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CPU Registers I

~

‘ Name ‘ Number ‘ Usage

Z€ero 0 | Constant 0

at $1 | Reserved for assembler

v0 $2 | Expression evaluation and

vl $3 results of a function

a0 $4-87 | Argument 1-4

t0 $8-$15 | Temporary (not preserved
across call)

s0 $16-$23 | Saved temporary (pre-
served across call)

t8 $24-$25 | Temporary (not preserved
across call)

k0 $26-$27 | Reserved for OS kernel

gp $28 | Pointer to global area

sp $29 | Stack pointer

fp $30 | Frame pointer

ra $31 | Return address (used by
function call)

A
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MIPS Overview

Memon

CPU FPU (Coprocessor 1)
Registers

$0

Registers
$0

$31

Arithmetic
Unit

$31

Arithmetic
Unit

Multiply
Divide

Coprocessor 0 (Traps and Memory)

BadVAddr Cause

Status EPC

A MIPS processor consists of an integer
processing unit and two coprocessors:
coprocessor (0) handles traps,
exceptions, and the virtual memory

system; coprocessor (1) handles floating

/

point processing.
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CPU Registers 11

The CPU contains 32 general registers
numbered 0-31.

Register $0 is always = 0.
Register Use Conventions:
Registers $at (1), $k0 (26), and $k1 (27)

are reserved for use by the assembler and
operating system.

Registers $a0-$a3 (4-7) are used to pass
the first four arguments to routines
(remaining arguments are passed on the
stack).

Registers $v0 and $v1 (2, 3) are used to
return values from functions.

Registers $t0-$t9 (8-15, 24, 25) are
caller-saved registers used for temporary

/

quantities that do not need to be

preserved across calls.
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/ CPU Registers III \ / Addressing Modes \

e Registers $s0-$s7 (16-23) are e MIPS is a load/store architecture, which
callee-saved registers that hold long-lived means that only load and store
values that should be preserved across instructions access memory.
calls. e Computation instructions operate only
e Register $sp (29) is the stack pointer, on values in registers.
hich poi he first free 1 i .
which points to the first free location on Format Address Computation
the stack.
(register) contents of register

e Register $fp (30) is the frame pointer.
imm immediate

e Register $ra (31) is written with the

) imm (register) | immediate + contents of
return address for a call by the jal

. . register
1instruction.

symbol address of symbol

e Register $gp (28) is a global pointer that

points into the middle of a 64K block of symbol + | address of symbol + or —

memory in the heap that holds constants mm immediate
and global variables. The objects in this symbol + | address of symbol + or —
heap can be quickly accessed with a imm  (regis- | (immediate + contents of
\\ single load or store instruction. / \ter) register) /
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Move T

Absolute Value

Put the absolute value of the integer from Rsrc in Rdest.
Divide (with overflow)

Addition (with overflow)
Divide the contents of the two registers. Leave the quotient in

addi Rdest, Rsrcl, Imm  Addition Immediate (with overflow)

Put the sum of the integers from register Rsrcl and Src2 (or

Qnm) into register Rdest. Same for sub.

-

Negate Value (with overflow) |

Put the negative of the integer from register Rsrc into register

Rdest.

Integer Arithmetic I

instruction (e.g., add) into the immediate form (e.g., addi) if
Integer Arithmetic II

the second argument is constant.

e Src2 is a register or an immediate value (a 16 bit integer).

e The assembler will translate the more general form of an

register 1o and the remainder in register hi.

.

add Rdest, Rsrcl, Src2

move Rdest, Rsrc

Move the contents of Rsrc to Rdest.
div Rsrcl, Rsrc2

abs Rdest, Rsrc
neg Rdest, Rsrc

-
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Me or ot

Ox7ffffff

Stack Segment

|
I

Data Segment

Text Segment

0x400000

Reserved

e At the bottom of the user address space

(0x400000) is the text segment
(instructions).

e Above the text segment is the data

segment ( 0x10000000). The static data
portion contains objects whose si e and
address are known to the compiler and
linker. ynamic data is allocated by
all through the s rk system call.
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Pro ed re C 1

At the call site:

. Pass the arguments. The first four
arguments are passed in registers
$a0-$a3. The remaining arguments are
pushed on the stack.

. Save the caller-saved registers. This
includes registers $t0-$t9, if they

contain live values.
xecute a jal instruction.
At the called routine:

uild the stack frame by subtracting the
frame si e from the stack pointer.

. Save the callee-saved registers in the
frame. $fp is always saved. $ra needs to
be saved if the routine itself makes calls.
$s0—$s7 (if used by the callee) need to
be saved.

Slide 19-22

Pro ed re C 1

argument 6

argument 5

arguments 1-4 T
$fp .

. memory
saved registers addresses

local variables

dynamic area

$sp

e The frame pointer points just below the

last argument passed on the stack. The
stack pointer points to the first word
after the frame.

A stack frame consists of the memory
between the frame pointer ($£p), and
the stack pointer ($sp).

Slide 1921

Proed re C 1II

stablish the frame pointer by adding
the stack frame si e to the address in

$sp.

Returning from the call:

. Place the returned value into $vO0 (if a

function).

. Restore any callee-saved registers that

were saved upon entry (including the
frame pointer $fp).

. Pop the stack frame by adding the frame

si e to $sp.

. Return by jumping to the address in

register $ra.
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SPIM er

Starting SPIM:

in Inter e

sp fl pr g as t
sp
sp

pr

SPIM Commands:
t xit the simulator.

ra f1 Read

commands into SPIM.
r  Start running a program.
st p Step the program 1 instruction.
t Continue without stepping.
pr t $ Print register .
pr t a 1r Print the contents of memory.
r t al

Clear memory and registers.

r akp t a r Set a breakpoint.

Slide 19-28

e A S ste C s

of assembly language

SPIM

indows Inter

e

xspim
PC = 00000000 EPC = 00000000 Cause = 0000000 BadVaddr = 00000000
Status= 00000000 H = 00000000 LO = 0000000
Generdl Regisers
RO (r0) = 00000000 = 0000000 6 (s0) = 0000000 R24 (8 0000000
Rl (at) = 00000000 0000000 RI7 (Sij = 0000000 R25 (SO 0000000
Register R2 (v0) = 00000000 0000000 RL8 (s2) = 0000000 R26 (kO 0000000
* R3 (v1) = 00000000 0000000 R19 (s3) = 0000000 R27 (ki 0000000
Display R4 (a0) = 00000000 0000000 R20 (s4) = 0000000 R28 (gp: 000000
RS (al) = 0000000 0000000 R21 (s5) = 0000000 29 (gp 0000000
R6 (a2) = 00000000 0000000 R22 (S6) = 0000000 R3O0 (s 0000000
R7 (a3) = 00000000 = 00000000 R23 (s7) = 0000000 R31 (raj 0000000
PO = 0.000000 DBl R RS FS 00000 Eppg 0. 000000
FP2 = 0.000000 1000000 FP18 = 0.00000 FP26 0. 000000
FP4 = 0000000 000000  FP2Q = 0.00000 FP28 0. 000000
FP6 = 0.000000 000000 FP22 = 0.00000 FP30 0. 000000
Single Floating Point Registers
Control Cai) Croa ) Cn ) Gaen) Cetear)
Buttons
Text Segments
0x00400000] 0x8fa40000 | w R4, O(R29) []
0x00400004] 0x27a50004 addi u’ RS, R29, 4 []
User and 0x00400008] 0x24a60004 addiu R6, RS, 4 []
Kernel 0x0040000c] 0x00041090 sl | Rz, R4,
0x00400010] 0x00c23021 addu R6, R,
Text 0x00400014] 0x0c000000 j al 0x00000000 []
Segments 0x00400018] 0x3402000a ori RO, RO, 10 []
0x0040001c] 0x0000000c syscal |
Data Segments
0x10000000] . . . [ 0x10010000] 0x00000000
0x10010004] 074706563 0x206€6f 69 0x636f 2000
0x10010010]  0x72727563 0x61206465 0x6920646e 0x726f 6e67
Data and 0x10010020]  0x000a6465 0x495b2020 0x7265746e 0x74707572
0x10010030] ~ 0x0000205d 0x20200000 0x616e555b 0x6e67696¢
Stack 0x10010040] 0x61206465 0x65726464 0x69207373 0x6e69206e
Segments 0x10010050] ~ 0x642f 7473 0x20617461 0x63746566 0x00205d68
0x10010060]  0x555b2020 0x696c616e 0x64656e67 0x64646120
0x10010070] ~ 0x73736572 0x206e6920 0x726f7473 0x00205d65
SPIM Version 3.2 of January 14, 1990
SPIM
Messages
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e A r n ing

The C Program

Assembly and Execution

Slide 19— 2

e C r n ing

Slide 19—

e r n ing
The PS Code
Slide 19—
e Pro ed re C

t

(S )

H H n ®n

jal

The C Program:

t

a

t a

The MIPS Code:

t

$sp
$1
$1
$sp
$31

$sp
$31

$sp

$sp
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e A

rge Ints

The C Program:

a
13 7
The irtual MIPS Code:
gl a
a 0
0
a
1 $
1 $3 0 001 7 13
a $ $ $3
) $
1 $v0 10
s s all
Slide 19-36
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e rge Ints

e Some of the assembly instructions we ve

seen are actually irtual instructions —
they are not actually implemented by
the hardware. Instead, the assembler

translates them into real instructions.

There is no instruction to load a 32-bit
address or literal integer into a register
(why ). Instead, the assembler
translates ‘ 1 $3 0 001 7 ‘ into two
instructions: one loads the upper 16 bits,

one the lower 16 bits.

Similarly, each branch/jump/call
instruction has a dela ed ran slot.
This is an instruction that in the
program looks like it comes a ter the
jump, but which actually gets executed
e ore the jump is made. The assembler
automatically fills these delay slots.

Slide 19-37

Con sed St dent i1

al g sag

n the Mips, every variable has to be
aligned (start on) an address that is a
multiple of the variable s si e. So, a 4 byte
variable has to be allocated to an address
that is a multiple of 4, e.g. 4,8,12,16,20,....
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Con sed St dent i I1

\ 1s $f $£0 $f1‘

‘tO rgsp‘

ou can only use even-numbered
floating-point registers (i.e. f0 {2 f4...) for

single-precision numbers.

ouble precision (64-bit) P numbers are
stored in registers f0+ fl1, f2- {3, etc.
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Con sed St dent
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