
Addressing mode Size of OprndSpec Operand

Immediate 16 bits OprndSpec
Register 5 bits Reg [OprndSpec]
Base 5 bits and 16 bits Mem [Reg[OprndSpec1] + OprndSpec2]
PC-relative 16 bits Mem [(PC + 4) + OprndSpec * 4]
Pseudodirect 26 bits Mem [(PC + 4) <0..3> : OprndSpec * 4]

Pep/8 is a tiny machine compared to most microprocessors. Figure 12.24
shows that there are 16 times more bits in the MIPS CPU registers than the Pep/8
CPU registers. And that does not count another set of floating-point registers that
MIPS has and Pep/8 does not. Even with this big mismatch in size, in two respects
MIPS is simpler than Pep/8—it has fewer addressing modes, and its instructions are
all the same length.

Figure 12.4 shows the von Neumann cycle for Pep/8. It is complicated by the
existence of two kinds of instructions, one-byte unary and three-byte nonunary. One
goal of RISC architecture is extreme simplicity to the point that each instruction
might execute in a single cycle. This goal dictates that every instruction have the
same length, four bytes in the case of the MIPS machine. For enhanced perfor-
mance, the memory alignment issue forces the first byte of each instruction to be
stored at an address evenly divisible by four. The memory chip corresponding to
Figure 12.14(b) would have address lines A2 to A31 and data lines D0 to D31.
Address lines A0 and A1 would be missing because instructions would be fetched
in four-byte chunks. Figure 12.25 shows the von Neumann cycle for the MIPS
machine. There is no if statement to determine the size of the instruction.

do
Fetch the instruction at the address in PC
PC ← PC + 4
Decode the instruction specifier
Execute the instruction fetched

while (true)

Figure 12.25 shows the von Neumann cycle for MIPS as an endless loop, which
is more realistic than the cycle for Pep/8. Real machines have no STOP instruction
because the operating system continues to execute when an application terminates.

In contrast to Pep/8, which has eight addressing modes, MIPS has the five
addressing modes of Figure 12.26. The operand specifier for Pep/8 is always 16 bits,
but the size of the operand specifier for MIPS depends on the addressing mode.
A MIPS instruction always consists of an instruction specifier and one or more
operand specifiers. Because an instruction must always be exactly four bytes, both
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Figure 12.25
A pseudocode description of the
MIPS von Neumann execution
cycle.

Figure 12.26
The MIPS addressing modes.
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