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The field is in the lower 16 bits of the word and we want Os in the upper bits of the
result of the andi. In general, a shift left of 32 — (n + m) followed by a shift right by
32 - nwill isolate any n-bit field whose least significant bit is in bit m.

Since addi and s1t1i are intended for signed numbers, it is not surprising that their
immediate fields are sign-extended before use. Branch and data transfer address fields
are sign-extended as well.

Perhaps it is surprising that addiu and s1tiu also sign-extend their immediates, but
they do. The u stands for unsigned, but in reality addiu is often used simply as an add
instruction that cannot overflow, and hence we often want to add negative numbers. It's
much harder to come up for an excuse that s1t1iu does not sign extend its immediate.

Since andi and ori normally work with unsigned integers, the immediates are
treated as unsigned integers as well, meaning that they are expanded to 32 bits by pad-
ding with leading Os instead of sign extension. Thus if the bit fields in the third line of
the example above extended beyond the 16 least significant bits, the andi instruction
would need a 32-bit constant to avoid clearing the upper portion of the fields.

The MIPS assembler creates 32-bit constants with the pair of instructions Tui and
ori; see Chapter 3, page 147 for an example of creating 32-bit constants using Tui
and addi.

Constructing an Arithmetic Logic Unit

ALU n. [Arthritic Logic Unit or (rare) Arithmetic Logic Unit] A random-number
generator supplied as standard with all computer systems.

Stan Kelly-Bootle, The Devil’s DP Dictionary, 1981

The arithmetic logic unit or ALU is the brawn of the computer, the device that
performs the arithmetic operations like addition and subtraction or logical
operations like AND and OR. This section constructs an ALU from the four
hardware building blocks shown in Figure 4.8 (see Appendix B for more
details on these building blocks). Cases 1, 2, and 4 in Figure 4.8 all have two
inputs. We will sometimes use versions of these components with more than
two inputs, confident that you can generalize from this simple example. In
any case, Appendix B provides examples with more inputs. (You may wish to
review sections B.1 through B.3 before proceeding further.)

Because the MIPS word is 32 bits wide, we need a 32-bit-wide ALU. Let’s as-
sume that we will connect 32 1-bit ALUs to create the desired ALU. We'll
therefore start by constructing a 1-bit ALU.

A 1-Bit ALU

The logical operations are easiest, because they map directly onto the hard-
ware components in Figure 4.8.
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The Sum bit is set when exactly one input is 1 or when all three inputs are 1.
The Sum results in a complex Boolean equation (recall that a means NOT a):

Sum = (a-b-Carryln)+ (a-b- CarryIn) + (a- b- CarryIn) + (a- b - Carryln)

oo
The drawing of the logic for the Sum bit in the adder black box is left as an
exercise (see Exercise 4.43).

Figure 4.14 shows a 1-bit ALU derived by combining the adder with the ear-
lier components. Sometimes designers also want the ALU to perform a few
more simple operations, such as generating 0. The easiest way to add an oper-
ation is to expand the multiplexor controlled by the Operation line and, for this
example, to connect 0 directly to the new input of that expanded multiplexor.

A 32-Bit ALU

Now that we have completed the 1-bit ALU, the full 32-bit ALU is created by
connecting adjacent “black boxes.” Using xi to mean the ith bit of x, Figure 4.15
shows a 32-bit ALU. Just as a single stone can cause ripples to radiate to, the
shores of a quiet lake, a single carry out of the least significant bit (Result0)
can ripple all the way through the adder, causing a carry out of the most sig-
nificant bit (Result31). Hence, the adder created by directly linking the carries
of 1-bit adders is called a ripple carry adder. We'll see a faster way to connect
the 1-bit adders starting on page 241.

Car
a >
0
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+ 2
b >
CarryOut

FIGURE 4.14 A 1-bit ALU that performs AND, OR, and addition (see Figure 4.13).
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