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If and Loop Statementsin MIPS

Branch Instructions

In theMIPS assembly language, there are only two types dditional branch
instructions. This means you don’t have to remember any great variety of special case branching
mechanisms. One branches if two registers are equal, the other if they are not equal.

beq $val uel, $val ue2, offset # if ($valuel
bne $val uel, $val ue2, offset # if ($valuel !

$val ue2) goto offset;
$val ue2) goto offset;

The third operanchithe instruction is theffset. In MIPS, this is a 16 bit signed integer that
represents where to continue if the comparison returns trueoffsberepresents how many
instructions, counting from the instruction after the branch instruction, to pass over in order to get
to the correct instruction. For example look at the code below:

0x4000: 0000 add $t1, $t2, $t3
0x4000: 0004  beq $t1, $t3, -2
0x4000: 0008  sub $t1, $t1, $t3

In this code, the branch instruction would move up two instructions from the instruction after
itself. This means it would branch from position 0x4000:0008 to position 0x4000:0000 and then
continue evaluating the instructions in sequence. It works going in the opposite direction as well.

0x4000: 000C  bne $t1, $t3, 1
0x4000: 0010  addi $t1, $t3, 20
0x4000: 0014  addi $t3, $t3, -5

In the case above, the branch would go from position 0x4000:0010 to position 0x4000:0014
before continuing evaluation of the instruction in sequence. Notice that the total number of bytes
skipped is found by multiplyingffset by 4

Determining I nequalities

Once again the designersMfPS chose to keep inequalities simple. They only allow you
to check to see if one value is less than another value. However, there are four flavors of this
instruction. Half of them take only registers, and the other half can compare to see if an
immediate value is greater than a register value. For these two version, each has an unsigned
version in the occasion that you are only testiogjive values. The answer is put into a register.
A0’ for false and a ‘1’ for true.

# Signed Instructions:
slt $dest, $smaller, $greater # $dest
slti $dest, $smaller, greater # $dest

($smaller < $greater) ? 1 : 0;
($smaller < greater) ? 1 : 0;

# Unsigned Instructions:
sltu $dest, $smaller, $greater # $dest = ($smaller < $greater) ? 1 : 0;
sltiu $dest, $smaller, greater # $dest = ($snaller < greater) ? 1 : O;

Recall that te C expression: pred ? consequent : alternate;
Is the same as the C expressionf (pred) consequent; else alternate;
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TheCif and MIPS

Comparing the @f expression wittMIPS branch statements may help in writing code.
Especially when you know how to “express” yourself in C, but perhaps not as well in assembly
language. First let's examine a simjflexpression and break it up into different parts:

if (pred) consequent

If consists of both predicate and aconsequent. The predicate is itself a single expression that
results in either a “true” or “false” value (non-zero or zero value). The consequent is a single
statement expression, or multipletstaent expressiorsirrounded by braces, ‘{’ and ‘}'. We

can make a similar construct usikgPS assembly code:

predicate: slt $t0, $s1, $s2 #if ($s1 < $s2)
beq $t0, $zero, endif #

consequent: addi $sl1, $s1, 1 # $s1++;

endif: #

Notice that we can divide oMIPS code into three regions, the predicate, the branch
statement, and the consequent. The first of these regions is the predicate. Any number of
statements that produce a zero or non-zero value in a register. The second region is the branch
statement. lbeq is used wittbzero,a non-zero value would be true, andrié is used with
$zero,a zero value would be true. The third region is the consequent. This does whatever
should be done if a true value results.

predicate: slt $t0, $s1, $s2 } Predicate ($t0 = 1if true)

beq $t0, $zero, endif } Branch Statement

consequent: addi $s1, $si, 1 }Consequent (skipped if not true)

endif:

Something similar can be done to if statements estatements in them.

predicate: slt $t0, $s1, $s2 #if ($s1 < $s2)
beq $t0, $zero, alternate #
consequent: addi $s1, $sl1, 1 # $s1++;
j endif # el se
alternate: addi $s2, $s2, 1 # $s2++;
endif: #

predicate: st $t0, $s1, $s2 }Predicate ($t0 = 1if true)

beq $t0, $zero, endif } Branch Statement to alternate

consequent: addi $s1, $s1, 1

j endif } Consequent (skipped if not true)

alternate: addi $s2, $s2, 1 }Al[ema,[e

endi f:
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Notice the use of the jump instruction fdfPS. This instruction jumps without condition
to the location given. The location is specified [&8hit number. There is also an instruction
that jumps without condition to the location given inside a register.

j location # goto |ocation;
jr $location # goto $l ocation;

The C whileand MIPS
The Cwhile expression closely resembles thexpression. It has a predicate and
somrething that happens continuously as long as the expression returns true.

predicate: slt $t0, $s1, $s2

beq $t0, $zero, endwhile
consequent: addi $s1, $s1, 1

j predicate

# while ($s1 < $s2)
#

$s1++;

I+ H I

endwhi | e:

predicate: slt $t0, $s1, $s2 } Predicate ($t0 = 1if true)
beq $t0, $zero, endwhile } Branch Statement to exit loop
} Consequent (skipped if not true)

j predicate } L oop Back Statement

consequent: addi $s1, $si1, 1

endwhi | e:

TheC doand MIPS

The Cdo expression resembles tivaile, except that it doesn’t have a loop back
statement, that's where the predicate and the branch statement both go to continue looping only if
the predicate returns true.

dol oop: addi $s1, $s1, 1 # do { $sl++;
predicate: slt $t0, $s1, $s2 #

bne $t0, $zero, dol oop # while ($s1 < $s2);
enddo: #

dol oop: addi $s1, $s1, 1 } L ooped Statement
} Predicate ($t0=1if true)

bne $t0, $zero, dol oop } Branch Statement to continue loop

predicate: slt $t0, $s1, $s2

enddo:
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TheC for and MIPS

Thefor expression is like the while expression except it has two addition components to
it. Not only does it have thensequent body which is evaluated continuously as long as the
predicate returns a true value, it iaigialization andnext statements built into it. It would look
as follows:

initialize: add $s1, $zero, $zero
addi $s2, $zero, 10
predicate: slt $t0, $s1, $s2

# for ($s1
#
#
beq $t0, $zero, endfor #
#
#
#

$s2

=0,
= 10;
$s1 < $2; $sl++)

{
consequent: addi $sl1, $sl1, 0 $s1 += 0;
addi $s1, $si1, 1 /% $s1 ++; */
j predicate }

endfor:

Notice how it's form doesn't really change that much from the while loop. It's really just
a construct in C to make code more compressed and readakléorminMIPS looks like:

initialize: add $s1, $zero, $zero

Initialization Statements
addi $s2, $zero, 10

predicate: slt $t0, $s1, $s2 }Predicale ($t0 = 1if true)

beq $t0, $zero, endfor } Branch Statement to exit loop
consequent : addi $s1, $s1, O } Consequent (skipped if not true)

addi $s1, $s1, 1 } Next Statements

i predicate } Loop Back Statement

endfor:




