00ba bconcat REG,REG,REG

0x00bb bappend REG,REG

0x00be bslice REG,REG,REG,REG

0x00bf bupdate REG,REG,REG

0x00c0 stobin REG

0x00c1 bintos REG

0x00c2 mkref REG,REG

0x00c3 deref REG,REG

0x00c4 linkref REG,REG

0x00c5 setref REG,REG

0x00c6 refvalid REG,REG

0x00c7 unref REG

0x00c8 linkattr REG,REG,REG

0x00c9 linkattr REG,REG,INT

0x00ca linkattr1 REG,REG,REG

0x00cb linkattr1 REG,REG,INT

0x00cc linktoattr REG,REG,REG

0x00cd linktoattr INT,REG,REG

0x00ce linktoattr1 REG,REG,REG

0x00cf linktoattr1 INT,REG,REG

0x00d0 unlinkattr REG,REG

0x00d1 unlinkattr INT,REG

0x00d2 unlinkattr1 REG,REG

0x00d3 unlinkattr1 INT,REG

0x00d4 link REG,REG

0x00d5 unlink REG

0x00d6 getattrs REG,REG

0x00d7 getattrs REG,REG,INT

0x00d8 setattrs REG,REG

0x00d9 setattrs REG,INT

0x00da setattrs REG,REG,INT

0x00db setattrs REG,INT,INT

0x00dc getabufs REG,REG

0x00dd minattrs REG,REG

0x00de minattrs REG,INT

0x00df minattrs REG,REG,INT

0x00e0 minattrs REG,INT,INT

0x00e1 btoi REG
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0x00e2 btod REG

0x00e3 btof REG

0x00e4 btos REG

0x00e5 itos REG

0x00e6 ftos REG

0x00e7 itof REG

0x00e8 ftoi REG

0x00e9 ftob REG

0x00ea itob REG

0x00eb stob REG

0x00ec stof REG

0x00ed stoi REG

0x00ee stod REG

0x00ef dtos REG

0x00f0 dtoi REG

0x00f1 dtob REG

0x00f2 itod REG

0x00f3 ftod REG

0x00f4 dtof REG

0x00f5 setnumdgts REG

0x00f6 setnumdgts INT

0x00f7 getnumdgts REG

0x00f8 setnumfuz REG

0x00f9 setnumfuz INT

0x00fa getnumfuz REG

0x00fb setnumfrm REG

0x00fc setnumfrm INT

0x00fd getnumfrm REG

0x00fe setnumcas REG

0x00ff setnumcas INT

0x0100 getnumcas REG

0x0101 setnumstd REG

0x0102 setnumstd INT

0x0103 getnumstd REG

0x0104 numsci INT,INT,INT

0x0105 numeng INT,INT,INT

0x0106 fformat REG,REG,REG

0x0107 refsame REG,REG,REG

0x0108 swapn REG,REG,REG,REG

0x0109 swapn REG,REG,REG,REG,REG,REG

0x010a swapn REG,REG,REG,REG,REG,REG,REG,REG

0x010b settpswap REG,INT,REG

0x010c loadsettp2 REG,INT,REG,INT

0x010d loadsettpswap REG,INT,REG,INT,REG

0x010e swapsettp REG,REG,REG,INT
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0x010f swapsettpswap REG,REG,REG,INT,REG

0x0111 settpswapsettpswap REG,INT,REG,REG,REG

0x0112 nulln REG,REG

0x0113 nulln REG,REG,REG

0x0114 nulln REG,REG,REG,REG

0x0118 swapcall REG,FUNC,REG,REG,REG

0x0119 settpswapcall REG,FUNC,REG,REG,INT,REG

0x011a settpcall REG,FUNC,REG,REG,INT

0x011b unlinkn REG,REG

0x011c isetunlink REG,REG

0x011d igetunlink REG,REG

0x011e iloadsetunlink REG,INT

0x011f isetunlinkn REG,REG,REG

0x0120 unlinkbr REG,ID

0x0121 iloadsetunlinkn REG,INT,REG

0x0123 setlinkattr1 REG,REG,INT,REG

0x0124 setlinkattr1 REG,REG,INT,REG,INT

0x0125 minlinkattr1 REG,REG,INT

0x0126 minlinkattr1 REG,REG,REG,INT

0x0127 itof REG,REG

0x0128 stoi REG,REG

0x0129 fdivsub REG,REG,REG,FLOAT

0x012a fmulticopy REG,FLOAT,REG,REG

0x012c fadd REG,REG,REG

0x012d fadd REG,REG,FLOAT

0x012e fsub REG,REG,REG

0x012f fsub REG,REG,FLOAT

0x0130 fsub REG,FLOAT,REG

0x0131 fmult REG,REG,REG

0x0132 fmult REG,REG,FLOAT

0x0133 fdiv REG,REG,REG

0x0134 fdiv REG,REG,FLOAT

0x0135 fdiv REG,FLOAT,REG

0x0136 fidiv REG,REG,REG

0x0137 fidiv REG,REG,FLOAT

0x0138 fidiv REG,FLOAT,REG

0x0139 fmod REG,REG,REG

0x013a fmod REG,REG,FLOAT

0x013b fmod REG,FLOAT,REG

0x013c feq REG,REG,REG

0x013d feq REG,REG,FLOAT

0x013e fne REG,REG,REG

0x013f fne REG,REG,FLOAT

0x0140 fgt REG,REG,REG

0x0141 fgt REG,REG,FLOAT
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0x0142 fgt REG,FLOAT,REG

0x0143 fgte REG,REG,REG

0x0144 fgte REG,REG,FLOAT

0x0145 fgte REG,FLOAT,REG

0x0146 flt REG,REG,REG

0x0147 flt REG,REG,FLOAT

0x0148 flt REG,FLOAT,REG

0x0149 flte REG,REG,REG

0x014a flte REG,REG,FLOAT

0x014b flte REG,FLOAT,REG

0x014c fgtbr ID,REG,REG

0x014d fltbr ID,REG,REG

0x014e fpow REG,REG,REG

0x014f fpow REG,REG,FLOAT

0x0150 fpow REG,FLOAT,REG

0x0151 fsex REG

0x0152 fextr REG,REG,REG

0x0153 ipow REG,REG,REG

0x0154 ipow REG,REG,INT

0x0155 ipow REG,INT,REG

0x0156 isex REG

0x0157 igtbr ID,REG,REG

0x0158 iltbr ID,REG,REG

0x0159 bct ID,REG

0x015a bct ID,REG,REG

0x015b bctnm ID,REG

0x015c bctnm ID,REG,REG

0x015d bctp ID,REG

0x015e bcf ID,REG

0x015f bcf ID,REG,REG

0x0160 bgt ID,REG,REG

0x0161 bgt ID,REG,INT

0x0162 bge ID,REG,REG

0x0163 bge ID,REG,INT

0x0164 blt ID,REG,REG

0x0165 blt ID,REG,INT

0x0166 ble ID,REG,REG

0x0167 ble ID,REG,INT

0x0168 dadd REG,REG,REG

0x0169 dadd REG,REG,DECIMAL

0x016a dsub REG,REG,REG

0x016b dsub REG,REG,DECIMAL

0x016c dsub REG,DECIMAL,REG

0x016d dmult REG,REG,REG

0x016e dmult REG,REG,DECIMAL
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0x016f ddiv REG,REG,REG

0x0170 ddiv REG,REG,DECIMAL

0x0171 ddiv REG,DECIMAL,REG

0x0172 didiv REG,REG,REG

0x0173 didiv REG,REG,DECIMAL

0x0174 didiv REG,DECIMAL,REG

0x0175 dmod REG,REG,REG

0x0176 dmod REG,REG,DECIMAL

0x0177 dmod REG,DECIMAL,REG

0x0178 deq REG,REG,REG

0x0179 deq REG,REG,DECIMAL

0x017a dne REG,REG,REG

0x017b dne REG,REG,DECIMAL

0x017c dgt REG,REG,REG

0x017d dgt REG,REG,DECIMAL

0x017e dgt REG,DECIMAL,REG

0x017f dgte REG,REG,REG

0x0180 dgte REG,REG,DECIMAL

0x0181 dgte REG,DECIMAL,REG

0x0182 dlt REG,REG,REG

0x0183 dlt REG,REG,DECIMAL

0x0184 dlt REG,DECIMAL,REG

0x0185 dlte REG,REG,REG

0x0186 dlte REG,REG,DECIMAL

0x0187 dlte REG,DECIMAL,REG

0x0188 dgtbr ID,REG,REG

0x0189 dltbr ID,REG,REG

0x018a deqbr ID,REG,REG

0x018b dpow REG,REG,REG

0x018c dpow REG,REG,DECIMAL

0x018d dpow REG,DECIMAL,REG

0x018e dsex REG

0x018f dextr REG,REG,REG

0x0190 decplnm REG,REG,REG

0x0191 call1 REG,FUNC,REG

0x0192 call2 REG,FUNC,REG,REG

0x0193 call3 REG,FUNC,REG,REG,REG

0x0194 call4 REG,FUNC,REG,REG,REG,REG

0x0195 parsewords3 REG,REG,REG,REG

0x0196 isetattr1 REG,INT,REG

0x0198 parsepos2 REG,REG,REG,INT

0x0199 parsewords3d REG,REG,REG,REG

0x019a parseplan REG,REG,STRING

0x019c linksetattrslinkadd REG,REG,INT,INT,REG,REG,INT

0x019f setlinkiload REG,REG,INT,REG,REG,INT
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0x01a6 iloadsetunlinkn REG,REG,INT,REG

0x01c2 say REG

0x01c3 sayx REG

0x01c4 sayx STRING

0x01c5 say INT

0x01c6 say FLOAT

0x01c7 say STRING

0x01c8 say CHAR

0x01c9 readline REG

0x01ca time REG

0x01cb mtime REG

0x01cc xtime REG,STRING

0x01cd rxvers REG

0x01ce getenv REG,REG

0x01cf getenv REG,STRING

0x01d0 irand REG,REG

0x01d1 irand REG,INT

0x01d8 fopen REG,REG,REG

0x01d9 fclose REG,REG

0x01da fflush REG,REG

0x01db freadb REG,REG,REG

0x01dc freadline REG,REG

0x01dd freadbyte REG,REG

0x01de freadcdpt REG,REG

0x01df fwrite REG,REG

0x01e0 fwriteb REG,REG

0x01e1 fwritebyte REG,REG

0x01e2 fwritecdpt REG,REG

0x01e3 fclearerr REG

0x01e4 feof REG,REG

0x01e5 ferror REG,REG

0x01e6 signal STRING

0x01e7 signalt STRING,REG

0x01e8 signalf STRING,REG

0x01e9 signal STRING,STRING

0x01ea signal STRING,REG

0x01eb signalt STRING,STRING,REG

0x01ec signalf STRING,STRING,REG

0x01ed bpon FUNC

0x01ee bpon no

0x01ef bpoff no

0x01f0 sigignore STRING

0x01f1 sighalt STRING

0x01f2 sigshalt STRING

0x01f3 sigbr ID,STRING
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0x01f4 sigcall FUNC,STRING

0x01f5 sigcallbr ID,FUNC,STRING

0x01f6 sigret STRING

0x01f7 ichkrng REG,INT,INT

0x01f8 ichkrng REG,INT,REG

0x01f9 ichkrng REG,REG,REG

0x01fa ichkrng INT,INT,REG

0x01fb ichkrng INT,REG,REG

0x01fc erase REG

0x01fd move REG,REG

0x01fe swap REG,REG

0x01ff linkarg REG,INT

0x0200 linkarg REG,REG,INT

0x0201 rxhash REG,REG,REG

0x0202 endlife REG

0x0203 settpmask REG,REG,INT

0x0204 gettp REG,REG

0x0205 settp REG,INT

0x0206 loadsettp REG,INT,INT

0x0207 loadsettp REG,FLOAT,INT

0x0208 loadsettp REG,STRING,INT

0x0209 setortp REG,INT

0x020a getandtp REG,REG,INT

0x020b brtpt ID,REG

0x020c brtpandt ID,REG,INT

0x020d metaloadmodule REG,REG

0x020e metaloadedmodules REG

0x020f metaloadedprocs REG,REG

0x0210 metaloadedeprocs REG,REG

0x0211 metaloadinst REG,REG,REG

0x0212 metadecodeinst REG,REG

0x0213 metaloadioperand REG,REG,REG

0x0214 metaloadfoperand REG,REG,REG

0x0215 metaloadsoperand REG,REG,REG

0x0216 metaloadpoperand REG,REG,REG

0x0217 metaloaddata REG,REG,REG

0x0218 metalinkpreg REG,REG

0x0219 metaloadcalleraddr REG

0x021c cnop no

0x021d sigcalla FUNC,STRING

0x021e signal REG

0x021f signal REG,REG

0x0220 sigpush STRING

0x0221 sigpop STRING

0x0222 sigbrv ID,REG,STRING
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0x0223 insattrs REG,REG,REG

0x0224 insattrs REG,REG,INT

0x0225 insattrs REG,INT,REG

0x0226 insattrs REG,INT,INT

0x0227 insattrs1 REG,REG,REG

0x0228 insattrs1 REG,REG,INT

0x0229 insattrs1 REG,INT,REG

0x022a insattrs1 REG,INT,INT

0x022b delattrs REG,REG,REG

0x022c delattrs REG,REG,INT

0x022d delattrs REG,INT,REG

0x022e delattrs REG,INT,INT

0x022f delattrs1 REG,REG,REG

0x0230 delattrs1 REG,REG,INT

0x0231 delattrs1 REG,INT,REG

0x0232 delattrs1 REG,INT,INT

0x0233 req REG,REG,REG

0x0234 req REG,REG,STRING

0x0235 req REG,STRING,REG

0x0236 rne REG,REG,REG

0x0237 rne REG,REG,STRING

0x0238 rne REG,STRING,REG

0x0239 rgt REG,REG,REG

0x023a rgt REG,REG,STRING

0x023b rgt REG,STRING,REG

0x023c rgte REG,REG,REG

0x023d rgte REG,REG,STRING

0x023e rgte REG,STRING,REG

0x023f rlt REG,REG,REG

0x0240 rlt REG,REG,STRING

0x0241 rlt REG,STRING,REG

0x0242 rlte REG,REG,REG

0x0243 rlte REG,REG,STRING

0x0244 rlte REG,STRING,REG

0x0245 bcopy REG,REG

0x0246 bresize REG,REG

0x0247 bclear REG

0x0248 bfill REG,REG

0x0249 bgetu8 REG,REG,REG

0x024a bgeti8 REG,REG,REG

0x024b bgetu16 REG,REG,REG

0x024c bgeti16 REG,REG,REG

0x024d bgetu32 REG,REG,REG

0x024e bgeti32 REG,REG,REG

0x024f bgetf64 REG,REG,REG
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0x0250 bsetu8 REG,REG,REG

0x0251 bseti8 REG,REG,REG

0x0252 bsetu16 REG,REG,REG

0x0253 bseti16 REG,REG,REG

0x0254 bsetu32 REG,REG,REG

0x0255 bseti32 REG,REG,REG

0x0256 bsetf64 REG,REG,REG

0x0257 bcheckrange REG,REG,REG

0x0258 blen REG,BINARY

0x0259 bcopy REG,REG,REG

0x025a bcopy REG,BINARY,REG

0x025b bgetu8 REG,BINARY,REG

0x025c bgeti8 REG,BINARY,REG

0x025d bgetu16 REG,BINARY,REG

0x025e bgeti16 REG,BINARY,REG

0x025f bgetu32 REG,BINARY,REG

0x0260 bgeti32 REG,BINARY,REG

0x0261 bgetf64 REG,BINARY,REG

0x0262 bgeti64 REG,REG,REG

0x0263 bgeti64 REG,BINARY,REG

0x0264 bgetf32 REG,REG,REG

0x0265 bgetf32 REG,BINARY,REG

0x0266 bseti64 REG,REG,REG

0x0267 bsetf32 REG,REG,REG

0x0268 bgets REG,REG,REG

0x0269 bgets REG,BINARY,REG

0x026a bsets REG,REG,REG

0x026b bsets REG,REG,STRING

0x026c sget REG,STRING,REG

0x026d bmove REG,REG,REG

0x026e bmemmove REG,REG,REG

0x026f bcmpb REG,REG,REG

0x0270 bcmpb REG,BINARY,REG

0x0271 bcmpb REG,REG,BINARY

0x0272 bcmpb REG,BINARY,BINARY

0x0273 bcmps REG,REG,REG

0x0274 bcmps REG,REG,STRING

0x0275 bcmps REG,BINARY,REG

0x0276 bcmps REG,BINARY,STRING

0x0277 jumps REG,BINARY

0x0278 jumpb REG,BINARY

0x0279 jumpbs REG,REG,BINARY

0x027a jumpi REG,BINARY

0x027b jumpr REG,BINARY

0x027c jumpn REG,BINARY

279



Chapter 6. Instructions by Opcode

0x027d bineq REG,REG,REG

0x027e bineq REG,REG,BINARY

0x027f binne REG,REG,REG

0x0280 binne REG,REG,BINARY

0x0281 steminit REG

0x0282 stemget REG,REG,REG

0x0283 stemset REG,REG,REG

0x0284 stemreset REG,REG

0x0285 stemget2 REG,REG,REG,REG

0x0286 stemset2 REG,REG,REG,REG

0x0287 stemsize REG,REG

0x0288 stemkeyat REG,REG,REG

0x0289 stemvalueat REG,REG,REG

0x028a chanopen REG,REG,REG,REG,REG

0x028b chanstart REG,REG,REG,REG,REG

0x028c chanwait REG,REG,REG,REG

0x028d chancancel REG,REG,REG,REG

0x028e chanclose REG,REG,REG

0x028f pgeti REG,REG,REG

0x0290 pseti REG,REG,REG

0x0291 pgetf REG,REG,REG

0x0292 psetf REG,REG,REG

0x0293 chanrelease REG,REG,REG
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7
Instructions by Mnemonic

Opcode Instruction parameters

0x000d acopy REG,REG

0x00b4 and REG,REG,REG

0x008f append REG,REG

0x008c appendchar REG,REG

0x0055 assertinitialized REG

0x003d asserttype REG,STRING

0x00bb bappend REG,REG

0x015f bcf ID,REG,REG

0x015e bcf ID,REG

0x0257 bcheckrange REG,REG,REG

0x0247 bclear REG

0x0272 bcmpb REG,BINARY,BINARY

0x0270 bcmpb REG,BINARY,REG

0x0271 bcmpb REG,REG,BINARY

0x026f bcmpb REG,REG,REG

0x0275 bcmps REG,BINARY,REG

0x0276 bcmps REG,BINARY,STRING

0x0273 bcmps REG,REG,REG

0x0274 bcmps REG,REG,STRING

0x00ba bconcat REG,REG,REG

0x025a bcopy REG,BINARY,REG

0x0259 bcopy REG,REG,REG

0x0245 bcopy REG,REG

0x015a bct ID,REG,REG

0x0159 bct ID,REG

0x015c bctnm ID,REG,REG

0x015b bctnm ID,REG
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0x015d bctp ID,REG

0x0029 beq ID,REG,INT

0x0028 beq ID,REG,REG

0x0248 bfill REG,REG

0x0163 bge ID,REG,INT

0x0162 bge ID,REG,REG

0x0265 bgetf32 REG,BINARY,REG

0x0264 bgetf32 REG,REG,REG

0x0261 bgetf64 REG,BINARY,REG

0x024f bgetf64 REG,REG,REG

0x025e bgeti16 REG,BINARY,REG

0x024c bgeti16 REG,REG,REG

0x0260 bgeti32 REG,BINARY,REG

0x024e bgeti32 REG,REG,REG

0x0263 bgeti64 REG,BINARY,REG

0x0262 bgeti64 REG,REG,REG

0x025c bgeti8 REG,BINARY,REG

0x024a bgeti8 REG,REG,REG

0x0269 bgets REG,BINARY,REG

0x0268 bgets REG,REG,REG

0x025d bgetu16 REG,BINARY,REG

0x024b bgetu16 REG,REG,REG

0x025f bgetu32 REG,BINARY,REG

0x024d bgetu32 REG,REG,REG

0x025b bgetu8 REG,BINARY,REG

0x0249 bgetu8 REG,REG,REG

0x0161 bgt ID,REG,INT

0x0160 bgt ID,REG,REG

0x027e bineq REG,REG,BINARY

0x027d bineq REG,REG,REG

0x0280 binne REG,REG,BINARY

0x027f binne REG,REG,REG

0x00c1 bintos REG

0x0167 ble ID,REG,INT

0x0166 ble ID,REG,REG

0x0258 blen REG,BINARY

0x00b8 blen REG,REG

0x0165 blt ID,REG,INT

0x0164 blt ID,REG,REG

0x026e bmemmove REG,REG,REG

0x026d bmove REG,REG,REG

0x002b bne ID,REG,INT

0x002a bne ID,REG,REG

0x01ef bpoff no

0x01ee bpon no
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0x01ed bpon FUNC

0x0024 br ID

0x0246 bresize REG,REG

0x0026 brf ID,REG

0x0025 brt ID,REG

0x0027 brtf ID,ID,REG

0x020c brtpandt ID,REG,INT

0x020b brtpt ID,REG

0x0267 bsetf32 REG,REG,REG

0x0256 bsetf64 REG,REG,REG

0x0253 bseti16 REG,REG,REG

0x0255 bseti32 REG,REG,REG

0x0266 bseti64 REG,REG,REG

0x0251 bseti8 REG,REG,REG

0x026a bsets REG,REG,REG

0x026b bsets REG,REG,STRING

0x0252 bsetu16 REG,REG,REG

0x0254 bsetu32 REG,REG,REG

0x0250 bsetu8 REG,REG,REG

0x00be bslice REG,REG,REG,REG

0x00e2 btod REG

0x00e3 btof REG

0x00e1 btoi REG

0x00e4 btos REG

0x00bf bupdate REG,REG,REG

0x002c call FUNC

0x002e call REG,FUNC,REG

0x002d call REG,FUNC

0x0191 call1 REG,FUNC,REG

0x0192 call2 REG,FUNC,REG,REG

0x0193 call3 REG,FUNC,REG,REG,REG

0x0194 call4 REG,FUNC,REG,REG,REG,REG

0x028d chancancel REG,REG,REG,REG

0x028e chanclose REG,REG,REG

0x028a chanopen REG,REG,REG,REG,REG

0x0293 chanrelease REG,REG,REG

0x028b chanstart REG,REG,REG,REG,REG

0x028c chanwait REG,REG,REG,REG

0x021c cnop no

0x0057 cnop REG,REG,REG,REG,REG,REG,REG,REG,REG

0x0086 concat REG,REG,REG

0x0087 concat REG,REG,STRING

0x0088 concat REG,STRING,REG

0x008d concchar REG,REG,REG

0x0008 copy REG,REG
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0x0169 dadd REG,REG,DECIMAL

0x0168 dadd REG,REG,REG

0x002f dcall REG,REG,REG

0x000c dcopy REG,REG

0x0171 ddiv REG,DECIMAL,REG

0x0170 ddiv REG,REG,DECIMAL

0x016f ddiv REG,REG,REG

0x001d dec REG

0x001f dec0 no

0x0021 dec1 no

0x0023 dec2 no

0x0190 decplnm REG,REG,REG

0x022e delattrs REG,INT,INT

0x022d delattrs REG,INT,REG

0x022c delattrs REG,REG,INT

0x022b delattrs REG,REG,REG

0x0232 delattrs1 REG,INT,INT

0x0231 delattrs1 REG,INT,REG

0x0230 delattrs1 REG,REG,INT

0x022f delattrs1 REG,REG,REG

0x0179 deq REG,REG,DECIMAL

0x0178 deq REG,REG,REG

0x018a deqbr ID,REG,REG

0x00c3 deref REG,REG

0x018f dextr REG,REG,REG

0x017e dgt REG,DECIMAL,REG

0x017d dgt REG,REG,DECIMAL

0x017c dgt REG,REG,REG

0x0188 dgtbr ID,REG,REG

0x0181 dgte REG,DECIMAL,REG

0x0180 dgte REG,REG,DECIMAL

0x017f dgte REG,REG,REG

0x0174 didiv REG,DECIMAL,REG

0x0173 didiv REG,REG,DECIMAL

0x0172 didiv REG,REG,REG

0x0184 dlt REG,DECIMAL,REG

0x0183 dlt REG,REG,DECIMAL

0x0182 dlt REG,REG,REG

0x0189 dltbr ID,REG,REG

0x0187 dlte REG,DECIMAL,REG

0x0186 dlte REG,REG,DECIMAL

0x0185 dlte REG,REG,REG

0x0177 dmod REG,DECIMAL,REG

0x0176 dmod REG,REG,DECIMAL

0x0175 dmod REG,REG,REG
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0x016e dmult REG,REG,DECIMAL

0x016d dmult REG,REG,REG

0x017b dne REG,REG,DECIMAL

0x017a dne REG,REG,REG

0x018d dpow REG,DECIMAL,REG

0x018c dpow REG,REG,DECIMAL

0x018b dpow REG,REG,REG

0x00a0 dropchar REG,REG,REG

0x018e dsex REG

0x016c dsub REG,DECIMAL,REG

0x016b dsub REG,REG,DECIMAL

0x016a dsub REG,REG,REG

0x00f1 dtob REG

0x00f4 dtof REG

0x00f0 dtoi REG

0x00ef dtos REG

0x0202 endlife REG

0x01fc erase REG

0x0035 exit no

0x0037 exit INT

0x0036 exit REG

0x012d fadd REG,REG,FLOAT

0x012c fadd REG,REG,REG

0x01e3 fclearerr REG

0x01d9 fclose REG,REG

0x000a fcopy REG,REG

0x0135 fdiv REG,FLOAT,REG

0x0134 fdiv REG,REG,FLOAT

0x0133 fdiv REG,REG,REG

0x0129 fdivsub REG,REG,REG,FLOAT

0x01e4 feof REG,REG

0x013d feq REG,REG,FLOAT

0x013c feq REG,REG,REG

0x01e5 ferror REG,REG

0x0152 fextr REG,REG,REG

0x01da fflush REG,REG

0x0106 fformat REG,REG,REG

0x0142 fgt REG,FLOAT,REG

0x0141 fgt REG,REG,FLOAT

0x0140 fgt REG,REG,REG

0x014c fgtbr ID,REG,REG

0x0145 fgte REG,FLOAT,REG

0x0144 fgte REG,REG,FLOAT

0x0143 fgte REG,REG,REG

0x0138 fidiv REG,FLOAT,REG
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0x0137 fidiv REG,REG,FLOAT

0x0136 fidiv REG,REG,REG

0x0148 flt REG,FLOAT,REG

0x0147 flt REG,REG,FLOAT

0x0146 flt REG,REG,REG

0x014d fltbr ID,REG,REG

0x014b flte REG,FLOAT,REG

0x014a flte REG,REG,FLOAT

0x0149 flte REG,REG,REG

0x013b fmod REG,FLOAT,REG

0x013a fmod REG,REG,FLOAT

0x0139 fmod REG,REG,REG

0x0132 fmult REG,REG,FLOAT

0x0131 fmult REG,REG,REG

0x012a fmulticopy REG,FLOAT,REG,REG

0x00a5 fndblnk REG,REG,REG

0x00a6 fndnblnk REG,REG,REG

0x013f fne REG,REG,FLOAT

0x013e fne REG,REG,REG

0x01d8 fopen REG,REG,REG

0x0150 fpow REG,FLOAT,REG

0x014f fpow REG,REG,FLOAT

0x014e fpow REG,REG,REG

0x01db freadb REG,REG,REG

0x01dd freadbyte REG,REG

0x01de freadcdpt REG,REG

0x01dc freadline REG,REG

0x0151 fsex REG

0x0130 fsub REG,FLOAT,REG

0x012f fsub REG,REG,FLOAT

0x012e fsub REG,REG,REG

0x00e9 ftob REG

0x00f3 ftod REG

0x00e8 ftoi REG

0x00e6 ftos REG

0x01df fwrite REG,REG

0x01e0 fwriteb REG,REG

0x01e1 fwritebyte REG,REG

0x01e2 fwritecdpt REG,REG

0x00dc getabufs REG,REG

0x020a getandtp REG,REG,INT

0x00d7 getattrs REG,REG,INT

0x00d6 getattrs REG,REG

0x00a7 getbyte REG,REG,REG

0x01ce getenv REG,REG
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0x01cf getenv REG,STRING

0x0100 getnumcas REG

0x00f7 getnumdgts REG

0x00fd getnumfrm REG

0x00fa getnumfuz REG

0x0103 getnumstd REG

0x0204 gettp REG,REG

0x0098 hexchar REG,REG,REG

0x0010 iadd REG,REG,INT

0x000f iadd REG,REG,REG

0x00a9 iand REG,REG,INT

0x00a8 iand REG,REG,REG

0x01fa ichkrng INT,INT,REG

0x01fb ichkrng INT,REG,REG

0x01f7 ichkrng REG,INT,INT

0x01f8 ichkrng REG,INT,REG

0x01f9 ichkrng REG,REG,REG

0x0009 icopy REG,REG

0x0018 idiv REG,INT,REG

0x0017 idiv REG,REG,INT

0x0016 idiv REG,REG,REG

0x0065 ieq REG,REG,INT

0x0064 ieq REG,REG,REG

0x011d igetunlink REG,REG

0x006a igt REG,INT,REG

0x0069 igt REG,REG,INT

0x0068 igt REG,REG,REG

0x0157 igtbr ID,REG,REG

0x006d igte REG,INT,REG

0x006c igte REG,REG,INT

0x006b igte REG,REG,REG

0x011e iloadsetunlink REG,INT

0x0121 iloadsetunlinkn REG,INT,REG

0x01a6 iloadsetunlinkn REG,REG,INT,REG

0x0070 ilt REG,INT,REG

0x006f ilt REG,REG,INT

0x006e ilt REG,REG,REG

0x0158 iltbr ID,REG,REG

0x0073 ilte REG,INT,REG

0x0072 ilte REG,REG,INT

0x0071 ilte REG,REG,REG

0x001b imod REG,INT,REG

0x001a imod REG,REG,INT

0x0019 imod REG,REG,REG

0x0015 imult REG,REG,INT
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0x0014 imult REG,REG,REG

0x001c inc REG

0x001e inc0 no

0x0020 inc1 no

0x0022 inc2 no

0x0067 ine REG,REG,INT

0x0066 ine REG,REG,REG

0x00b3 inot REG,INT

0x00b2 inot REG,REG

0x0226 insattrs REG,INT,INT

0x0225 insattrs REG,INT,REG

0x0224 insattrs REG,REG,INT

0x0223 insattrs REG,REG,REG

0x022a insattrs1 REG,INT,INT

0x0229 insattrs1 REG,INT,REG

0x0228 insattrs1 REG,REG,INT

0x0227 insattrs1 REG,REG,REG

0x00ab ior REG,REG,INT

0x00aa ior REG,REG,REG

0x0155 ipow REG,INT,REG

0x0154 ipow REG,REG,INT

0x0153 ipow REG,REG,REG

0x01d1 irand REG,INT

0x01d0 irand REG,REG

0x0196 isetattr1 REG,INT,REG

0x011c isetunlink REG,REG

0x011f isetunlinkn REG,REG,REG

0x0156 isex REG

0x00af ishl REG,REG,INT

0x00ae ishl REG,REG,REG

0x00b1 ishr REG,REG,INT

0x00b0 ishr REG,REG,REG

0x0056 isinitialized REG,REG

0x003c istype REG,REG,STRING

0x0013 isub REG,INT,REG

0x0012 isub REG,REG,INT

0x0011 isub REG,REG,REG

0x00ea itob REG

0x00f2 itod REG

0x0127 itof REG,REG

0x00e7 itof REG

0x00e5 itos REG

0x00ad ixor REG,REG,INT

0x00ac ixor REG,REG,REG

0x0278 jumpb REG,BINARY
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0x0279 jumpbs REG,REG,BINARY

0x027a jumpi REG,BINARY

0x027c jumpn REG,BINARY

0x027b jumpr REG,BINARY

0x0277 jumps REG,BINARY

0x00d4 link REG,REG

0x01ff linkarg REG,INT

0x0200 linkarg REG,REG,INT

0x00c9 linkattr REG,REG,INT

0x00c8 linkattr REG,REG,REG

0x00cb linkattr1 REG,REG,INT

0x00ca linkattr1 REG,REG,REG

0x00c4 linkref REG,REG

0x019c linksetattrslinkadd REG,REG,INT,INT,REG,REG,INT

0x00cd linktoattr INT,REG,REG

0x00cc linktoattr REG,REG,REG

0x00cf linktoattr1 INT,REG,REG

0x00ce linktoattr1 REG,REG,REG

0x0006 load INT,INT

0x0007 load INT,REG

0x00b7 load REG,BINARY

0x0005 load REG,DECIMAL

0x0002 load REG,FLOAT

0x0001 load REG,INT

0x0004 load REG,REG

0x0003 load REG,STRING

0x0207 loadsettp REG,FLOAT,INT

0x0206 loadsettp REG,INT,INT

0x0208 loadsettp REG,STRING,INT

0x010c loadsettp2 REG,INT,REG,INT

0x010d loadsettpswap REG,INT,REG,INT,REG

0x0212 metadecodeinst REG,REG

0x0218 metalinkpreg REG,REG

0x0219 metaloadcalleraddr REG

0x0217 metaloaddata REG,REG,REG

0x0210 metaloadedeprocs REG,REG

0x020e metaloadedmodules REG

0x020f metaloadedprocs REG,REG

0x0214 metaloadfoperand REG,REG,REG

0x0211 metaloadinst REG,REG,REG

0x0213 metaloadioperand REG,REG,REG

0x020d metaloadmodule REG,REG

0x0216 metaloadpoperand REG,REG,REG

0x0215 metaloadsoperand REG,REG,REG

0x00e0 minattrs REG,INT,INT
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0x00de minattrs REG,INT

0x00df minattrs REG,REG,INT

0x00dd minattrs REG,REG

0x0125 minlinkattr1 REG,REG,INT

0x0126 minlinkattr1 REG,REG,REG,INT

0x00c2 mkref REG,REG

0x01fd move REG,REG

0x01cb mtime REG

0x00b6 not REG,REG

0x000e null REG

0x0114 nulln REG,REG,REG,REG

0x0113 nulln REG,REG,REG

0x0112 nulln REG,REG

0x0105 numeng INT,INT,INT

0x0104 numsci INT,INT,INT

0x00b5 or REG,REG,REG

0x00a3 padstr REG,REG,REG

0x019a parseplan REG,REG,STRING

0x0198 parsepos2 REG,REG,REG,INT

0x0195 parsewords3 REG,REG,REG,REG

0x0199 parsewords3d REG,REG,REG,REG

0x0291 pgetf REG,REG,REG

0x028f pgeti REG,REG,REG

0x0099 poschar REG,REG,REG

0x0292 psetf REG,REG,REG

0x0290 pseti REG,REG,REG

0x01c9 readline REG

0x0107 refsame REG,REG,REG

0x00c6 refvalid REG,REG

0x0233 req REG,REG,REG

0x0234 req REG,REG,STRING

0x0235 req REG,STRING,REG

0x0030 ret no

0x0033 ret FLOAT

0x0032 ret INT

0x0031 ret REG

0x0034 ret STRING

0x0239 rgt REG,REG,REG

0x023a rgt REG,REG,STRING

0x023b rgt REG,STRING,REG

0x023c rgte REG,REG,REG

0x023d rgte REG,REG,STRING

0x023e rgte REG,STRING,REG

0x023f rlt REG,REG,REG

0x0240 rlt REG,REG,STRING
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0x0241 rlt REG,STRING,REG

0x0242 rlte REG,REG,REG

0x0243 rlte REG,REG,STRING

0x0244 rlte REG,STRING,REG

0x0236 rne REG,REG,REG

0x0237 rne REG,REG,STRING

0x0238 rne REG,STRING,REG

0x0076 rseq REG,REG,REG

0x0077 rseq REG,REG,STRING

0x0201 rxhash REG,REG,REG

0x01cd rxvers REG

0x008e sappend REG,REG

0x01c8 say CHAR

0x01c6 say FLOAT

0x01c5 say INT

0x01c2 say REG

0x01c7 say STRING

0x01c3 sayx REG

0x01c4 sayx STRING

0x0089 sconcat REG,REG,REG

0x008a sconcat REG,REG,STRING

0x008b sconcat REG,STRING,REG

0x000b scopy REG,REG

0x0074 seq REG,REG,REG

0x0075 seq REG,REG,STRING

0x00db setattrs REG,INT,INT

0x00d9 setattrs REG,INT

0x00da setattrs REG,REG,INT

0x00d8 setattrs REG,REG

0x00b9 setbyte REG,REG,REG

0x0124 setlinkattr1 REG,REG,INT,REG,INT

0x0123 setlinkattr1 REG,REG,INT,REG

0x019f setlinkiload REG,REG,INT,REG,REG,INT

0x00ff setnumcas INT

0x00fe setnumcas REG

0x00f6 setnumdgts INT

0x00f5 setnumdgts REG

0x00fc setnumfrm INT

0x00fb setnumfrm REG

0x00f9 setnumfuz INT

0x00f8 setnumfuz REG

0x0102 setnumstd INT

0x0101 setnumstd REG

0x0038 setobjtype REG,STRING

0x0054 setobjuninit REG,STRING
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0x0209 setortp REG,INT

0x00c5 setref REG,REG

0x0205 settp REG,INT

0x011a settpcall REG,FUNC,REG,REG,INT

0x0203 settpmask REG,REG,INT

0x010b settpswap REG,INT,REG

0x0119 settpswapcall REG,FUNC,REG,REG,INT,REG

0x0111 settpswapsettpswap REG,INT,REG,REG,REG

0x026c sget REG,STRING,REG

0x007a sgt REG,REG,REG

0x007b sgt REG,REG,STRING

0x007c sgt REG,STRING,REG

0x007d sgte REG,REG,REG

0x007e sgte REG,REG,STRING

0x007f sgte REG,STRING,REG

0x01f3 sigbr ID,STRING

0x0222 sigbrv ID,REG,STRING

0x01f4 sigcall FUNC,STRING

0x021d sigcalla FUNC,STRING

0x01f5 sigcallbr ID,FUNC,STRING

0x01f1 sighalt STRING

0x01f0 sigignore STRING

0x021f signal REG,REG

0x021e signal REG

0x01ea signal STRING,REG

0x01e9 signal STRING,STRING

0x01e6 signal STRING

0x01e8 signalf STRING,REG

0x01ec signalf STRING,STRING,REG

0x01e7 signalt STRING,REG

0x01eb signalt STRING,STRING,REG

0x0221 sigpop STRING

0x0220 sigpush STRING

0x01f6 sigret STRING

0x01f2 sigshalt STRING

0x0080 slt REG,REG,REG

0x0081 slt REG,REG,STRING

0x0082 slt REG,STRING,REG

0x0083 slte REG,REG,REG

0x0084 slte REG,REG,STRING

0x0085 slte REG,STRING,REG

0x0078 sne REG,REG,REG

0x0079 sne REG,REG,STRING

0x0043 sockaccept REG,REG

0x0041 sockbind REG,REG,REG
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0x004b sockblocking REG,REG,REG

0x003f sockclose REG,REG

0x0040 sockconnect REG,REG,REG

0x0053 sockconnecttls REG,REG,REG

0x0051 sockerror REG,REG

0x004d sockkeepalive REG,REG,REG

0x0042 socklisten REG,REG,REG

0x004f socklocal REG,REG

0x003e socknew REG

0x004c socknodelay REG,REG,REG

0x004e sockpeer REG,REG

0x0049 sockpending REG,REG

0x0047 sockrecv REG,REG,REG

0x0048 sockrecvb REG,REG,REG

0x0045 socksend REG,REG,REG

0x0046 socksendb REG,REG,REG

0x0044 sockshutdown REG,REG,REG

0x0052 sockstarttls REG,REG,REG

0x0050 sockstatus REG,REG

0x004a socktimeout REG,REG,REG

0x003a srcfprocsel REG,STRING,REG

0x0039 srcmethodsel REG,REG,STRING

0x0282 stemget REG,REG,REG

0x0285 stemget2 REG,REG,REG,REG

0x0281 steminit REG

0x0288 stemkeyat REG,REG,REG

0x0284 stemreset REG,REG

0x0283 stemset REG,REG,REG

0x0286 stemset2 REG,REG,REG,REG

0x0287 stemsize REG,REG

0x0289 stemvalueat REG,REG,REG

0x00eb stob REG

0x00c0 stobin REG

0x00ee stod REG

0x00ec stof REG

0x0128 stoi REG,REG

0x00ed stoi REG

0x0096 strchar REG,REG,REG

0x0095 strlen REG,REG

0x009d strlower REG,REG

0x00a4 strpos REG,REG,REG

0x009e strupper REG,REG

0x00a2 substcut REG,REG

0x00a1 substring REG,REG,REG,REG

0x01fe swap REG,REG
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0x0118 swapcall REG,FUNC,REG,REG,REG

0x010a swapn REG,REG,REG,REG,REG,REG,REG,REG

0x0109 swapn REG,REG,REG,REG,REG,REG

0x0108 swapn REG,REG,REG,REG

0x010e swapsettp REG,REG,REG,INT

0x010f swapsettpswap REG,REG,REG,INT,REG

0x01ca time REG

0x009f transchar REG,REG,REG

0x0092 triml REG,REG,REG

0x0090 triml REG,REG

0x0093 trimr REG,REG,REG

0x0091 trimr REG,REG

0x0094 trunc REG,REG,REG

0x003b typeof REG,REG

0x00d5 unlink REG

0x00d1 unlinkattr INT,REG

0x00d0 unlinkattr REG,REG

0x00d3 unlinkattr1 INT,REG

0x00d2 unlinkattr1 REG,REG

0x0120 unlinkbr REG,ID

0x011b unlinkn REG,REG

0x00c7 unref REG

0x01cc xtime REG,STRING
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A
cRexx Architecture

crexx is a customRexx-to-bytecode toolchain that translates Classic Rexx seman-
tics into an optimized bytecode format executed by a specialized VM. The core
bytecode path happens through four main binaries:

1. rxc - The Compiler
2. rxas - The Assembler
3. rxlink - The Linker
4. rxvm - The Virtual Machine (Interpreter)

rxpp is a first-class preprocessor component for .rxpp sources. It runs before rxc
when the wrapper or a build step asks for preprocessing, but rxc does not run
RXPP internally.

A.1 The Compilation Pipeline

The pipeline of transforming Rexx source code into executable bytecode is struc-
tured as follows:

0. RXPP Preprocessor (optional). Lives in the root preprocessor/ component and builds the rxpp tool
plus its native precomp helper.. Expands .rxppmacro/directive source into generated CREXX source.. Emits options ... srcmap and raw @ source-mapmarkers by default so
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rxc diagnostics and source-stepmetadata can point back to the original
.rxpp file. ##CFLAG nosrcmap is the explicit legacy escape hatch for plain
generated CREXX.

1. re2c (Lexical Analyzer). Used to generate the scanner/lexer from .re rules (e.g.,
compiler/rxcpbscn.re and assembler/rxasscan.re).. Converts the raw Rexx source text into a stream of discrete tokens
(Token structs).

2. Lemon (Parser Generator). The token stream is parsed using a grammar defined in Lemon (e.g.,
compiler/rxcpbgmr.y and compiler/rxcpopgr.y).. Lemon applies the grammar rules to recognize the syntactic structures
of the Rexx language and translates them into an Abstract Syntax Tree
(AST).. DO ... END is overloaded: statement-leading DO remains the normal
grouped/loop form, while expression-position DO ... END becomes
BLOCK_EXPR. The grammar resolves the command-start ambiguity by
routing top-level command expressions through a restricted command_-

expression spine while leaving the general expression grammar free to
accept block expressions.

3. AST (Abstract Syntax Tree) & Compiler Exits. The primary data structure bridging the parser and the code emitter.. Built using a hierarchical structure of ASTNode C structs that capture
operations, scopes, typing, and tree associations.. Standard comparison operators (=, <>, >, <, >=, <=) retain loose Rexx
comparison semantics for string-targeted operands.The compiler emits
the r* opcode family (req, rne, rgt, rlt, rgte, rlte), and the VM
compares numerically only when both runtime string forms parse
as numbers; otherwise it performs blank-padded string comparison.
This prevents dynamic nonnumeric text such as "a" > 1 from raising
CONVERSION_ERROR.. String comparison operators (==, >>, <<, >>=, <<=) are carried as a distinct
OP_COMPARE_S_* family. During type validation both operands are retar-
geted to TP_STRING, but the optimiser still preserves intrinsic numeric
constant types long enough to stringify from value rather than source
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spelling.That keeps folded behaviour aligned with runtime cases like 01
== 1.. Inline cloning must preserve the callee scope’s numeric context when
it builds replacement scopes. Without that, folded float/decimal string
comparisons can silently drift from runtime behaviour under local
NUMERIC DIGITS / FORM / CASE settings.. Expression-level control flow is supported through BLOCK_EXPR (DO ...

END used as an expression) and LEAVE_WITH (LEAVE WITH expr). The
association pointer links each LEAVE_WITH back to its owning BLOCK_-

EXPR, similar to how loop LEAVE / ITERATE link to DO.. Contains the Exit Bridge Framework (rxcp_exit.c), which intercepts
unrecognized IMPLICIT_CMD nodes, invokes user-provided rxplugin

macros to generate replacement source code, parses the interpolated
strings (preserving literal quotes), and surgically grafts the resulting
AST back into the main tree without violating return-type constraints.
Compiler-exit dispatch is keyed by the first source token in the instruc-
tion, not by the first marshalled AST node; this matters for command-
position member calls such as x.add(...), whose AST node token is
the member name but whose command head is x. A non-implicit exit
that returns REJECT falls through to the certified implicit ADDRESS
exit; ERROR remains a compiler error.. Implicit Main Argument Bridge: when the compiler synthesizes the
file-level main() wrapper, that procedure is marked is_implicit_main.
Later typing and emission use that marker to interpret arg[] / arg[n]
access against the hidden command-line .string[] that theVMalready
passes to main. Ordinary procedures still use normal vararg semantics,
and explicit zero-argument main() does not gain accidental source-level
visibility of the hidden VM argv payload.. Exit Fragment Scope Lifecycle: replacement fragments from exits are
parsed and structurally normalized before grafting, but any new lexical
block scopes created by structured replacements are finalized later dur-
ing symbol structuring/build. Nested DO / IF / INSTRUCTIONS emitted by
exits are therefore a supported shape, and debug validation is staged af-
ter that scope rebuild so the validator sees the stabilized tree rather than
the transient pre-scope fragment form.
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. Expose and Initializer Mechanics: Implements automatic scope res-
olution that allows namespace ... expose global variables to implic-
itly bind into local PROCEDURE scopes. Procedure-level name: procedure

[= .type] expose var ... remains the local form for selected pri-
vate module state shared by specific procedures. name: initialiser

[expose var ...] creates a private zero-argument .void lifecycle proce-
dure. Multiple initializers are retained in declaration order; the compi-
ler rejects calls to them, namespace exposure, arguments, and returned
values, then emits dedicated .initializermetadata.. Automatic Register Allocation: Within rxcp_val_sym.c (Step 3 - Pass
3), the compiler walks the AST (build_symbols_walker) to identify ex-
plicit NODE_REGISTER allocations via the with register.N[.view] clause
on class attributes. register.0 is the source-level convention for a
typed view of the containing value itself; register.1 and above are one-
based child attribute slots. register.0 and duplicate typed views of the
same physical register.N slot are complex attributes: ordinary emitted
reads copy the linked physical payload view into a local register before
expression manipulation, and writes copy the selected payload view
back through the physical slot. A bounded packed or encoded binary-
memory operation is the narrow exception: exact register.0.binary
storage is passed directly as the operation’s receiver, while a child binary
attribute may be linked only until that one operation consumes it. This
compiler-managed borrow cannot escape, and ordinary binary-value
reads still detach with bcopy. The compiler does not copy status flags as
hidden cache maintenance for these typed views; runtime classes such
as RexxValue own their library/user flag protocol explicitly. Register flag
views are directmasked status-word views, withVM/compiler/readable
partitions validated as read-only source views and writable source par-
titions lowered through settpmask. The compiler automatically maps
any remaining unmapped attributes of a class to unused VM registers
(r1, r2, etc.) by synthesizing implicit NODE_REGISTER AST nodes. For
normal classes, prefer this implicit allocation and keep callers on facto-
ries/methods; explicit with register... mappings should be reserved
for genuine physical interop where a fixed layout is required.

4. Emitter (IR -> Assembly)
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. AST walkers (e.g., rxcp_ast_walk.c, rxcp_emit_*.c) traverse the tree.. Outputs intermediate string fragments representing the rxas Assembly
instructions.. Short-circuit AND/OR result-register donation checks each operand’s
cleanup lifetime independently. A linked left attribute must remain live
through cleanup without preventing a computed right operand from
receiving the shared result register. short_circuit_linked_left covers
both truth paths, skipped side effects, and subsequent attribute reads in
opt/noopt.. The optimiser performs opportunity-based AST inlining before emis-
sion. A callable may be structurally available for inlining, but each call
site is still validated against the supported rewrite shapes. The release
slice uses a 300 AST-node body cutoff as a profitability and metadata-
size policy, not as a semantic safety boundary. Unsupported semantic
gates still fail closed, including procedure-level expose, assembler alias-
ing, dynamic-index varargs, receiver/copyback shapes without proof,
and interface/member dispatch that cannot be proved monomorphic.
When a right-hand eager-operator call is inlineable but the left operand
is already a computed value, the inliner rewrites the whole operator to a
BLOCK_EXPR: first capture the left operand in a compiler temp, then LEAVE

WITH temp <op> call(...).The next fixed-point pass can inline the call
with a stable left operand, avoiding BLOCK_EXPR result-register alias-
ing without giving up the inline opportunity.. Inlining is implemented as AST tree surgery, not textual substitution.
The cloned body must preserve callee-local scopes, remap symbols,
bind arguments exactly as a real call would, preserve source/debug
metadata, and leave the downstream emitter with an ordinary validated
tree.This is why new inline cases are opened by specific parent/operand
shape instead of by globally deciding that a callable is “always inlineable”.
Statement-position return rewrites preserve two conversion bound-
aries: the expression becomes the callee’s declared return type, then
that result becomes the caller’s target type. These assignments are built
after final type validation, so the inliner sets their target types explic-
itly. When both conversions are needed, a temporary with the declared
return type preserves the intermediate result and any conversion error
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before receiver copyback. Nested block expressions retain their caller
conversion as well.. A real method call binds the receiver value directly as a1. The inliner
may therefore place a proved direct-object receiver in that same stor-
age. For a nested call on the enclosing method’s direct §this, the cur-
rent summary proof admits arbitrary internal branches and calls, plus
fallthrough, when there is no more than one explicit return. Already-
proved receiver aliases are remapped or retained through later clone
passes. Multiple explicit returns keep the materialise/copyback path
because the summary does not yet prove receiver-owned attribute-link
balance on every rewritten exit. Computed receivers, class attributes,
reference arguments and flow-substituted receivers also retain their
evaluate-once/copyback paths. This is a per-site ownership proof, not
a general §this shortcut. Exact scalar accessors add two bounded op-
timizations to that rule. A single direct final packed load may donate
its register to the surrounding BLOCK_EXPR and fall through to the next
block-end label. The ordinary method-entry initialization check may
be omitted only for a direct factory receiver or a non-aliased local with
one dominating factory binding; arguments, replacementwrites, aliases,
labels and dynamic SIGNAL retain assertinitialized.. Cross-file inlining uses compiler-owned META_INLINE payloads along-
side normal callable metadata. The current I6 payload begins with a
versioned callable summary containing formal read/write/escape and
exact-shape facts, result/control/context facts, and structural cost. The
reader reconstructs those facts from the body and checks the result
shape against the separately parsed callable declaration. Only exact
agreement opens the imported template and summary-backed bind-
ing; older, missing, malformed, or mismatched summaries retain the
ordinary call.This is an evidence gate, not a permanent exclusion: when
a currently closed transformation gains a complete mathematical proof
and regression coverage, open that case narrowly rather than leaving the
conservative fallback in place. Import attachment also distinguishes the
explicit callable from any compiler-created implicit main; class-factory
evidence is attached to the synthesized FACTORY contract node rather
than its semantically different generic registry procedure. Libraries pre-
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serve this metadata for downstream rxc optimisation; final linked im-
ages strip it by default.. Suitable SELECT and equality ladders are lowered through a dedicated
dispatch AST to RXAS packed jump tables. Eligibility, semantic gates,
profitability thresholds, and regression invariants are documented in
RXC_DISPATCH_OPTIMIZATION.md.

5. Assembler (rxas). Parses the generated rxas Assembly instructions.. Translates human-readable IR assembly into packed binary format
(rxbin bytecode).. Validates .initializermetadata against its local .void, zero-argument
bytecode procedure and sets the RXBIN 007 initializer feature bit.. Generates the final executable bytecode file.

6. Linker (rxlink, optional). Combines one or more .rxbinmodules into a single linked image with
one shared constant-pool record and one shared-backedmodule record
per selected module.. Resolves imports and interface-provider relationships up front, while
preserving the module boundaries needed by the VM loader.. Remaps and preserves ordered initializer metadata without turning the
private lifecycle procedures into exports.. Can strip source-level debug metadata (META_SOURCE_STEP and META_-

TRACE_EVENT) for smaller deployable artifacts without removing run-
time contract metadata.

7. Interpreter (rxvm). rxvm reads and executes the rxbin bytecode.. Modules are loaded via rxldmod.. Provider resolution and linking precede execution-image preparation;
rxvm_initialize() then advances eachmutablemodule overlay through
its once-only initializer state before main or a public call can enter it.. The execution loop happens inside the rxvm_run function (e.g., in
rxvmmain.c / rxvmintp.c).
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A.2 Text, UTF-8, and Binary Data

In normal UTF builds, .string register data is stored as UTF-8 bytes while the
VM exposes character operations as codepoint operations. A VM value tracks
string_length as the byte length and, in UTF builds, also tracks string_chars.
The UTF VM may privately cache one byte/codepoint lookup pair (string_-
cache_byte_pos and string_cache_char_pos), but that cache is not RXAS-visible
value state and is never copied, traced, or modelled by flow analysis. Instructions
such as strlen, indexed strchar, explicit substring destination,source,start,length,
strpos, appendchar, fndblnk, and fndnblnk operate in codepoint space and use
helpers such as string_cache_seek_char(), string_slice_at(), and string_-

concat_char() to walk or synthesize the underlying UTF-8 bytes. Some scan
paths have ASCII fast paths when byte length and codepoint count match. These
string instructions assume valid UTF-8 in the register payload. NUTF8 builds
collapse this model back to byte positions and byte lengths without private UTF
cache fields.

Numeric-to-string promotion opcodes such as itos, btos, ftos, and dtos may
mutate the target VM value to materialize its string representation. That is valid
even when the target register is linked to caller-visible storage, such as a class at-
tribute, because this is representation materialization rather than a source-level
assignment. The compiler must therefore emit normal type promotion for linked
expression values too. The VM does not currently set or consume a “string rep-
resentation is valid” cache flag, and the compiler does not reuse a previously ma-
terialized string form across multiple uses; this remains a potential performance
improvement rather than current behaviour.

Hex and binary suffixed source strings now split by decoded byte content. ast_-
fstr() validates the hex or binary digit syntax and decodes the bytes. ast_fstr_-
chain() handles adjacent string literal tokens separated by a physical line break,
joining the raw chunk bodies before normal decoding; only the final chunk may
carry an x or b suffix, and the line break contributes no byte or character. When
the decoded span is valid UTF-8, the literal remains a STRING AST node and fol-
lows the normal escaped RXAS string path. When the decoded span is not valid
UTF-8, the literal becomes a BINARY AST node with canonical 0x... RXAS text.
That keeps arbitrary bytes out of string-only character opcodes: using such a byte
literal in a text context is rejected as CANNOT_CAST_BINARY, while assigning it to
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.binary, or writing literal as .binary, emits an RXAS binary load. A first un-
typed assignment such as x = 'ffff'x is deliberately treated as a text context, so
invalid UTF-8 byte literals do not silently infer .binary. Ordinary strings can still
be converted to .binary; the conversion stores the exact current UTF-8 byte se-
quence with no normalization. Constant strings in an explicitly binary target may
be folded into a binary load, and runtime string expressions use the VM stobin

instruction.The reverse conversion is explicit-only: .binary as .string validates
the bytes as UTF-8. Valid constant binary values may be folded back into string
literals, while invalid constant binary-to-string casts are rejected as CANNOT_CAST_-
BINARY and invalid runtime binary values raise UNICODE_ERROR through bintos.

.binary is present in the Level B surface and compiler metadata as TP_BINARY.The
VM value has separate binary_value, binary_length, and binary_buffer_length

slots. Socket and file byte operations use them (socksendb, sockrecvb, freadb,
fwriteb), and native payloads reuse it with rxvm_native_payload_ops. The VM
has shared binary buffer helpers for reserve/set/append/concat/slice operations.
GETBYTE reads a zero-based byte index and returns -1 when the requested byte
is outside the current binary length. BSLICE destination,source,start,length

uses an explicit zero-based byte start and does not mutate its source. FREADB and
socket binary receive reuse the binary buffer growth machinery instead of reallo-
cating to exact byte counts.

At the Level B source surface, || is byte concatenation when either operand is
.binary; the compiler targets both operands as .binary and emits bconcat. This
means a string operand in a binary concat is converted to its exact UTF-8 bytes
with stobin, while binary bytes are never routed through .string or bintos. Blank
concatenation (OP_SCONCAT) remains a text-only operation for now and binary use
is a type mismatch.

The public byte-helper BIFs live in lib/rxfnsb/rexx/binary.crexx: binlength,
binbyte, binsetbyte, binsubstr, binconcat, binoverlay, bininsert, bindelstr,
binpos, bincompare, bin2x, and x2bin. They are thin Level B wrappers over the
RXAS byte-buffer instructions plus small loops for search and hex conversion.

At the RXAS level, BINARY_CONST and OP_BINARY support exist and 0x... operands
are constant-pool binary records. load rN,0x... lowers to LOAD_REG_BINARY and
populates the register’s binary slot rather than the string slot. Binary literals are
byte-paired hex (0x00ff is two bytes); 0x/0X is the empty binary literal, and disas-
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sembly canonicalizes as lowercase 0x.... RXAS also exposes byte-buffer instruc-
tions for length, single-byte update, concat, append, explicit-offset slice, fixed-size
overlay update, stobin string-byte conversion, and bintos binary-to-string con-
version. Binary-buffer instructions never validate UTF-8 and clear VM-private
UTF cache flags on the destination. bintos is the exception: it validates the source
bytes and raises UNICODE_ERROR in UTF builds when they are not valid text. Most
character and string opcodes still take string operands and assume valid UTF-8
in UTF builds.

Level C text and binary behavior should be treated as design space, not as settled
current compiler behavior. Classic Rexx is byte-oriented and commonly stores
binary data in the same text values used for strings, while current Level B sep-
arates the intended surfaces as .string and .binary. Any Level C compatibility
mode therefore has to choose where Classic byte-text semantics map: to UTF-8
.string semantics, to .binary, or to an explicit option such as bytetext. Clas-
sic Rexx BIFs will need to be audited against that decision. Level G and library
work use the explicit rxunicode extension path above the core codepoint-level VM
string contract. The current Unicode 17.0.0 baseline provides normalization, full
default casemapping, case folding, default extended grapheme clusters, and typed
byte/text codecs. Word/sentence boundaries, properties, locale services, and col-
lation remain separate future contracts.

A.2.1 Locked Direction

The architecture direction is:

. .stringmeans valid UTF-8 text in normal UTF builds.. .binarymeans arbitrary bytes.. Level B keeps those surfaces strict and typed; invalid byte streams should
not silently become .string values.. Level C may provide Classic Rexx byte-text compatibility through an ex-
plicit compatibility mode such as bytetext, but that mode must not weaken
the Level B/G .string contract.. Level G’s rxunicode module owns richer Unicode services. Its production
executors are Level B codepoint algorithms over pinned, generated Unicode
17.0.0 constants; they do not require an external Unicode provider or make
provider choice part of application semantics.
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Trust boundaries for .string validation are compiler/assembler string constants,
RXVML string setters, CREXXSAA ADDRESS variable setters, RXPA native
function returns and updated argument trees, text file and socket reads, AD-
DRESS callbacks, and any explicit byte-to-text conversion API. Internal oper-
ations that preserve validity, such as copying, concatenating two already-valid
strings, slicing on codepoint boundaries, and appending a valid Unicode scalar,
should propagate cached validity/count state rather than rescanning.

The VM now maintains the first two VM-private status bits as a UTF-8 cache:
RXFLAG_VM_UTF8_VALID and RXFLAG_VM_UTF8_COUNT_VALID. Trusted string con-
stants set both bits, bounded native setters validate and count before setting
them, and operations that preserve validity copy or propagate the bits. Internal
raw setters can still clear the cache when they are used to materialize bytes, but
Level B user-facing text boundaries reject invalid UTF-8 instead of letting those
bytes become .string values. RXAS string constants, source literals in text con-
text, RXVML setters, CREXXSAA variable setters, RXPA native return/argument
trees, command-line arguments, ADDRESS callback text/result copying, freadline,
freadcdpt, socket text receive, and explicit .binary as .string all validate. RXPA
validation is recursive over child attributes and is enabled by default; developers
can temporarily opt out with CREXX_RXPA_DISABLE_UTF8_CHECKS=1 while migrat-
ing plugins. Invalid byte input must stay on the binary path (.binary, freadb,
fwriteb, sockrecvb, and socksendb) until it is decoded explicitly.

The VM register/value status word is a uint32_t field partitioned in
binutils/include/rxflags.h instead of adding a second flag field:

. 0x000000FF: VM-private, externally readable but not writable throughRXAS
flag instructions. This band currently carries UTF-8 validity/count and
object-lifecycle state.. 0x00000300: compiler call ABI flags.The current bits are REGTP_VAL (0x00000100)
and REGTP_NOTSYM (0x00000200).. 0x0000FC00: protected language metadata. 0x00003C00 currently carries in-
dependent positive NFC, NFD, NFKC and NFKD certificates; 0x0000C000
remains reserved.. 0x00FF0000: stable library/runtime ABI flags.. 0x7F000000: user/experimental flags.. 0x80000000: reserved to avoid signed integer ambiguity.
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SETTP, SETORTP, and LOADSETTP mask external writes so VM-private bits are pre-
served or cleared only by VM internals. Trusted RXAS may explicitly assert lan-
guage certificates, but compiler ABI writes preserve that separate band and SETTP

reg,0 does not clear it. Level B exposes .flags.language as read-only. Non-zero
writes replace only the requested public bands. This lets compiler call-ABI setup
update REGTP_* without destroying protected language facts or runtime/library
flags stored on the same value. GETTP, GETANDTP, and explicit BRTPANDTmasks may
observe readable VM-private and language bits; unmasked BRTPT excludes both
bands so cached facts do not change old branch semantics.

The four normalization bits are positive certificates about the current whole
.string byte span: absence means unknown, not false. Exact whole-string copy
and owner-local move preserve them. Logical string mutation clears all four;
empty and known-ASCII production sets all four. A successful normalization
predicate certifies its source, and normalization certifies its result. NFKD also
certifies NFD, while NFKC also certifies NFC. Native post-call validation con-
servatively drops non-ASCII certificates because an RXPA plugin may have mu-
tated bytes directly. Cross-worker non-ASCII materialization starts unknown;
the channel format does not carry certificates.

RXAS/RXBIN integer operands remain rxinteger. The canonical definition is
platform/rxinteger.h, and Release 1 fixes it to signed 64-bit across the compiler,
assembler, VM, and RXPA ABI. Host pointer width is not the language integer
width. Status instructions cast masks to the 32-bit flag word before applying the
partition. Level B flag-view assignments use SETTPMASK, a masked replacement op-
eration restricted to the source-writable library/user bands, so .flags.compiler

and .flags.language remain read-only to source code while generated call setup
and trusted language algorithms maintain their respective bands.

Regression coverage for the partition and UTF cache contract lives in

. interpreter/tests/tests_register_flags.rxas,. interpreter/tests/tests_utf_flags.rxas, and. interpreter/tests/ts_regvalue_tester.c.

Compiler and runtime regression coverage for .string/.binary coexistence lives
in

. compiler/tests/rexx_src/binary_literal_load.crexx,
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. compiler/tests/rexx_src/scalar_type_casts.crexx,

and the generated negative tests in compiler/tests/CMakeLists.txt.

Boundary regressions include direct RXAS invalid string constants,

. compiler/tests/src/test_rxvml_utf_boundaries.c,. interpreter/tests/tests_utf_freadline_boundary.rxas /. interpreter/tests/tests_utf_freadcdpt_boundary.rxas.

The completed UTF baseline is:

1. Bounded UTF-8 validate-and-count support exists through utf8nvalid_-

count() and is used by VM string cache refresh paths.
2. Compiler source hex/binary literals are decoded as bytes, stay .string only

when valid UTF-8, and otherwise require explicit .binary.
3. The register status word is partitioned in rxflags.h; VM-private UTF cache

bits are preserved from external writes.
4. .binary has growable buffer helpers plus RXAS/VM literal load, length, byte

get/set, append, concat, explicit-offset slice, and overlay instructions.
5. Explicit .string/.binary coexistence is first class in Level B: as .binary

stores exactUTF-8 bytes through stobin, as .string validates bytes through
bintos, and valid constant casts fold in both directions. Invalid constant
byte-to-text casts fail as CANNOT_CAST_BINARY; invalid runtime byte-to-text
conversions raise UNICODE_ERROR.

6. Direct RXAS string constants are part of the same contract: hand-written
RXAS STRING_CONST / OP_STRING creation validates and rejects invalid UTF-
8 with guidance to use binary literals.

7. External Level B text ingress validates. The public rxvml_set_str() returns
non-zero for invalid UTF-8, RXVML run arguments and ADDRESS native
callback text are checked, CREXXSAA rejects invalid variable setter values
immediately, RXPA recursively validates returned values and updated ar-
guments after native calls, freadline/freadcdpt raise UNICODE_ERROR, and
socket text receive reports an invalid text status. Character-walking opcodes
require valid UTF cache state before using codepoint iterators.

The remaining work has moved to its owning levels:
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. Level G’s implemented rxunicode baseline owns explicit normalization, de-
fault casing/folding, grapheme segmentation, and codecs. Four positive
normalization certificates are stored in the VM value/register status word
because the VM owns copy and mutation, but they occupy the protected
language-owned band (0x00003C00), not the VM-private low byte. Trusted
generatedRXASmay assert a proved certificate; theVMpreserves it on exact
whole-string copies and clears it on content mutation. Incremental encoded
streams, typed properties/names, caseless-normalized profiles, security, fur-
ther segmentation, locale services, and collation remain separately designed
follow-onwork. See CREXX_UNICODE.md and performance/UNICODE-CERT-01-WORKLIST.md.. Level C owns Classic Rexx migration and byte-text compatibility. Classic
byte-text behavior should be isolated behind an explicit compatibility option
such as bytetext; Classic BIFs then need auditing so users can choose UTF
text semantics, byte semantics, or explicit .binary operations predictably.

A.3 Compiler Import Discovery

rxc does not treat every import location as both source and binary space anymore.
Import discovery is now split into two root classes:

. source roots for .crexx, .crx, .rexx, and the arbitrary extension used by the
initial source file, if any. binary roots for .rxbin, optional .rxas, and .rxplugin

Theprimary source root is the directory containing the source file being compiled.
Additional source roots come from -s. Binary roots come from any -i paths and
the compiler executable directory. Repeated -i and -s options are accumulated in
order. Search order keeps project source files ahead of deployed binary artifacts.

An extensionless initial rxc input falls back to .crexx. Headerless .crexx, .crx,
and arbitrary-extension sources default to Level G; headerless .rexx defaults to
Level C. .rxpp is reserved for the preprocessor and is not scanned as an import
source extension.

For source discovery the compiler now performs a lightweight header scan before
any full parse.That scan reads the leading options, namespace, and import clauses
so namespace-invisible files can be rejected before rexbpars() and rxcp_val() are
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invoked. Full source parsing is still used once a source file is actually selected as
an import candidate.

Within a binary root, same-stem artifacts are collapsed to the freshest candidate.
If timestamps tie, .rxbin is preferred over .rxas. Directory entries are sorted by
name, and discovery prefers two consecutive scans with the same entry set. If a
root stays active, discovery merges a bounded number of scans and drops entries
that no longer exist.This prevents native filesystem enumeration order or concur-
rent generated-library publication from silently changing the imported contract
set without letting continuous unrelated activity block compilation.

rxc --import-resolution-report <path> writes an observe-only JSON record
of those discovery decisions. The v1 report records ordered logical roots, can-
didate kinds and mtimes, admission/rejection/replacement reasons, content di-
gests, executable-directory visibility, and the post-collapse candidate set. Logical
identifiers (@primary-source/0, @source/N, @binary/N, and @executable/0) keep
reports independent of the checkout path; the build manifest maps them to phys-
ical roots. Publication uses a temporary sibling and an atomic replacement. This
initial report deliberately leaves provider_bindings empty: candidate admission
is not proof that a namespace or symbol was ultimately supplied by that file. It is
evidence of current selection behaviour only and does not enforce an expected
provider or alter the timestamp/tie-break policy.

Exposed global imports retain the complete type contract, including the class
name, array bounds and reference referent. Source imports use the same sym_-

2tp() representation as emitted global metadata; reducing a class to .object

loses information needed before local inference has converged. Global resolu-
tion parses the retained declaration with the normal type grammar and copies
its complete shape into the consuming symbol. Matching declarations may share
a namespace; incompatible shapes still produce a type diagnostic. Global meta-
data is emitted from the enclosing namespace for every global with a live use in
the procedure, method or factory. Binary import walks each module’s separate
export chain and pairs exposed registers with type records from that module’s
metadata chain; this also applies to linked shared constant pools. Imported ob-
ject and reference contracts load their classes into the consumer before member
and indexer lowering.

Older modules without populated global metadata can still use a complete caller

311



Appendix A. cRexx Architecture

declaration. Missing array shape must be diagnosed after type inference has con-
verged, before register allocation; early constant-bound checks wait for complete
bounds. Present but malformed type declarations report an import syntax error.
The global_import_types and binary_global_import_types regressions cover
source, opt-in RXAS, RXBIN and shared-pool imports, runtime values, legacy
caller declarations and incompatible or incomplete contracts.

A.3.1 Project member invalidation and declaration lookup

bin/crexx.crexx owns project/member action keys, worker selection and atomic
link publication. bin/crexx_build_worker.crexx constructs the same compiler
argv for compilation and dependency checking. A successful member compile
uses rxc --project-dependencies path; --check-project-dependencies path

checks that snapshot without compiling bodies or loading executable providers.
compiler/rxcp_project_dependencies.c owns the private v1 snapshot. It re-
runs rxfl_lst() and calls rxcp_importable_source_namespace() so ordered-root,
source-extension, header normalization, namespace exclusion and RXAS times-
tamp rules cannot drift from the actual resolver. Status 0 means current; any
nonzero status must trigger compilation. The observe-only import report has
unchanged semantics and is not an input to this reuse decision.

The snapshot contains a digest and one full-content/header mode byte per or-
dered selected candidate. Primary contents and resolver options are included;
loaded source bodies and binary candidates contribute full hashes. Unloaded
source candidates contribute the existing scanner’s normalized namespace. Can-
didate identity/order changes, source namespace changes and loaded input changes
therefore invalidate it. Header-only entries never authorize reuse of a changed
loaded body. Cross-file inline payloads make imported implementation contents
dependencies even when exported signatures are unchanged. This policy is con-
servative: discovery changes and binary candidate changes can select members
with no resulting semantic output change. Tool and complete action identity re-
main additional controller checks. The snapshot belongs to one member action
directory; missing/malformed data forces recompilation.

The normal global content-key fast path performs no compiler invocation. With
RXAS imports enabled the controller also checks dependencies on a content-key
hit, because mtime can change the selected artifact without changing its bytes.
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After an RXAS-enabled compile wave it rechecks all snapshots before publica-
tion for the same reason. The controller includes implicit installed binary candi-
dates in the global key, rechecks content inputs after the wave, and drops stamps
if those inputs moved. Compiler environment settings participate in the keys,
including the distinction between unset and present-empty RXCP_DISABLE_EXIT,
RXCP_EXIT_MODULE, diagnostic settings and locale variables. Explicit exit-module
file contents also enter the controller key. Arbitrary external inputs read by cus-
tom compiler exits are not discovered automatically; callersmust keep them stable
and use --rebuild when changing those external inputs. Do not infer dependen-
cies from emitted callable declarations alone: inlining can remove runtime refer-
ences while retaining an implementation dependency.

For compiler-time declaration existence, current_source_declares_contract()
must inspect current declaration-bearing file children after source structure nor-
malization. ast_source_structure_walker() rejects classes/interfaces inside ex-
ecutable bodies. ast_declares_local_contract() therefore descends through
PROGRAM_FILE/IMPORTED_FILE nodes, not procedure/method bodies. It
retains the guard against stale imported declarations when a local declaration
appears later. No eligibility/AST cache or cutoff change is involved; inserted live
declarations are visible on the next lookup. Traversing expanded bodies here
multiplies inline eligibility work and caused pathological RAG scaling.

Binary metadata has the corresponding forward-declaration boundary. read_-
constant_pool_for_functions() first inventories the current module’s META_-
CLASS/META_INTERFACE names. current_binary_declares_contract() uses
that per-master-context stack only while that module is being read. A signature
referring to a class declared later in the same binary must not load an external
same-namespace source while the class registry is incomplete. Existing registered
contracts remain usable, and normal consumer validation resolves the pending
declaration.The stack is restored after nested imports and freed on return; there is
no persistent lookup cache. Metadata and eager inline-payload validation remain
intact. binary_forward_dependencies proves that an unused _rxsysb source ex-
tension stays excluded while a real consumer still imports it, tracks its body and
rejects an invalid call, in both optimization modes.

Storage selectors have a separate syntax-role boundary. The compact suffixes in
<sizeof..float>, <at..u8>, <packed..float> and <compare..u8> use leaf CLASS

nodes, but describe binary storage, not object values. Existing inline payloads can
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annotate these leaves as TP_OBJECT with a bare name such as float. The inliner’s
reference-attribute check recognizes the validated selector position and does not
resolve it as an object class. Otherwise a spurious lookup such as rxfnsg.float can
load unrelated source bodies and correctly-but-unnecessarily make them snap-
shot dependencies. Actual object nodes and reference-bearing symbols retain
their normal proof; there is no global type-name blacklist, metadata relaxation
or inlining disablement. binary_storage_selector_dependencies isolates all four
selector contexts from the ambient library set, checks unused-source snapshots
in both compiler modes, and executes imported bodies through the full toolchain
while requiring supported methods to remain inlined in optimized assembly.

Compiler-generated consumer .rxas treats imported declaration blocks as a run-
time dependency snapshot, not as a copy of the provider’s full public surface.The
provider artifact’s exports and metadata remain definitive. When rxc emits a con-
sumer .rxas, it re-emits only imported callable declarations that the generated
instruction stream still needs for linking or runtime lookup. If optimization or
inlining removes every runtime reference to an imported file, the imported dec-
laration block is suppressed entirely.

For each retained callable that was actually reconstructed from a packaged .rxbin,
rxc also emits an .autoloadmetadata hint containing that package’s filename stem.
It deliberately emits no hint for source or RXAS imports: those inputs do not
prove a distributable runtime filename. The hint is enabled by default and can
be suppressed with --no-autoload. It is a deployment convenience, not a build
dependency mechanism and not an alternate symbol contract; the callable name
and signature remain authoritative.

A.4 Level B Classes and Interfaces

Level B interface support is now implemented across the compiler, assembler
metadata path, and VM.

A.4.1 Compiler model

The source surface includes:

. interface
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. class implements .iface .... interface methods with or without bodies. interface default * factories and named factories. class-side same-named factory implementations. optional class-side same-named match. checked casts with expr as .type. boolean type tests with expr is .type. concrete type introspection with <typeof>(expr). namespace-qualified contracts such as .pkg..thing()

Interface methods with bodies are emitted as final/default methods. The class
must still implement abstract members, but it may not override a final/default
interface member.

Qualified references use namespace..symbol; the left side must be an imported
namespace, not a class or interface name. namespace::symbol remains accepted
as a compatibility alias.

A.4.2 Metadata and import

The contract model is carried through normal .rxbinmetadata with:

. META_INTERFACE. META_IMPLEMENTS. META_MEMBER

That metadata is sufficient for import reconstruction of class/interface headers
without parsing procedure bodies. Imported stubs are not re-exported as new lo-
cal contracts, and richer imported stubs replace poorer duplicates.

Dynamic RXPA discovery stages initializer callbacks before reconstructing any
declaration.The initializer runs under the platform loader mutex, so ADDPROC and
class/interface callbacks only collect their metadata at that point. After the ini-
tializer returns and releases the mutex, rxc imports class/interface metadata first
and then parses the procedure declarations while the provider remains open.This
ordering permits a native procedure to return a namespaced Rexx class such as
.rxstats..linearfit without recursively reopening the provider or deadlocking
the loader.
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A.4.3 Runtime dispatch

Created objects carry their concrete class identity.The VM then resolves contract
calls through load/link-time registries:

. a method registry keyed by concrete class plus method descriptor. a factory-provider registry keyed by interface plus factory member name

srcmethodsel resolves the effective method for an interface/class receiver. The
registry prefers a concrete class method and otherwise falls back to a final inter-
face default method. The selector is a callable descriptor (rxsig1|name|return_-
type|args), and the resolved procedure metadata must match it.

srcfprocsel resolves interface factories from the same descriptor form. Every can-
didate provider is evaluated through its effective match; omitted match behaves as
score 1, scores <= 0 reject, highest positive score wins, and tied scores are broken
alphabetically by concrete class name.

A.5 Source Tree and Parser Mode

crexx now has an explicit split between the user-facing source model and the
mutable compiler tree.

. After the early source-shaping and source-locationwork, the compiler builds
an immutable SourceNode tree in compiler/rxcp_source_tree.c.. context->source_tree is the canonical user-facing tree for authored struc-
ture, diagnostics, semantic sidecars, metadata anchors, and editor projec-
tion.. Compiler diagnostics carry a stable RxcpDiagnostic payload: a message
code plus named parameters. node_string and SourceDiagnostic.message

are rendered fallbacks, not the diagnostic identity.. Diagnostic rendering defaults to localized text. CREXX_DIAGNOSTICS=raw se-
lects the machine-readable CODE name="value" form used by golden tests.
CREXX_DIAGNOSTIC_LOCALE overrides locale selection; otherwise the renderer
uses the platform locale environment and falls back to en_GB. Message cat-
alogs are UTF-8 files in messages/, currently including en_GB, en_US, de_DE,
and nl_NL, and are loaded lazily per process.
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. context->ast / work_ast remains the mutable compiler tree for import load-
ing, exit dispatch, fixed-point rewrites, optimization, and emission.. ASTNode instances keep explicit links back to the source tree so later rewritten
nodes can still report against authored source.

Parser mode (rxc --syntaxhighlight) uses the same parser and early source
preparation, but it routes through compiler/rxcp_highlight_controller.c and
serializes DSLSH from source_tree, not from the later rewritten work tree. The
controller also keeps retained parser-mode cache state for imports and exit dis-
covery across requests.

For the compiler-side build order and tree-split details, see Parsing Pipeline
Anatomy.

For the DSLSH/editor mapping and parser-mode contract, see cREXX DSLSH
Integration.

For RXPP build shape, wrapper role, and source-map marker rules, see RXPP
Preprocessor.

A.6 Core Data Structures

A.6.1 ASTNode (from compiler/rxcp_ast.h)

The ASTNode forms the backbone of the compilation process, maintaining context,
tree structure (parent/child/sibling relations), value/target typing details, code
generation fragments, and parser token details.
struct ASTNode {

Context *context;
int node_number;
NodeType node_type;
char* file_name;
ValueType value_type; /* Value type */
size_t value_dims; /* Value dimensions */
int *value_dim_base;
int *value_dim_elements;
char* value_class; /* Value class name */
int *target_dim_base;
int *target_dim_elements;
ValueType target_type; /* Target type */
size_t target_dims; /* Target dimensions */
char* target_class; /* Target class name */
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int high_ordinal; /* Order of node after validation but before
optimisations */

int low_ordinal; /* lowest in this tree root */
int register_num;
char register_type;
int additional_registers;
int num_additional_registers;
char is_ref_arg;
char is_opt_arg;
char is_const_arg;
char is_varg;
ASTNode *free_list;
ASTNode *parent, *child, *sibling;
ASTNode *association; /* E.g. for LEAVE / ITERATE relevant DO node

or LEAVE_WITH relevant BLOCK_EXPR */
Token *token;
Scope *scope;
char *node_string;
size_t node_string_length;
char free_node_string;
rxinteger int_value;
int bool_value;
double float_value;
char* decimal_value; /* Decimal value as a string */
int exit_obj_reg; /* VM register index of the attached Exit object

*/
/* These are only valid after the set_source_location walker has

run */
Token *token_start, *token_end;
char *source_start, *source_end;
int line, column;
SymbolNode *symbolNode;
/* These are used by the code emitters */
OutputFragment *output; /* Primary node output or loop

assign / init instruction */
OutputFragment *cleanup; /* Clean up logic */
OutputFragment *loopstartchecks; /* Begin Loop exit checks */
OutputFragment *loopinc; /* Loop increments */
OutputFragment *loopendchecks; /* End Loop exit checks */

};
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A.7 Abstract Syntax Tree: Scope & Block Construction

A.7.1 Mapping DO loops from Lemon Parser to AST

In the compiler, block scopes such as DO loops are strictly translated from Lemon
grammar tokens into a parent-child AST topology.

Example from compiler/rxcpbgmr.y:
tk_doloop(D) ::= TK_DO(T).

{ D = ast_f(context, DO, T); }
do(G) ::= tk_doloop(T) dorep(R) TK_EOC instruction_list(I)

TK_END.
{ G = T; add_ast(G,R); add_ast(G,I); }

1. Root Creation: When a TK_DO token is identified, a new ASTNode of type DO
is instantiated (via ast_f).

2. Repetition and Conditions: Sub-rules process the dorep (like TO, BY, FOR
attributes) into a REPEAT AST node or docond (like WHILE / UNTIL).

3. Block Body: The instruction_list(I) contains all expressions and assign-
ments defined within the loop body.

4. Tree Assembly: The REPEAT clause, WHILE/UNTIL conditions, and the actual
loop body instructions are iteratively appended as child nodes to the parent
DO node using the add_ast(parent, child) and add_sbtr(older_sibling,

younger_sibling) C functions.
5. Association: The AST node also uses the association pointer to link com-

mands like LEAVE or ITERATE directly back to the target enclosing DO loop
node.

A.8 Execution and the VM

Once compilation via rxc and rxas is complete, rxvm handles the execution. Mod-
ules are ingested into memory mapping via functions like rxldmod. The VM spins
up its contexts, resolves dynamically or statically linked providers, links and pre-
pares the modules, runs each declared initializer once for that context’s muta-
ble module overlay, and only then invokes the requested program entry through
rxvm_run/rxvm_call.
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B
Unicode Algorithm
Appendix

This appendix describes the mathematical and execution shape of cREXX’s pre-
pared Unicode 17.0.0 algorithms. It covers the four-form normalization engine,
full default case mapping, ordinary case folding, default extended grapheme clus-
ters, and typed byte/text codecs. All are public through rxunicode; their private
executors, binary methods, table generators, and numeric selectors are not.

The user-facing contract is in Unicode text services. This appendix explains how
the implementation reaches that contract and why several plausible shortcuts are
rejected.

B.1 Common model

Let S be the Unicode scalar values: U+0000 through U+10FFFF, excluding the
surrogate range. S* is the set of finite scalar sequences. Let:

. E : S* -> B* be shortest-form UTF-8 encoding;. D : E(S*) -> S* be strict UTF-8 decoding;. n be the number of input scalars;. b be the number of input bytes; and. o be the number of output bytes.

For valid UTF-8, D(E(x)) = x. A crexx .string already establishes that valid-
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ity boundary.The Unicode algorithms therefore consume scalars from a .string;
they do not accept arbitrary .binary and silently reinterpret it.

Every materialized transform must inspect the input and produce the output, so
its lower bound is Omega(b + o). A boundary scanner must inspect the input and
report its boundaries, giving Omega(b + g) for g reported boundaries. Preparation
cannot remove those bounds. It removes invariant work from the runtime path.

B.2 Prepared data

The build reads pinned Unicode Character Database and legacy encoding map-
ping files and converts them into immutable, versioned binary images. Prepara-
tion may calculate:

. a total scalar-to-action classification;. recursive decomposition closure;. complete case-fold mappings;. canonical combining classes and normalization Quick_Check values;. canonical composition pairs and exclusions;. grapheme-break, extended-pictographic, and Indic-conjunct properties;
and. compact descriptors and mapping spans used by the runtime; and. dense decode maps and page-bounded reverse encoding indexes.

The generator verifies the Unicode version, retained input checksums, record
counts, scalar validity, table layout, and algorithm-specific invariants. A gener-
ated runtime checks its image header before use.

Each generated image is one module-scoped compiler constant. rxc shares the
source payload and emits one named binary constant; rxas and rxlink retain one
constant-pool item. Runtime code reads that constant directly. It is not copied
into every normalizer, folder, view, or call.

B.3 Codepoint execution path

The product executors use the RXVM string path:
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1. obtain the input’s codepoint count;
2. read each scalar in order with the VM codepoint operation;
3. use the scalar to select a prepared descriptor or property byte;
4. update the operation’s small semantic state; and
5. append result scalars or record a codepoint boundary.

In generated RXAS this is built around STRLEN, STRCHAR, direct prepared binary
reads such as BGETU8 or BGETU32, and APPENDCHAR for transformed output. Sequen-
tial STRCHAR uses the VM’s advancing string cache, so the scan is linear rather than
repeatedly decoding from byte zero.

This path deliberately avoids three intermediate representations:

. no .string-to-.binary input copy;. no separate re2c UTF-8 decoder inside the Rexx algorithm; and. no complete UTF-32 copy of the input.

The VM remains the authority for decoding its .string representation. The pre-
pared table classifies the resulting scalar; it does not duplicate the runtime’s text
representation rules.

B.4 Normalization

Unicode normalization first decomposes characters and canonically orders com-
bining marks. Composed forms then apply canonical composition.

B.4.1 Decomposed forms

For F equal to D or KD, let:

. dF(c) be the complete recursive canonical (D) or compatibility (KD) decom-
position of scalar c, including algorithmic Hangul decomposition;. ccc(c) be the canonical combining class of c; and. Ord(x) stably order each maximal run of positive-CCC scalars by increasing
CCC, without moving a mark across a CCC-zero starter.

Then:
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NFD(x) = Ord(dD(x))
NFKD(x) = Ord(dKD(x))

Thebuild prepares the fully recursive, individually ordered result pF(c) = Ord(dF(c))

for every scalar that changes. Runtime recursion is unnecessary.

Per-scalar preparation does not make normalization independently composable.
If u and v are already canonically ordered, their concatenation can still need re-
ordering where the trailing nonstarters of umeet the leading nonstarters of v. No
other part can interact across the join because a CCC-zero starter is an order-
ing barrier. The runtime therefore retains the open trailing mark run and stably
merges the next prepared leading run into it.

In the usual monotone case, marks are appended. At the first CCC inversion, the
engine uses stable buckets for the finite set of positive combining classes. Equal-
CCC marks retain source order. At the next starter or end of input, occupied
buckets are emitted in ascending CCC order. The work is linear in the number
of decomposed scalars for the fixed Unicode CCC universe.

Hangul syllables are decomposed arithmetically into L, V, and optional T Jamo.
This avoids storing the regular Hangul mapping range.

Compatibility decomposition may remove formatting or semantic distinctions.
NFKD and NFKC are therefore explicit transformations, never an assignment or
comparison side effect.

B.4.2 Composed forms

NFC and NFKC use the same decomposition and ordering stream, then perform
canonical composition:
NFC(x) = Compose(NFD(x))
NFKC(x) = Compose(NFKD(x))

The implementation fuses composition with the ordered stream rather than allo-
cating a complete NFD or NFKD intermediate. It retains:

. the current starter;. the last surviving intervening combining class; and. the ordered marks not consumed by composition.
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For each candidate, the composer applies the Unicode blocking rule. A prepared
primary-composition pair may replace the held starter only when no intervening
mark blocks it. Full Composition Exclusions are never reconstructed. A success-
ful composition does not incorrectly change the blocking class. A failedCCC-zero
candidate closes the current segment and becomes the next starter. Leading non-
starters remain leading nonstarters.

Hangul L + V and LV + T composition is arithmetic and can chain. This is why
“flush whenever a starter arrives” is incorrect: two CCC-zero Jamo may compose.

Composition cannot normalize each source scalar independently. A scalar can
be NFC by itself yet participate in a composition when it follows another source
scalar. The canonical ordered-stream state is the authority for these cross-source
interactions.

B.4.3 Predicates and certificates

isNFD and isNFKD can check prepared decomposition identity and canonical order
without building an output value.

isNFC and isNFKC use the official Quick_Check properties:

1. No proves the string is not in the requested form.
2. An ordered scan containing only Yes proves that it is in the form.
3. Maybe transfers to the exact allocation-free composition check.

The exact check is required because Maybe depends on context. A predicate must
not normalize into a second string merely to compare the result.

The runtime can attach four positivewhole-string certificates to aVMvalue/register
status word: known NFD, NFC, NFKD, and NFKC. Absence means unknown,
not false. Exact whole string copies preserve them; any content mutation clears
them; empty and known ASCII strings may acquire all four. Because one string
may satisfy several forms, the facts are independent bits.

Certificates are optimization evidence only.The normalization algorithm remains
correct when no certificate is present. They live in the protected language-owned
register-flag band rather than theVM-internal or class-private bands.This lets the
VM perform required invalidation without exposing the bits as application state.

A transforming call may return immediately on a matching certificate. Without
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one, it performs one transformation pass. It does not first run an unconditional
whole-input predicate: that would make a changed large input pay for two scans.

B.5 Full default case mapping

Unicode default case conversion defines full uppercase and lowercase mappings
from one scalar to a sequence of up to three scalars. Apart from contextual rules,
extending such amap to a string is concatenation, as for case folding. Fullmapping
can therefore expand and cannot promise source/result positional identity.

The prepared descriptor for scalar c records:

. its full default upper and lower mapping spans, when non-identity;. whether c has the Unicode Cased property;. whether c has the Case_Ignorable property; and. the alternate lowercase span used by the Final_Sigma context.

Uppercase performs one scalar-local mapping pass. Lowercase also carries a
Boolean preceded_cased state. For a final-sigma candidate at position i, it selects
the contextual mapping exactly when a cased scalar precedes i after skipping
case-ignorable scalars and no cased scalar follows i after the same skipping. A
bounded forward scan is needed only for the candidate; the normal path remains
one descriptor read per source scalar.

The result is Unicode default, locale-neutral casing. Conditional Turkic, Lithua-
nian, and other locale-sensitive rules are not silently applied. The operation nei-
ther normalizes nor folds. Its ordinary cost is Theta(n + output scalars); final-
sigma lookahead depends on the ignorable suffix around each candidate, while
the Unicode source property constraints keep the semantic rule exact.

B.6 Ordinary case folding

For a fixed mode M, Unicode case-fold data defines a scalar mapping:
fM : S −> S*

Folding extends the mapping by concatenation:
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FoldM(c1 ... cn) = fM(c1) ... fM(cn)
FoldM(xy) = FoldM(x) FoldM(y)

Unlike normalization, ordinary folding is a homomorphism: one source scalar’s
result cannot reorder or compose with another source scalar’s result.The runtime
therefore needs no cross-scalar semantic state beyond the selected mode.

The four modes are:

. full default: Unicode C + F records;. simple default: C + S records;. full Turkic: full default with T overrides; and. simple Turkic: simple default with T overrides.

A dense scalar descriptor selects identity, one-scalar mapping, or a prepared map-
ping span. Identity emits the input scalar. Mapping spans contain at most three
scalars in Unicode 17.0.0. Full folding may expand; simple folding maps each in-
put to no more than one result scalar.

Ordinary folding performs no normalization. Canonical caseless matching and
NFKC_Casefold are different algorithms because mapped results must feed a
normalization state machine. They must not be advertised as consequences of
toCasefold.

The runtime cost is Theta(n + output scalars), meeting the transform’s linear
lower bound. Preparation removes generic record searching and runtime map-
ping construction; it does not change the asymptotic bound.

B.7 Default extended grapheme clusters

A grapheme boundary scanner implements Unicode Standard Annex #29 revi-
sion 47 profile UAX29-C1-1. The prepared property for a scalar contains the tuple:
(Grapheme_Cluster_Break, Extended_Pictographic,
Indic_Conjunct_Break)

All three parts matter. Extended pictographic data is needed for emoji ZWJ se-
quences, while Indic conjunct properties are needed for conjunct-linking rules.

The scanner applies GB3 through GB999 in Unicode rule order. Its finite state
retains:
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. the previous grapheme-break class;. regional-indicator suffix parity;. whether an extended-pictographic/Extend/ZWJ suffix is open; and. whether an Indic consonant/linker suffix is open.

Those values are sufficient to decide the boundary before the next scalar.The state
is reset or advanced exactly as each selected Unicode rule requires. No backward
rescan of a long regional-indicator, Extend, ZWJ, or linker suffix is needed.

Grapheme segmentation operates directly on the supplied text. It needs no NFD
prepass, and the public operation neither normalizes nor folds. Boundaries are
recorded as codepoint offsets because .string indexing is codepoint based.

The public execution shapes share the same scanner:

. direct count and bounded substring scan once and retain no complete
boundary vector;. one-off exact search and reverse derive the boundaries needed for that call;
and. .graphemes(text) records one packed boundary index for repeated random
access, searching, reversal, and iteration.

The indexed snapshot intentionally owns its boundary vector. A per-call index for
direct count and bounded substring was rejected because it adds allocation and
was slower in the Release comparison. A hidden mutable or shared grapheme
cache was also rejected: its invalidation and ownership cost would be paid by all
string writers for an explicitly requested Level G service.

The scan is Theta(n + g), where g is the number of boundaries, and is asymptot-
ically optimal. The retained index is Theta(g) space. Direct count uses constant
semantic state.

B.8 Byte/text codecs

For each supported encoding K, let EncK : S* -> B* be its partial encoder and
DecK : B* -> S* its partial strict decoder. A strict round trip satisfies:
DecK(EncK(x)) = x
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for every scalar sequence x representable in K. The reverse byte round trip is guar-
anteed only where the encoding mapping is one-to-one. The four retained table-
backed single-byte mappings are total and choose one reverse byte per mapped
scalar; their tests additionally establish all-256-byte round trips.

UTF-8 strict decode validates shortest form, scalar range, surrogate exclusion, and
continuation structure. Because a successful result has exactly the VM’s .string
representation, the implementation then uses the runtime conversion path rather
than decoding valid bytes into a second scalar buffer. UTF-16 and UTF-32 op-
erate on explicit little- or big-endian code units, reject unpaired surrogates and
non-scalars, and append decoded scalars directly. No ambiguous endian name is
accepted.

US-ASCII and ISO-8859-1 are direct range mappings. Each table-backed single-
byte encoding prepares:

. decodeK[0..255], a dense u32 scalar table;. pageK[0..256], a u16 boundary index into reverse records; and. sorted (scalar, byte) reverse records, each eight bytes.

Decoding is one direct table read per byte. To encode scalar c, its high byte selects
a bounded record interval and a binary search compares only that page’s records.
Non-BMP scalars fail immediately for thesemappings.The complete legacy image
is one 14,536-byte constant and is never copied per call.

Strict failure is authoritative. Replacement decode partitions malformed byte in-
put into the encoding’s maximal ill-formed subparts and appends caller text once
per part. Replacement encode appends the caller’s exact target byte sequence once
per unmappable scalar. The replacement is first validated as a non-empty com-
plete value in K; this prevents a convenience policy from injecting malformed tar-
get bytes.

A BOM is data at this layer. Encoders add none and decoders do not consume one
as protocol metadata. A higher-level format that owns a BOM convention must
implement that convention explicitly around the codec.

Whole-value codecs necessarily use Theta(input bytes + output bytes) time
and materialize the returned value. They keep no state across calls. Incremental
chunk remainder, finalization, cancellation, and stream positioning therefore re-
main outside this baseline rather than being approximated by a hidden global
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codec.

B.9 Rejected execution shapes

The following are not interchangeable implementation details; each changes cost,
ownership, or correctness in a material way.

Rejected shape Reason

Decode the input again with a generated
re2c UTF-8 scanner

.string is already VM-owned valid UTF-8. The
generated byte-DFA route duplicated that
authority and its generated method/frame
shape measured far slower than sequential
VM codepoint access.

Convert the whole input to .binary or UTF-32 Adds a large input copy and an intermediate
representation before useful Unicode work
begins.

Store the prepared image in each algorithm
object

Copies or retains duplicate multi-megabyte
state; one compiler/linker constant is
sufficient.

Normalize each source scalar independently Cross-source canonical ordering and
composition make that algorithm incorrect.

Flush composition at every CCC-zero starter Starter-to-starter Hangul and other contextual
composition remain possible.

Precheck every transforming call Changed large inputs pay for an avoidable
additional full scan; a trusted certificate is a
cheaper proof.

Make ordinary equality normalize or fold Changes the Level B language contract,
hides potentially expensive work, and erases
compatibility distinctions.

Make direct count and bounded substring
build an index

Adds allocation when a streaming answer is
sufficient.

Treat a BOM as implicit codec metadata Makes byte/text conversion depend on an
unstated protocol and prevents exact
U+FEFF round trips.

Make replacement a string policy such as "?"
for every target

The encoded bytes differ by encoding,
notably ASCII/Windows-1252 3F versus
IBM1047 6F; typed target bytes are
unambiguous.

Attach an encoding to classic file positioning
now

Variable-width character seeking, partial
sequences, line endings, and task ownership
need a separately designed incremental
stream contract.
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B.10 Performance evidence behind the selected shape

The retained measurements select execution architecture; they are not cross-
platform promises for application throughput.

B.10.1 Generated UTF-8 DFA versus VM codepoints

The first generated NFD byte-DFA route expanded to 3,440 states, 6,455 method
locals, and 172,334 optimized RXAS lines. On the retained profiling-off Release
screen it was 84.0x to 101.1x slower than the original NFD path across 20,034
short calls and 8.8x to 9.0x slower on the 101,506-byte buffer. The separate hand-
prepared scanner was close to the generated scanner on the one-call buffer, while
the generated short-call path was another 9.7x to 10.5x slower because every recy-
cled activation relinked the very large declared-local frame. This showed that an
enormous generated method was not a viable product shape; it did not show that
Unicode classification itself was unsound. See the generated NFD rough screen.

The recovered prepared-symbol executor instead used the existing VM .string

decoder, one dense descriptor lookup per scalar, bounded dispatch code, and di-
rect output. It returned to approximate parity for call-heavy rows and used 0.46x
to 0.77x the canonical time on the retained 101KB buffer samples. On 812KB and
6.50 MB buffers its median ratios were 0.45x to 0.55x. Host load made the exact
percentages directional, but it could not explain the disappearance of the earlier
order-of-magnitude loss. See the prepared-symbol NFD recovery evidence.

The design conclusion is narrower than “re2c is slow.” re2c remains useful for
generators that can produce bounded runtime state. Here, .string was already
decoded by the VM and the generated byte-DFAmultiplied code and frame costs
without removing the normalization engine’s semantic work. The selected execu-
tor lets RXVMdecode each codepoint and keeps the prepared descriptor and nor-
malization state small.

B.10.2 Common normalization family and predicates

After all four forms adopted the same codepoint/table architecture, the shared
and canonical normalization paths ranged from 0.940x to 1.103x in the final di-
rectional rerun; the 1.103x cell was isolated to one noisy VM/row result. The old
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compatibility and composition slowdown disappeared with removal of the binary,
recursive, and per-instance/shared-wrapper routes.This is why the slowdownwas
classified as algorithm and routing shape rather than a cost of RXVM UTF-8 de-
coding.

Quick_Check substantially improved mixed true/false NFC and NFKC predicate
rows, roughly fourfold in that run. A known-normalized large buffer containing
Maybe, however, paid for a complete preliminary scan and then an exact whole-
input fallback, making those cells roughly 8% to 13% slower than the old exact-
only predicate. The selected rule is therefore:

. use Quick_Check for predicates, where No and all-Yes can decide early;. fall back exactly on Maybe;. do not put the same precheck in front of every transforming call; and. consider a stable-region/local-Maybe algorithm only as separately proved
follow-on work.

The full figures, host envelope, semantic limits of the Apple control, and raw arti-
fact locations are in the common normalization directional evidence.

The later informal certificate screen found no significant cold-path regression.
A positive matching certificate made repeated normalization on the unchanged
large buffer 26.1x to 133.8x faster and repeated predicates 15.0x to 166.1x faster.
Those numbers validate the certificatemechanism’s cost shape, not a formal clean-
host performance guarantee. See the normalization certificate screen.

B.10.3 Grapheme streaming versus per-call indexing

For direct count and bounded substring on a 49,152-byte, 7,168-grapheme in-
put, building a complete boundary index inside every call was 1.802% to 2.953%
slower across the two VMs and two operations.The accepted split therefore keeps
direct count and bounded substring streaming while the explicit .graphemes view
retains an index for repeated work. The grapheme first Release verdict contains
the balanced samples and scope limits.
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B.11 Qualification boundary

Normalization qualification covers all four forms againstUnicode 17.0.0 NormalizationTest.txt,
required cross-form relations, unlisted-scalar identity, Hangul, combining-class
ordering, exclusions, Quick_Check context, optimized and no-opt compilation,
and both VM families.

Default case mapping checks every prepared record, identity for every unlisted
scalar, expansion, the full default final-sigma context, non-BMP values, and
both case directions. Case folding checks every listed record in all four modes
and identity for every unlisted scalar. Both harnesses also parse the pinned raw
UCD files independently of the table compilers, so a build-parser defect can-
not serve as its own oracle. Grapheme qualification checks every retained Uni-
code 17 GraphemeBreakTest.txt record plus focused regional-indicator, emoji,
combining-mark, substring, search, iterator, and signal cases.

Codec qualification pins exact bytes at every Unicode encoding boundary, round-
trips all 1,112,064 scalar values through all five UTF forms, covers the malformed
lead/continuation, length, surrogate, and range classes, and checks maximal-
subpart replacement. ASCII and Latin-1 ranges are exhaustive. The four legacy
source files are independently parsed and all 1,024 mappings are checked for
decode, encode, and validity, in addition to whole-table byte round trips.

RXAS shape checks supplement semantic conformance.They require direct code-
point iteration, one named prepared constant, direct table reads, and the appro-
priate output operation; they reject input binary conversion, separate UTF-8 de-
coders, table attributes, and repeated constant expansion.These shape checks pro-
tect the performance architecture without replacing functional tests.
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C
Platform Considerations

C.1 Instructions

All VM instructions work in exactly the sameway on all supported platforms - for
numerical algorithms, within the limitations of the available hardware.

C.2 Bytecode and layout of binary modules

The binary file layout containing the VM bytecode instructions is identical over
all supported platforms. This means that the .rxbin files can be transported to
other platforms, for example from Linux on arm64 to Windows on X86_64 and
to Linux on arm64, z390x or RISC-V, and work unchanged.

C.3 Native executables

This portability does not hold for native executables. These are .rxbin files which
are preprocessed by the rxcpack command into .c sourcewhich are then compiled
and linked by platform specific compiler toolchains.These are usable on only one
instruction set - operating system combination.

The same goes for .rxplugin files; these are also native executables.
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C.4 64-bit limitation

crexx is not intended for, or is expected to work on 32-bit architectures. Certain
IBM legacy architectures, like s/370, might work when explicitly indicated.
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