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Simple Processor DesignSimple Processor Design
Single Cycle ImplementationSingle Cycle Implementation

Chapter 5.1Chapter 5.1--5.4 5.4 
EEC170 FQ 2005EEC170 FQ 2005

““How to eat an elephant?  One How to eat an elephant?  One 
byte at a timebyte at a time””
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Review: CPI
Machine CPI

5 x 30 + 1 x 20 + 2 x 20 + 2 x 10 + 2 x 20

100
= 2.7 cycles/instruction

Program
Instruction Mix

Where 
program 
spends 
its time
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Review: Amdahl’s Law (of Diminishing 
Returns)

If enhancement “E” speeds up 
multiply, but other instructions 

are unchanged, what is the 
maximum speedup S? 

Where 
program
spends 
its time

Smax =
1

1 - (% affected / 100 %)
1

1 - (50/100)
= 2= 

Attributed to Gene Amdahl -- “Amdahl’s Law”
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How to Design a Simple Processor: ste
1. Analyze instruction set => datapath 1. Analyze instruction set => datapath requirementsrequirements

•• the meaning of each instruction is given by the the meaning of each instruction is given by the register transfersregister transfers
•• datapath must include storage element for ISA registersdatapath must include storage element for ISA registers

possibly morepossibly more

•• datapath must support each register transferdatapath must support each register transfer

2. Select set of datapath components 2. Select set of datapath components 
•• establish clocking methodologyestablish clocking methodology

3. 3. AssembleAssemble datapath meeting the requirementsdatapath meeting the requirements

4. Analyze implementation of each instruction to 4. Analyze implementation of each instruction to 
determine setting of control points that effects the determine setting of control points that effects the 
register transfer.register transfer.

5. Assemble the control logic5. Assemble the control logic
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Review: R-Format 
Instructions

Define Define ““fieldsfields”” of the following number of the following number 
of bits each: 6 + 5 + 5 + 5 + 5 + 6 = 32of bits each: 6 + 5 + 5 + 5 + 5 + 6 = 32

6 5 5 5 65

opcode rs rt rd functshamt

For simplicity, each field has a name:For simplicity, each field has a name:
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Review: I-Format 
InstructionsDefine Define ““fieldsfields”” of the following number of of the following number of 

bits each:bits each:

6 bits 16 bits

Each field has a name:Each field has a name:

Key ConceptsKey Concepts
•• Keep Keep opcodeopcode field identical to Rfield identical to R--format and Jformat and J--

format for consistency.format for consistency.
•• Can specify jumps and address displacement Can specify jumps and address displacement 

within (roughly) within (roughly) ±±2215 15 range.range.

5 bits 5 bits

opcode immediaters rt
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Review: J-Format 
InstructionsDefine Define ““fieldsfields”” of the following number of of the following number of 

bits each:bits each:

6 bits 26 bits

opcode target address

As usual, each field has a name:As usual, each field has a name:

Key ConceptsKey Concepts
•• Keep Keep opcodeopcode field identical to Rfield identical to R--format and Iformat and I--

format for consistency.format for consistency.
•• Combine all other fields to make room for large Combine all other fields to make room for large 

target address.target address.
8

J-Format Instructions 
(2/2)

Summary:Summary:
•• New PC = { PC[31..28], target address, 00 }New PC = { PC[31..28], target address, 00 }

Understand where each part came from!Understand where each part came from!

Note: In Note: In VerilogVerilog, , 
{ , , } means concatenation { , , } means concatenation 
{ 4 bits , 26 bits , 2 bits } = 32 bit address{ 4 bits , 26 bits , 2 bits } = 32 bit address

•• { 1010, 11111111111111111111111111, 00 } { 1010, 11111111111111111111111111, 00 } 
= 10101111111111111111111111111100= 10101111111111111111111111111100

9

Instruction Path Components
Requires three componentsRequires three components

Instruction MemoryInstruction Memory Program CounterProgram Counter AdderAdder

Instruction
Address

Instruction

InstructionInstruction
MemoryMemory

PCPC Sum
ADDADD
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Instruction Path
Increments to next word in instruction Increments to next word in instruction 
memorymemory

Instruction
Address

Instruction

InstructionInstruction
MemoryMemory

PCPC

ADDADD

44
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ThirtyThirty--two 32two 32--bit registersbit registers
•• Register Register specifiersspecifiers from instruction fields from instruction fields RsRs, , 

RtRt and Rdand Rd

Register File

Read
register 1

Read
register 2

Read
data 1

Read
data 2

RegistersRegisters

DataData
InIn

RegisterRegister
SpecifiersSpecifiers

Write
Data

Write
register

55

DataData
OutOut

RegWriteRegWrite

55

55

3232
3232

3232

ClockClock 12

Register File Read

ReadRead
register 1register 1

ReadRead
register 2register 2

ReadRead
data 1data 1

ReadRead
data 2data 2

RegistersRegisters

WriteWrite
DataData

WriteWrite
registerregister

RegWriteRegWrite

RsRs

RtRt

ClockClock

RtRt MM
UU
XXRdRd

RegDestRegDest
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Register File Write: R-Type

ReadRead
register 1register 1

ReadRead
register 2register 2

ReadRead
data 1data 1

ReadRead
data 2data 2

RegistersRegisters

WriteWrite
DataData

WriteWrite
registerregister

RegWriteRegWrite

RsRs

RtRt

ClockClock

RtRt M
U
XRdRd

RegDestRegDest
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M
U
X

M
U
X

ReadRead
Register 1Register 1

ReadRead
Data 1Data 1

ReadRead
Data 2Data 2

ReadRead
Register 2Register 2

Register 0Register 0

RegisterRegister 11

RegisterRegister 3030

Register 31

Register File Design
Register Read

15

RegWriteRegWrite

WriteWrite
RegisterRegister

WriteWrite
DataData

WE

Data

WE

Data

WE

Data

0
11

30
31

n-to-1
decoder

Register File Design
Register Write

Register 0Register 0

Register 1Register 1

Register 30

Register 31
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Register File Design: 
Complete

M
U
X

M
U
X

ReadRead
Register 1Register 1

ReadRead
Data 1Data 1

ReadRead
Data 2Data 2

RegWriteRegWrite

WriteWrite
RegisterRegister

WriteWrite
DataData

ReadRead
Register 2Register 2

Register 0Register 0

Register 1
WE

Data

Register 30
WE

Data

Register 31
WE

Data

0
1

30
31

n-to-1
decoder
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ALU
We already know internal ALU designWe already know internal ALU design

•• Will see ALU Operation controlWill see ALU Operation control--line line 
specification laterspecification later

ALUALU
Zero

ALU
Result

ALU OperationALU Operation44
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R-Type Instruction Datapath
RegisterRegister--file output goes directly to ALUfile output goes directly to ALU

Read
register 1

Read
register 2

Read
data 1

Read
data 2

RegistersRegisters
InstructionInstruction

Write
Data

Write
register

ALU OperationALU Operation

ALUALU

ALU
Result

44
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Sign Extension ‘Unit’
Converts a 16Converts a 16--bit signed integer to a 32bit signed integer to a 32--bit bit 
signed integer to make ALU input uniformsigned integer to make ALU input uniform

•• Only need to replicate (fan out) MSB of 16Only need to replicate (fan out) MSB of 16--bit bit intint

1616 3232
Sign
Extend

20

Data Memory Unit
Separate memory units for Instructions Separate memory units for Instructions 
and Data so they can be accessed during and Data so they can be accessed during 
same cyclesame cycle

Data
Address

Read
Data

DataData
MemoryMemory

Write
Data

MemReadMemRead

MemWriteMemWrite
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Data Path for Load & Store
ALU is used to compute Address = ALU is used to compute Address = RsRs + + 
offsetoffset

Read
register 1

Read
register 2

Read
data 1

Read
data 2

RegistersRegisters

InstructionInstruction

Write
Data

Write
register

ALU OperationALU Operation

ALUALU

ALU
Result

44 MemWriteMemWrite

MemReadMemRead

RegWriteRegWrite
Write
Data

DataData
MemoryMemory

Sign
Extend

Address
Read
Data

1616 3232
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Data Path for R-Type, Load 
& Store

ALU B input and ALU B input and RegReg Write Data are Write Data are 
selectedselected based on instruction typebased on instruction type

Read
register 1

Read
register 2

Read
data 1

Read
data 2

RegistersRegisters

InstructionInstruction

Write
Data

Write
register

ALU OperationALU Operation

ALUALU

ALU
Result

44 MemWriteMemWrite

MemtoRegMemtoReg

MemReadMemRead

RegWriteRegWrite

ALUSrcALUSrc

Write
Data

DataData
MemoryMemory

Sign
Extend

Address Read
Data

1616 3232

0

M
U
X

1

0

M
U
X

1
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Shift Left 2 ‘Unit’
NotNot a barrel shifter as we saw in the ALU a barrel shifter as we saw in the ALU 
design, rather simply a shift of the wiringdesign, rather simply a shift of the wiring

•• Delete two Delete two MSBsMSBs (wires), insert two zero (wires), insert two zero LSBsLSBs
(wires) (wires) 

3232 3232
Shift
left 2
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Branch Computation
Must compute PC + 4 + word offset using Must compute PC + 4 + word offset using 
dedicated Adder, Equal (Zero) using ALUdedicated Adder, Equal (Zero) using ALU

InstructionInstruction

PC+4 from instruction pathPC+4 from instruction path

BranchBranch
targettarget

To branchTo branch
control logiccontrol logic

Read
register 1

Read
register 2

Read
data 1

Read
data 2

RegistersRegisters

Sign
Extend

1616 3232

Shift
Left 2

Sum

ALUALU

AddAdd

Zero

ALU OperationALU Operation44
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ALU Operation 
Four ALU Operation lines are used to Four ALU Operation lines are used to 
encode our MIPS instruction subsetencode our MIPS instruction subset

NORNOR11001100
set less thanset less than01110111

subtractsubtract01100110
addadd00100010
OROR00010001

ANDAND00000000
FunctionFunctionALU OperationALU Operation

ALUOpALUOp

ALU
Control

Instruction [5Instruction [5--0]0]
ALUALU
OperationOperation

44
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ALU Operation Specification
ALU Operation is based on ALU Operation is based on ALUOpALUOp and and 
FunctFunct Field inputsField inputs

01110111set less thanset less than101010101010set less thanset less than1010RR--TypeType
00010001oror100101100101OROR1010RR--TypeType
00000000andand100100100100ANDAND1010RR--TypeType
01100110subtractsubtract100010100010subtractsubtract1010RR--TypeType
00100010addadd100000100000addadd1010RR--TypeType
01100110subtractsubtractxxxxxxxxxxxxbranch equalbranch equal0101Branch EqualBranch Equal
00100010addaddxxxxxxxxxxxxstore wordstore word0000SWSW
00100010addaddxxxxxxxxxxxxload wordload word0000LWLW

ALU ALU 
OperationOperation

ALU ActionALU ActionFunctFunct FieldFieldInstruction OperationInstruction OperationALUOpALUOpInstruction Instruction 
OpcodeOpcode
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Complete Data Path
Allows RAllows R--type, Itype, I--type, LW/SW and Branchtype, LW/SW and Branch

Read
Address

Instruction
[31-0]

PC

Instruction
Memory

Instruction [25Instruction [25--21]21]

Instruction [20Instruction [20--16]16]

InstrInstr. [15. [15--11]11]

Instruction [15Instruction [15--0]0]

Read
register 1

Read
register 2

Write
register

Write
data

Read
data 1

Read
data 2

Registers

1

0

ALU
result

Add

Shift
left 2

RegDstRegDst

PCSrcPCSrc

MemReadMemRead

MemtoRegMemtoReg

ALUOpALUOp

MemWriteMemWrite

ALUSrcALUSrc

RegWriteRegWrite

Write
data

Address Read
data

Data
Memory

44

Add

ALU
result

ZeroALU

32321616 Sign
Extend

Instruction [5Instruction [5--0]0]

ALU
Control

1

0

M
U
X M

U
X

M
U
X

0

1

0

1
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Main Control Unit
Control unit takes Control unit takes opcodeopcode as input, as input, 
produces control lines as outputproduces control lines as output

Control

BranchBranch

MemReadMemRead

MemtoRegMemtoReg

ALUOpALUOp

MemWriteMemWrite

ALUSrcALUSrc

RegWriteRegWrite

RegDstRegDst

Instruction [31Instruction [31--26]26]
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Control Unit Specification
OpcodeOpcode in, various control lines out in, various control lines out 

110011000000XX00XXBEQBEQ

000000110000XX11XXSWSW

000000001111111100LWLW

001100000011000011RR--TypeType

ALUOp2ALUOp2ALUOp1ALUOp1BranchBranchMemMem
WriteWrite

MemMem
ReadRead

RegReg
WriteWrite

MemtoMemto
RegReg

ALUALU
SrcSrc

RegReg
DstDst

InstrInstr

30

Announcements!
HW #3 is onlineHW #3 is online

•• Due Friday November 4Due Friday November 4thth at 5pm.at 5pm.

30~45 min Quiz 30~45 min Quiz 
•• On Monday On Monday 

yes, this coming Monday, i.e.,  10/31yes, this coming Monday, i.e.,  10/31

•• Chapter 1, 2 and 3.Chapter 1, 2 and 3.
•• You have finished homework on these chapters by You have finished homework on these chapters by 

Monday => should be straight forward.Monday => should be straight forward.

MidtermMidterm
•• In two weeks (wed 11/9)In two weeks (wed 11/9)
•• Chapters 1Chapters 1--55
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31

3232

Datapath with Control Unit

44

Read
Address

Instruction
[31-0]

1616

0

1

0

1

1

0

Write
data

Address Read
data

ALU
result

Zero

Add

PC

Instruction
Memory

Sign
Extend ALU

Control

Data
Memory

Read
register 1

Read
register 2

Write
register

Write
data

Read
data 1

Read
data 2

Registers

M
U
X M

U
X

M
U
X

M
U
X

ALU

Control
InstrInstr.  [31.  [31--26]26]

Instruction [25Instruction [25--21]21]

Instruction [20Instruction [20--16]16]

InstrInstr. [15. [15--11]11]

Instruction [15Instruction [15--0]0]

Instruction [5Instruction [5--0]0]

RegDstRegDst

BranchBranch
MemReadMemRead
MemtoRegMemtoReg
ALUOpALUOp
MemWriteMemWrite
ALUSrcALUSrc
RegWriteRegWrite

1

0

ALU
result

Add

Shift
left 2

32

3232

R-Type Phase 1: Fetch

44

Read
Address

Instruction
[31-0]

Read
register 1

Read
register 2

Write
register

Write
data

Read
data 1

Read
data 2

1616

0

1

0

1

1

0

1

0

Write
data

Address Read
data

ALU
result

ALU
result

Zero

Add

PC

Instruction
Memory

Sign
Extend ALU

Control

Data
Memory

Registers

M
U
X M

U
X

M
U
X

M
U
X

ALU

Add

Control

Shift
left 2

InstrInstr.  [31.  [31--26]26]

Instruction [25Instruction [25--21]21]

Instruction [20Instruction [20--16]16]

InstrInstr. [15. [15--11]11]

Instruction [15Instruction [15--0]0]

Instruction [5Instruction [5--0]0]

RegDstRegDst

BranchBranch
MemReadMemRead
MemtoRegMemtoReg
ALUOpALUOp
MemWriteMemWrite
ALUSrcALUSrc
RegWriteRegWrite
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3232

44

Read
Address

Instruction
[31-0]

ReadRead
register 1register 1

ReadRead
register 2register 2

Write
register

Write
data

ReadRead
data 1data 1

ReadRead
data 2data 2

1616

0

1

00

1

1

0

1

0

Write
data

Address Read
data

ALU
result

ALU
result

Zero

Add

PC

Instruction
Memory

Sign
Extend ALU

Control

Data
Memory

Registers

M
U
X M

U
X

M
U
X

M
U
X

ALU

Add

Control

Shift
left 2

InstrInstr.  [31.  [31--26]26]

Instruction [25Instruction [25--21]21]

Instruction [20Instruction [20--16]16]

InstrInstr. [15. [15--11]11]

Instruction [15Instruction [15--0]0]

Instruction [5Instruction [5--0]0]

RegDstRegDst

BranchBranch
MemReadMemRead
MemtoRegMemtoReg
ALUOpALUOp
MemWriteMemWrite
ALUSrcALUSrc
RegWriteRegWrite

R-Type Phase 2: Reg Read

34

3232

44

Read
Address

Instruction
[31-0]

Read
register 1

Read
register 2

Write
register

Write
data

Read
data 1

Read
data 2

1616

0

1

00

1

1

00

1

00

Write
data

Address Read
data

ALU
result

ALU
result

Zero

Add

PC

Instruction
Memory

Sign
Extend ALU

Control

Data
Memory

Registers

M
U
X M

U
X

M
U
X

M
U
X

ALU

Add

Shift
left 2

InstrInstr.  [31.  [31--26]26]

Instruction [25Instruction [25--21]21]

Instruction [20Instruction [20--16]16]

InstrInstr. [15. [15--11]11]

Instruction [15Instruction [15--0]0]

Instruction [5Instruction [5--0]0]

RegDstRegDst

BranchBranch
MemReadMemRead
MemtoRegMemtoReg
ALUOpALUOp
MemWriteMemWrite
ALUSrcALUSrc
RegWriteRegWrite

Control

R-Type Phase 3: ALU Op

35

3232

44

Read
Address

Instruction
[31-0]

Read
register 1

Read
register 2

WriteWrite
registerregister

WriteWrite
datadata

Read
data 1

Read
data 2

1616

0

11

0

1

1

00

1

00

Write
data

Address Read
data

ALU
result

ALU
result

Zero

Add

PC

Instruction
Memory

Sign
Extend ALU

Control

Data
Memory

Registers

M
U
X M

U
X

M
U
X

M
U
X

ALU

Add

Control

Shift
left 2

InstrInstr.  [31.  [31--26]26]

Instruction [25Instruction [25--21]21]

Instruction [20Instruction [20--16]16]

InstrInstr. [15. [15--11]11]

Instruction [15Instruction [15--0]0]

Instruction [5Instruction [5--0]0]

RegDstRegDst

BranchBranch
MemReadMemRead
MemtoRegMemtoReg
ALUOpALUOp
MemWriteMemWrite
ALUSrcALUSrc
RegWriteRegWrite

R-Type Phase 4: Reg Write
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3232

44

Read
Address

Instruction
[31-0]

Read
register 1

Read
register 2

Write
register

Write
data

Read
data 1

Read
data 2

1616

0

1

0

1

1

0

1

0

Write
data

Address Read
data

ALU
result

ALU
result

Zero

Add

PC

Instruction
Memory

Sign
Extend ALU

Control

Data
Memory

Registers

M
U
X M

U
X

M
U
X

M
U
X

ALU

Add

Control

Shift
left 2

InstrInstr.  [31.  [31--26]26]

Instruction [25Instruction [25--21]21]

Instruction [20Instruction [20--16]16]

InstrInstr. [15. [15--11]11]

Instruction [15Instruction [15--0]0]

Instruction [5Instruction [5--0]0]

RegDstRegDst

BranchBranch
MemReadMemRead
MemtoRegMemtoReg
ALUOpALUOp
MemWriteMemWrite
ALUSrcALUSrc
RegWriteRegWrite

ALU Immediate Phase 1: Fetch
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3232

44

Read
Address

Instruction
[31-0]

Read
register 1

Read
register 2

Write
register

Write
data

Read
data 1

Read
data 2

1616

0

1

0

11

1

0

1

0

Write
data

Address Read
data

ALU
result

ALU
result

Zero

Add

PC

Instruction
Memory

Sign
Extend ALU

Control

Data
Memory

Registers

M
U
X M

U
X

M
U
X

M
U
X

ALU

Add

Control

Shift
left 2

InstrInstr.  [31.  [31--26]26]

Instruction [25Instruction [25--21]21]

Instruction [20Instruction [20--16]16]

InstrInstr. [15. [15--11]11]

Instruction [15Instruction [15--0]0]

Instruction [5Instruction [5--0]0]

RegDstRegDst

BranchBranch
MemReadMemRead
MemtoRegMemtoReg
ALUOpALUOp
MemWriteMemWrite
ALUSrcALUSrc
RegWriteRegWrite

ALU Immediate Phase 2: Reg
Read
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3232

44

Read
Address

Instruction
[31-0]

Read
register 1

Read
register 2

Write
register

Write
data

Read
data 1

Read
data 2

1616

0

1

00

11

1

00

1

00

Write
data

Address Read
data

ALU
result

ALU
result

Zero

Add

PC

Instruction
Memory

Sign
Extend ALU

Control

Data
Memory

Registers

M
U
X M

U
X

M
U
X

M
U
X

ALU

Add

Shift
left 2

InstrInstr.  [31.  [31--26]26]

Instruction [25Instruction [25--21]21]

Instruction [20Instruction [20--16]16]

InstrInstr. [15. [15--11]11]

Instruction [15Instruction [15--0]0]

Instruction [5Instruction [5--0]0]

RegDstRegDst

BranchBranch
MemReadMemRead
MemtoRegMemtoReg
ALUOpALUOp
MemWriteMemWrite
ALUSrcALUSrc
RegWriteRegWrite

Control

ALU Immediate Phase 3: ALU 
Op
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3232

44

Read
Address

Instruction
[31-0]

Read
register 1

Read
register 2

WriteWrite
registerregister

WriteWrite
datadata

Read
data 1

Read
data 2

1616

00

11

0

1

1

00

1

00

Write
data

Address Read
data

ALU
result

ALU
result

Zero

Add

PC

Instruction
Memory

Sign
Extend ALU

Control

Data
Memory

Registers

M
U
X M

U
X

M
U
X

M
U
X

ALU

Add

Control

Shift
left 2

InstrInstr.  [31.  [31--26]26]

Instruction [25Instruction [25--21]21]

Instruction [20Instruction [20--16]16]

InstrInstr. [15. [15--11]11]

Instruction [15Instruction [15--0]0]

Instruction [5Instruction [5--0]0]

RegDstRegDst

BranchBranch
MemReadMemRead
MemtoRegMemtoReg
ALUOpALUOp
MemWriteMemWrite
ALUSrcALUSrc
RegWriteRegWrite

ALU Immediate Phase 4:Reg 
Write
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3232

44

Read
Address

Instruction
[31-0]

Read
register 1

Read
register 2

Write
register

Write
data

Read
data 1

Read
data 2

1616

0

1

0

1

1

0

1

0

Write
data

Address Read
data

ALU
result

ALU
result

Zero

Add

PC

Instruction
Memory

Sign
Extend ALU

Control

Data
Memory

Registers

M
U
X M

U
X

M
U
X

M
U
X

ALU

Add

Control

Shift
left 2

InstrInstr.  [31.  [31--26]26]

Instruction [25Instruction [25--21]21]

Instruction [20Instruction [20--16]16]

InstrInstr. [15. [15--11]11]

Instruction [15Instruction [15--0]0]

Instruction [5Instruction [5--0]0]

RegDstRegDst

BranchBranch
MemReadMemRead
MemtoRegMemtoReg
ALUOpALUOp
MemWriteMemWrite
ALUSrcALUSrc
RegWriteRegWrite

Load Phase 1: Fetch

41

3232

44

Read
Address

Instruction
[31-0]

ReadRead
registerregister 1

Read
register 2

Write
register

Write
data

ReadRead
data 1data 1

Read
data 2

1616

0

1

00

11

1

0

1

0

Write
data

Address Read
data

ALU
result

ALU
result

Zero

Add

PC

Instruction
Memory

Sign
Extend ALU

Control

Data
Memory

Registers

M
U
X M

U
X

M
U
X

M
U
X

ALU

Add

Control

Shift
left 2

InstrInstr.  [31.  [31--26]26]

Instruction [25Instruction [25--21]21]

Instruction [20Instruction [20--16]16]

InstrInstr. [15. [15--11]11]

Instruction [15Instruction [15--0]0]

Instruction [5Instruction [5--0]0]

RegDstRegDst

BranchBranch
MemReadMemRead
MemtoRegMemtoReg
ALUOpALUOp
MemWriteMemWrite
ALUSrcALUSrc
RegWriteRegWrite

Load Phase 2: Reg Read
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3232

44

Read
Address

Instruction
[31-0]

Read
register 1

Read
register 2

Write
register

Write
data

Read
data 1

Read
data 2

1616

0

1

00

11

11

00

1

00

Write
data

Address Read
data

ALU
result

ALU
result

Zero

Add

PC

Instruction
Memory

Sign
Extend ALU

Control

Data
Memory

Registers

M
U
X M

U
X

M
U
X

M
U
X

ALU

Add

Shift
left 2

InstrInstr.  [31.  [31--26]26]

Instruction [25Instruction [25--21]21]

Instruction [20Instruction [20--16]16]

InstrInstr. [15. [15--11]11]

Instruction [15Instruction [15--0]0]

Instruction [5Instruction [5--0]0]

RegDstRegDst

BranchBranch
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Load Phase 3: ALU Add
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Load Phase 4: Memory Read
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Load Phase 5: Reg Write
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Store Phase 1: Fetch
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Store Phase 2: Reg Read
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Store Phase 3: ALU Add
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Store Phase 4: Memory Store
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Branch Phase 1:Fetch
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Branch Phase 2: Reg Read
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Branch Phase 3: ALU Subtract
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Branch Phase 4: PC Write
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Jump Phase 1: Fetch
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Jump Phase 2: Decode
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Jump Phase 3: PC Write 
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target address 56
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Instruction [25-0] Jump address [31-0]
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Instr.  [31-26]

Instruction [25-21]

Instruction [20-16]

Instr. [15-11]

Instruction [15-0]

Instruction [5-0]

RegDst = x

Branch = x
MemRead = 0
MemtoReg = x
ALUOp = xx
MemWrite = 0
ALUSrc = xx
RegWrite = 0

Jump Phase 3: PC Write
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0
M
U
X

JR = 1

For register
target address
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Single-Cycle Performance
By nature of design CPI = 1By nature of design CPI = 1

CCT is determined by the longest instruction, CCT is determined by the longest instruction, 
Load, which uses all executions units Load, which uses all executions units 

I I FecthFecth

I I FecthFecth

I I FecthFecth

I I FecthFecth

I I FecthFecth

JumpJump

ALUALURegReg ReadReadBranchBranch

MemMem WriteWriteALUALURegReg ReadReadStoreStore

RegReg WriteWriteMemMem ReadReadALUALURegReg ReadReadLoadLoad

RegReg WriteWriteALUALURegReg ReadReadRR--typetype

Instruction
Class Functional Units used by instruction class

58

Functional Units Timing
Example timing for functional unitsExample timing for functional units

•• Register file:  50psRegister file:  50ps
•• ALU and adders:  100psALU and adders:  100ps
•• Memory:  200psMemory:  200ps

59

Clock Cycle Time
Clock cycle time is determined by Load Clock cycle time is determined by Load 
instructioninstruction

200ps200ps
350ps350ps
550ps550ps
600ps600ps
400ps400ps

50ps50ps
50ps50ps

200ps200ps
200ps200ps
200ps200ps
200ps200ps
200ps200ps

JumpJump
100ps100ps50ps50psBranchBranch

200ps200ps100ps100ps50ps50psStoreStore
200ps200ps100ps100ps50ps50psLoadLoad

100ps100ps50ps50psRR--typetype

Instruction
Class IFetch

Reg
Read ALU

Memory
Access

Reg
Write Total

60

Single Cycle Design 
Summary

Good news: CPI = 1 is excellentGood news: CPI = 1 is excellent

Bad news:Bad news:
•• CCT = 600ps is poorCCT = 600ps is poor
•• Redundant hardwareRedundant hardware

Multiple addersMultiple adders
Two memory unitsTwo memory units

Figure of merit: average instruction Figure of merit: average instruction 
execution time (IET) = CPI x CCT = 1 x execution time (IET) = CPI x CCT = 1 x 
600ps = 600ps = 600ps600ps

Can we do better?  Next attempt Can we do better?  Next attempt 
MulticycleMulticycle designdesign


