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Instruction [25-0] . Jump address [31-0]
. [ Shift),
c\left2/
&t 28 | PC+4[31-28) -0 L
> Add . |+ M M
X X
4 —» o Add -1 ~{0
RegDst | Shift '.*
/ Jump \left 2/
/ \ Branch ~——
[ \ MemRead
Instruction [31-26] | MemtoReg
|| Control ALUO
\ | MemWrite
\ | ALUSrc
‘-\ RegWrite
Instru 1
Read
address ~
Instru
Instruction
B1-0] [ reccREAd| AN
Instruction | |/|,cction (1511 "
memory | |e- . __ 5;(] =
Registers . Data
data memory
Instruction [15-0 16 [ gign- | 32 / '
o0 |6 [see 2] () |
\extend/ \.Comﬂ-’
Instruction [5-0] I
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ID: Instruction decode & register read
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EX: Execute operation or calculate address absls L (,.}Lg.nm o

OLY)s dwl plivgd — [ gR
MEM: Access memory operand -
w

WB: Write result back to regi
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Instr Instr Register | ALU Memor | Register write | Total
fetch read op y access time
w 200ps | 100 ps 200ps | 200ps | 100 ps 800ps
SW 200ps | 100 ps 200ps | 200ps 700ps
R-format | 200ps | 100 ps 200ps 100 ps 600ps
beq 200ps | 100 ps 200ps 500ps
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Clock |

Time
needed

Time
allotted Instr 1 Instr 2 Instr 3 Instr 4

CIockJ |

Time , {.1“
needed

3 cycles 5 cycles 3 cycles 4 cycles
Time
allotted Instr 1 Instr 2 Instr 3 Instr 4
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0.1@4/ CA cde ¢ odac cga@:n_/

01
Corrections Sysca///‘dw:[; 1 30
are shown in ;
red Inst Reg ALUZero !
Address ALLVOV E
PC : ZReg|| 4
: = 1=
~ | | K
{B~ Cache -9--. - :—o::
I —p : : | :
T T T |
| i|pad | SR
V[ P13 ALUout)| |
] ' | | DataReq | . ! |
| I | | L : | |
I | I | == ! | | |
I : t ¥ : , | |
| } : : - ¥ + |
: | L L op| | M b | | | . : '
! InstData :Mem Write ! vy | eqinSrc ALUSrcX | ALUFunc ! PCS.
PCWrite MemRead — IRWrite  RegDst RégWr/z‘e ALUSrcY JumpAdadr
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Cycle 1 Cycle 2 Cycle 3 Cycle 4

Cycle 5

Notes for State 5:

% Oforj or jal, 1forsyscall,
don'’t-care for other instr’s Jump/

@ Oforj, jal, and syscall, Branch
1for jr, 2for branches

# 1forj,jr,jal,andsyscall,
ALUZero (') for beq (bne),
bit 31 of ALUoutfor bltz

For jal, RegDst = 2, RegInSrc =1,
RegWrite = 1

State 0
Inst’'Data = 0

State 5
ALUSrcX =1
ALUSrcY =1
ALUFuUnc =~
JumpAddr =%
PCSrc =@
PCWrite = #

State 6

Inst’'Data = 1
MemWrite =1

State 1 State 2 State 3

w/

Mﬁ?rvv$ﬁg<1211 ALUSrcX = 0 sw ALUSrcX = 1 Iw Inst'Data = 1
ALUSrcX =0 ALUSrcY =3 ALUSrcy =2 MemRead = 1
ALURune = 4 ALUFunC = + ALUFuNC = +

PCSrc =3

PCWrite =

Start Speculative
calculation of
branch address

State 7 State 8

ALUSrcX =1
ALUSrcY =1or 2
ALUFunc = Varies

Note for State 7:
ALUFunc is determined based ALU-
on the op and fn fields type

RegInSrc =1
RegWrite =1
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RegDst=0o0r 1

Branches based
on instruction

State 4

RegDst =0
ReginSrc =0
RegWrite = 1
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—» ControlSt0
— ControlStl
—» ControlSt2
—» ControlSt3
—» ControlSt4
— ControlSt5
—» ControlSt6
—» ControlSt7
—» ControlSt8
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op Decoder

g W DN - O

10

12
13
14
15

35

43

Rtypelnst

— bltzinst
— jInst
— jallnst
— beglnst
— bnelnst

3 addilnst
—» sltilnst

—» andilnst
— orilnst
—» xorilnst
— |uilnst

— |winst

—» swinst

fn Decoder

12

32

34

36
37

38
39

42

— jrinst

— syscalllnst

— addlInst
—— sublinst

— andinst
— orinst

— xorinst
— norinst

L3 sltinst




microprogram

unc =+ unc =
rc =3

Note for State 7:
ALUFunc is determined based
on the op and n fields
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Register ALU ALU  Sequence
control control control inputs function control
Jum pAddr FnType
PCSrc LogicFn
PCWrite Add’'Sub
ALUSIcY
InstData ALUSrcX
MemRead RegInSrc
MemWrite RegDst
IRWrite RegWrite !
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» 1 Microprogram ]

»2 1 » memory or PLA N

Dispatch | || "3 Address X

o> 0 P!
table 2 |

Data ! |

A . :

Microinstruction register E :
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Single-cycle (T.= 800ps)

Program
execution T 200 400 600 800 1000 1200 1400 1600 1800
order I I I | | I I I I
(in instructions)

w $1, 100($0) | """ (Reg| AU | D22 | Reg

lw $2, 200($0) 800 ps nsiuction| peg| ALy | D@ | Reg

w $3, 300($0) ) 800 ps instruction

. . 800 ps
Pipelined (T.= 200ps)
Program
execution 200 400 600 800 1000 1200 1400
ime T T T T T T T

order

(in instructions)

w $1,100(80) | e [Reg| ALU | %3 |Reg

w $2, 200($0) 200 ps | ™" |reg| AU | D22 Ipeq

lw $3, 300($0) 200 ps |"ecton]  |Reg| ALU | 0% |Reg

200 ps 200 ps 200 ps 200 ps 200 ps
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Time between instructions

pipelined

= Time between instructions

umer i stages

nonpipelined
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1,000,000 800ps+2400

800002400ps _ 800pS _ , o

200001400ps  200ps

1,000,000 200ps+1400ps
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Latency

Pipelined:
Clock rate = 500 MHZz
CPI=1

Single-cycle:
Clock rate = 125 MH~z
CPlI=1
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