Pipelining (part 1)
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Human pipeline: laundry
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Latency — Time for One
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Throughput — Rate of Many
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Throughput — Rate of Many
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Throughput — Rate of Many

time between starts (0.83 h)
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times three circuit
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times three circuit
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pipelined times three
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pipelined times three
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times three pipeline timing
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times three pipeline timing
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deeper pipeline
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deeper pipeline
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deeper pipeline
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Problem: How much faster can we get?

Problem: Can we even do this?
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diminishing returns: register delays
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diminishing returns: register delays
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diminishing returns: register delays
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diminishing returns: register delays
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deeper pipeline
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Problem: How much faster can we get?
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deeper pipeline
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deeper pipeline
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diminishing returns: uneven split

Can we split up some logic (e.g. adder) arbitrarily?

Probably not...
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textbook SEQ ‘stages’

conceptual order only

Fetch: read instruction memory
Decode: read register file
Execute: arithmetic (ALU)
Memory: read/write data memory
Weriteback: write register file

PC Update: write PC register
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textbook SEQ ‘stages’

conceptual order only

Fetch: read instruction memory

writes happen

Decode: read register file at end of cycle

Execute: arithmetic (ALU)
Memory: read/write data memory
Writeback: write register file

PC Update: write PC register



textbook SEQ ‘stages’

conceptual order only

Fetch: read instruction memory

. : reads — “magic”
Decode: read register file like combinatorial logic
Execute: arithmetic (ALU) as values available

Memory: read/write data memory
Weriteback: write register file

PC Update: write PC register
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textbook stages

coneeptual-order-only pipeline stages

Fetch/PC Update: read instruction memory;
compute next PC

Decode: read register file

Execute: arithmetic (ALU)

Memory: read/write data memory

Weriteback: write register file
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textbook stages

coneeptual-order-only pipeline stages

Fetch/PC Update: read instruction memory;
compute next PC

Decode: read register file 5 stages
one instruction in each
compute next to start immediatelly

Execute: arithmetic (ALU)

Memory: read/write data memory

Weriteback: write register file



addq CPU
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addq CPU

decode execute

register file
srcA  RIsreA]H
R[srcB]H
srcB
O prtearinivd
Instr. ’ dstE DD
Mem.

next R[dstM]
next R[dstE]
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fetch and
PC update
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addq CPU

signal skips two stages

PC
add 2

fetch and
PC update

decode execute

register file
srcA  RIsrcAld

R[srcB]H
srcB
dstE DD
next R[dstM]
next R[dstE]

writeback
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addq CPU

Instr.

’

e
|

PC
fetch and
PC update

decode execute
register file
srcA  RIsrcAld
R[srcB]H
Ssrc
dstE DD
next R[dstM]
- next R[dstE]
writeback
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pipelined addq processor

decode execute
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pipelined addq processor
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pipelined addq processor

decode/execute

I
fetCh/defoq%gister file
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% l ;Zg R[srcB]

oxFdstM
Instr. » dstE ADD
Mem.

next R[dstM] —

next R[dstE]
add 2 F
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pipelined addq processor

fetch /fetch

PC

Instr.
Mem.
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addqg execution
addq %r8, %r9 // (1)

addq %r10, %ril // (2) decode /execute
1-H
register file
fetch /fetch n RIscAl -
fetCh/d B R[srcB]> L
dstM
Instr.
Momr: dstE ADD
next R[dstM]
PC next R[dstE]
L=
%N
[]
%N

execute/writeback



addqg execution

addq %r8, %r9 // (1)
addq %r10, %rill // (2)

fetch /fetch

PC

address of (2)

decode/execute

1-H

register file

srcA R[srcA]

R[srcB]

Instr.
Mem. |4

addq %r8, %r9 //(1)

srcB

dstM

dstE

next R[dstM]
next R[dstE]

ADD

DD 1

execute/writeback
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addqg execution
addq %r8, %r9 // (1)

-
reg #s 8, 9 from (1) register file
fetch /fetch R wep  RisrcAlH
fetch/d RreBl | |
srcB
dstM
II\;I]:E: dstE ADD
: next R[dstM]
PC addq %r16, %rll //(2) next R[dstE]
T ]
7N
[
7N

execute/writeback
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addqg execution
addq %r8, %r9 // (1)

addq %r10, %ril // (2) decode /execute
ey
reg #s 10, 11 from (2) -, register file values for (1)
fetch /fetch 0 wen  RErAIHF
fetCh/d | B R[srcB]> L
dstM
W lspl dstE ADD
next R[dstM]
PC next R[dstE]
L=
|ZaN|
[]
|ZaN|

execute/writeback



addq processor timing

// initially %r8 = 800,
// %r9 = 900, etc.
addq %r8, %r9 %
addq %r10, %rill
addq %rl12, %rl3
addq %r9, %r8
fetch | fetch/decode decode/execute execute/writeback
cycle PC rA |rB R[srcA] |R[sch] |dstE next R[dstE] |dstE
0 0x0
1 0x2 8 9
2 0x4 10 11 800 900 9
3 0x6 12 13 1000 |1100 |11 1700 9
4 9 8 1200 |1300 |13 2100 11
5 1700 |800 8 2500 13
6 2500 8

ot
N

‘ register file
! Jgea  RlsreA]
% j_ch R[srcB]

OxF-ldstM
dstE

next R[dstM]

I:next R[dstE]

(c200)
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addq processor timing

// initially %r8 = 800,
// %r9 = 900, etc.
addq %r8, %r9 4.
addq %r10, %rill
addqg %rl2, %ri3
addq %r9, %r8
fetch | fetch/decode decode/execute execute/writeback
cycle PC rA |rB R[srcA] |R[sch] |dstE next R[dstE] |dstE
0 0x0
1 0x2 8 9
2 0x4 10 11 800 900 9
3 0x6 12 13 1000 |1100 |11 1700 ©
4 9 8 1200 |1300 |13 2100 11
5 1700 |800 8 2500 13
6 2500 8

ot
N

‘ register file
! Jgea  RlsreA]
% j_ch R[srcB]

OxF-ldstM
dstE

next R[dstM]

I:next R[dstE]

(c200)
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addq processor timing

// initially %r8 = 800,
// %r9 = 900, etc.
addq %r8, %r9 4.
addq %r1o, %rill
addq %r12, %rl3
addq %r9, %r8
fetch | fetch/decode decode/execute execute/writeback
cycle PC rA |rB R[srcA] |R[sch] |dstE next R[dstE] |dstE
0 0x0
1 0x2 8 9
2 0x4 10 11 800 900 9
3 0x6 12 13 1000 |1160 |11 1700 9
4 9 8 1200 |1300 |13 2100 11
5 1700 |800 8 2500 13
6 2500 8

ot
N

‘ register file
! Jgea  RlsreA]
% j_ch R[srcB]

OxF-ldstM
dstE

next R[dstM]

I:next R[dstE]

(c200)
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addq processor timing

// initially %r8 = 800,
// %r9 = 900, etc.
addq %r8, %r9 4.
addq %r10, %rill
addq %ri12, %ri3
addq %r9, %r8
fetch | fetch/decode decode/execute execute/writeback
cycle PC rA |rB R[srcA] |R[sch] |dstE next R[dstE] |dstE
0 0x0
1 0x2 8 9
2 0x4 10 11 800 900 9
3 0x6 12 13 1000 |1100 |11 1700 9
4 9 8 1200 |1300 |13 2100 11
5 1700 |800 8 2500 13
6 2500 8

ot
N

‘ register file
! Jgea  RlsreA]
% j_ch R[srcB]

OxF-ldstM
dstE

next R[dstM]

I:next R[dstE]

(c200)
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addq processor timing

// initially %r8 = 800,
// %r9 = 900, etc.
addq %r8, %r9 4.
addq %r10, %rill
addqg %rl2, %ri3
addq %r9, %r8
fetch | fetch/decode decode/execute execute/writeback
cycle PC rA |rB R[srcA] |R[sch] |dstE next R[dstE] |dstE
0 0x0
1 0x2 8 9
2 0x4 10 11 800 900 9
3 0x6 12 13 1000 |1100 |11 1700 9
4 9 8 1200 |1300 |13 2100 11
5 1700 |800 8 2500 13
6 2500 8

ot
N

‘ register file
! Jgea  RlsreA]
% j_ch R[srcB]

OxF-ldstM
dstE

next R[dstM]

I:next R[dstE]

(c200)
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addq processor performance

example delays:

path time
add 2 80 ps
instruction memory 200 ps
register file read 125 ps
add 100 ps
register file write 125 ps

e

1

register file

L A RlscAl]
R[srcB]H

no pipelining: 1 instruction per 550 ps
add up everything but add 2 (critical (slowest) path)

pipelining: 1 instruction per 200 ps + pipeline register delays
slowest path through stage + pipeline register delays
latency: 800 ps + pipeline register delays (4 cycles)

26



