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Important Reminder on Academic Honesty

Using unauthorized information or notes on an exageking at others work, or
altering graded exams to claim more credit are reevmlations of academic

honesty. Detected cases will receive a failing gnadhe course.
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Q1. [19 points] Fill-in the Blanks

a) (1 point) In addition to being space and time &ffit, programming in assembly
language has the advantage of

b) (1 point) In addition to faster program developmant maintenance, programming in
high-level language has the advantage

c) (1 point) The instruction set architecture of agassor provides an interface between

d) (1 point) Assumindirray is defined as shown below:
Array: .word 10, 11, 12, 13, 14

The content of registeft1 (in hexadecimal) after executing the following seqce of
instructions is

la $t0, Array
lw $t1, 4($te)

e) (2 points) Write a minimum sequence of MIPS basistructions to implement the
pseudo instructiorbgt $s1,$s2,Next

f) (2 points) Write a minimum sequence of MIPS basistructions to implement the
pseudo instructiorandi $t0,$t0,0x12345678

g) (1 point) Assuming tha$a@ contains an Alphabetic character (uppercase oercase),
write a MIPS instruction that will make the chagacstored inpa@ always lower case.
Note that the ASCII code of charactgy’ is @x41 while that of charactera' is @x61.
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h) (3 points) The following is a partial MIPS assemlalgguage code:

j)

k)

Address Label Instruction
0x00400000 bgtz $al, loop

0x00403000 | loop: |addu $a@, $al, $vo

0x00410000 bne $a0, $zero, loop

Calculate the 16-bit immediate value (in hexadedbifoa 1loop in thebgtz instruction.
Calculate the 16-bit immediate value (in hexadedjifoa 1oop in thebne instruction.

(2 points) Given thaArray2 is defined as shown below:
Arrayz: .byte -1_, 2, -3, -4, -5, 6

After executing the following sequence of instrans, the content of the two registers
(in hexadecimal) i$t1= aigt 2=

la $to, Array2
1b  $t1, 2($te0)
lhu $t2, 2($te)

(2 points) Given the following data definitions,daassuming that the first variab¥e
starts at addres®x10010000, then the addresses for variabMsand z will be
and

.data

X: .byte 10, 11, 12
Y: .half 13, 14, 15
Z: .word 16, 17, 18

(3 points) Write a minimum sequence of MIPS basstructions to multiply theigned
integer value of registefto by 15.25 without using multiplication instructions. Put the
final integer result irpt@. For example, if the initial value §to is 5 then the final
value will be76. The additional fraction is truncated.



Q2. Floating-Point [17 points]

a) (3 points) Find the decimal value of the followisiggle-precision float:

S

Exponent

Fraction

1

1000 1000

111 1100 1101 0000 0000 0000
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b) (4 points) Find theormalized IEEE 754 single-precision representatior59.625.

c) (2 points) Show the IEEE 754 representationr&éro and-Infinity for single precision:
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d) (2 points) Find the approximate decimal value @ ldrgest positivelenormalized float
for single precision.

e) (6 points) Given thaA andB are single-precision floats, compute the diffeeaheB. Use
rounding tonearest evenPerform the operation usiiggiard, round andsticky bits.

+1.111 0000 0000 1111 1100 0001 x 2™*
+1.000 1111 1111 0000 0000 1111 x 2**

A
B
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Q3. [7 points] Translate Nested IF statements

Using minimal number of instructions, translate tbidowing nested IF statements into
MIPS assembly code. Assume that variallds, c, andd aresigned integersstored in
registers$so, $s1, $s2, and$s3, respectively. If needegpou can use pseudo-branch
instructions only.

if ( ((@a>b) || (c<=d)) && (a==c)) {
if (c !'=d) a=b + c;
else c =b - 2;

}
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Q4. [14 points] Translate a Recursive Function

Translate the following high-level recursive fumctifreq into MIPS assembly code. The
freq function counts the number of times an intejeppears in an array of n integers.
The arrayA is already in memory. The function parameterspassed in registe#a0, $al
and $a2, respectively. Thefreq function returns the result in registpv@. Use MIPS
conventionin saving and restoringnly the necessary register(sin the recursive function.
Your MIPS implementation of th€éreq function must be recursive Add comments to
explain the utilization of registers.

int freq(int A[], int n, int i) {
if (n == @) return 0;
int j = 0;
if (A[n-1] == 1i) j = 1;
return (j + freq(&A[0], n-1, i));
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Q5. [7 points] Compute the Sum of Decimal Digits

Write a MIPS functiorsum_digits thatcomputes and returns team of decimal digitsin
anunsigned integer For example, the sum of decimal digits 1&36is 1+5+3+6 = 15 The
functionsum_digits receives the unsigned integer argumaeriinary in register$a®@. For
example, 1536 = (0000 ... 0110 0000 00@@Yy. It should extract the decimal digits,
compute, and return their sumlso in binary, in register$ve. Hint: divide the unsigned
integer byl0to extract the decimal digits.



Page 9 of 11

Q6. [16 points] Write Loops to Traverse a Matrix

Given thatM is a square matrix dfIxN integers N rows byN columns), which is already
read and initialized in memory. Thetarting addressof matrix M is stored in registe$a®,
andN is stored in registegal. This is always the case for pard$ &nd p).

a) (7 points) Write MIPS code to compute the sumlbfNaelements of row, wherei < N.
The value ofi is stored in registepa2. The sum should be computed $n0. Add
comments to explain the utilization of registéds. NOT use pseudo-instructions
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b) (9 points) Write MIPS code to locate the maximuem&nt in column, wherej <N. The
value of indeX is stored ipa2. The maximum unsigned valueof columnj should be
computed in$veO and its corresponding row index should be compurte@vli. Add

comments to explain the utilization of registesou may use pseudo-branch
instructions.



Instruction

and $s1, 952, $s3|5s1=952& $s3 | op=0

Meaning |

IS =

R-Type Format

$s2(rt=

$s3{rd = $s1|sa =0|f=0x24

or 9$s1,9s2 $s3|8s1=9s2|%s3 |op=0frs=

$s2|rt=

$s3(rd=$s1|sa=0|f=0x25

xor $s1, 952, $s3|5s1 =952 %s3 |op=0

IS =

$s2(rt=

$s3 |rd = $s1|sa =0|f = 0x26

nor $s1,$s2, $s3[$s1 = ~($52|$s3) | op=10

IS =

$s2(rt=

$s3 |rd = $s1|sa =0|f=0x27

Instruction

add $s1, $s2, $s3| $51 =952 + $s3 | op

| Meaning |

0frs=

R-Type Format

$52|rt=5s3|rd = $s1|sa

addu $s1, $s2, $s3| $51 =852 + $s3 | op

0frs=

$52 |rt=5s3|rd = $s1|sa

sub $s1, $s2, $s3| $s1 =952 - 933 | op

=0|rs=

$52|rt=5s3|rd = $s1|sa=0|f=0x22

subu $s1, $s2, $53| $51 =952 - $53 | op = 0 | rs = $s2 |rt = $53|rd = $51|sa = 0|f = 0x23
Instruction Meaning | R-Type Format

sl $s1,8s210 [$s1=%s2<<10 |op=0{rs=0 |rt=%s2|rd=$s1[sa=10| f=0
srl $51,%$52,10 [$51=%52=>>10 |op=0|rs=0 |rt=%s2|rd=%s1|sa=10| f=2
sra $s1,$s2, 10 [%s1=852>>10 |op=0{rs=0 |t=%s2|rd=%s1[sa=10| f=3
sliv - $51,$52,$53 [ $51 = $52 << $53 | op =0 |r5 = $53|rt = $s2|rd = $s1|{sa=0 | f=4
sriv - $s1,852 853 [ $s1 = $52>>>%53 | op =0 |rs = $s3|rt = $s2|rd = $s1[sa =0 | f=6
srav $51,$52,$53 [$51=$52 =>$s3 | op =0 [rs = $s3|rt = $s2|rd = $s1({sa=0 | f=7
Instruction | Meaning | I-Type Format

addi  $s1, 952,10 | $s1=%s2+10 [op=0x8|rs =$s2] rt = $s1 imm® = 10
addiu $s1, $s2, 10 | $51=3s2+ 10 |op = 0x9 [rs = $s2| rt = $s1 imm' =10
andi  $s1,$s2, 10 | $51=%52& 10 |op=0xc [rs=$s2] rt=3s1 imme = 10
o $51,9s2, 10 | $51=%52]10 |op=0xd|rs=$s2] rt=3s1 imm™ =10
xori  $s1.$s2 10 | $s1=%5210 |op=0Oxe|rs=$s2] rt=3s1 imme = 10

lui  $s1,10 $51=10<<16 |op=0x 0 rt = $s1 imm' = 10
Instruction Meaning | Format

j label jump to label opf=2 imm326

beq rs, i, label [branchif(rs==rt) |opf=4| rs5 | 8 imm?18

bne rs,, label |branchif(rsl=rt) |opf=5| rs5 | it imm?16

blez rs,label |branchif(rs<=0) |opf=6| rs5 | 0O imm?16

bgtz rs,label |branchif(rs>0) |opf=7| rs5 | O imm?16

btz rs,label |branchif(rs<0) |opf=1|rs5 | O imm?16

bgez rs, label |branchif(rs>=0) |opf=1| rs® | 1 imm?16
Instruction Meaning Format
slt  rd,rs, it rd=(rs<rt?1:0) |opS=0| rs5 | 5 | rd® | O | Ox2a
sltu  rd, rs, it rd=(rs<rt?1:0) |opf=0| rs® | 5 [ rd5 | O | Ox2b
siti i, rs, imm?%| ri=(rs<imm?1:0) | Oxa | rs% | rt? imm?18
sitiv 1, rs, imm'6| ri=(rs<imm?1:0) | Oxb | rs® | ri® imm?8
Instruction Meaning | |-Type Format

b rt, imm(rs) | t = MEM[rs+imm6] | 0x20 | rs® | r° imm?16

Ih rt, imm'(rs) | it = MEM[rs+imm'6] | 0x21 | rs5 s imm?8

w rt, imm?%(rs) | t = MEM[rs+imm'] | 0x23 | rs® | r® imm?18

lbu rt, imm(rs) [ t = MEM[rs+imm'%] | 0x24 | rs® | r® imm?18

lhu rt, imm?(rs) | rt = MEM[rs+imm6] | 0x25 | rs® | r® imm?16

sb i, imm%(rs) | MEM[rs+imm1] =rt | 0x28 | rs® s imm18

sh i, imm'(rs) | MEM[rs+imm"]=rt | 0x29 | rs5 | 5 imm?18

sw i, imm'6(rs) | MEM[rs+imm]=rt | Ox2b | rs5 | rt5 imm?18
Instruction | Meaning | Format

jal  label | $31=PC+4,jump | opf=3 imm?6

jr  Rs PC=Rs opf=0|rsS | 0 | 0| OQ 8
jar Rd,Rs [Rd=PC+4,PC=Rs | opf=0|rs® | 0 |rdf | O 9
Instruction Meaning Format

mult Rs, Rt Hi,Lo=RsxRt|opf=0| Rs® | Rt* | 0 0 | Ox18
multu Rs, Rt Hi,Lo=RsxRt|opf=0| Rs® | Rt* | 0 0 | 0x19
mul Rd,Rs Rt |RA=RsxRt | Oxic | Rs® | Rt* | Rd®| 0 | 0x02
div Rs Rt Hi,Lo=Rs /Rt | opf=0| Rs® | Rt5 | 0O 0 | Oxla
divu Rs Rt Hi,Lo=Rs /Rt |opf=0|Rs? | Rtt | 0 | 0 | Oxlb
mfhi Rd Rd = Hi opi=0| 0 0 |Rd®| 0 | Ox10
mflo Rd Rd=Lo opf=0| 0 0 |Rd°| O 0x12
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