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efine zero

efine AT $at
efine vO $2
efine vl $3
efine a0 $4
efine al $5
efine a2 $6
efine a3 $7
efinet0 $8

$0 /* wired zero */
[* assembler temp */
[* return value */

[* argument registers a0-a3 */

[* caller saved t0-t9 */



MinIMIPS Instruction Formats

op s rt rd sh fn
31 25 20 15 10 5
6 bits 5 bits 5 bits 5 bits 5 bits 6 bits
Opcode Source Source Destination Shitt Opcode
register 1 register 2 register amount extension
op Is rt operand / offset
31 25 20 15
6 bits 5 bits 5 bits 16 bits
Opcode Source Destination Immediate operand
or base or data or address offset
, OP - jump target address
6 bits 26 bits
Opcode Memory word address (byte address divided by 4)

Figure 5.4 MiniMIPS instructions come in only three formats:
register (R), immediate (I), and jump (J).
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Phan tich khuon dang lenh

High-level language statement:

Assembly language instruction:

Machine language instruction:

i

ﬂﬂﬂhﬂﬂ 10010 10001 11000 00000 lﬁEIEIEIEI

ALU-type Register Register Register Addition
instruction 18 17 24 Unused gnende



5.3 Simple Arithmetic/Logic Instructions

Add and subtract already discussed; logical instructions are similar

add $t0,5=0,5=1 f set S5t0 to ($=0)+(Ss=s1)
sub $t0,5s0,58s1 f set St0 to ($=s0)-(S$=1)
and $t0,8%s0,58=1 f set St0 to ($=s0)A(S=1)
or St0,5=0,5=1 ¥ zet St to (S=0)wv(Ssl)
xor St0,5=0,5:s1 f et 3t0 to (5=s0)1@(35=1)
nor S$t0,5=0,5:s1 f set St0 to ((S=s0)wv(sS=1))’
3 op 25 rs 20 "t 15 rd 10 sh 5 n 0
R DDDDDD1DDDD1DDD1ID1DDDIDDDDDI1DDDxD
ALU Source Source Destination Unused add = 32
instruction register 1 register 2 register sub = 34

Figure 5.5 The arithmetic instructions add and =sub have a format that
Is common to all two-operand ALU instructions. For these, the fn field
specifies the arithmetic/logic operation to be performed.
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Arithmetic/Logic with One Immediate Operand

An operand in the range [-32 768, 32 7/6/7], or [0=x0000, Oxffff],
can be specified in the immediate field.

addi $t0,5=0,61 f set St0 to (5s0)+61
andi $t0,35s0,61 f et St0 to (S5s0)a6l
ori 5t0, 520,61 f set S5t0 to ($s0)vel
xori 5t0,5$=0,0x00ff # set St0 to (5=s0)1@ 0x00ff

For arnthmetic instructions, the immediate operand is sign-extended

op s rt operand / offset
31 25 20 15
| co100001000j1000000000000001111201
addi = 8 I gﬂul%reﬂrs Elesltinatiun Immediate operand

Figure 5.6 Instructions such as addi allow us to perform an
arithmetic or logic operation for which one operand Is a small constant.

. al , , I e i v ,
Jan. 2007 [| i S5B Computer Architecture, Instruction-Set Architecture Blparnﬂhll. Slide 14
S



5.4 Load and Store Instructions

o rs rt operand / offset
31 P s 20 12 Pe
|r‘lﬂ:-c{]‘l‘l‘IEIEI‘I1ﬂ1ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ1ﬂ1ﬂﬂa
lw = 35 Base Data Offset relative to base
sw =43 register register
1w 5t0,40(553) Note on base and offset:
Memory lw  3td,A(3s3) The memory address is the sum
of (r=) and an immediate value.
Address in
A0 T base register Calling one of these the base
Al ‘T'l i g and the other the offset is quite
A[7] ! arbitrary. It would make perfect
B ! sense to interpret the address
| Offset = 4 A(5=3) as having the base &
_ l and the offset (2=3). However,
Al - - Element J a 16-bit base confines us to a
ofarray A small portion of memory space.

Figure 5.7 MIniIMIPS 1w and sw instructions and their memory
addressing convention that allows for simple access to array elements

via a base address and an offset (offset = 4/ leads us to the /th word).
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1w, sw, and 1lui Instructions

1w 5t0,40(35=3) # load mem[40+(5=3)] in StO

SW St0,A(Ss3) f store (St0) in mem[A+(Ss3)]
#“(523)" means “content of 5=3"

lui $s0,61 f The immediate wvalue 61 1

# loaded in upper half of $s0
ff with lower 16b set to 0Os

op Is rt operand [ offset
31 25 20 15
| 00111 1|Dﬂﬂﬂﬂ1ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ1 1 11D1|
lui = 15 Unused Destination

Immediate operand

EIDEIDDDEIEIDD1111D1IGUDGDUDDDDDDDHDDI

Content of $s0 a fter the instruction is executed

Figure 5.8 The lui instruction allows us to load an arbitrary 16-bit
value into the upper half of a register while setting its lower half to Os.
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Initializing a Register
Example 5.2

Show how each of these bit patterns can be loaded into $:=0:

0010 0001 0001 OOOOC OQOOOO OODOD OO11 1101
1111 11117 1111 1111 11171 1111 1111 1111

Solution
The first bit pattern has the hex representation: 0x2110003d

lui 3$s=0,0x2110 # put the upper half in $s0
ori 5=0,0x003d f put the lower half in Ss0

Same can be done, with immediate values changed to Oxffff
for the second bit pattern. But, the following is simpler and faster:

nor 5$s0,5zero, Szerc # because (0 v 0)" =1
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5.5 Jump and Branch Instructions

Unconditional jJump and jump through register instructions

] verify f go to mem loc named “werify”
jr Sra f go to address that is in Sra;
f 5ra may hold a return address
$ra is the
symhnlic 4 OP - jump target address o
name for Jloooo1ao
reg. $31 j=2
(return
address) ale sl 00
Fram PZ . .
Effective target address (32 bits)
op rs rt rd sh fn
| 5 W] 15 10 5 W]
RCIEIEICICIEI11111UUUUUUUUUUUUUUUIUU1UUU
ALU Sournce Unused Unused Unused r=8
instruction register

Figure 5.9 The jump instruction 5 of MiniMIPS is a J-type instruction which

is shown along with how its effective target address is obtained. The jump
register (7 r) instruction is R-type, with its specified register often being 5 ra.
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Conditional Branch Instructions

Conditional branches use PC-relative addressing

bltz 5<1,L # branch on (3$s1)< 0
beq $s1,%s2,L # branch on ($sl)=(3$s2)
bne S5sg1,5%s2,L # branch on (Ssl)#(3s2)
31 op - s 20 rt 15 operand / offset
|DDDDD‘I‘lDGG‘IDGGDDDDDDDDGGGD‘I111{}1_'
blitz = 1 Source Zero Relative branch distance in words
. OP e TS 20 rt . operand / offset 0
| oo o1 D:-:‘I{}{}D‘II‘I 0010/000000000011110 1
Eeq = g Source 1 Source 2 Felative branch distance in words
ne =

Figure 5.10 (part 1) Conditional branch instructions of MiniMIPS.
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Comparison Instructions for Conditional Branching

slt 581,5s2,5:s3 f 1if (5=22)<(5=23), set 5=1 to 1
f else set 321 to 0;
# often followed by beg/bne
slti S$=1,8=2,61 f 1if ($=s2)<6l, set Ssl to 1
f else =set 3s1 to O
4 OP . TS 20 rt .5 rd 10 sh 5 fn 0
RFEIGGGUG‘IEIEI‘IG‘IEIEI‘I‘I‘IEIGEI‘IGEIGEIEII‘IEI‘IEI‘IH
ALU Source 1 Source 2  Destination Unused - sit =42
instruction register register
. op - rs 2 rt 5 operand [ offset
|r'EIEI‘IEI‘I'EI‘IUD‘IU1UDD1IDUDUDDDGUD‘I111D1—|
slti =10 Source Destination Immediate operand

Figure 5.10 (part 2) Comparison instructions of MiniIMIPS.
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Examples for Conditional Branching

If the branch target is too far to be reachable with a 16-bit offset

(rare occurrence), the assembler automatically replaces the branch
Instruction beqg 3$s0,35s1,L1 with:

bne $s1,5s2,L2 f skip Jump if (sl)#(=2)
] L1 f gote L1 if (=sl)=(=2)
L2:

Forming if-then constructs; eg., if (i == 7)) = = 2= + v
bne 3$Ssl1,3s2,endif # branch on i#]j
add $tl1,5t1,5t2 ff execute the "then” part

endif:

If the conditionwere (i < 1), we would change the first line to:
=slt 5t0,5s1,8s2 ff set St0 to 1 1if 1<
beq S5t0,50,endif # branch if (5$t0)=0;

f i.e., 1 not< ] or 1iz]
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Compiling if-then-else Statements
Example 5.3
Show a sequence of MiniIMIPS instructions corresponding to:
if (i<=j) X = x+1; z = 1; else y = y-1; z = 2*z
Solution

Similar to the “if<then” statement, but we need instructions for the
‘else” part and a way of skipping the “else” part after the "then” part.

slt $t0,35s2,58s1 f 9<i? (inverse condition)
bne 3$t0,Szerco,else # 1f j<i goto else part
addi $tl1,5t1,1 # begin then part: x = x+1
addi St3,35zero,l # z =1
j endif f skip the else part

elze: addi $tZ,5t2,-1 # begin else part: y = y-1
add $t3,5t3,5¢L3 f z = z+z

endif:...
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5.6 Addressing Modes

Operand

Addressing Instruction Cther elements invol ved
Implied Some place o >
in the mac hine
. Extend
L -
Immediate . @
. Reg spec Feg file Feg data
Register » » . >
Constant offset
Base » . LlLL Meml o 1w
— . H'E'ﬂ u addr M mi
H'Eﬂ - HE’E file data Mg oy data
.—
PC-relative o] Constant aftset Mem[— o N
: addr e Me m
ey | data
PCo— 4
Pseudodi rect » PC Mem -
addr | pe rory e m
b data

Figure 5.11 Schematic representation of addressing modes in MiniIMIPS.
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The 20 MiniIMIPS Instruction Usage
Instructions Copy | Load upper immediate lui  rt,imm
| Add add rd, rs, rt
CGVEI‘Ed SD Far Subtract sub rd, rs, rt
Jﬂknthmeuc < Set less than =1t rd, r=s, rt
Add immediate addi rt, rs,imm
Set less than immediate z1lti rd, r=,imm
i - AND and rd, rs, rt
OR or rd, r=, rt
XOR ®OT rd, r=s, rt
Lﬂgiﬂ < NOR nor rd, rs, ck
AND immediate andi rt, rs,imm
OR immediate ori rt,rs, imm
\ XOR immediate xori rt,rs,imm
Load word 1w rt,imm(r=s)
Memﬂr'_‘,f access { Store word =1 rt,imm(rc=s)
( Jump 7 L
Jump rﬂgister L r=s
Control transfer < Branch less than O bltz rs,L
Branch equal beqg rs,rt,L
Table 5_-1 L Branch not equal bne rs, rt, L
Jan. 2007 [ _!' i _ L0 Computer Architecture, Instruction-Set Architecture
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Khung chuong trinh hop ngy

#include <iregdef.h>

.data

#Khai bao bién

Aext

.globl start

.ent start

start:

#NOi dung chwong trinh chinh
.end start

.ent CTCon

CTCon:

#NOi dung chuwong trinh con
.end CTCon



Chwong trinh vi du

#include <iregdef.h>

.data

test: .asciiz "Hello World"

lext

.set noreorder

.globl start

.ent start

start:
la aO0,test #load the address of test string to a0
jal printf #print test tring to console

.end start
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file:///backup/dlib/files/source/2015/20150408/caodangnghe/caodangnghe_01/C:%5CMipsIT%5Cbin%5CMipsIt.exe

ftp://dce.hut.edu.vn/vinhtt/MIPS
%20seminar.ppt


ftp://dce.hut.edu.vn/vinhtt/MIPSIT
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