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Condition Dividend Divisor DIVU[W] REMU[W] DIV[W] REM[W]
Division by zero x 0 2L � 1 x �1 x
Overflow (signed only) �2L�1 �1 – – �2L�1 0

Table 8.1: Semantics for division by zero and division overflow. L is the width of the operation in
bits: XLEN for DIV[U] and REM[U], or 32 for DIV[U]W and REM[U]W.

would require language implementors to interact with the execution environment’s trap handlers
for this case. Further, where language standards mandate that a divide-by-zero exception must
cause an immediate control flow change, only a single branch instruction needs to be added to
each divide operation, and this branch instruction can be inserted after the divide and should
normally be very predictably not taken, adding little runtime overhead.

The value of all bits set is returned for both unsigned and signed divide by zero to simplify
the divider circuitry. The value of all 1s is both the natural value to return for unsigned divide,
representing the largest unsigned number, and also the natural result for simple unsigned divider
implementations. Signed division is often implemented using an unsigned division circuit and
specifying the same overflow result simplifies the hardware.

8.3 Zmmul Extension, Version 0.1

The Zmmul extension implements the multiplication subset of the M extension. It adds all of the
instructions defined in Section 8.1, namely: MUL, MULH, MULHU, MULHSU, and (for RV64
only) MULW. The encodings are identical to those of the corresponding M-extension instructions.

The Zmmul extension enables low-cost implementations that require multiplication operations
but not division. For many microcontroller applications, division operations are too infrequent
to justify the cost of divider hardware. By contrast, multiplication operations are more frequent,
making the cost of multiplier hardware more justifiable. Simple FPGA soft cores particularly
benefit from eliminating division but retaining multiplication, since many FPGAs provide hard-
wired multipliers but require dividers be implemented in soft logic.
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