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CPU Structure  Block Diagram

A 32-bit Pipeline

ROUgth Speaklng RISC CPU

A CPU needs:
Registers: Memory Hierachy #535x £ & Storage Unit, CPU A HEFI, F A,
Instruction: CPU 8&431E6935, A A+ B= C &), sb/BEF CPUA, B, C 8942 &
A gL ARUT YRR '+
ALU: Function Unit, #U47T&A8E B o937,
Cache: b Registers 12 —%, {22 F# k89 Memory(SRAM), H 7L G
7 innstruction #= data # cache 2-F,
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CPU Structure  Block Diagram

A 32-bit Pipeline
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] E
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MW = 0: otherwise T
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A 32-bit Pipeline

ClOCkS... RISC CPU

‘ Block Diagram

Register file

o 1A Instruction #3% Z# 18 Clocks R 7Tk, GIEH#

|
Cache 3% A Data. Instruction 2| Registers, I ‘
MUXB| o.

Funetion unit

MUX D 0.2ns
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A 32-bit Pipeline

ClOCkS... RISC CPU

‘ Block Diagram

Register file

o 1A Instruction #3% Z# 18 Clocks R 7Tk, GIEH#

|
Cache 3% A Data. Instruction 2| Registers, I ‘
MUXB| o.

@ How to increase efficiency ?

Funetion unit

MUX D 0.2ns
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CPU Structure Pipeline

F}Eﬂ l;gj— #*R A 3§|*§(I:t gi)psline

| Clock
3 ] 0.6ns Pipeline

OF Register file

e Single cycle: 1

Latency: 2.4ns Regiser il
Max frequency:
416.7MHz
e Pipeline:
Latency of a single
operations: 2.8ns T

Max delay between

pipeline platforms:

1.0ns

Max frequency:
1GHz

T

Funetion unit

+ (DISP) A 32-bit Pipeline RISC CPU December 20, 2013 9 /32



CPU Structure Pipeline

A 32-bit Pipeline

Hazards RISC CPU

Write R1
1 2 3 |4— 5

5 6
/rite R2
MOVA RIL,RS RI<RS| IF | DOF [ EX | WB ﬁ“"‘“ R2
Pipeline
ADD R2,R1,R6 R2<RI+R6 | IF | DO¥] bk W8
ADD R3,R1, R? rR3eri+r2| 1 [pdfF] Ex [ ws |
First read R1 —! J

Second read R1
Read R2

@ However, other problems occur. It's called Data Hazards.
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CPU Structure Pipeline

A 32-bit Pipeline

Hazards RISC CPU

Write R1
1 2 3 |4— 5

5 6
Write R2

MOVA RI1,RS Riers[ 1 [poF [ EX [wB | [

Pipeline
ADD R2, R1,R6 rRz—ri+R6 | 1F | poF] ek | ws
ADD R3,R1, R? rR3eri+r2| 1 [pdfF] Ex [ ws |

First read R1 — J
Second read R1

@ However, other problems occur. It's called Data Hazards.

@ We don't go details but there're some methods to handle..
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CPU Structure Pipeline

A 32-bit Pipeline

Hazards RISC CPU

Write R1
1 2 3 |4— 5

5 6
Write R2

MOVA RI1,RS Riers[ 1 [poF [ EX [wB | [

Pipeline
ADD R2, R1,R6 rRz—ri+R6 | 1F | poF] ek | ws
ADD R3,R1, R? rR3eri+r2| 1 [pdfF] Ex [ ws |

Second read R1 J

@ However, other problems occur. It's called Data Hazards.

@ We don't go details but there're some methods to handle..

Data Stall
Add 'bubble’ to certain cycle.
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CPU Structure Pipeline

A 32-bit Pipeline

Hazards RISC CPU
Write R1
1 2 3 |4— 5 6
MOVA RI1,RS riers[ IF_|DoF [ EX | wp | [ ViR
ADD R2,R1,R6 R2 <RI + R6 IF | po¥ bk WB Pipeline
ADD R3,R1, R2 rR3eri+r2| 1 [pdfF] Ex [ ws |

Second read R1 J

@ However, other problems occur. It's called Data Hazards.

@ We don't go details but there're some methods to handle..

Data Forwarding
Data Stall Don't wait for WB stage, just throw the
Add 'bubble’ to certain cycle. computed—output to following
instructions.
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Pipeline CPU Structure

Pipeline
RISC with
Data
Forwarding
e An additional

MUX D’ for
forwarding

Spring 2013 C34125
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SH
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Data
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CPU Structure  Branch Prediction

Branch—Hazard, or called Control Hazard

@ After pipelined, the branch instruction has something wrong.

R1 =0 evaluated
PCsetto 20
1 2 3 ’—4 5 6 7

1BZ R1,18 IF | poF | Ex' [ wB —

2 MOV R2,R3 IF | DoF | Ex | we | [ ChaneeinR
3 MOV R1,R2 ¥ |por [ Ex | ws

20 MOV RS, R6 IF_| DOF | EX | WB |
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CPU Structure  Branch Prediction

A 32-bit Pipeline

Branch—Hazard, or called Control Hazard RISC CPU

Branch Prediction

@ After pipelined, the branch instruction has something wrong.

R1 =0 evaluated
PCsetto 20
1 2 3 ’—4 5 7

6 7
1BZRI,18 IF |poF | X' | wB Change in R2

2 MOV R2,R3 IF | DoF | Ex | we | [ ChaneeinR
3 MOV R1, R2 IF [porF [ Ex [ wa |

20 MOV R5, R6 ir [por [ ex [ wa |

@ The same strategy as Data Hazard can be taken.
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Adding NOPs

@ just like Data Stall.

CPU Structure

PCset 1020
2 3 F 5

Branch Prediction

R1 =0 evaluated

. 6 7
1BZRI,18 ir [poF [ Ex'['ws | [ Nochanee
2NOP IF | DOF| EX WB r No change
;
3NOP IF DOF EX WB
20 MOV R5,R6 ir | por [ Ex [ ws |
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Adding NOPs

@ just like Data Stall.

PCset to 20

CPU Structure

Branch Prediction

R1 =0 evaluated

. 2 6 7
1BZRI,18 ir [poF [ Ex'['ws | [ Nochanee
2NOP IF | DOF| EX WB r No change
;
3NOP IF DOF EX WB
20 MOV R5,R6 ir | por [ Ex [ ws |

@ Don't do anything before confirming branch targets.
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CPU Structure  Branch Prediction

Branch Prediction

@ However, We can guess what will happen.
R1 =0 evaluated

PC set to 20
s [a s 6 7

1 2
1 BZR1,18 ir [por[ ex [ws] [N change
2 7 No change
2 MOVA R2 R3 IF | DOR| ) | () i
7 7\ %\
3 MOVA R1R2 FICF| O | €)
20 MOVA R5 R6 IF | DOF | EX | WB |
Branch detected

and bubbles launched
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CPU Structure  Branch Prediction

Branch Prediction

@ However, We can guess what will happen.
R1 =0 evaluated

PC set to 20
s [a s 6 7

1 2
1 BZR1,18 ir [por[ ex [ws] [N change
2 7 No change
2 MOVA R2 R3 IF | DOR| ) | () i
7 7\ %\
3 MOVA R1R2 FICF| O | €)
20 MOVA R5 R6 IF | DOF | EX | WB |
Branch detected

and bubbles launched

@ And undo instructions if our guess is wrong.

% (DISP) A 32-bit Pipeline RISC CPU

A 32-bit Pipeline
RISC CPU

Branch Prediction

December 20, 2013

14 / 32



CPU Structure

Now the CPU looks like... A Rsc o

Branch Prediction

Pipeline RISC with
Branch Prediction

>rediction

e Branch/Jump is
controlled by
MUX C
When the selection
is not zero, branch
or jump occurs

LY
e A big ORis used to b P v s raa~]

clear
A
RW and MW from 25 Modite

AL
writing data Nt unciion
AppER
BS to stop next branch

IR to replace the next ---
instruction with a NOP RW DA MD

Address
Data

Spring 2013 C34125

Zpit (DISP) A 32-bit Pipeline RISC CPU December 20, 2013



Implementation

A 32-bit Pipeline

Outline RISC CPU

Implementation

© Implementation

Eptst (DISP) A 32-bit Pipeline RISC CPU December 20



Digital IC Design Flow

Spec.
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Implementation RTL Coding

RTL Coding — Verilog M Rsc
@ A kind of hardware description language(HDL). £t

@ Module—Base
module module_name (port_name);

‘ Port Declaration ‘ i _[module SMUX(out, a, b, sel)

{outputout; T
_|input a,b,sel

‘ Data Type Declaration

RTL Coding

‘ Module Connection ‘

and U2(t2,b,sel_n); ‘
or U3(out,t1,t2); i

-

‘ Functionality

‘ Task/Function Declaration ‘

endmodule

alu.v

register_file.v
instruction__decorder.v
risc.v
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Gate-Level Synthesis

@ Gate—Level Synthesis

()
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Implementation Gate-Level Synthesis

Tool Chain(EDA) Seri

@ There is a tool chain from spec. to alerttesting

Gate-Level Synthesis

@ Here only introduce Design Compiler, used to synthesize RTL code to gate—
level.

o Virtusos— Avant!— Synopsys
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Implementation ~ Gate-Level Synthesis

A 32-bit Pipeline

Reading Design RISC CPU

o FRMEMFEITA v 4

L oty i B RS, oo —
Be Bt Yow Sesch Iovs Docemers by e AL View Soect Honlgn Lt Herarchy Desin Atbutes Schamatic Timing Test_ Eower window Hop

B 2 .d | & 9 ¢ | T Ell [|: - ® | B8 &0 [k

New O " swe | pin | Uno cn col

File header here &~ Hconame_[rervame _[carpan

[ T R T L O R | e

define the filename of your memory model

RABODEL - RAMZKX32.V i Ty
o0 ~ neverilog el i o o g (s 5o et i
sk - header.v \ F Compiting smree Tite /nome/raidi_i fusert3/ro3031 foms/111316_PONriac

= T o eatas arumeron commfown e Tt vt ate-Level Synthesis

rfv |
SCRAMODEL) \

sunske - synv

SCRANMODEL) '\

o - header v \
e.v \
SCRAMIODEL)
VLOGARG - +access+r +nospecify snotimingchecks oot menors o .
SVIOGARG - vaccessir O oteca 3/ uasto/ 92021/ 131216_703/ a7+
TWPFTLE - +.log \ | Reiote pame | e | i | s |10 | 5% | 2 Bl
verilog key \
nhaveLog \ TR R e R B
INCA_Libs
DBEILE - *.bak [ES—
a1l :: sin U gt a1 tmme | wiaen | b |0k | A | on 10 1 a1 ]
sin ey e Y i IV .
SCVLOG) S(SRC) S(VLOGARG) i J .
1og [y Sene =T
check cesign wision= [T
S(VL06) e S(SRQ) $(VLOGARG) ‘ T
= =
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A 32-bit Pipeline

Schematic & Symbol — Top Module RISC CPU

Gate-Level Synthesis
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Implementation Gate-Level Synthesis

Schematic & Symbol — Top Module Seri

3854

Gate-Level Synthesis

2@t (DISP) A 32-bit Pipeline RISC CPU December 20, 2013 22 /32



Implementation Gate-Level Synthesis

A 32-bit Pipeline

Schematic & Symbol — Register File RISC CPU

Gate-Level Synthesis
a[31:0]

b[31:0]
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Schematic & Symbol

dot_n
dof_ps}

def_mw]

mo)

dof_ir_outl 6:01 instdecorder mal
aof_mal1:o]f

doi_bsl1.0])

dof_f+13:0]
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A 32-bit Pipeline
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Schematic & Symbol — Instruction Decoder

3854

Gate-Level Synthesis
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Schematic & Symbol — ALU
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Implementation Gate-Level Synthesis

Compiling Design — Clock & Wire Load Model P

Gate-Level Synthesis

Specify Clock (on cad2

Clock name: [cik
Port name:  [cI¥ b

I™ Remove clock

Clock ceaton
o —
B T ndasigspar |
Fiong g
Faliing Remove edge pair

0.00 I 3

¥ Don' touch network W Fix hold

===

A 32-bit Pipeline RISC CPU December 20




Implementation Gate-Level Synthesis

Compiling Design — Clock & Wire Load Model

Schematic Timing Test Power Window Help

Edt View Select Highight List Hierarchy Design_ Atribut
:RsFlaa@aeaan - T IS =

H 8 symbol10 risc

LogicaiHie [Cels (Hierarchical
T [colName _[rerName _[cervan
®1.. [@nst decor . e Inst_decord
oRe
N
= Terd T Symbol10 rsc T scnemaicao mc |
design_vision> set_operating condition 1" -library "typica =
2
U R —
?
.
< | >
Log [ History Options: <]
design_vision> ||
PPort | clk

ady
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Gate—Level Simulation

Spec.
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Programming

Awful Programming Experience on the

o MR LA 10 EA, i fife g —1E4u09:

self-designing CPU...

tt_bin.dat

@ //This is a program culating 1+2+3+

0100010_10000_00000__000010000000000 //  main:
0010000_00010_10000__000000000000000 //
0000010_00001_00001_00010_0000000000 //  add
0100101_00010_00010__000000000000001 //
1001000_00000_00010__111111111111100 //
0100010_10010_00000__000010000000010 //  done:
0100000_00000_10010_00001_0000000000 //

ADI R16, RO,

#1024

LD R2, M[R16]

ADD R1, Ri,
SBI R2, R2,
BNZ R2, add
ADI R18, RO,
ST  M[R18],

R2

#1

(-4)
#1026

R1

Zist (DISP)

A 32-bit Pipeline RISC CPU

A 32-bit Pipeline
RISC CPU

Programming

December 20, 2013 29 /32



Programming

A 32-bit Pipeline

Awful Programming Experience on the self-designing CPU... RISC CPU

o R LA 10 AA, B fife FiE—iE4549:

tt_bin.dat
@0 //This is a program calculating 1+2+3+ n
0100010_10000_00000__000010000000000 //  main: ADI R16, RO, #1024
0010000_00010_10000__000000000000000 // LD R2, M[R16
0000010_00001_00001_00010_0000000000 //  add: ADD R1, R1, R2
0100101_00010_00010__000000000000001 // SBI R2, R2, #1
1001000_00000_00010__111111111111100 // BNZ R2, add (-4)
0100010_10010_00000__000010000000010 //  done: ADI R18, RO, #1026 Programming
0100000_00000_10010_00001_0000000000 // ST M[R18], R

TARAATE LR (spec.) 89382, ATAREFHTH CPU seiR¥eE R, PC £
43 fe4E A CISC 89 R IR ALK & 4ait,
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Programming

A 32-bit Pipeline

Awful Programming Experience on the self-designing CPU... RISC CPU

o R LA 10 AA, B fife FiE—iE4549:

tt_bin.dat
@0 //This is a program calculating 1+2+3+ n
0100010_10000_00000__000010000000000 //  main: ADI R16, RO, #1024
0010000_00010_10000__000000000000000 // LD R2, M[R16
0000010_00001_00001_00010_0000000000 //  add: ADD R1, R1, R2
0100101_00010_00010__000000000000001 // SBI R2, R2, #1
1001000_00000_00010__111111111111100 // BNZ R2, add (-4)
0100010_10010_00000__000010000000010 //  done: ADI R18, RO, #1026 Programming
0100000_00000_10010_00001_0000000000 // ST M[R18], R

o TAMKMANIGLE (spec.) 93, AT EF CPU iR#ESE 2%, PC £
43 fe4E A CISC 89 R IR ALK & 4ait,
e ARM CPU %#%5& RISC,
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Programming

A 32-bit Pipeline

Awful Programming Experience on the self-designing CPU... RISC CPU

o R LA 10 AA, B fife FiE—iE4549:

tt_bin.dat
@0 //This is a program calculating 1+2+3+ n
0100010_10000_00000__000010000000000 //  main: ADI R16, RO, #1024
0010000_00010_10000__000000000000000 // LD R2, M[R16
0000010_00001_00001_00010_0000000000 //  add: ADD R1, R1, R2
0100101_00010_00010__000000000000001 // SBI R2, R2, #1
1001000_00000_00010__111111111111100 // BNZ R2, add (-4)
0100010_10010_00000__000010000000010 //  done: ADI R18, RO, #1026 Programming
0100000_00000_10010_00001_0000000000 // ST M[R18], R

o TAMKMANIGLE (spec.) 93, AT EF CPU iR#ESE 2%, PC £
43 fe4E A CISC 89 R IR ALK & 4ait,
e ARM CPU %#%5& RISC,

o ¥ intel 89 CPU #o Rk i RISC 7, RAEIEE LT RISC-CISC 4
&,
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Programming Demo

A 32-bit Pipeline

Dem (0] RISC CPU

o o RrFM AFF Bt FEING3ET L Demo...

Demo
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Programming Demo

A 32-bit Pipeline

Dem (0] RISC CPU

o i M A FF BIZ &My T L Demo..
o HHA: ncverilog AAZHEF a2,

Demo
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A 32-bit Pipeline

Outline RISC CPU

Conclusion

@ Conclusion
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Conclusion

A 32-bit Pipeline
RISC CPU

o Compilers do a lot of works for us.

Conclusion
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@ Compilers do a lot of works for us.

@ OS and drivers helps manage hardwares so much.

Linux B nEE

Conclusion
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Conclusion

A 32-bit Pipeline
RISC CPU

@ Compilers do a lot of works for us.

@ OS and drivers helps manage hardwares so much.

Linux B nEE

Conclusion

o High—Level programming is ALL based on Low-Level implementation.
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