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2.6 [15] <§2.5> Some computers have explicit instructions to extract an arbitrary
field from a 32-bit register and to place it in the least significant bits of a register.
The figure below shows the desired operation:

31 J i o
field
31 —j bits J—ibits i+ 1 bits
31 ! 0
O... 0000 field
32 — (j — i) bits Jj — i bits

Find the shortest sequence of MIPS instructions that extracts a field for the con-
stant values i = 5 and j = 22 from register $t3 and places it in register $t 0. (Hint:
It can be done in two instructions.)

B BRIERIME: AT 000000 XXXXXXXXX XXXXXXXXXXXXXXXXX st 0. $3. 6
5 R EAT 57 #:4F: 000000 000000000 11111111111111111 44 $t0. $t0. 131071
000000 000000000 XXXXXXXXXXXXXXXXX

H ERPI&IE AT AT ? AT, andif LBV BRF 1647, Tj-i=1747, 131071FH 171!

ZHHEABINE GEEBIAL, BABISAD sl $t0, $t3, 9 * R4 TE 2 TP RISt A HoAth
=21, W HABNSSLH. srl $t0, $t0, 15 TR, NS RA A RE?
srl $t0, $t3, 6 000000 00000 01011 01000 00110 000000
andi $t0, $t0, 65535 pLAAS 001100 01000 01000 1171711717171 1712171 11112
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2.15 [25] <§2.7> Implement the following C code in MIPS, assuming that
set_array is the first function called:

int 1
void set_array(int num) {
int array[10];
for (i=0; i<10; i++) {
array[i] = compare(num, 1);

}
int compare(int a, int b)) |{
if (sub(a, b) >= 0)
return 1 ;
else
return 0O;
}
int sub (int a, int b)) {
return a-b;

1

Be sure to handle the stack and frame pointers appropriately. The variable code
font is allocated on the stack, and i corresponds to $s0. Draw the status of the
stack before calling set_array and during each function call. Indicate the names
of registers and wvariables stored on the stack and mark the location of $sp and

$fp.
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(1) dFeEset_array: ANASEAnum, EFREISE, H—NEHEH, BHAHTERN
compare(num, i) . FrCAF R R TR E T H KR F e840, N E R IR Bl Hohk
CRITHKIS$fp) » FF4 R EBEA T B 4x 10=40/1> 5717 (1) 2% A5

(2) dfEcompare: NAOZ#F hafb, HF—NMREISH, KERBENZR, HRAHALERN
sub(a, b). BT R ER TR E TR GF T AR50, LI ELR B IR B Huk(RIIH$fp) ;

(3) dfEsub: AOSF hafb, H—MREIZH, BERFENELE, BAEHAHTE
(BR— M) o FrilsRmid Br TIRE T ERRAET AL, AFERBEHMER
Can SRR B IR Bl bk A4S, (HFRESNITE S RPATREFKE, BINIEPHATI R, —
FEANST e A2 A 3R [ ik AT R AT
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BHTAHNEFREAEER, LR LLZEFEEEMEN, ATAXAU?

dEset_array it T/EM I LRI R E 2| HHarray ', BHEEMRFEME, EHdHarray

R JRTE, i Mset_arrayiR B 5, ZIFERARMI AT ARR, ARarray ERE R 2T ITERL
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Assuming variables i~ $s0, and base address of array is in $s1

Set-array (int num)e& %% compare (int a, int b) & %%
Set-array: Compare:addi $sp, $sp, -8
(RFESrafli$s0-$s4) sw $ra, 4($sp)
...... sw $s1, 0($sp)
addi $sp, $sp, -40 jal sub
move $s1, $sp slt $s1, $vO, $zero ; if<0, $s1=1
move $s4, $a0 ‘$s4=num beq $s1, $zero, else ;
move $s0, $zero 1=0 move $v0, $zero
for-loop:slti $s2, $s0, 10 if <10, $s2=1 J exit
beq $s2, $zero, exit ;if i>=10, exit else: ori $v0, $zer0, 1
sl $s3, $s0, 2 %4 exit: lw $s1, O($sp)
add $s3, $s3, $s1  ;$s3=array]i] lw $ra, 4($sp)
move $a0, $s4 :$a0=num addi $sp, $sp, 8
move $al, $s0 -$al=i jr $ra
jal compare .call compare  Sub (int a, int b) &%} :
sw $v0, 0($s3) sub: addi $sp, $sp,-4
addi $s0, $s0, 1 sw $ra, 0($sp)
J for-loop sub $vO0, $a0, $al
Exit: addi $Sp, $Sp, 40 lw $ra, 0($Sp)
...... (kB $rafi$s0-$s4) addi $sp, $sp,4

jr $ra jr $ra



$Sp N T kA I T T T E
fp —|  $ra $ra $ra
$s0 $s0 $s0
$s1 $s1 $s1
$s2 $s2 $s2
$s3 $s3 $s3
$s4 $s4 $s4
array array array
$sp —
$fp —» $ra $ra
$sp —_ $s1 $sp —  $s1
$fp —
i F set-array i P Hcompare®i W HsubHy e
17}E};ﬁet-arrayj%lﬁl}ﬁ Mcompa?ei&lﬁl)ﬁ Msubik[El 5 AAlsubj

BIEPPE2-16 UEH: FRIEAHITSE, BRIEYHISsp- 4E45p;
MIPSTRAEFIIR B SIp I 7 : FHFEFF 2 $fp i B2 8 1/ A & kil -h AR 8 & )
$fp, AEHSsp-4i%Sfp; HAHM, WARLFESpHIME. ERENTAG!
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2.29 [5] <§§2.3, 2.6, 2.9> Add comments to the following MIPS code and de-
scribe in one sentence what it computes. Assume that $a0 and $al are used for
the input and both initially contain the integers a and b, respectively. Assume that
$v0 is used for the output.

add  $t0, $zero, $zero  :$t0=0

loop: beq  $al, $zero, finish ;if $al=0 finish
add  $t0, $t0, $a0 ;:$t0=$t0+$a0
sub  $al, $al, 1 $al=%al-1
j loop :

finish: addi  $t0, $t0, 100 ;$t0=$t0+100

add  $v0, $t0, $zero :$v0=$t0

HIhgEm ¥ Sa0{E in$alk (Blaxb) FH;n100
ZIE A5 LA T DIRE: $v0=ab+100
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2.30 [12] <8§82.3, 2.6, 2.9> The following code fragment processes two arrays and
produces an important value in register $v0. Assume that each array consists of
2500 words indexed 0 through 2499, that the base addresses of the arrays are stored
in $a0 and $al respectively, and their sizes (2500) are stored in $a2 and $a3, re-
spectively. Add comments to the code and describe in one sentence what this code
does. Specifically, what will be returned in $v0¢?

s11 $a2, %az2, 2 ;$a2=%$a2x4=10000
s11 $a3, %$a3, 2 ;$a3=$a3x4=10000
add $v0, $zero, $zero:$vOFIEEL A0
add $t0, $zero, $zero;BOURBE:ix4)WIEENAO
outer: add $t4, $a0, $tO ;$t4=address of array[i]
Tw $t4, 0($t4) ;$td4=array][i]
add $tl, $zero, $zero St1(REBEE:jx4)WIIEIL A0
inner: add $t3, $al, $t1l ;$t3=address of array[j]
Tw $t3, 0($t3) ;$t3=array|j]
bne $t3, $t4, skip ;if array[i] # array[i] , skip
addi $vO, $vO, 1 ' $v0=$v0+1
skip: addi$ tl, $t1, 4 j=j+4
bne $tl1, %$a3, inner if j 7210000, xS BN
addi $t0, $t0, 4 i=i+4
bne $t0, %$a2, outer if 1210000, gE&E/MEIR

ThRe: SvOHFFBAI RPN B M R TT R KA
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2.31 [10] <§§2.3, 2.6, 2.9> Assume that the code from Exercise 2.30 is run on a ma-
chine with a 2 GHz clock that requires the following number of cycles for each instruc-
tion:

instrucion | —oyles

add,addi,sl] 1
Iw, bne 2

In the worst case, how many seconds will it take to execute this code?
2. 30FEEFBIAIIEOBE: PWAA A IURAMMSE, XEFRTEHEHA
S ATskip. B, FHARLECH: 5+2500x(3+2500%6+2)=37512505
Hr: add,addiflislFIFE4A BN 4+2500%(2+2500%3+1)=18757504
IwHlbne3544%h: 1+2500x(1+2500x3+1)=18755001

Frbh: FEFHATHIREI N : (2GHzclockficlock time=1/2G=0.5ns)
(18757504x1+18755001x2)x0.5ns=28133753ns~0.028s
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2.32 [5] <§2.9> Show the single MIPS instruction or minimal sequence of in-
structions for this C statement:

b =251 a;
Assume that a corresponds to register $t0 and b corresponds to register $t 1.

B, HP—NEEZBCHLEIE25, e Horidg 452 .
ori $t1, $t0, 25 P28k 001101 0100001001 0000 0000 0001 1001
Y

Y I

13 8 9 25

R 25 165536, AFeR—AEFEL: ori $t1, $t0, 65536 ?

65536 (1 0000 0000 0000 0000) ANFEFH 164 EI ¥ T . AT HITE S EFIN K
. lui $t1, 1
lui $t1, 1 ‘ o
t1, $t0. $t1 W 6553708 ? addi $t1, $t1, 1
or $tl, $10, 3 or $t1, $t0, $t1

HIBE R I, FFANE BT AL BB £ A0 R 7 AL 2
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2.34 [10] <§§ 2.3, 2.6, 2.9> The following program tries to copy words from the

address in register $a0 to the address in register $al, counting the number of

words copied in register $v0. The program stops copying when it finds a word

equal to 0. You do not have to preserve the contents of registers $v1, $a0,and $al.

This terminating word should be copied but not counted. BEUs KA T

addi $vO0, $zero, 0

loop: Iw $v1, 0($a0)
loop: Tw $vl, 0($a0) 4 Read next word from source sw $v1, O($al)

sw $vl, 0($al) & Write to destination beq $v1, $zero, exit
addi $a0, $a0, 4
addi $al, $al, 4
addi $al, $al, 4 # Advance pointer to next destination  ,q4qj $v0, $v0, 1

beq $v1, $zero, Toop # Loop if word copied != zero jloop
exit:
There are multiple bugs in this MIPS program; fix them and turn in a bug-free ver-

sion. Like many of the exercises in this chapter, the easiest way to write MIPS programs
is to use the simulator described in @) Appendix A.

addi $v0, $zero, 0 # Initialize count

addi $a0, $a0, 4 # Advance pointer to next source
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2.38 [5] <§§2.9, 2.10> Given yvour understanding of PC-relative addressing, ex-
plain why an assembler might have problems directly implementing the branch in-
struction in the following code sequence:

here: beq $s0, $s2, there

there add $s0, $s0, $s0

Beg2—MM-Typeta4, AICABKERR|Murf400, TSR LM )E.
Hit&E AKX K. PC+4+offset (16473LEI%T)

B Roffseti2 —M16AL W AT 5 B (AmREE, AHAMEERTR)
HIFBETEEE &: 0000 0000 0000 0100 (+4) ~0111 11111111 1100 (+215-4)
kG E A 1000 0000 0000 0000 (-215) ~1111 111111111100 (-4)
it CL_Eys B BkEE A REH LR Fe B AISEI . NI LA T 51

here: bne $s0, $s2, skip
| there
Skip:

there: add $s0, $s0, $s0O



