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Introduction

Architecture ?

(Q All aspects visible from the USER s
(programmer) point of view

(@ External view

(@ Specifications of the processor

O ‘ What the processor is supposed to do ‘

QOutline

[d Introduction

[d Architecture

[d Implementation
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Introduction

Implementation ?

(@ All aspects visible from the DESIGNER’s
point of view

(@ Internal view

(@ How much time does it take to perform some
operation ?

Which hardware may be used and
how it should be organized to make

o e .
I I p the specifications feasible
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Architecture

Software visible registers

Memory Addressing

The instruction set

M Hi Ha N

The exception / reset mechanism

Architecture

Architecture of the MIPS processor

Mips ?

(Q A 32-bit processor

(Q Defined in 1981 by the Architecture Research
Group at the Stanford University (John
Hennessy)
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Architecture

Simplified Mips-32 architecture

(@ No floating point operations

(@ No virtual memory management

i
\ L p Pirouz Bazargan Sabet March 2010 ‘

i
\ L p Pirouz Bazargan Sabet March 2010 ‘

Architecture

Software visible registers

Memory Addressing

The instruction set

L O LU

The exception / reset mechanism
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Architecture

Software visible registers

Registers that can be manipulated (written
or read) in the assembly language

March 2010 ‘

i
\ L p Pirouz Bazargan Sabet

Software Visible Registers

Q@ Ry : The Trash Register

A value written into Ry, is lost
R, contains always 0

Q@ R;;  :The Link Register

When a subroutine is called, the
return address is saved into R,

Software Visible Registers

[ 32 common 32-bit registers

Integer Registers

R,....Ry

Addressable from their number

i
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Software Visible Registers

(g Two 32-bit registers : Hl and LO

Used by multiply and divide instructions

. HI 32 most significant bits
Multiply

LO 32 least significant bits

LO Result
HI Remainder

Divide

March 2010 ‘
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Software Visible Registers

32-bit special registers : Coprocessor 0 registers

required for the implementation an operating system

Status Status Register

Cause Cause Register (cause of exceptions)

Ebase Exception Base Register

Epc Exception Program Counter (return address in

case of exception)
Eepc Error Exception Program Counter

BadVAddr Bad Address Register (illegal memory address)

Architecture

Software visible registers

Memory Addressing

The instruction set

L O LU

The exception / reset mechanism
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Memory Addressing

(@ 32-bit address = 4 Gbytes of memory space
(@ Read / Write operations

(Q 3 types of data : Byte
Half-word (2 bytes)
Word (4 bytes)
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Memory Addressing

(@ The processor can operate under 2 modes

User / Kernel

The current mode is defined by the Status Register

4 1

\ ]
Status Register . 10 00 ; user

00 xx : kernel
xx 1x : kernel

i xx x1: kernel
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Memory Addressing Memory Addressing
0000 0000 R 0000 0000
o The memory space is divided <« The OS protects the hardware
Qcﬁ’ into 2 parts Q‘éﬁ’ against an error in a User
7FFF FFFF 7FFF FFFF program
8000 0000 8000 0000
0%
Under User mode the processor The frontier protects the OS
FFFF FFFF can only access the addresses FFFF FFFF
ranging from 0000 0000 to
7FFF FFFF
(@) @]
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Memory Addressing Memory Addressing

(@ Data alignment rule Q Bytes’ order : Little Endian 2000 0000

\ [ [ \ | [

Msb Isb Msb Isb

register register
FFFF FFFF
memory memory
O
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Memory Addressing

(@ Address alignment rule

The address of an object of N
bytes must be multiple of N

Address of a Word = multiple of 4
Address of a Half-Word = multiple of 2
Address of a Byte = multiple of 1
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Instruction Set

RISC Architecture

Only simple instructions
All the instructions have the same size (32 bits)

3-operand instructions (2 read, 1 write)

¢ © O ¢

No operation involving operands in memory -
Only load and store operations

Architecture

Software visible registers
Memory Addressing

The instruction set

L O LU

The exception / reset mechanism
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Instruction Set

3 instruction formats

(@ R Register-register instructions
(@ I Immediate instructions

J Jump instructions
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R format

opcod
func
s

1t

rd
sham

Instruction Set

| | | |
6 ' s s 5151 ¢
opcod 18 It rd sham  func
Operation code
Function (opcod extension)
# of source register
# of source register
# of destination register
Shift amount (# of bit the opr. is shifted)
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Instruction Set

I format

opcod
rs
rt/rd

imd

Operation code
# of source register
# of source or destination register

Immediate value

J format

opcod

imd

Instruction Set

opcod imd

Operation code

Immediate value
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Instruction Set

© ¢ ¢ ¢

Arithmetic and logic instructions
Memory access instructions
Control instructions

System instructions
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Arithmetic and logic

Assembly
language | Action | Format
I I
Add Rd, Rs, Rt Rs+Rt = Rd L. T X ]
opcod rs rt rd func
add Overflow = €XcC.
R format

i
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Arithmetic and logic

Assembly
language | Action | Format
I I
Addu Rd, Rs, Rt Rs+Rt = Rd I =
opcod rs o1t rd func
add unsigned No overflow
R format

Arithmetic and logic

Assembly
language | Action | Format
I I
Addi Rd, Rs, Imd Rs+Imd = Rd L. ]
opcod s rd imd
add immediate Overflow = €Xxc.
Imd is sign extended I format

—
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Arithmetic and logic

Assembly
language | Action | Format

AddiuRd,Rs,Imd  Rs+Imd = Rd L

opcod rs rd imd
add immediate Imd is sign extended
unsigned No overflow I format

—
=™

—
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Arithmetic and logic

Overflow = €XxcC.

Assembly
language | Action | Format
I I
Sub Rd, Rs, Rt Rs—Rt = Rd L. [ X |
opcod 15 1t rd func
subtract

R format
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Arithmetic and logic

Assembly
language | Action Format
I I
OrRd, Rs, Rt Rs or Rt = Rd L. [ X |
opcod rs rt rd func
bitwise logic
OR R format
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Arithmetic and logic

Format

D]

Assembly
language | Action
I I
Subu Rd, Rs, Rt Rs—Rt = Rd L.
opeod

Subtract unsigned No overflow

st rd func

R format
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Arithmetic and logic

Assembly

language | Action

Format

Ori Rd, Rs, Imd Rs or Imd = Rd |

bitwise logic

Imd is zero extended
OR immediate

[ 1Rs
00 00 ] Imd

—

opcod 15 td

I format
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Arithmetic and logic

Assembly
language Action | Format
I I
AndRd.Rs,Rt  Rsand Rt Rd L. [ X |
opcod rs rt rd func
bitwise logic
AND R format
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Arithmetic and logic

Assembly
language | Action | Format
I I
Xor Rd, Rs, Rt Rs xor Rt & Rd I =
opcod rs rt rd func
bitwise logic
XOR R format
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Arithmetic and logic

1 Rs
00 00 ] Imd

—

Assembly
language | Action Format
I I
AndiRd,Rs,Imd  Rs and Imd = Rd L
opcod rs rd imd
bitwise logic Imd is zero extended
AND I format
immediate
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Arithmetic and logic

1 Rs
00 00 ] Imd

—

Assembly
language | Action Format
I I
Xori Rd,Rs,Imd  Rs xor Imd = Rd L
opcod rs rd imd
bitwise logic Imd is zero extended
XOR I format
immediate
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Arithmetic and logic

Assembly
language

Action

Format

Nor Rd, Rs, Rt

bitwise logic
NOR

Rs nor Rt = Rd [

D]

opcod st rd func

R format
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Arithmetic and logic

Rs
Only the 5 Isb of Rs are meaningful

Assembly
language Action Format
I I
Sllv Rd, Rt, Rs Rt<<Rs = Rd I =
opcod st rd func
Shift left logic
variable R format

Arithmetic and logic

Assembly
language Action Format
I I
SIRd,Rt, Sham Rt << Sham = Rd L DX T ..
opcod t rd sham func
Shift left logic
R format
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Arithmetic and logic

Assembly
language Action Format
I I
SrlRd,Rt,Sham Rt >» Sham = Rd L DX T ..
opcod t rd sham func
Shift right
logic R format
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Arithmetic and logic

Assembly
language | Action Format
I I
Stlv Rd, Rt, Rs Rt>>Rs & Rd L. [ X |
opcod s rt rd func
Shift right
logic variable R format

Rs
Only the 5 Isb of Rs are meaningful
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Arithmetic and logic

Only the 5 Isb of Rs are meaningful

Assembly
language | Action Format
I I
Srav Rd, Rt, Rs Rt>>Rs = Rd I =
opcod st rd func
Shift right
arithmetic variable R format
Rt
Rd
Rs

Arithmetic and logic

Assembly
language | Action

Format

SraRd,Rt,Sham Rt >> Sham = Rd |

O

opcod
Shift right
arithmetic

Rt

Sham

t rd sham func

R format
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Arithmetic and logic

No : 0= Rd

Operands are signed

Assembly
language | Action | Format
I I
SItRd, Rs, Rt Rs<Rt? I
opcod rs func
Set if less than Yes: 1= Rd
< R format

i
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Arithmetic and logic

Assembly
language | Action | Format
I I
Slti Rd, Rs, Imd Rs <Imd ? [,
opcod 1 rd imd
Set if less than Yes: 1= Rd
immediate No : 0= Rd 1 format

Operands are signed
Imd is sign extended
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Arithmetic and logic

Assembly
language | Action | Format
I I
Sltiu Rd, Rs, Imd Rs <Imd ? [,
opcod 1 rd imd
Set if less than Yes: 1= Rd
immediate, < No : 0= Rd I format
unsigned

Operands are unsigned
Imd is sign extended

Arithmetic and logic

Assembly
language | Action | Format
I I
Sltu Rd, Rs, Rt Rs <Rt ? L. [ X1
opcod rs rt  rd func
Set if less than Yes: 1= Rd
unsigned No : 0= Rd R format

Operands are unsigned

i
\ L p Pirouz Bazargan Sabet March 2010 ‘

i
\ L p Pirouz Bazargan Sabet March 2010 ‘

Arithmetic and logic

Assembly
language | Action | Format
I I
Lui Rd, Imd Imd << 16 & Rd L DX 1
opcod rd imd
load upper
immediate I format

[ Tooo0]Rd
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Instruction Set

Arithmetic and logic instructions
Memory access instructions

Control instructions

¢ © O ¢

System instructions

i
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Instruction Set

(@ Loads

(@ Stores

March 2010 ‘

Memory access

Assembly

language | Action | Format

Lw Rd, Imd (Rs) 4 bytes from memory [ . .

at address Imd+Rs opcod 15 rd
Load word = Rd

™ Imd+Rs

_—
Rd (NI

1 format

imd

i
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Memory access

Assembly

language | Action | Format

Sw Rt, Imd (Rs) 4 bytes from Rt L

written into memory opeod s 1t
Store word at address Imd+Rs
I format

/_, T Imd+Rs
Rt [N ]

imd

i
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Memory access

Assembly
language | Action Format

LhRd,Imd (Rs) 2 bytes from memory [,
at address Imd+Rs opeod s rd imd
Load half-word = Rd
I format

™ Imd+Rs

—
Rd [—— I ]

i
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Memory access

Assembly
language | Action | Format
I I

Lhu Rd, Imd (Rs) 2 bytes from memory [,
at address Imd+Rs opeod rs rd imd
Load half-word = Rd
unsigned I format

" Imd+Rs

Rd [00 00 [ ]
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Memory access

Assembly
language | Action | Format
I I
Sh Rt, Imd (Rs) 2 bytes from Rt L
written into memory opcod s rt imd
Store half-word at address Imd+Rs
1 format

/ = Imd+Rs
Rt
@)
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Memory access

Assembly
language | Action | Format
I I

LbRd,Imd (Rs) 1 byte from memory [,

at address Imd+Rs opeod s rd imd
Load byte = Rd
I format
" Imd+Rs

/_
Re T

i
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Memory access

Assembly

language | Action | Format

Lbu Rd, Imd (Rs) 1 byte from memory [ . .
at address Imd+Rs opcod rs  rd
Load byte = Rd

™ Imd+Rs

—

Rd [00 00 00 ]

imd

unsigned I format

i
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Instruction Set

Arithmetic and logic instructions
Memory access instructions

Control instructions

¢ © O ¢

System instructions

Memory access

/_, T Imd+Rs
Re [ 7]

Assembly
language | Action | Format
I I
Sb Rt, Imd (Rs) 1 byte from Rt L.
written into memory opeod s rt imd
Store byte at address Imd+Rs
I format
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Instruction Set

(@ Unconditional branches (jumps)

(@ Conditional branches

i
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Memory access

Assembly
language | Action Format
I
J label Go to the | |
instruction labeled opeod imd
Jump label
J format

current address | |

[] target address

4 26

_

i
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Memory access

Assembly
language | Action Format
I
JrRs jump to the address [ XXX ]
contained in Rs opeod 1 func
Jump register
R format

| Rs

| target address

Memory Addressing

0000 0000

1000 0000

2000 0000

FFFF FFFF

The memory space is divided
into 16 blocs

Each bloc = 256 Mbytes
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Memory access

current address

Assembly
language Action Format
Jal label jump to the [ ]
subroutine labeled opeod imd
Jump and link label
return address = R31 J format

[] target address

4 26

"

i
\ L p Pirouz Bazargan Sabet

March 2010 ‘




Memory access

Assembly
language | Action | Format
I I

Jalr Rs jump to the address L X X ]

contained in Rs opeod 15 rd func
Jump and link
register return address = R31 R format

[ | Rs

[ | target address

i
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Memory access

Assembly
language | Action | Format
I I
Beq Rs, Rt, label branch to the | Lo |

instruction labeled opcod 151t imd

Branch if equal label if Rs = Rt
1 format

target address

branch inst. addr + 4 + Imd x4

Rs=Rt? \
N next sequential address

Instruction Set

(@ Unconditional branches (jumps)

(@ Conditional branches
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Memory access

Assembly
language | Action | Format
I I
Bne Rs, Rt, label branch to the | P |
instruction labeled opeod 15 1t imd
Branch if not label if Rs = Rt
equal I format

target address

branch inst. addr + 4 + Imd X4

Rs =Rt ? \
N next sequential address

i >
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Memory access

Memory access

Assembly
language | Action | Format
I I
Bltz Rs, label branch to the [, [ ]
instruction labeled opcod 1 imd
Branch if less label if Rs <0 Bits 16 to 21 used to
than zero extend the opcod
I** format

target address

branch inst. addr + 4 + Imd x4

Rs<07? \
N next sequential address

i
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Assembly
language | Action | Format
I I
Blez Rs, label branch to the | . J><|
instruction labeled opcod 1 imd
Branch if less or label if Rs <0
equal zero I format

target address

branch inst. addr + 4 + Imd X4

Rs=<0? \
N next sequential address

i >
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Memory access

Memory access

Assembly
language | Action | Format
I I
Bgtz Rs, label branch to the | L J><|
instruction labeled opeod 1 imd
Branch if greater label if Rs > 0
than zero 1 format

target address

branch inst. addr + 4 + Imd x4

Rs>07? \
N next sequential address

i
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Assembly
language | Action | Format
I I
Bgez Rs, label branch to the | . l |
instruction labeled opeod 15 imd
Branch if greater label if Rs = 0 Bits 16 to 21 used to
or equal Zero extend the opcod
I** format

target address

branch inst. addr + 4 + Imd X4

Rs=07? \
N next sequential address
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Outline

[d Introduction

[ Architecture

(4 Implementation
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Architecture

Software visible registers
Memory Addressing

The instruction set

L O O U

The exception / reset mechanism

March 2010 ‘

Exception / Reset

» Reset mechanism
» Interrupt mechanism

» Exception mechanism

Exception / Interrupt / Reset mechanism :

i
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Exception / Reset

Reset

Re-initialize the system (the processor and all the
other components of the system)

Abort the execution of the current program
All the data are lost

Re-initialize the software (including the OS)

i
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Exception / Reset

Reset Abort the current program
Jump to the Reset Handler

(9 Initialize the address of the next instruction : 0xBFco 0000

(Q Initialize the Status Register :

i
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Exception / Reset

Reset Abort the current program
Jump to the Reset Handler

(9 Initialize the address of the next instruction : 0xBrFco 0000

(Q Initialize the Status Register : 0x0000 0004

Exception / Reset

(@ Status Register

Coproc
/Unusable
Lo o L]
,AntMask /
Hardware Mode

00 10
Software

00
XX

XX

00 : user
xx : kernel
1x : kernel
x1 : kernel

i
\ L p Pirouz Bazargan Sabet March 2010 ‘

i
\ L p Pirouz Bazargan Sabet

March 2010 ‘

Exception / Reset

» Reset mechanism
> Interrupt mechanism

» Exception mechanism

Exception / Interrupt / Reset mechanism :

i
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Exception / Reset

Exception vs. Interrupt

Interrupts are events that require the processor to
perform some operation

Interrupts are normal events during
the life of a program

Exceptions are events that denote a malfunction

in the program
Exceptions are abnormal events during
the life of a program

i
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Exception / Reset

Interrupt Stop executing the current program
Execute the Interrupt Handler
Resume the interrupted program

(9 Initialize the address of the next instruction :
Ebase (31 downto 12) & X”180” : EXH-ADR

Exception / Reset

Interrupt

-

\

]
1
\

i
\ L p Pirouz Bazargan Sabet March 2010 ‘

i
\ L p Pirouz Bazargan Sabet March 2010 ‘

Exception / Reset

Reset Abort the current program
Jump to the Reset Handler

(9 Initialize the address of the next instruction : 0xBrFco 0000

(Q Initialize the Status Register : 0x0000 0004

(Q Initialize the Exception Base Register : 0x8000 0000

i
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Exception / Reset

0000 0000

TFFF\FFFF

FFFF FFFF

‘What happens if an interrupt
occurs during the boot ?

8000 0 — GO to EXH-ADR
00 If the Os is not yet loaded ?

— Go to 0xBFCO 0380

i
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Exception / Reset

Reset Abort the current program
Jump to the Reset Handler

(Q Initialize the Status Register : 0x0040 0004

(9 Initialize the address of the next instruction : 0xBrFco 0000

(Q Initialize the Exception Base Register : 0x8000 0000

i
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Exception / Reset

(@ Status Register

Interrupt Stop executing the current program
Execute the Interrupt Handler
Resume the interrupted program

if BootExcVect =0 EXH-ADR

(9 Set the SR : Mode (Kernel)

Coproc
/ Unusable
IR
/ )Ant Mask /
Boot Exception ~ Hardware Mode
Vector 00 10
Software
o
\LI p Pirouz Bazargan Sabet March 2010 )
4 )
Exception / Reset

(Q Initialize the address of the next instruction :

if BootExcVect = 1 0xBFCO 0380

i
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Exception / Reset

(@ Status Register

Coproc
/Unusable
IR
/ )Ant Mask /
Boot Exception =~ Hardware Mode

Vector . xx x1
Software

i
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Exception / Reset

(@ Status Register

Software

Coproc
/ Unusable
Lol b LD
/ )Ant Mask / \
Boot Exception =~ Hardware Mode Global
Vector 0 Int Mask

(]

i
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Exception / Reset

== e IH

7777777777 7
Int N _— == Z_— Save the context
. Int
~ I __— Restore the context
N 7 N
Do not accept a new interrupt
i until the context is saved
\L p Pirouz Bazargan Sabet
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Exception / Reset

Stop executing the current program
Execute the Interrupt Handler
Resume the interrupted program

Interrupt

if BootExcVect =0 EXH-ADR
if BootExcVect = 1 0xBFCO 0380

(Q Initialize the address of the next instruction :

(9 Set the SR : Mode (Kernel), set the Global Int Mask

i
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Exception / Reset

Interrupt Stop executing the current program
Execute the Interrupt Handler
Resume the interrupted program

(9 Initialize the address of the next instruction :
if BootExcVect =0 EXH-ADR
if BootExcVect = 1 0xBFCO 0380

(9 Save the return address in EPC

(9 Set the SR : Mode (Kernel), set the Global Int Mask
(9 Set the Cause

i
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Exception / Reset

Exception causes

» Interrupt

Exception / Reset

Q Cause Register Interrupt if set to 1

e

R

Anterrupt \

Hardware Exception

Software code

i
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Exception / Reset

Reset Abort the current program
Jump to the Reset Handler

(9 Initialize the address of the next instruction : 0xBrFco 0000
(Q Initialize the Status Register : 0x0040 0004

(Q Initialize the Cause Register : 0x0000 0000

(9 Save the return address into Eepc

(Q Initialize the Exception Base Register : 0x8000 0000

i
\ L p Pirouz Bazargan Sabet March 2010 ‘




Exception / Reset

Exception / Interrupt / Reset mechanism :

» Reset mechanism
» Interrupt mechanism

» Exception mechanism

i
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Exception / Reset

Exception Stop executing the current program
Execute the Exception Handler
Resume the interrupted program

(9 Initialize the address of the next instruction :
EXH-ADR OT 0xBFCO 0380

(Q Save the faulty instruction’s address in EPC

(Q Set the SR : Mode (Kernel), set the Global Int Mask
(Q Set the Cause

(9 Set the BadVAddr

Exception / Reset

Exception

To preserve the integrity
of the system, the faulty
instruction should not be
executed

\

]
1
\

In most of the cases a faulty

i
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I i p program is not resumed, but killed
\ Pirouz Bazargan Sabet March 2010 )

Exception / Reset

Exception causes

» Interrupt

» Overflow

» lllegal read address (data or instruction)
» Illegal write address (data)

» Coprocessor unusable

» Unknown instruction

» Syscall

» Break

» Data bus error

@]
I I p » Instruction bus error
\ Pirouz Bazargan Sabet March 2010 )




Exception / Reset

Exception vs. Interrupt

Interrupts are events that require the processor to
perform some operation

Interrupts are asynchronous
= no emergency

Exceptions are events that denote a malfunction
in the program
An exception is an error

= the faulty instruction should NOT be executed

i
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Instruction Set

(@ Arithmetic and logic instructions

(@ Memory access instructions

(@ Control instructions

(Q System instructions

i
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System instructions

Assembly
language | Action Format
I I
Break n Call the debugger [ ] [ ]
through the opeod n func
Break operating system
R format

Stop executing the current
program and jump to the
Exception Handler

Exception

i
\ L p Pirouz Bazargan Sabet
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System instructions
Assembly
language | Action Format
I I
Syscall Call a service of the [ DXDXDXDX ]
operating system opeod func
System Call
R format
Stop executing the current
program and jump to the
Exception Handler
Exception
i
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System instructions
Assembly
language | Action Format
I I
Eret Return from [ XXX

exception

Exception return

Restore Status Register and
jump to the interrupted
program
Exc if executed under
User mode

N4

Bits #25and 0 to 5
used to extend the
opcod

I** format

i
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System instructions

(@ Status Register

Coproc

/ Unusable

I

/ ’Ant Mask

/ N\

Boot Exception =~ Hardware Mode Global

Vector N
Software

Int Mask

If xx 1x => xx ox

else

=> xx 00

i
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System instructions

Coprocessor 0
Exc if executed under
User mode

Assembly
language | Action Format
I I
MtcO Rt, S Move an integer L[ [T 1 [
register into a opeod nooN /S
Move to Copro 0 register oo

Bits # 21 to 25 used to
extend the opcod

I** format

System instructions

Assembly
language | Action | Format
I I
MfcO Rd, S Move a Copro 0 =
register into an opeod rd

Move from
Coprocessor 0

. . Cop0-r
mteger reglster

Bits # 21 to 25 used to
extend the opcod

Exc if executed under
User mode

I* format

i
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Outline

(4 Introduction

[ Architecture

[ Implementation

i
\ L p Pirouz Bazargan Sabet

March 2010 ‘

Implementation

=D A
Reset "1 == D_Out
<:| D _In
e

ByteSelect
I+ D Rq
| . DRW

Mips 32

Int  =—

<~—— BusError

ol

i
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Implementation

Control Unit

commands {} {} flags

Operating Unit

i
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Implementation
3 u
hS
3
<
opx S
g
K
£y
opy S res
=
S
g =
5 L
X UAL
I
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opx

Implementation

Add/Sub
tri-state

opy

Logic
tri-state

Shifter
tri-state

Lt/Ltu

tri-state

Equ/Neq
tri-state

UAL

res

i
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opx

Implementation

eqz

Add/Sub
tri-state

opy

Logic
tri-state

=07?

Shifter
tri-state

Lt/Ltu
tri-state

Equ/Neq
tri-state

UAL

res

i
\ L p Pirouz Bazargan Sabet

March 2010 ‘

( Implementation \
—<oa————————]
e | ——-
B
9| 0| 8 of |8 S
S | [< S (9] 1S][9] 1] [9] 1 o 8] 15| = S
ORISR 1] 1R 197 (S 5] 1] (8] S| [S] [5]]|s
< tggmmag*h‘u“:‘_ -
k;
PNRVANR VN RVNRANR AN RPN VAN RN AN R AN AN A A DN

opx —— to Alu D_out ===— to Memory
opy —— to Alu

res —— from Alu D_a —wtoMemory

i |
L p Pirouz Bazargan Sabet March ZOIOJ

D_in —===from Memory

Implementation

M1 —Address

M —Sequencer

M —Instruction

Control Unit

V

commands flags

i
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Implementation
M —Address
H—Rom
M —Sequencer
|> opx| apy| alu | res |mem| exc| seq | maa’|
N\ J
@commands flags

Implementation

Opx 1—Functions

i
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Implementation

H—Rom

|> opx| apy| alu | res |mem| exc| seq | maa’|

a
@@@@@@

1 —Address

M —Sequencer

§< 7 commands

flags

\4
\ Pirouz Bazargan Sabet

x_rs :Reg(rs) - opx x_ad :Ad - opx
x_rt Reg(rt) - opx x_ir T - opx
x_ lo Lo - opx x_din :Din - opx
X_hi  HI - opx x_cO0 :0 - opx
x_dad : Dad - opx x.cl 1 - opx
x_dot : Dot - opx x.c2 :2 - opx
x_npc : Nextpc > opx x.cd4 4 - opx
x_cpc :Pc - opx x_clé :16 - opx
o
kLI p Pirouz Bazargan Sabet March 2010)
Implementation
Opy 1U—Functions

y_sr . Status - opy y_co0 :0 - opy
y_cr :Cause > opy ycl 1 - opy
y_ebs :Ebase - opy yec2 :2 - opy
y_bva :BadVad - opy yc4 4 -~ opy
y_epc : Epc - opy y.c8 :8 - opy
y_eep : Eepc - opy y_clé6 :16 - opy
y_dad : Dad - opy y_c24 : 24 -~ opy
y_dot : Dot - opy

March 2010 ‘

i
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Implementation

Alu u—Functions

a_add :x+y - res a_sra
asub :x-y -+ res a_eq
a_and ‘xandy - res a_ne
aor :xory —res a lt
a_xor :xxory - res a_ltu
a_nor :xnory - res

asll :x<«y >res

asrl ‘x»y >res

.’X))y > res
‘X=zy? >res
ixXlzy2 —res
‘x<y?2 >res
‘X<y? >res

i
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Implementation

r_nop :nop
r_rt :res
r_rd :res
r_r3l :res
r_lo :res
r_hi  :res
r_dad :res
r_npc :res

Res u—Functions

r_dot
-+ Reg (rt) r_cr
- Reg (rd) r_xcr
-+ Reg (31) r_sr
-+ Lo r_ebs
- Hr r_bva
-+ Dad r_epc
- Nextpc r_eep

‘res
‘res
‘res
‘res
‘res
‘res
‘res
‘res

- Dot

- Cause
- Cause
- Status
- Ebase
- BadVad
- Epc

-+ Eepc

i
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Implementation

Mem p—Functions

m_nop : nop

m_rdi : read instruction
m_raw : read word
m_wtb : write byte
m_wth : write half-word
m_wtw : write word

i
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e_nop
e ovr
e_sys
e_brk
e _ifa
e_ilw
e _ith
e_ilb

Implementation

Exc u—Functions

: hop

: overfilow

: syscall

. break

. illegal instr addr

. illegal load-word addr
! illegal load-half addr
. illegal load-byte addr

e_isw
e _ish
e isb
e_unk
e_cop
e_ibe
e_dbe
e clr

: illegal store-word addr
: illegal store-half addr
. illegal store-byte addr
: unknown instruction

: coprocessor unusable
:instr bus error

: data bus error

: clear exceptions

i
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Implementation

Seq (i—Functions

s_exc : testexception
s_eqgz : test previous res = 0

. Comes from MAD field

s_opc : testopcod ... XXX XXX ...
s_fun : test func ... XXX XXX ...
s jmp : jump

i x Comes from specified condition
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Outline Micro — programming
Addu rd, rs, 1t
. P e & ¢ o
[ Introduction & & g ¢ ¢ g

Rt co Add | Dad | Nop | Nop | Jmp
[ Architecture Rs | Dad | add | Rd | Nop | Nop | smp

Npc c4 Add | Npc | Nop | Nop | Jmp
[ Implementation co | co | add | nop | Rdi | Nop | Jmp

i i
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Micro — programming Micro — programming

Addu rd, rs, rt
Addu rd, rs, rt

+ N
&Y e &L

Rt co Add | Dad | Nop | Nop | Jmp
Rs Dad | Add Rd Nop | Nop | Jmp

RO-R31 I:

Pc

i i mémoire
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Micro — programming Micro — programming

Addu rd, rs, rt

(Cinsti C————" #program

A

i &

S o
,,,,,,,,,,,, ()Q qf((? @Q’ Q\“ 5‘(:0

%

£ insti+1 1 _ Npc c4 Add | Npc | Nop | Nop | Opc

8] e .

a < e S —— u-—inst Rt co Add | Dad | Nop | Nop | Jmp

IS o J—

s insti2 | —— Nop Rs Dad | Add | Rd | Nop | Nop | Jmp
—_— M —inst

co co Add | Nop Rdi | Nop | Jmp

| insti#3—— N the y—program of all the

instructions should end

O . . . o
I I p with a Nop p —instruction I I p
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Micro — programming Micro — programming

Addu rd, rs, rt

(Cinsti C————" #program

A

i &

> o & ¢ o
777777777777 & R RN s S

insti+l 1

g e Npc c4 Add | Npc | Nop | Nop Opc

8] — .

a < e S —— u-—inst Rt co Add | Dad | Nop | Nop Fun

o . . _

E. /nstl+2|:l\ B Nop Rs Dad | Add Rd Nop | Nop | Jmp
e M —inst

co co Add | Nop Rdi | Nop | Jmp

| insti#3—— N the y—program of all the

instructions should start

o : ; ; o
I I p with a Nop p —instruction I I p
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Micro — programming

Addu rd, rs, rt

mémoire

i
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Outline Implementation- Reset

M —Address

H—Rom
(4 Introduction

M —Sequencer

[ Architecture

|> apx| opy| alu | res |mem| exc| seq | mad|

a
@@@@@@

flags
©)
commands
\4
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[ Implementation

Reset Interrupt
Reset Abort the current program Interrupt Stop executing the current program
Jump to the Reset Handler Execute the Interrupt Handler

Resume the interrupted program
Q Initialize the address of the next instruction : 0xBFco 0000

(9 Initialize the address of the next instruction :

(9 Initialize the Status Register : 0x0040 0004 ;gg‘”’gxc“;@c; :(1) e 0380
ootLxcvect = X

(9 Initialize the Cause Register : 0x0000 0000 (3 Save the return address in EPC

(9 Save the return address into Eepc (9 Set the SR : Mode (Kernel), set the Global Int Mask

(9 Initialize the Exception Base Register : 0x8000 0000 (@ Set the Cause

i i
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OQ+

Micro — programming

Addu rd, rs, rt

S\

S S o
g » @ ¢ &

Npc
Rt
Rs
co

c4 Add | Npc | Nop | Nop | Opc
co Add | Dad | Nop | Nop Fun
Dad | Add Rd Nop | Nop | Jmp
co Add | Nop | Rdi | Nop Exc

i
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OQ+

Micro — programming

Addu rd, rs, rt

S\

S ¢ 0
S € ¥ F 4

Npc
Rt
co
Rs
co

N

c4 Add | Npc | Nop | Nop | Opc
co Add | Dad | Nop | Nop Fun
co Add | Nop | Nop lia Jmp
Dad | Add Rd Nop | Nop | Jmp

co Add | Nop Rdi | Nop Exc

Implementation- Reset

(S

"\ u-Address

H—Rom
J

|> apx| opy| alu | res |mem| exc| seq | mad|
nop | nop

M —Sequencer

% 7 commands

flags

i
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Micro — programming

Addu rd, rs, rt

A

> 6 & ¢ ©
g ¥ F

Npc
Rt
co
Rs
co

c4 Add | Npc | Nop | Nop | Opc
co Add | Dad | Nop | Nop Fun
co Add | Nop | Nop lia Jmp
Dad | Add Rd Nop | Nop | Jmp
co Add | Nop | Rdi Ibe Exc

i
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