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Pipelined Control (2)

— Control lines in pipelined implementation are divided into five groups according to the 
pipeline stage

1. Instruction Fetch: No control needed as the “write control” of PC and “read control” of 
instruction memory is always asserted.

2. Instruction Decode/Register File Read: No controls needed as the register file in being read 
during each instruction.

3. Execution/Address Calculation: Control signals are ALUSrc, RegDst, and ALUOp.
For lw/sw instructions, ALUSrc = 1, RegDst = 0 and ALUOp = 00. For R-type instructions, 
ALUSrc = 0, RegDst = 1, and ALUOp = 10. 

4. Memory Access: Control signals are Branch, MemWrite, and MemRead. For lw instruction, 
MemRead = 1 and Branch = MemWrite = 0. For sw instruction, MemWrite = 1 and Branch 
= MemRead = 0. For branch instructions, Branch = 1 and Memwrite = MemRead = 0. For 
R-type instructions, Branch = MemWrite = MemRead = 0. 

5. Write Back: Control signals are MemtoReg. For lw instructions, MemtoReg = 1. For R-type 
instructions, MemtoReg = 0.

— Pipeline registers are extended to include the control signals for each stage of an instruction.
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Activity 4

Show the following instructions going through the pipeline:
lw $10, 20($1)
sub $11,$2,$3
and $12,$4,$5
or $13,$6,$7
and $14,$8,$9
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Activity 4: Clock Cycle # 1
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Activity 4: Clock Cycle # 2 
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Activity 4: Clock Cycle # 3
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Activity 4: Clock Cycle # 4
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Activity 4: Clock Cycle # 5
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Pipeline Diagram (Simplified Notation)
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Agenda

Topics:
1. Pipelined Control (complete)
2. Data Hazards – Forwarding 

Patterson: 4.6, 4.7
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Remaining Schedule

• Remaining Lecture 
Topics (Exam):

• 4.7 Data Hazards – 
Forwarding 

• 4.8 Control Hazards
• 5.2 Cache Basics 

You’re Cordially Invited:

Final Exam 

Monday, December 19th

SLH A

14:00 to 17:00
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ALU Control Actions
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Action of Pipeline Control Signals
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Control for Pipeline – Arranged by Pipeline Stage

Controls same as before for the single or multi-cycle 
implementations, rearranged according to pipeline stage
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Main Control (6)
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Wiring of Control Outputs for the Pipeline 
Implementation

Outputs travel between registers and are wired to correct 
datapath unit at the appropriate instruction stage
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Data Hazards

Consider the following instruction sequence and the 
resulting pipeline diagram…
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Data Hazard Nomenclature

EX/MEM.RegisterRd = ID/EX.RegisterRs
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Data Hazard Nomenclature - Activity

For the other instances of $2 in the 
instruction set:

(a) Identify if there is a data hazard
(b) Provide the S1/S2.Sect = S3/S4.Sect 

nomenclature to define the hazard 
condition
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Forwarding from EX/MEM Pipeline Register

Conditions:
(EX/MEM.RegWrite &
EX/MEM.RegisterRd ≠ 0 &
EX/MEM.RegisterRd=ID/EX.RegisterRs) -> 
ForwardA = 10

(EX/MEM.RegWrite &
EX/MEM.RegisterRd ≠ 0 &
EX/MEM.RegisterRd=ID/EX.RegisterRt) -> 
ForwardB = 10

sub $2, $1, $3
and $12, $2, $5
or $13, $6, $2
Note: Only R-type instructions covered 
for forwarding, 
no I-type, eg - sw $2, 0($13) (Rd = 0)
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Forwarding from MEM/WB Pipeline Register

Conditions:
(MEM/WB.RegWrite &
MEM/WB.RegisterRd ≠ 0 &
MEM/WB.RegisterRd=ID/EX.RegisterRs) -> 
ForwardA = 01

(MEM/WB.RegWrite &
MEM/WB.RegisterRd ≠ 0 &
MEM/WB.RegisterRd=ID/EX.RegisterRt) -> 
ForwardB = 01

sub $2, $1, $3
and $12, $2, $5
or $13, $6, $2
[Note: Only R-type instructions 
covered for forwarding, 
no I-type, eg - sw $2, 0($13) (Rd = 0)
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Mux Truth Table For Forwarding
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