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Get ready for part four of your MIPS
assembly programming training.




/.asciiz

A directive that
stores a NUL

the data segment.

\—

\

string.s

STR:

.data

.asciiz "abcdefghijklmnopqrstuvxyz"

terminated string in

. .
Ok, but how is a
string
represented?

_

main:

dext
.globl main

i

Each character in the
alphabet is assigned a 2
s ‘Wl digit hexadecimal number.




(ASCII NUL 0x00 is

of a string.
N—

used to mark the end

[Column:

0o 1|2 3

0 UL | DLE |zpace| [J

. — 1 |=son | DEl 1

[Row: rightmost digit F 9 'sTx Dc2 v 3

3 |ETX [[BS2| # |3

— _ 4 |EoT |Dc4 | § 4

Each character is 5 |EMz |NEK | % | 5

assigned a 8 bit ACK |svN | & | B

ASCIl value — a byte.

\ /———-—é

§ | B Can | [ | B

/ 9 | HT | EM | )} | §

ASCII: LF |suB | * |

. + :

American C | FF | Fs =

Standard D | crR 65| - | =

Code for E | =0 | RS -

Information F | = | uUs ,f 7

\Unterchange. -/ |

Ieftmwi/t_j

4 | 5 6 |7
@ | F | P
A D A 0
E F I
S 5
D T,
= The ASCII
- value of ’'a’ Is
G Ox61
|
J
K
L The ASCII
I value of 'H’ Is
I 0x48
—___ _/
@ o oe)




string.s

ELoad Byte: Ib g\

STR:

main:

Ok, just like Load Word
but only loads one byte.

|

data
.asciiz "abcdefghijklmnopqrstuvxyz"

dext
.globl main

la $t0, STR
lw $t1, 0($t0)

b $t2, 0($t0)
b $t3, 1($t0)
b $t4, 2($t0)
b $t5, 3($t0)

jr $ra




Save Log File,., Chrl+5

Simulator  Window  Help

7
Load the source fileﬁ=

o goooopan
Exit AlE+F4 St rin g S
RO (r0) = 00O0O0OOO RE  (t0) = Qoopoooo
F1 (at) = 00000000 R9  (tl) = OO0 A ——— T} = 00000000
FEZ2 (w0O) = 00000000 RI10 (t2) = 00000000 RI18 (s2) = 0000OOOOO R2Z6 (k0) = 000ODOOO
FE3 {w1) = 000000O0OO R11 (t3) = 000000OOO R19 (s3) = 0DO0DODOOO  R27 (k1) = 00000000
R4 (a0) = 00000000 R1Z2 (t4) = 00000000 R20 (s4) = 0000O0OOOO RZ8 (gp) = 1000BOODO
3 OxG8fad40000 1w S4, 0(529) : 1w S50 0(Ssp)

[Dz00400004] Ox27a50004 addiu 55, 529, 4 ; 176: addiu 5al Ssp 4 # argwv
[Dz00400008] Ox24ab0004 addiu $6. 35, 4 ;177 addiu a2 $al 4 # envp
[0z0040000c] Oxz00041080 =11 2, 34, 2 ; 178: s11 Svw0 Zal0 2
[0z00400010] O0x00c:23021  addu $6, 56, 52 ; 179: addu Sa?2 Sa?Z2 Sv0
[0z00400014] Ox0c100009 jal 0x00400024 [main] ; 180: jal main
[0=z00400018] 0x 00000000 nop ; 181: nop
[0z0040001c] 0x3402000a ori $52, S0, 10 ; 183: 11 Sw0 10
<

DATA
[Dxz100000007 ... [0xl00400007 Oz0ooooooo

STACKE
[Dz7fffaffc] Oz0ooooooo

EEFNEL DATA
[0z90000000] 0z78452020 N=747NARERT N=?NhR=rRFRE Nxb36f2000

£

Cipen an assembly file

Copyright 1990-2004 by James R. Larus
211 Rights Reserved.
D02 and Windows ports by Dawvid A. Carley |
Copyvright 1997 by Morgan Eaufmann Publishe
mee the file README for a full copyvright n
Loaded: C:“FProgram Files~PCSpim~exceptions
C:sDocuments and Settings~Earl Marklundby

(lar

(Y

Single step
until...

' 2008~Tutorials By EKarl Marklund~first_trv

15e=0x00000000
JEm o T

*

sv B T &L % 10:08pM
v



&

ZEl =D o 28
BE = 00400028 EPC = gooooooo Cause = Jooooonoo BadVaddr= 00000000
Sstatus = 3F000f£f£10 HI = gooooooo LO = Jooooooo
= isters I |
RO (r0) = 0000 10010000 IS $t0 IS 10010000
Rl {at) = 0= 7 (s1) = 00000000  see———
RZ2 [(w0) = JA00000 ER10 (t2) = 00000000 R18 (sZ) = 000000DO0D RZ2e (kD) = 00000000
E3  (w1) gooooooo K11 (+t3) = 00000000 R19 (s3) = 00000000 EZ7 (k1) = 000O0OOOO
R4 (al) £ 00000000 R12 (t4) = 00000000 R20 (s4) = 00000000 R28 (gp) = 10008000
[0xz000000c] Oz00041080 s11 52, S4, 2 sll Swi Sal 2
[0z0400010] 0z00z23021 addu Sh, S6, 52 addu Sa2 SaZ2 Svl
[Oxff400014] 0x0c100009 jal 0Ox00400024 [main] jal main
[Oxff0400018] 0x00000000 nop nop
[0/ 04000 1] 0x3402000a ori 52, SO, 10 li S0 10
[Foof000z20] Ox0000000e  syscall syscall syscal
|:|X3C|:|Bl|:||:|1 lui 58, 4097 [STR st0, =TR
i 84090000 1w SS9, 0(58) St1, 0(st0)
------- . [0z10010000] oo
[0xz1l0010000] Ozh463626 The Content at
[0zl0O0100 Ox10040000] Oz0O00oonnn address OXlOOlOOO 1S
— 0x64636261
[0z7fffeffc . e
The label STR is
[0x004o000) - refering to the # arge
O=0040000 : # argv
[ . q
[z0400s address 0x1001000 in P Single step # envp
bt : . o

[oz0040001) the data segment of 9
[0z0040001 i0:
[0xo040002) the memaory. la
£




File Simulator  Sindow  Help

=Wl =s| o 2%

PC - 0040002c  EPC
Status = 3000££10 HI
RO (r0) = 00000000
Rl (at) = 00000000
RZ (v0) = 00000000
R3 (v1) = 00000000 R11 (t3)
R4 (a0) = 00000000 R12 (t4)
[0x00400010] 0x00c23021
[0x00400014] 0x0c100009
[0x00400018] 000000000
[0x0040001c] 0x3402000a
[0x00400020] 0x0000000c
[0x00400024] 0z3c081001
0x00400028 DXBdDBDDDD
Oxz004000Z2¢ g10a0000
<
DATE
[0x10000000]...[0x10010000]
[0x10010000]
[0x10010010]
[0x10010020]...[0x10040000]
STACE
[0z7fffeffc]
[0x00400004] 0227250004
[0x00400008] 0z24a60004
[0x0040000c ] 0x00041080
[0x00400010] 0z00c23021
[0x00400014] 0x0c100009
[0x00400024] 0z3c081001
[0x00400028] 0z8d090000

addin 35, S
addin SE, S
sll S2, 5S4,
addu Sh, SE
jal 0=z00400
lui 58, 409
lw 59, 0(s8

gooooooo
goooooon

General Reglsters

Oz00oooonnn

O=z00000

goooooon
goooooon

BadVaddr= 00000000

$t1 is 0x64636261 j

il

00000000 R26 (kO) = 00000000
00000000 R27 (k1) = 00000000
00000000 R28 (gp) = 10008000

addu SaZ SaZ Swi
jal main
nop
li 50 10
syscall
5t0, STR
S5tl, 0(%t0
StZ, 0(st0)

syscal

The content at
address 0x1001000 is
0x64636261

# argv
# envp

Single step
again...




File  Simulator

Wiindow  Help

=Wl =s| o 2%

B = 00400030 EPC
mtatus = 3000f£f£10 HI
RO (r0) = 00000000 RB (tO
Rl (at) = 00000000
Rz (w0} = 00000000
R3 (w1} = 00000000
E4 (a0} = 00000000 ER1Z
[0z00400014] Oxz0e100009
[0z00400018] Oxz00000000
[0z004000 1] Ox3402000a
[0z00400020] DXDDDDDDDC
[0x00400024] .
[0z00400028]
Ox
Load Byte
£
DATA
[0x100000007...[0x10010000]
[0x10010000]
[0x10010010]
[0x10010020]...[0=x10040000]
STACE
[Ox7fffeffe]
[0z00400008] Ox24a60004
[0z0040000e] Oxz00041080
[0z00400010] Oxz00=23021
[0z00400014] Oxz0c100009
[0z00400024] Ox3c081001
[0z00400028] Oxzad090000
[0z0040002¢] Ox810a0000

gooooooo
ogooooooo

General
10010000

Ly
]

goooooel

O=z00000

addin 6, S
sll S2, 5S4,
addu Sh, SE
jal 0=z00400
lui 58, 409
lw 59, 0(s8
1h 510, O(%

Oz00oooonnn

Cause

Lo

Registers

Eleg

(s0]

[main ]

[STR]

= Qooooooo BadVaddr= 00000000

= Q0ooooooo

il

$t2 is 0x00000061

= Q0ooooooo
= Q0ooooooo
goooooon

goooooon
= Qooooooo
10008000

[+
o= O
I

nop

li 50 10

syscall
St0,
Stl, O(%t0)
5t2, 0(%t0
St3, 1(3t0)

=TER

The content at
address 0x1001000 is
0x64636261

syscal

# envp



File  Simulator

Wiindow  Help

=|d| =@ o 2K

pC = 00400034 EPC = poooooon Cause = pOooooooo BadVaddr= 00000000
Status = 3000f£f10 HI = poooooon LD = pOooooooo

(General Registers i |

R0 (r0) = 000O0QODOO RE  (t0O) = 10010000 ERle (s0) = 0000DOCQL $t3 IS OXOOOOOO62
Rl (at) = 00000000 RY (tl) = 64636261 R17 (s1) = ([ ™ [ m———
B2 (v0O) = 00000000 gkiekeeieniiii P (s pOU00000 R26 (k0O) = 00000000
R3 (wv1l) = 00000000 00opoO0s2  RIW = 00000000 R27 (k1) = 0OOOOOODO
R4 (a0) = 00000000 |8kl | (=4) = 00000000 RZ28 (gp) = 10008000
[0x00400018] Oxz00000000

[0x0040001e] 0x3402000a ori S5} \30, 10 li 30 10
[0z00400020] 0xz0000000e  sysca 184: syscall

[0x00400024] Ox3c081001 # S0\ B097 [ETR] g: la S,
[0x00400028] Oz Bd 00 [ L w 3o, 9: lw S,
[0x0040002¢] = U0 1b 510 13 1k StZ,

Ox0 §01 1h 311, 12: 1h St3,

Load Byte 02 1h 512, }
£
DATA

[0xz100000007]...[0x10010000] oo

[0x1lO0010000] Oxzb4636201 The content at
[0x1lO0010010] i 2797876 :
[0x10010020]...[0=x10040000] OxzOOpooonn address OXlOOlOOO IS

STACK 0x64636261

[Ox7fffeffec] Oxz00000C e
[0x0040000¢] Ox00041080 =11 52, 34,

[0x00400010] Ox00c23021 addu $6, $S6, -

[0x00400014] Oxz0100009 jal Ox00400C ’ 1: ja S|ng|e Step
[0x00400024] Ox3c081001 1lui S8, 4097 ! la -
[0x00400028] Oxz8d4090000 1w $9, O0(S$8H) lwr again...
[0x0040002¢] 0x810a0000 1k $10, O(SE lh

[0x00400030] 0x810bL0O0O01 1k 311, 1(SE lh

<




File  Simulator

Wiindow  Help

Ox00400034

O=0040nmn=a

1

¢ Load Byte
[0x10000000]...[0x10010000]
[0x10010000]

[0x10010010]
[0x10010020]...[0x10040000]

STACE

[Dx7Effeffc]

[0z00400010] Oxz00=23021
[0z00400014] Oxz0c100009
[0z00400024] Ox3c081001
[0z00400028] Oxzad090000
[0z0040002¢] Ox810a0000
[0z00400030] Ox810bLO0O0D1
[0z00400034] Ox8l0=0002

Ozb4b36261 &

2797876
Oz000oooon

Oz000000C

addu 56, S6,
jal 0z004000:
lui S8, 4097
1w 9, 0(S8)
1b 510, 0(S8)
1b 511, 1(S8)
b 512, 2(S8)

13: 1h Std,

The content at
address 0x1001000 is
0x64636261

Single step
again...

=|d| =@ o 2K

FC = 00400038 EPC = Qooooooo Cause = 0Oooooooo BadVaddr= 00000000

Status = 3F000££10 HI = Qooooooo Lo = Qooooooo

General Registers

RO (r0) = 00000000 RB  (t0) = 10010000 R1e (s0) = 00O000OOOQ i
R1 (at) = 00000000 R9 (tl) = 64636261 R17 (sl1) = 000040 $t4 IS OX00000063 j
Rz (w0) = 00000000 R10 (tZ) = 00000061 R18 (s2) = ;
R3  (wl) = 000000 O jgmmmmeiii—nm5i IR ngooooo  RZ7 (k1) = 00000000
R4 (al) = Dﬂﬂﬂﬂﬂﬂm = 00000000 R28 (gp) = 10008000

[0xz0040001] 0x34020008 ori S52 183: 1i w0 10

[0z00400020] 0x0000000e syscal 184: syscall #fsvscall
[0xz00400024] Ox3c081001 1lui S B: la 5t0,

[0xz00400025] 0x8d4020000 9: lw Stl,

[0xz0040002c] 0x810a0000 11: 1k 5tZ,

[0xz00400030] 0x810kL0O0O0 12: 1hb 5t3,



Wiindow  Help

= E = m 28

File  Simulator

RO (r0) - 00000000 RE (t
Rl (at) = 00000000 R9 [t
RZ (v0) = 00000000 R10 (t
R3 (v1) = 00000000 R11 (t
R4 (a0) = 00000000 e
RS (al) = 7EEE£000
R6 (a2) = 7EEE£004
[0x00400020] 0x0000000c
[0x00400024] 0z3c081001
[0x00400028] 0z8d090000
[0x0040002¢ ] 0x810a0000
[0x00400030] 0z810bL00Q
[0x00400034]

0x004000

4

DATA
Oz100000007 ... [0=x10010000]

[
[0x10010000
[
[

]
0x10010010]
0x10010020]...[0x10040000]

STACE

[0z7fffeffc]
[0x00400014] 0x0c100009
[0x00400024] 0z3c081001
[0x00400028] 0z8d090000
[0x0040002¢ ] 0x810a0000
[0x00400030] 0x810b0001
[0x00400034] 0x810c0002
[0x00400038] 0x81040003

General Registers
j = 10010000 R16 (s0) = 000000CO RZ4 (t8) = 00000000
1 = 64636261 R17 (=s1) = 00000000
j = 000000e1 R18 (sZ) = 00000000 i
) - oooonder Rie (= $t5 is 000000064 ]
------ RED T I iy -
go0oooe4 @R (s5) = 00000000 RZ9 (sp) = 7fffeffc
= 0O0o0oooo  R30 (s8) = 00000000

184: syscall

B: la Sti,
9: 1w Stl,
11: 1k SEE,
12: 1k 5t3,
13: 1k 5t4,
14: 1k 5t5,

Sra

syscall

The content at
address 0x1001000 is
0x64636261

Oz00oooonn

7

Oz00000C

Jjal 0z00400C

lui S8, 4097

W e DUHR) Single step
1L 510, O(%E 1k .

Ih 511, LEok 1k again...

b 512, 2(sE 1b

lb 513, 3(sE 1b



Wiindow  Help

= E = m 28

File  Simulator

General Registers

RO (r0) = 00000COO e 15 (s0) = 00000000 RZ4 (t8) = 00000000
R1 (at) = 00000COO F4636261 PR17 (s1) = 00000000 RZ5 (t9) = 00000000
R2 (w0) = 00000000 go0ooodel @R13 (s2) = 00000000 RZ6 (kO) = 00OOOCOOOO
R3 (w1) = 00000COO go0ooodeZ @R19 (s3) = 00000000 RZ7 (k1) = 00OO0OCOOOO0
R4 (a0) = 00000COO 0000003 @RZ0 (s4) = 00000000 RZ8 (gp) = 10008000
RS (al) = FEfE£L000 go0ooode4 @RZ1 (s5) = 00000000 RZ9 (sp) = 7fffeffc
Ro  (aZ) = FEEEL004 | ke m—niiii R22 (s6) = 00000000 E30 (s8) = 00000000
[0z00400020] 0x0000000e  syscall : 184: syscall # syscall
[0xz00400024] Ox3c081001 1lui 58, 4097 [ETR] : 8: la 5t0, STR
[0xz00400025] Oz8d090000 1w 39, 0(58) Y9 1w Stl, O(%t0)
[0xz0040002c] 0x810a0000 1k 310, 0(38 ; 11: 1h t2, +0
[0xz00400030] 0x810kL0O0O0O1

[0xz00400034] O0x8100002

0xz00400038 0x81040003

1d1

Ox64
0x10010003

0x63
0x10010002

0x62
0x10010001

Ox61
0x10010000

ST
[0z7fffeffc

[0x00400014] 0z0c100009 jal Ox00400024 [main] ; 180: jal main
[0x00400024] 0z3c081001 lui S8, 4097 [STR] ; 8: la 5t0, STR
[0x00400028] 0z8d090000 1w 59, 0(58) ; 9: 1w St1, 0(%t0)
[0x0040002¢ ] 0281020000 1b S10, 0(%8) ; 11: 1k Stz, 0(%t0)
[0x00400030] 0z810b0001 1b S11, 1(%8) ; 12: 1k 5t3, 1(3t0)
[0x00400034] 028100002 1b S12, 2(%8) ; 13: 1k St4, 2(5t0)
[0x00400038] 081040003 1b S13, 3(%8) ; 14: 1k St5, 3(5t0)




= KSR
% PC - 00400028 EPC = 00000000 Cams®
Status = 3000££10 HI = 00000000 L0 =
General Registers If we run the
RO {rD) = 00000000 RE8 (tO) = 10010000 ERl6e (=0) = QOOOOO
Rl (at) = 00000000 R9 (t1) = 00000000 R17 (s1) = 0OOOODOO
RZ (v0) = 00000004 R10 (t2) = 00000000 R18 (s2) = 00O0OOOG Same program
R3 (v1) = 00000000 Ri1 (£3) = 00000000 R19 (=3) = 00000OOQ
R4 (al) = 00000001 R12 (td4) = 00000000 RE0D (s4) = 00000000 On the
RS (al) = TEffef6d R13 (t5) = 00000000 R21 (s5) = 00O0ODOO
Re (a2) = Tfffefbc R14 (te) = 00000000 REZ (=6) = QOOOOOOOD R30 (s8
RT (a3) = Q0UooDou RI1S (t¥) = 000OOQUD RZ3 (=Y) = Q0oOODOU RI1l (ra department
FIR = 00009800 FCGSE = 00000000 FCCR = 00000000 FEXR I
FENR = 00000000 UnIX SyStem )

1d1
Ox61 0x63 Ox64
0x10010000 | Ox10010001 | 0x10010002 | Ox10010003

Character

ASCI|
Address

[0%00400024] lui $8, 4097 [str] : “$t0, str
[0x00400028]  0xD3e(p jr $31 ; 11: jr  $ra

Data Segments

A DATA

- [0x10000000] . . . [0=1 0a] Ozx00000000

[0x10010000] 0x61626364 Ox65666T68 0x696abbbc Ox6d6etfT0
[0x10010010] 071727374 0x75T767879 0xTa000000 Ow00000000

[0x10010020]. .. [0 oooo] Oz00000000

[0x10010000] (gx6162636E)OX65666768 0x696a6b6c 0x6d6e6T70
[0x10010010] 4 Ox75767778 O0x797a0000 0x00000000




Flle Smulator Window Help

= | =@ o 2

00400038
3000f£10

Qooooooon
anoopoon
oooooooo
Qooopooon
ooooooon

0x0040001c]
0x00400020]
0x00400024]
0x00400028]
0x0040002¢]
0x00400030]

g1

EPC
HI

RB
R9
R10
R11
R12

0x3402000a
00000000
Ox3c0B81001
081090000
0x810a0001
0z510L0002

(t0)
(t1)
(t2)
(t3)
(td)

0x10000000] ... [0x10010000]

[

[0x10010000]
[0x10010010]
[

0x100100207...[0=x10040000]

STACK
[0x7fffeffc]

[0x00400010] 020023021 addu S6, 56, $2 3 179: addu Sa2 Sa2 Sv0
[0x00400014] 0x0c100008 jal 0x00400024 [main] 5 180: jal main
[0x00400024] 0z3c081001 1lui 58, 4097 [STR] ; B: la 5tD, STR
[0x00400028] 0x81090000 1b $9, 0(s6) ;100 1b stl, 0(st0)
[0x0040002c] 0g810a0001 1k S10, 1(58) 3 11: 1n st2, 1(5t0)
[0x00400030] 0z81060002 1k S11, 2(58) ;120 1b 5t3, 2(5t0)
[0x00400034] 0z810c0003 1k $12, 3(58) 3 13: 1h St4 i

L
For Help, press FL

istan [

ori
syscall
lui S8,
59, D(S6)
510,
S$11,
5127

1k
1k
1k
1k

ooooooon
00000000

General
10010000
00000061
00000062
00000063
00000064

$2, 0. 10

1(58)
2(58)
3(56

0x00000000
0z64636261
0x74737271
0x00000000

0z00000000

[ untite,., | T4 on

Rle
R17
R18
R19
R20

4097 [STR]

oooooooo
oooooooo

BadVAddr= 00000000

0oooooon
0oooooon
0oooooon
Q0oooooon
0oooooon

Rz24
R25
R2&
R27
R28

00000000
0ooooooo
00oooooo
00000000
10008000

> 183: 10

Character

1d1

1b1

a

ASCII

Ox64

0x63

0x62

Ox61

0x10010003

0x10010002

0x10010001

0x10010000

PC=0xN0400038 EPC=0:0000008

Character

gets two different words?

1a1

0 oplin =5 EeIh e
= 00000000  BadvAddc= 00000000
= (00oooon
What? We store the same string and | 5 ¢ - s
H 00000000 RES (t9) = 00000000
00000000 R26 (kO) = 0O0DODOOO
00000000 R27 (k1) = 00000000
00000000 R28 (gp) = 10008000
00000000 R29 (sg) = TEffef6l
00000000 R30 (28) = 00000000
00000000 R31 (ra) = 00400018
- CR = 00000000 FEXR = 00000000
FENR = 00000000
Double Floating Point Registers
yFEO = 0.00000 FP8 = 0.00000 FPl6 = 0.00000 FP24 = 0.00000
quit J lnad ] reload ] step clear [

ASCII

Ox61

0Ox62

0x63

Ox64

Address

0x10010000

0x10010001

wp
[0x0040000¢]
 [0x00400010]

0x10010002

000041080
000223021

sll §2, 84, 2
addu $6. 86, 32

0x10010003

AT
: 178:

511 §vD $al 2
addu $a2 $a2 $vl




g hl LALELE R b LRRR L TE

e ——
Xx68 (Little Endian)
1 Word

Character

1d’

ASCII

Ox64

0x63

0x62

Address

0x10010003

Plefuacu

Mildendo

@I Alliput
Dilco

coverd AD.bgg

Character

0x10010002

1a’

0x10010001

SPARC (Big Endian)

1 Word

1b1

’C,

ASCII

Ox61

0Ox62

0x63

Ox64

Address

0x10010000

0x10010001

e
: WY e

0x10010002

P PR

ol

0x10010003

T




/AMIPS processor can
be configured to use
either Litte Endian or Big
Endian byte order.
N—
~ /

SPIM is a simulator and
uses the same byte
order as the host
machine.




print_string_and_integer.s { SPIM comes with a number of system calls. j

data
STR: .asciiz "Hello world, your lucky number is: "
dext
.globl main
main:
# system call code for print_str

EDrint =iing i $v0,4 ﬁall code 4 in $v0

# address of string to print

la  $a0l, STR _
syscall Address to string

# system call code for print_int

EDrint AClets I $vO0, 1 {call code 1in $vO

# integer to print

addi $a0, $zero, 44 ﬁ Number to print
syscall

jr $ra




Eéiﬂ”.%iyﬁ” %ﬁl.éiﬂ?i

FC =

gooooaoao

EPC

LW W e B e i B I1T

= gooooooa

S e e o

Status

u
[ ]
o

£

For Help, press F1
T —

When you run this
program, a console
will pop up.

0x27450004

[0z00400004]
[0z00400008] 0x24a60004
[0z0040000c ] 0z00041060
[0200400010] 0z00c23021
[0200400014] 0z0c100009
[0200400018] 000000000
[0z0040001c ] 0x3402000a
¢
DATA
[02100000007...[0x10010000]
[0210010000]
[0210010010]
[0210010020]
[0z10010030]...[0x10040000]
STACK

Copyright 1990-2004 by James K. Larus
A11 Rights Reserwved.
D03 and Windows ports by David A. Carley [(dac@os.wié -
Copyright 1997 by Morgan Eaufmann Publishers, Inc.
mee the file README for a full copvright notice.

Loaded: C:“~Program Files~PCSpim exceptions.s
C:wDocuments and SettingssKarl Marklund-My Documents~Teaching~Digitalteknik och Datorarkitektur wt 2008

529,
addiu 36, 55, 4
sll 52, 54, 2
addu $b6, Sb, S2
Jjal 0x00400024
nop

ori $2, 50, 10

addin S5,

O=z00000000
Oxbchoch548
Oxz756cz2072
0=z00203a73
Oz00000000

4

[main]

Oxzbt772
0xz20796
Oz00000

(larus@cs.wis

BadVaddr= 00000000

Hello world, yvour lucky number i=: 44

Both the string and

to the console.

the number is written

7

|

PC=0x00000000 EPC=0x00000000 Cause=0x00000000

(1DT033

£

(£

[£

[



We often wants to repeat
something a number of
times...

It’s time to learn how to
program loops.




loop.s

g

main:

loop:

done:

text Example of good comments j
.globl main

add $t0, $zero, $zero # loop counter i
addi  $s0 ,%zero, 5 # loop limit N

beq $t0, $s0, done

# integer to print
add  $a0, $zero, $t0
# system call code for print_int

# fori1=0...(N-1)

li $vo, 1
syscall
addi $t0, $t0, 1 Hi++
] loop fJump () i
- Unconditional
Jr $ra jump —jump to
the label loop.  J

Branch on EQual: beq

If $t0 == $t5, jump to the
label done.

Otherweise, continue with
next instruction below.

\

_/

)




loop.s

text 'Example of good comments j
.globl main
Introduce A
main: #loop counter i | abstractions
# loop limit N 'C”O?’nomugms
You should be | By
loop: able to # for 1 =0...(N-1)
‘ understand Refer to
o previously
Choose what the #print defined.
descriptive program does t abstractions.
names for by only lookin
your labels. y y 9
at the
comments and 4t
the labels.
# loop again
done: # return to caller




loop.s

text
.globl main

main:

# loop-counter |

If you start with #loop limit N
the comments

loop: B # for 1 =0...(N-1)
you can use
them as your # print |
"recipe” for the t
program,
translating the
comments and B+t
labels into
MIPS assembly # loop again
done: # return to caller

/4




loop.s

main:

loop:

done:

dext

.globl main

add $t0, $zero, $zero # loop-counter i
addi  $s0 ,%$zero, 5 # loop limit N
beq $t0, $s0, done # for i =0...(N-1)
add  $a0, $zero, $t0 #print i

# system call code for print_int

li $vo, 1

syscall

addi $t0, $t0, 1 Hi++

j loop # loop again

jr $ra # return to caller

/4




File Simulator  Sindow  Help

Copyright 1990-2004 hy James E. Larus
211 Hights Reserved.

D03 and Windows ports by David A. Carley (daclos.wisc.edu).
Copyright 1997 by Morgan Kaufmann Publishers, Inc.

See the file README for a full copyright notice.

Loaded: C:“Program Files~PCSpim~exzceptions.s

C:Documents and Settings*EKarl MarklundsMy Documents~Teaching™Dark

(larus@cs . wisc.edu).

FC oo40000 gooooan Cause = 0Oooooooo BadVaddr= 00000000
Status = 3F000££10 HI LU = 00000000
RO (r0) = 000000OO RB (t I gooooa
Rl o boooosos na ] Load the source file loop.s poeng
Rz (w0) = 00000000 R10 (t gooooa
R3 (w1) = 00000000 R11 (t3) uoouuon T ETIY (s3] = Uuuduuuy EZY (k1) = 00000000
R4 (a0) = 00000000 R12 (t4) = 00000000 R20 (s4) = 00000000 E28 (gp) = 10008000
OxG8fa40000 1w S4, 0(529) ; : 1w Sal 0(Ssp)

[0z00400004] Ox27a50004 addiu S5, $529, 4 : 176: addiu Sal Ssp 4 # argv
[0xz00400008] Ox24a60004 addiu 36, 55, 4 : 177: addiu SaZ 5al 4 # envp
[0xz00400006] 0x000410580 =11 52, S4, 2 : 1758: s11 w0 5a0 2
[0xz00400010] 0xz00z23021 addu $6, 56, 52 ; 179: addu S5a2 $a2 Sl
[0xz00400014] Ox0c:100009 jal 0xz004000Z24 [main] ; 180: jal main
[0z00400018] 0z00000000 nop : 181: nop
[0xz0040001] O0x3402000a wori $Z, 50, 10 ; 183: 1i $w0O 10
<

DATA
[0x1l0000000]...[0=x10040000] Oxz00000000

STACKE
[Ox7fffeffc] Oxz00000000

EERWEL DATA
[0x20000000] 0x7845Z2020 0x74706563 O0Oxz206=6f69 Oxp36fZ000

ht 2008~Tutorials By Earl Marklund-Part



File Simulator  Window  Help

@\d| =l o 2/

Pe = 0040002 EPC
Status = 3000f££10 HI
RO = 000ooooo  Re

= 00ooooooo RO

= QOooooooo R11
= (oooooono  R1z

£

For Help, press F1

/4 start

[0z00400010] 0z00e23021
[0z00400014] 0x0c100009
[0z00400018] 0x00000000
[0z0040001c] 0x3402000a
[0200400020] 00000000
[0200400024] 000004020
0z00400028 0220100005
Ox0040002c 0x11100006
¢

DATA
[02100000007...[0x10040000]

STACK
[0z7fffeffc]

FEFNEL DATA
[0z90000000]
[0z00400004] 0227450
[0200400008] 0z24ak000
[020040000c ] 000041080
[0z00400010] 0x00c23021
[0=z00400014] 0x0c100009
[0z00400024] 0x00004020
[0z00400028] 0x20100005

= J00ooooo
= Jooooooo

General
= Jooooooo
= Jooooooo

= Qooooooo
= 000oooon

(r0] (ta)
(at] (tl]
Rz (vD) = 00000000 R10 (t2) = 00000000
(v1] (t3]
(al] (td)

addu S6, SA,
jal 0Ox0040002
nop

ori 52, s0, 1
syscall

add $8, 50, S

addi S16, S0,

Cause
Lo
Registers
Rle (s0
R17 |
R18 |
R19 |
Rz0 |

52
4 [main]
1]

o

goonoon

an

= Q0000000
= 00ooonoo

ooooooos
ooooooon
ooooooon
ooooooon
oooooooo

done-0z004000Zc

BadVaddr= 00000000
R2z4 (t8) = 00000000
R25 (t9) = 00000000
REze (k0Ojy = 00000000
Rz7 (k1) = 00000000
REz8 (gp) = 10008000
179: addu Sa? Sa2 svi
180: jal main
181: nop
183: 11 w0 10

184: syscall
4: add

Stl, Szera, Szero

5: addi Ss ,Szero, §
7 S5t0,

r

sll 52, $4, 2
addu 56, 56,

jal 0Dz0040002
add $8, s0, S
addi s16, 50,

Single step until you
reach this instruction.

Ss, done

= L

Oxz636£2000

addiu Sa

52

4 [main]
1]

3

PC=0x0040002¢

r

r

T//: addiu Sa

1 Ssp 4
2 Sal 4

178: =11 sv0 5a0 2

179: addu Sa?
180: jal main
4: add St
S5: addi Ss0

Sa? Svi

» SzZero, Szero

LSzero, 5

EPC=0x00000000 Cause=0x00000000

----------

syscall 10
logp-counter :

N H H+ +

| W

loop-counter :
loop limit MW

|

£

[£

[

4154 AM



[0z7f

[0z90

[0z00
[0z00
[0z00
[0z00
[0z00
[0z0040
[0z0040

O=0040002c

Nx11100008

addl 516

uuuuuuuu

Status = 30 = 000ooooy
Genera

EO  (rx0) = 000 0) = 0o0oooo
El1 1(at) = 000 1y = 000oooo
Ez (w0) = 0000 2] = 0000000
E3 (wv1) = 0000 3) = 0oooooo
E4 (al) = 00000 4) = 0000000
[0=00400010] 021 addu S6, 36
[0=00400014] 009 jal 0O=x00400
[0=00400018] 0000 nop
[0z0040001c] Oz 000a ori $2, 30,
[0z004000Z20] 0= 0000z syscall
[0=00400024] O=08004020 add S8, S0,
0=z004000285 Ozz20100005

Hexadecimal

BadVaddr= 00000000

Decimal

1*161 +1 =17

0001 0001

1*16% =16

0001 0000

0

0000 0000

$D

5

done-0z0040002¢c

6*16° = 6

;5 addi Ssi ,Szerno,

: 7 heg 5t0, Ss0, done

=

0000 0110

2 T S e

0P

OP(beq) =4

<
For Help, press F1

5 Start

"WmEwi. - Eizm.

AT

[DXIDWE[Reg|SteQEReglster\£j_EBranch offset 6

000100 01000 10000 OOOO O0O0OO 0000 0110

=

beq is an I-type
Instruction.

PC=0%0040002c EPC=0%00000000 Cause=0x00000000

rl.ﬂﬁ omTe...

r E caloul...

counter :

limit W

L
s B T &)IHLY 45ea



[0z7f

[0z90

[0z00
[0z00
[0z00
[0z00
[0z00
[0z0040
[0z0040

O=0040002c

Nx11100008

addl 516

uuuuuuuu

BadVaddr= 00000000

Decimal

1*161 +1 =17

Binary
0001 0001

1*16% =16

0001 0000

0

0000 0000

Status = 30 = 000ooooy -
Genera 3

EO  (rx0) = 000 0) = 0o0oooo HexadeCImaI
El1 1(at) = 000 1y = 000oooo
Ez (w0) = 0000 2] = 0000000
E3 (wv1) = 0000 3) = 0oooooo
E4 (al) = 00000 4) = 0000000

[0=00400010] 021 addu S6, 36

[0=00400014] 009 jal 0O=x00400

[0=00400018] 0000 nop

[0z0040001c] 000a ori $2, 30,

[0z004000Z20] 0= 0000z syscall

[0=00400024] O=08004020 add S8, S0,

0=z004000285 Ozz20100005 BD

5

o hi
done-0z0040007:] &

6*16° = 6

add i Ssi ,Szerno,
7: bheqg St0,. SsO.,

=

done

=

0000 0110

2 T S e

[Dxmw{ReglsteQ[Reglster\aj_EBranch offset 6

000100 01000 10000 OOOO O0O0OO 0000 0110

=

op ‘

rs [ rt |

immediate

OP(beq) =4

¢
For Help, press F1

5 Start

"WmEwi. - Eizm.

beq is an I-type
Instruction.

PC=0%0040002c EPC=0%00000000 Cause=0x00000000

r.ﬂﬁ omTe...

r i untitle, .,

P E caloul...

,rﬁzau

counter :

limit W

B
v BT &)Y s A

- Sy



sld| 5| af 2]

u
[ ]
o

[0z00400004]
[0z00400008]
[0z0040000c ]
[0200400010]
[0200400014]
[0200400018]
[0z0040001c ]

s
DATA
[0z10000000]

[0z7fffef7a]
[0z7fffef80]
[0z7fEFfefo0]
[0z7fffefal]

£

For Help, press F1
e ——

=TACK

PC = 00000000  EPC = 00000000
Status smbeimainleinininiiilmi e T
@ When you run this

program, a console
will pop up.

O0xz27a50004
0xZ24ab60004
0xz00041080
0x00c23021
Oz0c 100009
Oz00000000
0x3402000a

...[0x10040000]

Copyright 1990-2004 ky James E. Larus (larus@cs.wis
A11 Rights Reserwved.
D03 and Windows ports by David A. Carley [(dac@os.wié
Copyright 1997 by Morgan Eaufmann Publishers, Inc.
mee the file README for a full copvright notice.
Loaded: C:“~Program Files~PCSpim exceptions.s
C:~Documents and Settings~Karl Marklund My Documents~Teaching~Digitalteknik och Datorarkitektur

addiu $5, 529, 4
addiu 36, 55, 4

sll 52, 54, 2

addu $b6, Sb, S2

Jjal 0x00400024 [main]
nop

ori $2, 50, 10

Ox0000000o0

O=z00000000 O=x00000
Ox7fffefcd Ox7fffe
Dz7fffefi0y QOxzFfffe
Dx7fffeshl Ox7fffe

BadVaddr= 00000000

The loop prints out
the number 0,1,2,3

and 4
)

|

PC=0x00000000 EPC=0x00000000 Cause=0x00000000

i untitle

(1DT033

|

£

(£

[£

[

4:46 AN



To make choices we can
use an IF-THEN-ELSE
construct




if then_else.s

Branch Not
Equal: bne

ﬂ_oad this

program
Into SPIM
and
experiment
wiht
different
values for a
& b. Single
step to

follow the
\execution. )

.data
STR_THEN: .asciiz "equal”
STR_ELSE: .asciiz "'not equal™
-text
-globl main
I $t0, 15

addi $tl1, $zero, 15

bne $t0, $tl1l, else

then # system call for print _str
i $vO0, 4
la $a0, STR_THEN
syscall
J end if

else:
# system call for print_str
Ii $vO0, 4
la $a0, STR_ELSE
syscall

end if: jr $ra

# a
# b
# 1T (a==b)

# print equal

# print not equal

/4




(We often
need to store
things in a
sequence

El'hefirst element, -. The last element, j
element O. P COMPLE! element N-1
W i MATRIX |
TRILOGY

A sequence of N

elements - an array.
N——




array.s
.data

ARRAY: .word 1,1, 2, 3,5, 8, 13, 21, 34,55

.
ARRAY is alabel, i.e, | (10 numbers stored in Each number is a
the address to the sequence in the data word — I.e, four bytes
first number. segments — an array
of numbers.

N\ _/




array.s

NN EER elol 1 12 358 13 21 34 55
Index | 012314567 | 8 9

l\\
Let i be an index such that
the first number has index O,

the second number has index 1,
\ the third number has index 2, e

™~




array.s

%:ARRAYM ]
INGGUANSERel(ol 112 358 13 21 34 55
(index i) 0123456 |7 |8 9
4

Address = ARRAY

Address = ARRAY +4 + 4 =
ARRAY + 8

The label ARRAY is a
named address in the data

segment.
N— _/




array.s

NN el 112 358 13 21 34 55
(index 1) 012|345/ 6| 7 | 8 9
: For the ithelement O
ARRAY][i], the address is
ARRAY + 4%
—_ A




A clever way of
multiplying by 2...

Multiplying by 2 is
equivalent to shift 1
bit to the left.

Multiplying by 4 is
equivalent to shift 2
bits to the left.

Example:
9,0 |= 100101,
2% 5,0= 1010 = (01010, Same as 00101 << 1 (shift left 1 bit)
2*2*510 = 4*5,,= 2010 = (10100, Same as 01010 << 1 (shift left 1 bit)
Same as 00101 << 2 (shift left 2 bits)




array.s

.data
NL: .asciiz "\n"
SIZE: .word 10
ARRAY: .word 1,1, 2, 3,5, 8, 13, 21, 34,55

dext
.globl main
main:  add $t0, $zero, $zero # array index |
la $t1, ARRAY
lw $t2, SIZE
loop: beq $t0, $t2, done # for e in ARRAY
sl $t4, $t0, 2 # offset = 4%
/Shif Left Logical: sl add $t3, $t1, $t4 # addr = ARRAY + offset
lw $a0, 0($t3) #e = ARRAYJi]
Multiply by 4 is li $vo, 1 # print e
equivalent to shift left syscall
2 bits. li $v0, 4 # print \n
la $a0, NL
syscall
addi $t0, $t0, 1 # next element

j loop

done: jr $ra




= E =] m 28
RO ({r0) - 00000000 R8  (tO)
R1 {at) = 10010000 R3 (t1]
RZ ({v0) - 0000000a R10 (t2]
R3 {vl) - 00000000 R1l (t3]
R4 {a0) = 10010000 R12 (t4]
RS {al) = 7FEFFEO000 R13 (5]
R6 ({a2) = FEEFEO04 R14 (t6)

|
[0x00400018] 000000000 n

“* Console

When you run this

EEX

(t8) = 00000000
(t9) = 00000000
(kO) = 00000000
(k1) = 00000000
(gp) = 10008000
(sp) = Tfffeffc
(s8) = 00000000
nop

li 50 10

[ g Stl, Szero, Szero
BRREY t1, ARRAY
: program, a console i 2 ~
- '? -

el Will pop up. » All the numbers in the
¢ array are printed. A

e new line separate
[0x10000000]...[0x10010000] 0x00000000 P
[0x10010000] 0x0000000a 0x0000000a
[0x10010010] 0x00000002 0x00000003 each number.
[0x10010020] 0x0000000d 0x00000015
[0x10010030]...[0x10040000] 0x00000000

STACK
[0x0040005¢ ] 0x21080001 addi S8, 58, 1 ; 20: addi  St0, Sto, 1
[0x00400060] 0x0810000e j 0x00400038 [loop] g P o loop
[0x00400038] 021102000k heq S8, S10, 44 [done 0x00400038]; 10: keg St0, StZ2, done
[0x00400064] 0x03=00008 jr $31 ; 24: jr Sra
[0z00400018] 0z00000000 nop : 181: nop
[0x0040001c] 0x3402000a ori %2, 50, 10 ; 183: 1i Sv0O 10
[0z00400020] Ox0000000e  syscall : 184: syscall

# array ine

# nexzt =ler

# for = in

# syscall



You learned about arrays and
strings. But what about arrays
of strings...




array_of _string.s

Declear three
strings

denotes the
start address of

a string
.

addresses to
construct an

array of strings.
.

fEach label N

ste these N

.data
STR 1: .asciliz"The sum of "

STR_2: .asciiz" and "
STR_3: .asciiz"is"

ARRAY OF STRINGS:

# Each element is an address to a string.

word STR 1, STR 2, STR 3

7




File  Simulakor

WWindow  Help

=Wl = o 2w

EC
Status

[
[
R2
[
(

o SR e o o |
e e e T e

o oo oH

[0x00400010]
[0x00400014]
[0x00400015]
[0x0040001c]
[0x00400020]
[0x00400024]
000400028

Oz0040002

[DxlDDlDDDD]
[0=100 820
[0x 100100

= 004000%e
J000££10

= 0o0ooooon
= 10010000
= 00000000
= goooooon
= goooooon

. [0x10010000]

. [Dx1004008

EPC
HI

gooooooo
aoooooon

10010015

Eid
EY
10
R1l1
R12

DI!DDDDD
oogooooo
00N o00o

(t2)
(t3)
(t4)

Ox00z£3021
Ox0z100009
Oxz00000000
Ox3402000a
Oz0000000e
Ox3z011001
Ox342800148

Oz20050003

s L L )

addu 56, Q. 32
Jjal O0xz00400%g4
nop

orl S52.
syscall
lui 51,
orli S8.

addil 5,

S0, 10

4097
g,

Pl B )
S0, 3

Oz00000000
Ox20656854
dxbeY200020
Oxz10010012
Oxz0000000)

[Address 0x10010010

[0x00400004]
[0x00400008]
[0x0040000¢]
[0x00400010]
[0x00400014]
[0x00400024]
TM==MrAn0nn=21

Ox27a50004 addiu g 3

|:| A= ] el 4

1 Address 0x10010014

D L) s g g g

Ox3z011001
Ms=2A22M0MN 1=

J= L L g L]

lui 51, 4097

[oh ok =T = = E I |

[main ]

4

[ARRAY OF STRNGSIC: 17:
24 [ARRAY OF STRNGS |

0xz206d757 =

= 00000000 BadWVaddr= 00000000
= 0000oooo
Rali0oo0o00 Rz24 (t8) = 00000000

= 000D, EZ25 (t9) = 00000000
= 000ooooo NG, (k01 = 000000ao
= 00000000 Rz 1 = 0ooooooo
= 00000000 R28 (gpWNs 10003000

;179 addu SaZ2 2 vl

: 180: jal main

= 1B mop

= 183511 S0

la St0,. ARRAY OF STRINGS

: 18: addi Sal,

xz0000207 Ox10010000 "§0

Oxz00000000

main

[ARRAY OF

Szero, 3 # a

On this address in
memor, the address

N e 0=000008 40 the stirng STR_1
IS stored.
The label :

ARRAY_OF_STRINGS refers

to address 0x10010018

LTS | r 17 1

[TARRBPAY MF STRTRIGES]

_0OF_STRIMNGS



array_of_string.s (text segment part one)

text
.globl main
main:
# Just for fun, get the address of
# label "ARRAY_OF_STRINGS":
la $t0, ARRAY_OF STRINGS
addi $al, $zero, 3 # a
addi $a2, $zero, 11 #b
# Must copy $a0 since the
# syscalls used later needs $a0
Get address to
STR 1”"The sum of " add $t0, $a0, $zero
NG # Print "The sum of "
li $v0, 4
lw $a0, ARRAY_OF STRINGS
syscall
# Print the value of a
li $v0, 1 q
STR 2” and ” syscall element in
ARRAY_OF_STIRINGS
NS # Print "and "
li $v0, 4
lw $a0, ARRAY OF STRINGS +4
syscall
| 4




array_of_string.s (text segment part two)

# Print the value of b
li $vO, 1
add $a0, $zero, $a2
syscall

(SB_c?tRagq’riejf to #Print"is"

— li $vO0, 4

Iw $a0, ARRAY _OF STRINGS + 8
syscall
# Printthesuma+b

li $v0, 1
add $a0, $al, $a2
syscall

Address to the 3
element in
ARRAY_OF_STIRINGS

jr $ra




&

=d| =D o 2%

0x00400024]
000400028
0x0040002c
0x00400030
0x0040003
0x00400g% |
0xz0040003c
O=0040 ;040

M

R4¢”(a0) = 10010000 T

1 i
‘The sum of

PC - 00400040  EPC - 00000000 Cause = 00000000 I
Status = 3000££10  HI - 00000000 LO - 00000000

Feneral Hegisters
RO (r0) = 00000000 RS (t0) = 00000000 B16 (s0) = 00000000 R24 (t8) = 00000000
Rl {at) = 10010000 R9 (t1] - - 00000000 R25 (t9) = 00000000
Rz (v0) - oooooood4 Rio (t2)|] ASCI(CT)=0x54 |- nooooooo R26 (k0) - 00000000
R3 Gl 1 [ El11l Et3] ________ v = 00000000 Rz27 (k1] = 00000000

= 10000000 . .
The string is terminated by 0x00

| (NUL).
Oxzz20050003 addi 55, 350, > —— g # a
Ozz2006000k addi S6, S0, 1 : 18: addi Ero, 11 # b
O=z00 = p 21 add fl, S=erno
0z34d ASCII(h’) = 0x68 g y— =
0z 3c ﬂ ' BRRAY_OF_STRINGS
______ — )
ASCII(e’) = 0x65 26 4
S w0, 1

DATA “

1000007 ... [0x10010000] 0= My 0N 0% m u s f O

Dx20656854 O0x206d7573 Ox00Z0G66f & Ox646ehm120
mpwna g IzeS 00020  UzUO00020 Uz 10010000 ) Ox1001000c
[DxzlO010020] Oz 10010012 OzO0o0o00o0oo0 “OrO/ANUUUUD Ozoooooooo
[0z1l00100307 ... [0xz10040000] Oxz00000000

The label

[0x00400024] 0x20050003 addi 55, $0, 3 ARRAY_OF_STRINGS refers o, 3 #a
oootoongs]  praoeoas edul s o It (S T AR
[0x00400030] 0x34020004 ori %2, S0, 4 ———— "

[Ox=00400034 7 Oz3c011001 1lui S1. 4097 . 25 1w cal. ARRAY OF STRINGS



%%_N_m

=3 =D o 2(N

** Consale

The sum of 3 and

FC = 00400064 EPC = Qooooooo Cause = 0Oooooooo
Status = 3F000££10 HI = Qooooooo Lo = Qooooooo
General Registers

RO (r0) = 00000000 RB (t0) = 00000OCOO Rile (SDj = 0O00oooo  R24 (t8) = 00000000
R1 (at) = 10010000 R9 (tl) = 000000C0OO R17 (sl1) = 00O0O0OOOOO E25 (t9) = 00000000
Rz (w0) = 00000004 R10 (tZ) = 00000000 R18 (s2) = 00000000 E26 (k0O) = 0000OOCOO

C JOOOT ey 11 _(t3) = 00000000 R19 (s3) = 0000000C R27 (k1) = 00000000

1001000z g gy, (10000000 R2Z0 (s4) = 00000000 RZ8 (gp) = 10008000

[0xz004000449 0x34020001 ori 52, 30, ¥ ; 30: 11 Svil, 1

[0xz0040004 0x0005Z020 add 54, 30, ; 31: add Sal, Szero, Sal

[0z00400050] 0x0000000e  syscall : 32: syscall

[0xz00400054] 0x34020004 ori S22, 50, 4 : S,

[0xz00400055] W Sc011001 1ui $1, 4097 : db: 1w Sal, ARRAY OF STRINGE + 4
[0xz0040005:] INgcZ24001c 1w S4, 28(51)

Oxz00400060 Ox (QYUO00e  svyscall : 37: syscal

O=00400054 O0z340-_.""01 aori S2, 50, 1 HE R Swld, 1

£

DATA
[0x1l0000000]...[0=x10010000] Oz TRl [
O0xz10010000] OxllBobE 0 6d 7573 Oxz0020666f Oxbhdbehlzl
DAaTA dn

[0x10000000]...[0x10010000] 0x00000000 a
[Dz10010000] Uxz206 Uxz206d757 T . UxbdbeblZ]
[0z10010010] Oxzb9Z Oxz00002073 DO=zl0010000 gUzloOlood
[ODz10010020] Oz 10010 OxzOOo0ooooo  0O=zoooooooo Ly NgUoooo
[0z1l00100307 ... [0xz10040000] Oxz00000000

[0xz00400050] 0xz0000000c svsoall e

[0xz00400054] Oxz34020004 ori $2, 50, 4 2 oAb ARRAY_OF_STRINGS +4
[0xz00400055] Ox3c011001 1ui S1, 4097 ;: 3B

[0xz0040005:] Oz8c24001c 1w $4, 28(S51)

[0z00400060] 0x0000000e  syscall : 37 syscall

£




You are now done with part
four of your MIPS assembly
programming training.
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