WWW.MWFTR.C

EECE 417 Computer Systems Architecture

Department of Electrical and Computer Engineering
Howard University

Charles Kim

Spring 2007


faculty
Typewritten Text
WWW.MWFTR.COM


Computer Organization and Design (39 Ed)

-The Hardware/Software Interface

by

David A. Patterson
John L. Hennessy




Chapter 2

Instructions: Language of the Computer




Machine Language

* Instructions, like registers and words of data, are 32 bits Ic e -
e Arithmetic Instruction Format (R format): o =
add $t1, $s1, $s2 - :

# registers have numbers, $t 1=9, $s1=17, $s2=18 o
i

jte 10

jt3 11

jtd 12

§th 13

jte 14

x —» §t7 15

op IS rt rd shamt funct 50 16

; = i

op 6-bits  opcode that specifies the operation = =
rs 5-bits register file address of the first source operand = =
§=7 23

rt 5-bits register file address of the second source operan: i 24
ta 25

rd 5-bits register file address of the result’s destination - =
shamt 5-bits  shift amount (for shift instructions) - -
funct 6-bits function code augmenting the opcode o 5




Machine Language

jzero 0

jat 1

. . . 3wl bl
Instructions, like registers and words of data, are also w1 3
. 3al 4

32 bits long = -
faz 5]

— Example: add $t1, $s1, $s2 123 :
. §tD )

— registers have numbers, @ : S 5
jt2 a0

g jt3 11

itd iz

Instruction Format ( I 5
ta 14

_{ & it7 15
@m%o 01000 00000 i x

§=2 18

\ " je3 19

op', rs rt rd shant funct i &

. §s6 22

\ _ §s7 23

Can you guess whit the field names stand for? " e 2
\ ' nﬁ 26

\ ' jkl a7

-~ : jap 28

is 20

= =~ -~ - \/ *IfE 30

P nw ira ET]




Machine Language

§zero 0
jat 1
. . . vl 2
e Consider the load-word and store-word instructions, vl 3
. . fa0 4
 Introduce a new type of instruction format 7al 5
. . $a? &
— I-type for data transfer instructions EE 7
jt0 a8
e Load/Store Instruction Format (I format): Example — i E
| w $t 0, 32($s2) s =
ith 13
ite 14
it7 15
=0 16
§=1 i7
4, §=2 18
=3 19
=4 20
j=h 29
. j=h 22
op Is rt 16 bit offset e =
ito 24
jto 25
354 /8, § 32/ =
jkl a7
N o
8\
LY ’W ifp a0
( jra i




Control Flow Instructions (J Format)

Ubranch instruction or jump instruction:

j | abel #go to | abel

Instruction Format (J Format):

op 26-bit address
v/”’ M v«/”' 1
from the low order 26 bits of the jump,instmctlon m Y
S
7_8 g
g . ,/V h’w A’
\“? QC, 00 ‘*"‘f e -(&ll




MIPS Opcode map

NI

o
1
1
"
.
i
7
.
i

FERFFOESEAERAZE

O RS S - e S

r_}
|

i
=

FERE MR Y Y Y ER MY M Y Y

&
gH

o
2

™S

Ser

T

L F L

T

—

(TaTE (e A8

am - O [medl

r 1 Lrmasi 1| medl
0 AeciAD vy a3 1
a [l o [EEET a
. — 1 | .
1 2 [l s
1| ma 3 et 3

q | ol 4 |yt q | by

3 5 |mEad 1 | by
L1 6 |merei q
T T loeg T
1 a 1
] El |
1d 10 1a
1 H 1
12 12 | szaad mell 12
13 13 | e i 13
14 14 | call wei 14
13 13 | Bocowi 13
19 15 14
T 1T _— 1"
14 18 |rerar. i 14
13 15 | meren 13
e | el o]
21 2l i
frr = 2
x| = |
24 [ Eal o 24
23 | il = F-|
5 | . o
7 | B I ¥
- | = |
=1 = =
! T >l 0 ¥
d0] FATE) 3 11 3

d  Hiz 37 | mod a3 | edar | o=
Bl v bgex 31 | addu IO WAl I | oo

Erel 2 H= 34 | mab k1 LT
1  bpar 3 | mube = h-}
) 33 | and 3 | odw i M
4 | ar aw
q 34 | sor = .|
T X3 | mor = =
1 igal ] o) &1
1 | g Fii &1 &
L | Frlll | Fir) &
1 &7 | wilu Ex] i
Lrll Y e fry
=] &3 E=] L]
14 | e 45 40 4
-] &7 &T 'yl
vy TEIEN 41 | igs &8 44
' gl 43 | gee a5 Fi]
4 | lizall == &0 ]
v bgesall a1 | Ell ER
M 42 | g a2 a2
> a L]
%4 | ine £ E2]
E= ] = L]
E £ L
= a7 a7 a7
] 54 =5 54
v a3 25 | cagll o
24 [ [EURE -t By 61
r--| [ &1 |coage i [
1 B2 [~RI- )
danad kL &1 D | cagld [}

FHRURE A.10.2 MIPS oposde map. The vales of each field are shown to its keft. The frst oolomn shows the vahies in bass 10 and the second
shioes base L6 for the op field (bits 21 to 26] in the third cohumn, This op field completely specifies the MIFS operation except for & op values: 0, 1,18
17, 12, and 1%. These operations are determined by other fields, identified by pointers. The last Geld {fnct) uses ™ 0 mean “s"if rs = 16and op = 17
or"d”ifrs = 17 and op = 17, The second fizld (rs) uses "z™ fo mean 507 717 °2% or "3 ifop = 14, 17, 18, 0r 19, respectively: B rs = 14, the operation is
specified elwmwhere: if z = 0, the operations are specified in the fourth field (bits 4 w0 ©)5if z = 1, then the operations ars in the last Geld withyf = & [frs
= 17and z = 1, then the operations are in the last field with F=d.



Machine Code Exercises (1)

§zaero 0
« Example: add $t0, $s1, $s2 Fat 1
vl )
e R-Format o .
fal 4
op I's rt rd shamt  funct o =
R 3ad £i
5 5 5 6 a3 7
6 5 $t0 8
= 0 [ mowi —= O | mowf.f -
1 [ mowt 1 | mowt.f itl a
1 §t2 10
0 16 op31:28) 10 funct{5:0) 10 funct5:0) funcr50)
0 oo = =0 =l 1y o [adaF 0 [madd it3 11
1 01 - 1 - 1 | sub.F 1 | maddu -
2 02|j 2| sd 2 | mul.f 2 | mul it4 iz
3 03 al % | sra 3 [ div.f 3 ith 13
4 04 | beqg 4 | slw 4 | sqrt.f 4 | msub -
5 05 | bne 5 &  abs.f 5 | msubu ith 14
& 0B | blez 6 | sriv 6 | mow.f 8 =
7 07 |bgt= 7| sraw 7 lnenf 7 it7 15
& DB | addi Bl & a
: 6
B 08 | addiu B | jair B g §s0 1€
M 0Oa | sl 10 | movz 10 10 j:zl 17
11 Ob | shtiu 11 | mown 11 11
12 Oc | andi 12 | syscall 12 | round. w.f 12 §s2 ia
13 0d | on 13 | break 13 | trunic we.f 132 -
14 02| xon 14 14 | cell.w.f 14 §:3 19
15 Of | hui 15 | sync 15 | fioor w.f 15 e
% 10 z=0 &0 15 [mhi 8 18 54 =u
17 11|z=1 F—» 17 | mthi 17 — 7 4ch 71
18 12)z=2 8—» 18 | milo 18 | mowz f 13 .
w13 10 | milo 19 | mown. f 19 ish 22
20 14 | beql 20 20 20 = —
21 15 | bnel 21 21 21 LY 23
22 16 | blezl 72 72 22 o -
23 17 Lbg | 73 73 2 itd 24
18 24 | mult 24 24 itg 25
25 18 25 | muliu 25 25 _
2% 1a 26 | div i 26 k0 26
27T 1ib 27 | diwu 27 27 -
% e - 28 28 28 ikl 27
20 1d e r 20 20 29 - "
0 e s z=terz=2 funct "3 30 30 iap 28
M 1f (25:21) {17:18) (4:0) (20:18) 3 31 31 $sp 20
2 20| 0 | mfcz 0 [beaf ] 0 [ Bz 32 | add 32 | cwisf 32 | gz -
33 29 | Ih 1 1| beat 1 | thor 1| bgez 33 | addu 33 | cwtd.f 33 | cle ifp 30
M 22| 2 | cfez 2 | beazfl 2 | thowi 2 | bzl 34 | sub 4 34
35 23 | hw 3 5 | bzl 3 3 | bgeal 35 | subu 35 5 jra 31
36 24 | lbu 4 | micz 4 4 36 | amd 36 | cvtwf 36
37 25 | Ihu L] L] L] 37 | or a7 a7
36 26 | har 6 | clcz B | tiwr il 38 | xor ] 38
27 7 7 7 30 | mor 30 39




Machine Code Exercises (1) -Ans.
T (8 foare

« Example: add $t0, $s1, $s2 . Ue) i :
‘vf_\ s "L v 2
 R-Format 2 Tl 3
fad 4
op Is rt rd shamt  funct I =
R 00000 lovol |\00t10 | Olooo | 00200 | |00 00O ik
6 5 5 5 5 v 6 fa3 7
ft0 8
l ? —= 0 [ mow —= O [ mowf.f , -
l L ’ 1 [ mowt 1 |_mowt.f itl H
§t2 10
18 (31:256) 10 funct{5:0) 10 funct5:0) J‘ funct{5:0)
0 oo op(3 e P B o e > ® o P > -0 = i I add.f1 = a Tmadd it3 11
1 01 - 1 - 1 | sub.F 1 | maddu -
2 02|j ‘,2 sl 2 | mul.f 2 | mul it4 iz
303 |l 3| sra 3 | div.f 3 §th5 13
4 04 | beqg 4 | slw 4 | sqrt.f 4 | msub -
5 05 | bne 5 % | abs f 5 | msubu ith 14
& 06 | blez G | sriw & | mow.f i =
7 07 |bgt= 7 | sraw 7 lnenf 7 3ty 15
& 08 | addi Bl & ]
: &
B 08 | addiu B | jair B g §s0 1c
10 Da | shi 10 | mowvz 10 10 $:1 17
11 Ob | sltiu 11 | movn 11 11
12 Oc | andi 12 | syscall 12 | round. w.f 12 §s2 ia
13 0d | of 13 | break 13 | trunc.w.f 12 -
14 02| xon 14 14 | cell.w.f 14 §:3 19
15 OF | ui 15 | sync 15 | fioor w.f 5 e
16 10 [z=0 24— 16 [ mihi 18 18 ¥s4 =
17 11| z=1 0—» 17 | mihi 17 — 47 4ch 71
18 12)z=2 8—» 18 | milo 18 | mowz f 13 .
w13 10 | milo 19 | mown. f 19 ish 22
20 14 | beql 20 20 20 - —
21 15 | bnel 21 P 7 37 23
22 16 | blezl 72 ) 22 o -
73 17 Lbgi 73 itd 24
24 ] 24 | muli 34 a5
25 18 25 | muliu -
26 1a 26 | div k0 26
27 b 27 | divu -
% 1c - | 28 jkl 27
20 id e 0 ] 29 - -
i 1e s T iEeTs funct " "-' 30 é 30 30 igp 28
M Af (25:21) {17:18) (#:0) {20:16) ]| &1 31 ]
2 20| 0 [Tmicz 0 [bea D 0 [HiE a2 32 [ovier ) §sp 29
33 29 | Ih 1 1| beat 1 | thor 1| bgez 33 | addu 33 | cwtd.f 33 | cle ifp 30
M 22 | I 2| ofez 2 | befl 2 | tiow 2 | bl 34 | sub ) 34
35 23 | hw 3 5 | bzl 3 3 | bgeal 35 | subu 35 5 jra 31
36 24 | bu 4 | micz 4 4 36 | and 36 | cvtwf 38
37 25 | Ihu L] L] L] 37 | or a7 a7
38 26 | 6 | cicz B | thwr il 35 | xor ] 33
30 27 7 7 7 30 | nor 0 39




Machine Code Exercises (2)

§zaero 0
fat 1
« Example: add $s1, $s2, $s3 S0 ;
vl 3
op Is It rd shamt  funct 3a0 1
= jal &
5 6 3ad £i
6 5 5 5 323 7
{18:18) (16:16)
—= 0 [mew | = 0 [movkr itl &
1 | mowt miovt. f $tl o
10 16 _op(31.28) 10 funcE0) | 10 funcy50) | ¥ functE0) §t2 10
0O 0D - = 0 [ sl — = 0 [add.F o [ madd
1 D = 1 [ 1 | sub.f 1 | maddu it3 11
2 02| 2 | sd 2 rqul.f 2 | mul it4d 13
303 |l 3| sra 3 | div.f 3
4 D4 beq 4| sl 4 | sartf 4 | msub jth 1z
& 05 | bne 5 5 | abs.F 5 | msubu -
& 08 | blez 6 | sriv & | mow.f [ jth 14
7 07 | bate 7 srav 7 | neg.f 7 7
& 0B | addi ElF E a 3t 15
B 08 | addiu o jalr B g $=0 16
10 0Dz | shi 10 | mowz 10 10
11 Ob | shtiu 11 | mown 11 11 j:zl 17
12 Oc | andi 1z | syscall 12 | round. w.f 12
13 0d | ori 13 | break 15 | trunc.w.f 13 §s2 iz
14 De | o 14 14 | cell.w.f 14 -
15 0F |ui 15 |_syne 15 | fioor.w.f 15 §s3 19
% 10| z=0 =+——— 16 | mihi 16 18 §cd 20
17 11|z=1 & 17 | mithi 17 — 17
1B 12|z=2 41— » 16 | miflo 15 | movz f 12 j=h 21
w13 19 | mtla 19 | mown.f 1% - —
20 14 | begl 20 20 20 3=6 22
21 15 | bnel 21 21 2 5 =
22 16 | blezl 2 7 2 57 23
23 17 Lbgtzl 23 73 22 0 -
24 18 24 [ mult 24 24 ité 24
25 10 25 | muliu 25 25 it9 25
2% 1a 26 | div i 26
27 b 27 | divu 27 a7 fk0 26
26 1o i3 26 23 -
2 1d R i 20 20 20 ikl 27
W 1e s T e T e funct it 30 30 30 F L
M 1f (25:21) {17:18) (4:0) (20:18) 3 31 31 iap 28
32 20| Ik D [ micz 0 [besf 0 0 [ Bz 32 | add 32 | cvisf 32 | gz jzp 20
33 2| h 1 1| bezt 1 | tior 1 | bgez 33 | addu 33 | cvid.f 33 | clo
24 22 | I 2 | ofez 2 | beafl 2 | tbwi 2 | bitzl %4 | sub %4 34 ifp a0
35 23 | hw 3 3 | besl 3 3 | bgeal 35 | subu 15 5 - -
3% 24| lbu 4 | micz 4 4 35 | and 36 | cviw.f 38 ira 31
37 25 | Ihu L] L] L] 37 | or a7 a7
36 26 | har 6 | clcz B | tiwr il 38 | xor ] 38
o7 7 7 7 30 | mor k3] 38
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Machine Code Exercises (2)-Ans.

A ¢ vt
Example: add $s1, $s2, $s3

op rs It shamt  funct
[¥1| )9 o | 22
6 5 5 5 6
(18:18) (16:16)
=0 | movt | —= 0 [ mowfF
1 | mowt ot
& op31:28) 10 funcH5:0) 10 funch5:0) J‘ funct{5:0)
- o[ sl 0 [add.F 0 [ madd
= 1 . 1 | sub.f 1 | maddu
i | sd 2 | mul.f 2 | mul
= 3| sra 3 [ div.f 3
beq 4 | sliv 4 | sgrt.f 4 | msub
bne ] 5 | abs.f 5 | msubu
blez 6 | sriv & | mow.f [
bgtz 7| sraw 7 | neg.f 7
addi B|F B |
addiu o jalr B g
sl O | mowz 10 10
sltiu T 1 1
andi syscall 12 | round. w.f 12
ofi break 13 | trunc.w.f 13
T 14 | cell.w.f 12
lui sync 16 | floor w.f 5
z=0 #—F—— mifhi 16 1d
z=1 +¥—/——m» mithi 17 -— 17
z=2 #—— » miflo 18 | movz_f 12
mitlo 18 | mown.f 19
beql 20 20
bnel 21 21
blaz| 22 22
Tlbgtsl 23 23
mult 24 24
muliu 25 25
div 26 24
divu 27 27
- 2B 23
o 2p 24
5 sToEeTs ' 30 30
{25-21) {17:18) 31 31
Ib 0 | mfcz 0 [ beaf ] 0 2 | add 32 | cutsf 32 | oz
Ih 1 1 | beat 1 | fior 1 addu 33 | cvid.f 33 | dlo
tee 2| ofcz 2 | bezfl 2| thowi 2 sub W 34
v 3 3 [ beal 3 3 subu 35 5
Iou 4 | micz 4 4 and 36 | cwbwf 36
Thu 5 5 5 or ar a7
e 6 | cicz 6 | tiwr o] x0or I8 a3
T T T THCT ] a9

14

fzero 0
fat 1
$wl 2
jvl 3
fad 4
$al 5
a2 ]
fa3 7
$t0 a8
3tl o
§t2 10
it3 11
t4 iz
3th 13
ith 14
§t7 i5
§=0 16
3zl 17
§s2 1s
§s3 19
334 20
§:h 21
§:zh 22
§s7 23
jte 24
it9 25
$k0 26
fkl 27
fap 28
jzp 20
ifp a0
jra 31




Machine Code Exercises (3)

fzero 0
fat 1
. vl 2
« Example: sub $s1. $s2. $s3 o :
" ;
op Is It rel shamt  funct 320 1
= jal &
a2 5]
& E 5 [ [ 6
(18:18) (16:16) §ail 7
= 0 [ mowi —= O | mowf.f
1 | maowt | 1| miowt.f it 8
| 3tl o
0 16 _op31.26) 10 funch{5:0) 10 funct{5:0) functi5-0) 5 -
0 00 - =0 [l —e 0 [3dEF 0 ['madd e 10
1 D 1 [ 1 | sub.f 1 | maddu it 11
2 02| 2 | sd 2 rqul.f 2 | mul
3 03 jal 3| sra 3 | diw.f 2 t4 12
4 04 | beqg 4 | slw 4 | sqrt.f 4 | msub -
5 05 | bne 5 5 | abs 5 | msubu 3th 12
& 0B | blez 6 | sriv | mow.f [ =
T 07 | bgtz T | sraw T | neg.f T ‘i th 14
E DB al:Il:I! B|F E a $t7 15
B 08 | addiu B | jair B g
10 COa | =lti 10 | movz 10 10 §=0 16
11 Ob | sitiu 11 | maown 11 11 =
12 Oc | andi 12 | syscall 12 {round.w.f| | 12 — §cl 17
13 0d | on 13 | break 13 | trunc.w.f 132 3o 1a
14 De | o 14 14 | cell.w.f 14 S— =
165 Of | hui 15 | sync 15 | fipor.w.f 15 — 43 10
16 10| z=0 =——— 16 | mbhi 16 18 _
17 11| z=1 =—» 17 | mehi 17 — 7 =4 20
18 12)z=2 8—» 18 | milo 18 | mowz f 13 -
w13 10 | mitlo 10 | mown.f 19 §:h 21
20 14 | beql 0 20 20 - —
21 15 | bnel 21 21 21 $sh 2
72 16 | blezl 72 72 22 < Y
3 17 |bgtzl 23 23 23 §s7 23
4 18 24 [ mult 24 24 3tAa 24
35 10 25 | muliu 25 25 -
26 1a 26 | div i 28 3ta 25
27 1B 27 | o T 27 -
®E e . 26 26 22 $kD 26
2 1d e r ] 20 29 s
30 e rs z=lorz=- funet " 30 30 a0 $kl =
i if (25:21) {17:18) (4:0 (20:16) 34 31 3 jap o8
2 20l 0 | mfcz 0 [bezf ] 0 [ bBliz 32 | add 32 | cwisf 32 | gz l
33 2| h 1 1| bezt 1 | tior 1 | bgez 33 | addu 33 | cvid.f 33 | clo ic p 20
M 22 | i 2 | cfcz 2 | beafl 2 | tow 2 | btz 4 | sub 4 34 —
35 23 | 3 3 [ beail 3 3 | bgezl 35 | subu 35 5 ifp a0
36 24 | lbu 4 | micz 4 4 36 | and 36 | cwbwf 36 T a1
37 25 | hhu L] 5 ] 37 | or 7 37 d
36 26 | har 6 | clcz B | tiwr il 38 | xor ] 38
o I7 7 7 7 30 | nor 30 39




Machine Code Exercises (4)

=R =R R R N ]

Example: addi $s1, $s2, 100

o

01
o2
03
o4
05
il
or
0g
op
E]
]

od
De
0f
10
11
12

13

14

op

I's

rt

Offset

16

op31:28) 10 funcl5:0) 10 funcl{5:0) ‘J‘
—:.. o sl —a= 0 [add.F i
- 1 - i | sub.f i

i 2 | =d 2 | mulf 2
jal 3| sra 3 | diw.f 3
beg 4 | sllv 4 | sgrt.f 4
bne 5 & |abs.f 5
blez 6| sriw & | mow.f 5]
bgtz T | srav 7 _neg.f 7
addi ElF E a
addiu -y B g
sl 10 | mowz 10 10
sltiu 11 | mown 1 11
andi 12 | syscall 12 | round. w.f 12
ori 13 | break 13 | trumc. w.f 13
xori 14 14 | cell.w.f 14
lui 16 | symc 16 | foor.w.f 15
z=0 16 | mihi i [] 18
z=1 #—» 17 | mithi 17 *-— 17
z=2 #—1——» 1& | milo 1 | movzf 18
10 | milo 18 | mowvn. f 19

henl N N n

fzero 0
fat 1
$wl 2
jvl 3
fad 4
$al 5
a2 ]
fa3 7
$t0 a8
3tl o
§t2 10
it3 11
t4 iz
3th 13
ith 14
§t7 i5
§=0 16
3zl 17
§s2 1s
§s3 19
334 20
§:h 21
§:zh 22
§s7 23
jte 24
it9 25
$k0 26
fkl 27
fap 28
jzp 20
ifp a0
jra 31

14



Machine Code Exercises (5)

§zaero 0
fat 1
« Example: Iw $s1, 100($s2) T 2
vl 3
op I's It Offset 320 2
| $al 5
a2 5]
E' 5 5 1 E, a3 7
ft0 8
10 168 opf31:28) 10 funcl5:0) 0
O 00 —— - 0 PETT - jtl X
1 01 - 1 —1 te 10
2 02§ | 2| =i jt3 11
3 03| ja 3| sra -
4 04| beq 4| sl jtd 12
5 05| bne 5 ; jth 13
& D& | blez £ | srivw -
ra o7 bEL"'. T Sraw it b 14
E DB | addi BE|F §t7 15
B DB | addiu B jalr
10 0a | sl 10 | mowz §s0 1a
11 Ob | shiiu 11 | mown j:zl 17
12 Oc | andi 12 | syscall >
i3 0d | ori 13 | break §se 15
14 Oe | xon 14 =3 149
15 OF | ui 15 | sSync —
16 10| z=0 ® 16 | mfhi §z4 20
17 11| z2=1 #——m—m—— 17 | mithi §s50 21
1B 12| z=2 ——p» 18 | milo - -
10 13 1 mtlo ¥56 —
20 14 | beql 20 =7 23
21 15 | bnel 21 $ta 7
22 16 | blezl 22 _ 24
s 3 39 25
4 15 24 | mult $k0 26
25 1R 25 | muliu _
2 1a 26 | div ki 27
7 b I7 | fap 28
28 1c . 28 = —
m 1d L . v 28 §sp 28
o e s sToEeTs funet it 30 §p an
310 (25:21) {17-18) [4:0) (20:18) =4 a
32 20|k 0 [ micz 0 [beaf 0 0 [ElE 13 | agd jra 3
33 2| 1 1| boat 1 | thr 1 | bgez 1% | addu
¥ 22| i 2 | clcz 2 | beaf 2 | tiwi 2 | blizl 34 | sub
B 23w 3 3 | beal 3 % | bgezl 35 | subu
36 24 | lbu 4 | micz 4 4 36 | and 15




Machine Code Exercises (6)

' -

A’\ﬁ rt rs 'MM ::eru 0

. at 1

« Example: andi $s1, $s2, 100 2 o 2
vl 3

op I's It Offset 320 n
jal 3]

I ja? i
15 fa3 7

E 5 5 t0 g

jtl 0

— jt? 10

i 1§ op3r28) :tj 11
0 0D - t 12
1 01 . 35 13
2 02}y $L6 14
3 03 jal §t7 15
4 04 | beqg §50 16
5 05 bne §zl 17
& D06 | blez §s? 18
7 0OF | bgtz [EE] 10
E DB | addi §5d z0
B 0B | addiu $s5 21
i0 Oa | shi §sh 22
11 DOk | sltiu §:7 23
12 Oc | andi jta 24
13 0Od | on $to 25
14 De | xor $k0 26
15 OfF | Jui jkl 27
i6 10| z=0 $qp 28
T 11| z=1 ll—lr\ %0 >
1B 12 FZ=2 #—pm §p a0
jra a1
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e Code Exercise A

(el = I L U ARy

=
wote¥ (5] yl ¥ Shaerie
. ’ o it 1
Example: sll $s1, $s2, 10 ST 2
vl 3
op Is rt rdl shamt  funct 330 3
$al 5
a2 ]
6 5 5 5 5 [ $a3 7
$t0 8
3tl o
1§ op31:.28 0 funet 50 jt2 10
oo : - = 0 [ sl — it3 11
E‘l _ 1 -— §t4 12
a2 1 2 | s B 13
03 1 jal 3 | sr= L6 14
4 | beq 4 | sliw _

0% | bne 5 3ty 15
06 | blez f | sriv §:=0 16
07 | bgtz T | sraw 3zl 17
0B | addi E|F §s2 18
0 | addiu B | jar T o
Oa | sl 10 | mowz 78 =0
Ob | shiu s '
Oz | andi 12 | syscall §s5 21
0d | ori 13 | break §sb 22
Og | xor 14 §=7 23
OF | i 16 | sync jta 24
10 | z=0 16 | mifhi $t9 a5

11 | z=1 -—Ir\ 17 | mihi -
12 | z=2 #———m 15 | mfo k0 S
= - — ikl 27
fap 28
jzp 20
ifp a0
jra 31

17



Machine Code Exercises (8)

« Example:

(el = I L U ARy

e
=l

=
-3

r

[ e
[ (o N AL

Fa— 1
[ = = N |

beg $s1, $s2, 100

op s It Offset
6 5 5 16

16§ op3r:28 10 funch5:0)
oo [ ] = 5"
01 . 1 —
0z | 2| s
03 | jal 3| sra
04 | beqg 4 | sllv
05 | bne 5
06 | blez f | sriw
07 | bgt= T | sraw
OB | addi Bl K
0B | addiu b jair
Oa | shi 10 | mowz
Ob | sHiu 11 | mown
Oz | andi 12 | syscall
0d | ori 13 | break
Oe | xori 14
Of | lui 15 | sync
0 | z=0 16 | mihi
11| z=1 #V—/——— 17 | mihi
12 | z=2 l—————————b\ 16 | mila

fzero 0
fat 1
$wl 2
jvl 3
fad 4
$al 5
a2 ]
fa3 7
$t0 a8
3tl ]
§t2 10
it3 11
t4 iz
3th 13
ith 14
§t7 i5
§=0 16
3zl 17
§s2 1s
§s3 19
334 20
§:h 21
§:zh 22
§s7 23
jte 24
it9 25
$k0 26
fkl 27
fap 28
jzp 20
ifp a0
jra 31
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Machine Code Exercises (9)

§zaero 0
fat 1
« Example: slt $s1, $s2, $s3 el 2
vl 3
op s rt rd shamt  funct 330 3
Fal 5
R ja? 5]
6 5 5 5 5 6 ::; 8
1w opiET2a 10 Aneydd
i - = [ - itl o
) -—
2 i 2w jt2 10
a o[ s [ it3 11
‘ = : [nn jtd 12
s L] e 13
o o » (jann $L6 14
i s T =
- - o EyaiE
13 ;d 3 | break §s0 16
4 De | mmn P
:':- :fJﬂ.'_ 15 :*E j:zl 17
x n bl e §57 18
Al i iof s 53 19
= 5 Fad 20
£ = """"I §s5 21
::‘ N e $ch o0
™ 1 12 $57 23
2 A e jto 24
by - : = :
0 . - m ok $ts 25
v 2B o N L = -t i $kD 26
2} : h 1 ] et Hor 31 : =Sy §k1 o7
W2 | e i 2 | o L= 7| 4 | b
T 4 Lot 4 sgsl t | sube jap b
- F 4 2 | g
3T .-I : f 3 o 3=p 20
% Tl : mis I $ ifp an
e 0 o I aachl ira 31
42 Za | owl 10 1 iz | ik
13 | ow 1 h-_ iz | abu
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Machine Code Exercises (10)

« Example: j 10000

op Target
J
6 26

10 18 opf31:28)

] oo &%
i D1 .

2 02|y

3 03| jal

4 04 beq

£ 05 | bne

& 06 | blez

7 07 | bgtz

E 0B | addi

fzero 0
fat 1
$wl 2
jvl 3
fad 4
$al 5
a2 ]
fa3 7
$t0 a8
3tl ]
§t2 10
it3 11
t4 iz
3th 13
ith 14
§t7 i5
§=0 16
3zl 17
§s2 1s
§s3 19
334 20
§:h 21
§:zh 22
§s7 23
jte 24
it9 25
$k0 26
fkl 27
fap 28
jzp 20
ifp a0
jra 31




Instruction and Machine Language - summary

e |nstruction Meaning
add $s1, $s2, $s3  $s1 = $s2 + $s3
sub $s1, $s2, $s3  $s1 = $s2 — $s3
| w $s1, 100($s2) $s1 = Menory[ $s2+100]

sw $s1, 100( $s2) Menory[ $s2+100] = $s1

bne $s4, $s5, L Next instr. is at Label if $s4 # $s5
beq $s4, $s5, L Next instr. is at Label if $s4 = $s5
j Label Next instr. is at Label

e Formats:

R op rs rt rd shant | funct

| op rs rt 16 bit address

J op 26 bit address

21



Stored Program Concept

e |Instructions are bhits

« Programs are stored in memory
— to be read or written just like data

memory for data, programs,

/ compilers, editors, etc.
Processor Memory

« Fetch & Execute Cycle
— Instructions are fetched and put into a special register
— Bits in the register "control" the subsequent actions
— Fetch the “next” instruction and continue

22



 Decision making instructions
— alter the control flow,
— l.e., change the "next" instruction to be executed

e MIPS conditional branch instructions:

bne $t0, $t1, Label
beq $t0, $t1, Label

« Example: 1f (i==) h =1 +j;
bne $s0, $s1, Label

add $s3, $s0, $si1
Label :

23



e MIPS unconditional branch instructions:

j | abel
« Example:
it (i!'=j) beq $s4, $s5, Labl
h=i 4j ; add $s3, $s4, $s5
el se j Lab2
h=i -j ; Labl: sub $s3, $s4, $s5

Lab2:

e Can you build a simple for loop?

24



Control Flow

« We have: beq, bne, what about Branch-if-less-than?

e New instruction:
if $s1 < $s2 then

$t0 = 1
slt $t0, $s1l, $s2 el se
$t0 = 0

« Can usethisinstruction to build "blt $s1, $s2, Label™
— can now build general control structures

 Note that the assembler needs a register to do this,
— there are policy of use conventions for registers

25



Decision Making Exercise (p.72) 1/2

& p72.asm - Notepad

File Edit Format Wiew Help
¥p72.asm
#to perform the calculation
# it (1 == 3
# f=qg+ h;
# elzse £ = g - h;
#
# wariables T through j are in registers $s0 through $s4
# Use only core instructions
# Except SPIM directiwves and Swscall
main:
.data Qx10010000 #=tarting address of first string
.asciiz "wnType walue for g: " #msgl
.data 0x10010100 #ztarting addres of next
.asciiz "\nType walue for h: " #msg2
.data Q10010200 #=tarting addrezz of the third
.asciiz "wnType walue for 4: " #msg3l
.data O=10010300
Laszciiz "w\nType walue for j: v #msgd
.data 010010400
.asciiz "waThe wvalue of £ is: " #ms g5
Ltext
#Read waribales from key-in
again: ori $v0, $zerc, 4 #msgl
Tui 3$a0, O=1001 # Upper part of msgl addr (ie aG=100100003
ori %a0, %a0, O # now a0 has 1 word addr 10010000
swscall #Print msgl
ori 3v0, $zero, 5 #read input (bl
swscall #riow type-in is in w0
or 3s1, $zero,$uv0 #3z1 «<---- g
ori 3w0, $zero, 4 #ms g2
Tui $a0, O=1001 # Upper part of msgl addr (ie a0d=100103007
ori 3al, $ad, 0x0100 # now a0 has 1 word addr 10010100
swzcall #Frint msgl
ori $v0, $zero, 5 #read input (bl
swscall #row type-in is in wi
or 352, 3zero, $v0 #3s2 <---- h

26



Decision Making Exercise (p.72) 2/2

ori Ivl, Jzero, 4
Tui $a0d, Ox1001
ori $a0, $a0, 0x0200
swscall
ori 3vl, Jzero, 5
swscall
or 353, Jzero, dvD
ori Ivl, Jzero, 4
Tui $a0d, Ox1001
ori $a0, $a0, 0x0300
swscall
ori 3vl, Jzero, 5
swscall
or 354, Jzero, w0
ETF 7 1=]
bne $=3, 3s4, Else
add $=0, 3s1, 3s2
i DoneIf
Else:
sub =0, 3s1, 3s2
DoneIf:
#orint the result
ori Ivl, Jzero, 4
Tui Fa0d, Ox1001
ori %ald, $a0d, 0x0400
svscall
ori $vl, Jzero,l
or  %ald, 3zero, 3s0
syscall
] again

#ms g3

# Upper part of msgl addr (ie a0=100100007
# now al has 1 word adder 10010200

#Print msgl

#read 1nput (b]

#now type-in is in wi

#3572 «---- 1

#ms gd

# Upper part of msgl addr (ie a0=100100007
# now al has 1 word adder 10010200

#Print msgl

#read 1nput (b]

#now type-in is in vl

#3s4 «---- ]

#F (1 1= 7) go to Else;
# =g + h (skipped it 1 == i)

#msgh
#a0=10010000
#3a0=10011000

#request for print
#result

27



Decision Making Instruction (p74.asm) p1/2
Ten single

File Eck Format ies Help

digit decimal |#p74.z2:5m

#implements a while Tloop

number are #  while (saveli] == kJ

# i =1 4+ 1;
stored at # : _ : | .
i # wvariables i and k are in registers 353 and 355 respectively
Save[|] # The base address of save is in 3s6
=
# Changed the problem
¢ GUGSS a # to a number guessing
# so that we check how many consscutive right guesses one makes
I11JI11t)EEF main:
data  Ox10010000 #starting address of first string
Lasciiz "yncuess a single digit decimal number: " #mesgl
.data W] U100 . #starting addres of next
.asciiz "“Aavou hawve right guesses of: " #msg2
.data 010010200
.asciiz "wnGood!wn"  #msgl
.data 0x10010300
casciiz “wnmo!  Your Guess s wrong!in' #msgd
.data DKLGGLE4Dw
save: word 1,3, 9, 8, 4,4,6,0
et

#fead varibales Frnw kew-in
#Initialize i as 0
ard 853, 3zero,D #9=39=0=1
#load the addrezs of the zave starting address to =6
lui 3s6, 0x1001
ori 3s6, ¥s6, O0=0400 EI6=0x10010400 starting address of Save

Loop: ori 3wl fzero, 4 #msal
Tui $al, 0x1001 # Upper part of msgl addr (ie abD=100100007
ari Fal, %al, O # now a0 has 1 word adde 10010000
svecall #Print megl
ori Fvl, ¥zero, § #read input (bl
svscall #now type- i’ ig in w0
or 355, fzero, Jwl #3585 w----
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Decision Making Instruction (p74.asm) p2/2

#Load the save[i] into a register
#5t1=4*3s3 (1 word has 4 bytes)

#2dd array start address so tl has address of save[d]
#Temporary register $t0 has wvalue of save[i]

s it1, $s3, 2

add $t1, §t1, §$s6
T $t0, 003t1)
bne $t0, 355, Exit

#IT guess 1s right

Exit:

ori $vl, Jzero, 4
Tui a0, 0x1001
ori $al, 3a0, 0x0200

sysCall
addi $s3, 3§53, 1
' Loop

$zero, 4
0x1001
§a0. 0x0300

ori v,
Tui Ja0,
ori $al,
sysCall
ori Jvi,
Tui Ja0,
ori $al,
syscall
ori v,
or $a0,
sysCall

Yzero, 4
0x1001
$al, 0x0100

§zero,1
bzero, $s3

#If save[1] 1=k, go

#m=g 3
# Upper part of msgl
# now al has

#1=19+1

# go to Loop

#ms g4

# Upper part of msgl
# now a0 has

#rint msgd

#ms gl

# Upper part of msgl
# now all has

#rint msgd

#rint Result Number

#result

to Exit

addr (e a0=10010000)
1 word addr 10010000
addr (e a0=10010000)

1 word adde 10010000

addr (e a0=10010000)
1 word adder 10010000
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« Small constants are used quite frequently (50% of operands)
e.g., A=A+5;
B=B+1,;
C=C-18;
 Solutions? Why not?
— put 'typical constants' in memory and load them.

— create hard-wired registers (like $zero) for constants like one.

e MIPS Instructions:

addi $29, $29, 4
slti $8, $18, 10
andi $29, $29, 6
ori $29, $29, 4

 Design Principle: Make the common case fast.
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How about larger constants?

« We'd like to be able to load a 32 bit constant into a register
« Must use two instructions, new "load upper immediate" instruction

lui $t0, 1010101010101010

—

1010101010101010 0000000000000000

« Then must get the lower order bits right, i.e.,

ori $t0, $t0, 1010101010101010

filled wth zeros

1010101010101010 0000000000000000

0000000000000000 1010101010101010
ori

T0I0I01I01I0101010 10I0I01I01I01I01010
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