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Tasks in RISC-V ISA

- Instruction Fetch (IF) — fetch the instruction from memory

- Instruction Decode (ID)
- Decode the instruction for the desired operation and operands
- Reading source register values

- Execution (EX)

- ALU instructions: Perform ALU operations

- Conditional Branch: Determine the branch outcome (taken/not taken)

- Memory instructions: Determine the effective address for data memory access

- Data Memory Access (MEM) — Read/write memory
- Write Back (WB) — Present ALU result/read value in the target register

- Update PC

- If the branch is taken — set to the branch target address
- Otherwise — advance to the next instruction — current PC + 4
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Simple implementation w/o branch

add x1, x2, x3 [HIEBESED

1d x4, 0(x5) _IF | ID_ EX |MEM| WB_
sub x6, x7, x8 IF | ID | EX |[WB
sub x9,x10, x11 “|

sd x1, 0(x12)
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Pipelining







Pipelining

- Different parts of the processor works on different instructions
simultaneously

- A clock signal controls and synchronize the beginning and the
end of each part of the work

- A pipeline register between different parts of the processor to
keep intermediate results necessary for the upcoming work



Pipelining
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Cycles

Instruction

_IF_| ID | EX |MEM| WB
After this point, ““m
we are completing an “nm
instruction each cycle!  [EEELRESEIV




Draw the pipeline diagrams

add x1, x2, x3HENCENEES .
1d x4, 0(x1) “F | D The desired value of

sub x6, x7, x8 B3 X1lisnotready yet

sub x9,x10,x11 add x1, x2, x3 EENEGESITEIEEE
sd x1, 0(x12) 1d x4, 0(x5) IF_| ID_| EX | MEM_
sub x6, x7, x8 _IE | ID | EX JTYNRE -
r A instruction
sub x9, x1, x10 _F_| D oth Instructions

sd x11, 0(x12) “needx1

add x1, x2, x3 NECEESITE :
1d x4, 0(x5) ““Doesntknow

bne x0, x7, L what to fetch

sub x9,x10, x11 at this moment

sd x1, 0(x12) add x1, x2, xIJIEENESEIEEE
1d x4, 0(x5) F | ID | EX |MEM | WB
sub x6, x7, x8 _F_ D | EX |MEM| WB_
sub x9,x10,x11 ' IF | ID | EX |[MEM| WB |

sd x1, 0(x12) _F___ID_| EX | MEM | WB_
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Can we get them right?

- Given a simple pipelined RISC-V processor that we discussed so far, how
many of the following code snippets can be executed with expected outcome?

IV

aladd x1, x2, x3 |add x1, x2, x3 |add x1, x2, x3 |add x1, x2, x3
Csub x6, x7, x8 |sub x6, x7, x8 |bne x0, x7, L sub x6, X7, x8
d|sub x9,x10,x11 |[sub x9, x1, x10|sub x9,x10,x11 |sub x9,x10,x11
elsd x1, 0(x12) |sd x11, 0(x12)|sd x1, 0(x12) |sd x1, 0(x12)
A O b cannot get x1 both aand d are We don't know if d & e
: produced by a accessing x1 at the will be executed or not
before WB 5th cycle until ¢ finishes
C. 2
D. 3
.4

E
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Pipeline hazards



Three pipeline hazards

. Structural hazards — resource conflicts cannot support
simultaneous execution of instructions in the pipeline

- Control hazards — the PC can be changed by an instruction in
the pipeline
- Data hazards — an instruction depending on a the result that's

not yet generated or propagated when the instruction needs
that
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Can we get them right?

- Given a simple pipelined RISC-V processor that we discussed so far, how
many of the following code snippets can be executed with expected outcome?

I | i IV

aladd x1, x2, x3 |add x1, x2, x3 |add x1, x2, x3 |add x1, x2, x3
blld x4, 0(x1) 1d x4, 0(x5H) 1d x4, 0(x5) 1d x4, 0(x5)
Csub x6, x7, x8 |sub x6, x7, x8 |bne x0, x7, L sub x6, X7, x8
d|sub x9,x10,x11 |[sub x9, x1, x10|sub x9,x10,x11 |sub x9,x10,x11
elsd x1, 0(x12) |sd x11, 0(x12)|sd x1, 0(x12) |sd x1, 0(x12)

A O b cannot get x1 both ‘f‘ and d are V\{e don‘tknowifd & e

produced by a accessing x1 at the will be executed or not
before WB 5th cycle until ¢ finishes
C.2  Data Structural Control
E- j Hazard Hazard Hazard
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Structural Hazards



Dealing with the conflicts between ID/WB

- The same register cannot be read/written at the same cycle
- Solution: insert no-ops (e.g, add x0, x0, x0) between them

- Drawback

- If the number of pipeline stages changes, the code won't work
. Slow

add x1, x2, x3 EERESNEIEE
1d x4, 0(x5) F | ID | EX [MEM| WB_
sub x6, x7, x8 F | ID | EX |[MEM| WB_

add x0, x0, x0 IF | ID | EX |[MEM| WB_
sub x9, x1, x10 | IF | ID | EX [MEM| WB_

sd x11, 0(x12) IF | ID | EX [MEM| WB
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Dealing with the conflicts between ID/WB

- The same register cannot be read/written at the same cycle

- Solution: stall the later instruction, allowing the write to present

the change in the register and the later can get the desired
value

- Drawback: slow

add x1, x2, x3 IEENESZEIRE

1d x4, 0(x5) IF | 1D EX |MEM WB_

sub x6, x7, x8 _IF_| ID | EX MEM| WB_

sub x9, x1, x10 _IF | ID_ ID | EX |MEM| WB_
sd x11, 0(x12) _IF_| IF_| ID | EX [MEM| WB_




Dealing with the conflicts between ID/WB

- The same register cannot be read/written at the same cycle

- Better solution: write early, read late

- Writes occur at the clock edge and complete long enough before
the end of the clock cycle.

- This leaves enough time for outputs to settle for reads
- The revised register file is the default one from now!

add x1, x2, x3 Nl IESIEIL

sub x6, x7, x8 F b | Ex |MeEm| wWER
sub x9, x1, x10 F Wb | EX |MEM| W

sd x11, 0(x12) IF b | EX [MEM| w



Structural Hazards

- What pair of instructions will be problematic if we allow ALU instructions
to skip the "MEM" stage?

a: 1d x1, o(x2) Il : MEM_yl
b: add x3, x4, x5 KR 3

C: sub x6, x7, x8 F Wb | Ex
d: sub x9,x10,x11 F Wb
e: sd x1, 0(x12) F
A. a&b

B. a&c

C. b&e

D. c&e

E. None
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Structural Hazards

. Stall can address the issue — but slow
- Improve the pipeline unit design to allow parallel execution
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Control Hazards



The impact of control hazards

- Assuming that we have an application with 20% of branch
Instructions and the instruction stream incurs no data hazards.
When there is a branch, we disable the instruction fetch and
iInsert no-ops until we can determine the PC. What's the average
CPIl if we execute this program on the 5-stage RISC-V pipeline?

A. add x1, x2, x3 IEHEEENEEEIEIEEE
B. 1.2

bne x8. x7. L SF LD | EX | MEM| WB
D16 (b xo 10 x11 “F | D | EX |MEM| WB |

E. 1.8 sd x1, 0(x12) ' IF | ID | EX |MEM| WB_

14+20%%x2=14
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Why can’t we proceed without stalls/no-ops?

- How many of the following statements are true regarding why we have to stall for
each branch in the current pipeline processor

d The target address when branch is taken is not available for instruction fetch stage of
the next cycle

@ The target address when branch is not-taken is not available for instruction fetch
stage of the next cycle

d The branch outcome cannot be decided until the comparison result of ALU is not out

® The next instruction needs the branch instruction to write back its result
A. O

B.
D.
E.

B WOIN -
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Dynamic Branch Prediction



Why can’t we proceed without stalls/no-ops?

- How many of the following statements are true regarding why we have to stall for
each branch in the current pipeline processor

d The target address when branch is taken is not available for instruction fetch stage of

the next cycleYou need a cheatsheet for that — branch target buffer
@ The target address when branch is not-taken is not available for instruction fetch
stage of the next cycle

d The branch outcome szm?\gt%gggc?:é)eg Eﬁtclf Itﬁg EQ%}O&TSQA%?UWAP X?B‘?é” not out

® The next instruction needs the branch instruction to write back its result
A. O

B.
D.
E.

B WOIN -
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Announcement

- Pickup midterm

- Outside of Hung-Wei's office from 1p today

- |If you would like to regrade

- Write a report on why should we.
- We will regrade the whole test — might lower your grades

- Reading quiz due next Wednesday
- No class next Monday — Veterans' Day Holiday!
- Project

- Watch carefully on piazza/iLearn/website, should be announced by
this Friday
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