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Course QOverview

 What will you do?

— simulate a MIPS CPU
* Pipeline
* Cache
e Advance module (or Simics)

 What will you use?
— Modelsim 6.5b SE
— Verilog



TAS

* Diyi Yang (M —)

* Hongyu Zhu (AHT5)

e Liuli Chen ([&JEMFD



Schedule

3.2: First lecture(Pipeline)

3.25(tentative): Deadline for Pipeline Phase &&
Second lecture(Cache)

4.16(tentative): Deadline for Cache Phase &&
Third lecture(Optional Module)

5.8(tentative): Final submit
5.15(tentative): Presentation

No Delay!



MIPS architecture

e What is MIPS?

— Microprocessor without Interlocked Pipeline
Stages

— a reduced instruction set
computer (RISC) instruction set architecture (ISA)
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Main components

CPU RIS
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Registers && Memory

Prograrm counter

Register file

32 bits

0x0000_0000
Ox0000_0001
Ox0000_0002
Ox0000_0003
0x0000_0004
0x0000_0005
0x0000_0006
0x0000_0007
Ox0000_0008

OXFFFF_FFFE
OXFFFF_FFFF

Memory

> Word




Instructions

[ opcode ] r=s 1 [ re 1 [ ro ] [ shawmt ] [ funct ]
31 26 25 21 20 16 15 11 10 6 5 o
[ opcode ] rs 1 L re 1 [ immediate ]
31 26 25 21 20 16 15 O
[ opocode ] address ]

mmmmmmmm
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Instructions(cont.)

BRERME B EERS AN (— ) A (=) 7 BonusiX
BOAEER @® orco

ACM104%j IRRIR] >

e See Green Card

e | Rin={24'50M[R(rs]
Unsigned 1ou | Saentamiao | @) /20
e 1 RIE=(160MRI]
+SignExtimm](

150 (@ /e

| MROFSEEdmm0= o
: R[n)(7:0) @)
2" M[R(rs}+SignExtimm}(15:0) =

unsigned numbers (vs. 2 s comp.)

R[ogode [ m | n | | sham funct |
3 2625 . 21 20 16 15 1110 65 0
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Instructions(example)

add rd, rs, rt ; rd = rs + rt

op rs rt rd sQ funct
000000 rs rf rd 00000 100000
6-bit 5-bit 5-bit 5-bit 5-bit 6-bit
[3..0]

x000D ADD

x100 SUB

x001 AND

x101 OR

x01D XOR

x110 LUI

0011 SLL

0111 SRL

1111 SEA

clock




Instructions(example)

lw rt, imm(rs) ; rt <-— memory|[rs + (sign) imm]
op rs rt imm
100011 rs rt imm
&6-bit 5-bit 5-bit 16-bit
Register File
5

s ———>

(sign)imm Dc::’rc::




Instructions(example)

beq rs, rt, imm; 1if (rs==rt)PC<—-PC+4+ (sign)imm<<2

op rs rt imm

000100 Is rt imm

6-bit 5-bit 5-bit 16-bit
Register File mMux2x.32

PC




Instructions(example)

] addr ; PC<— (PC+4) [31..28],addr<<?2
op addr
000010 addr
&6-bit 26-bit
Register File

PC
(PC + 4)[31..28], addr << 2 — 2|
3] —2 PC + 4




Single sycle CPU




Cut them into stages

IF — Instruction Fetch EXE — (EXEcution)
ID — Instruction Decode MEM — (MEMory access) WB — (Write Back)
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How pipeline works

single cycle I I I i i I I I > time

"
add

multiple cycle




hazard

e Structural dependency
— Add hardwares
— Compiler
e Control dependency
— Delayed branch
— *Dynamic branch prediction

 Data dependency
— Compiler

— Forwarding
— Stall



Delayed branch

| IF ID EXE MEM WB |

force to
excute

Branch Target



Ambiguity

* Injal, the return address in Sra is PC+4 instead
of PC+8



Data dependency

sub $6,§£,$5

and $7,3%7,54

or $8,%54,58

xor $9,%9,54



Forwarding

add $_4r 52 r $3- T | R . . S S i [ R | |

sub $6, 54,355

and $?,$?,§E

or $8,54,38

xor 59,359,354



s

3 kinds of forwardings

Forward ALU result from EXE stage to ID stage
Forward ALU result from MEM stage to ID stage
Forward MEM result from MEM stage to ID stage

e
'®




1w $4,0(53)
sub $6, 54, $5
and 57,57, %4

or $8,%4,58

Iw  $4,0(53)
stall

sub $6,54,55
and $7,57, 54

or $8,54,5$8

xor $9,%59,54



Pipeline
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Parameters

Cycle: 4(2*2) clocks / cycle
-

— always #2 clock = ~clock; (bonus: #1)

Memory: 10 clocks but no delay in this phase

— instructions and data share the same memory
1st level cache: 3 clocks
2nd level cache: 5 clocks



Self-modifying code

e code that alters its own instructions while it
IS executing

* See wikipedia for more information
— http://en.wikipedia.org/wiki/Self-modifying _code



A simple demo



How to start

nttp://mips.acm-project.org/
_earn Verilog.

nstall Modelsim.
Slides of liyamin



Some other words...

This is an open project, try to shock TAs.

NO CHEALT.
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