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* SCP Timing
* Block Delays

Fetch 20ns
Decode / register access 10ns
Execute (ALU) 10ns
Data Memory r/w 20ns
Writeback 5ns

* Arithmetic operation
* F+D+E+WB =45ns

* Load/Store

* Load: F+D+E+M+WB = 65ns, Store: F+D+E+M = 60ns

e Load Immediate
* F+E+WB = 35ns
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* SCP Timing

ELE 3510

* Only 1 allowed clock frequency
e Can’t change frequency every instruction v

e Different operations have different delays

* Must set clock to account for worst case delay

e Load instruction = 65nS
* Max frequency = 15.38MHz
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* Pipeline Solution
* Create a pipeline stage for each step

Inst 1 FETCH DEC EXE MEM WB

Inst 2 FETCH DEC EXE MEM WB

Inst 3 FETCH | DEC EXE | MEM WB

Inst 4 FETCH DEC EXE MEM WB

Inst 5 FETCH DEC EXE MEM WB

Inst 6 FETCH DEC EXE MEM WB

Inst 7 FETCH DEC EXE MEM WB

Inst 8 FETCH | DEC EXE | MEM WB
Clkl1 Clk2 Clk3 Clk4 Clk5 Clke Clk7 Clk8 Time
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* Pipeline Solution
* Create a pipeline stage for each step

Each instruction takes
5 clock cycles to complete
-- latency --

ELE 3510

Inst 1 FETCH DEC EXE MEM WB

Once “filled”: a new instruction
Inst 2 FETCH DEC EXE MEM WB o

finishes every clock cycle
Inst 3 FETCH | DEC | EXE | MEM | wB -- throughput --
Inst 4 FETCH DEC EXE MEM WB
Inst 5 FETCH DEC EXE MEM WB
Inst 6 FETCH DEC EXE MEM WB
Inst 7 FETCH DEC EXE MEM WB il
Inst 8 FETCH DEC EXE MEM WB

Clki1 Clk2 Clk3 Clk4 Clk5 Clke Clk7 Clks Time
5
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* Pipeline Solution

* Clock must be set for worst case Stage delay
* Fetch or Mem = 20ns
— Latency = 100ns
- Throughput = 1inst/20ns = 50M inst/s
- Fclk = 50MHz

* Latency only matters at the beginning
* Throughput matters all the time
 Single cycle = 1inst/65ns = 15.38M inst/s
* Pipeline = 1inst/20ns = 50M inst/s
- 225% speedup
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* Pipeline Solution w/ penalty

* Pipelining may increase delays
* Assume 25% delay increase
* Clock must be set for worst case Stage delay
* Fetch or Mem = 25ns
— Latency = 125ns
= Throughput = 1inst/25ns = 40M inst/s
- Fclk = 40MHz

* Latency only matters at the beginning
* Throughput matters all the time
 Single cycle = 1inst/65ns = 15.38M inst/s
* Pipeline = 1inst/25ns = 40M inst/s
- 160% speedup
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* Configuration

* Insert registers between each execution stage
* Fetch, Decode, Execute, Memory Access, Writeback
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e Configuration

DA

2
—>

Read

clk
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Address

Instruction
[15-0]

Instruction
Memory

IF/ID

ID/EX EX/MEM MEM/WB
Inst [15 - 12L 4
> Control
Inst [11-10] [ Read WE
Register 1 1 M
Inst [9 — 8] | Read Read " Uf=r—>InA
| Register2 Datal X Set >
\ 4
¥ Regist Read o 8
egister Data 2 »YM Result > Address v
. uf—" InB
Write . Read| 8
Regi > > 1
| Data eg_ ster Lx Data M
File R Write u
i Data pata 0X
Memory
Inst [5 - 0] Sign
—p
8 CLK CLK
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Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

[ ] I I
Follow 1 instruction Execute: add RA,RB,RA, located in program memory at 0x56

 Fetch

IF/ID ID/EX EX/MEM MEM/WB

Ox58 >
Inst [15 - 12L 4
>ap > Control
2
—>
d Inst [11-10] [ Read WE
—| PC > | Register 1 0 1
"] Address g M
Inst [9 - 8] | Read Read 0 u|—r—>| InA
T Instruction " Register 2 Data 1l X Set
[15-0] ) ‘ \ 4
Inst [7 - 6] Write \ ALU e
cli X oo Read -
Register > 0M Result 8 Address
Instruction Data 2 y ) !
Memory Write Register _ Read| 8 1
OX56 1 Data g »(1 X A, M
File Write u
Data pata 0 X
Memory
Inst [5-0] Sign
Reg
RA 0x11
RB 0x22
0x4100
RC 0x44
P | instruction | Regl | Reg2 | WReg | Immediate Value o CLK K
0 1 0 0 0O O O 1 0 0 o O O O O o
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* Follow 1 instruction

e Decode

Ox5A

2
—>

PC

DA

.| Read
"| Address

clk

0Ox58

Instruction
[15-0]

Instruction
Memory

Reg

RA

Ox11

RB

0x22

RC

0x44

RD

0x88

ELE 3510

?7?

0 1 0 0 0 0 0 1 0 0 0 0 0 0 O 0

11

Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively
Execute: add RA,RB,RA, located in program memory at 0x56

ID/EX MEM/WB
Ia)
A U
Inst [15 - 12] v
» Control —566%
0100 Y
U
Inst [11-10] [ Read WE
A' Register 1
00 0x11
Inst [9 — 8] | Read Read | 8
01 B| Register2 Datal 7
Inst [7 - 6] Write 0x22 /ﬂ WE
" Register Read |8 > »{0 Add
00 A Data 2 > > M ress J
i u
Write . Read
> 1
> Data Reg_lster »11 X Data M
File Write u
Data pata 0X
Memory
Inst [5 - 0] Sign 0x00
000000




* Follow 1 instruction

* Execute
Ox5C >
>ap
2
—>
Read
— PC "| Address
T Instruction
[15-0]
clk
Instruction
OXS A Memory
Reg
RA 0x11
RB 0x22 ? ? ?
RC 0x44 tre
RD 0x88 CLK
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Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

Execute: add RA,RB,RA, located in program memory at 0x56

Inst [15 - 12L

ID/EX

EX/MEM

MEM/WB

=)

4nnn4

Control —
27?7 ?
5
Inst [11-10] [ Read WE
5| Register 1
?? ' 2
Inst [9 — 8] | Read Read | 8
PP) 7| Register 2 Data 1
nst(7-6] | write o g?
Register ea >
?7? ? g Data 2
Write .
R
> Data eg_lster
File
Inst [5 - 0] Sign
2?2?2777 6 | Extend

v

Set
> ALU

OxZ22 Result

—» InB

0x33
8 e

\ 4

A 4

WE
Address

Read

Data
Write

Data pata
Memory

" instrucion | Reg1 | Reg2 | Whep | _Immeciatevaue
0 1 0 0 0 0 0 1 0 0 0 0 0 0 O 0

12

CLK
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* Follow 1 instruction

* Memory
Ox5E >
>ap
2
—>
Read
— PC "| Address
T Instruction
[15-0]
clk
Instruction
OXSC Memory
Reg
RA 0x11
RB 0x22 ???
RC 0x44 tre
RD 0x88 CLK
ELE 3510

IF/ID

Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively
Execute: add RA,RB,RA, located in program memory at 0x56

ID/EX EX/MEM MEM/WB
2 2 0
o Y ~N ° n
Inst [15 - 12] Control ) 1319 " 4 5o -
?7? ? ?
? ?
Inst [11 - 10] _ Read WE
27 ?' Register 1 . M b
Inst [9 — 8] | Read Read | '8 T
27 2| Register2 Datal X
e ! A 4
Inst [7 - 6] | Write z? /_“ WE
. Read 0x33
»|0 X3
2? ? Register Data 2 > m|2? Address ?? v
. u >
N Write Register >l x Read| 8 1M
Data . Data
File O0x2A2write u
27 Data pata 0 X
Memory
Inst [5 - 0] Sign ?7?
222777 6 @ 8 0x33

CLK

0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0
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Assume RA, RB, RC, RD contain the values 0x11, 0x22, 0x44, 0x88 respectively

[ ] I I
Follow 1 instruction Execute: add RA,RB,RA, located in program memory at 0x56

 Writeback

IF/ID ID/EX EX/MEM MEM/WB

o o 2
OX6O P ? H ? T ? H
Inst [15 - 12 ) 2339 " 4,509
>ap b Control T e
2 27?? ? ?
? ?
Inst [11 - 10] Read WE
— PC o hoad > Register 1 1
"| Address ?? ? J 2? M P
Inst [9 — 8] | Read Read | 8 T
T Instruction ?? 7| Register 2 Datal X .
[15-0] Inst [7 - 6] Write ?7? “ WE
/—
clk " Register Read |8 o[0
Instruction ?? ? Data 2 > l::l ?7? Address 2?
Memory Write . R > Read| 8
Ox5E > Data  ResISter T X Data 0x33
File Write
?? Data pata
Memory
- Inst [5 - 0] Sign ?7?
eg
2772777 6 @ 3
RA rrrr2E N A | R ?7
RB 0x22 399 -Emm- Regz - Reg ImmediateVaIue
RC | oxaa 0x33 0 1. 0 0 0 0O 0O 1 0 0 0 0 O 0 0 O
RD 0x88 CLK CLK 8 CLK =i CLK —pimim |
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Execute: add RA,RB,RA, located in program memory at 0x56

* Follow 1 instruction

0y ID/EX MEM/WB
* Corrected Wrijeback
Inst [15 - 12L 4
>Ap » Control
2
—>
A\ 4
Read Inst [11-10] | Read WE ]
_’ [ > .
PC 7| Address Register 1 i
Inst [9 — 8] .| Read Read 0 U |—t—>| InA
T Instruction " Register 2 Data 1 X Set :
[15-0] 0 ) J ALU
x00 Write WE
clk % Regist Read R g—
i gister > M Result Address
Instruction Data 2 y .
Memory 0x33write . . —> Read
> Data Reg.lster >|1 x tead
File Write
Data pata
Memory
Inst [5 - 0] sign
Inst [7 - 6]
CLK =
2
8
ELE 3510 -
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