Complex SysTewy, Dedign |

Why have processing blocks?

The goal of modular deslgn: )
Abstraction

What does that mean anyway:

sna ugh fora 6-3 to follow...
. Llnder'standlﬂ

without knowing IMFLEMENTATION
. Fred]ctabl
* Tinker-toy assembly

under EEAL WOELD circumstances

How do you build systems with > 1G components

Personal Computsr: Integrated Clroukt:
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What do we see?
+ Structure
- (nerarchicallesign

—| limited complexity at each level -
| e a bug |
reusablebuilding blocks ;C_- theDviagicl X % 1
L oneof
+ Interfaces .—

ure hnpn"l
- Key elements of system engineering; typically Y

autlive the technologies they interface
- |Eo|at&!tﬂc|’ll‘lﬂ|ﬂgiﬂﬁ
- Major aFstractionmechanism

» What makes a good system deslgn?

- “Bang for the buck™{minimal mechanism| maximal function
- In a wide range of environments
- accommodates future technical improvements j en Q(Qj PUY P ofe
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. Generally digital systems into two kinds of operation
— Things that deal with the real data
— Things that control the stuff operating on the real data|(Control) FSM/ “ §€g Jen cer

* Find a decomposition that islsimple, and efﬁcienﬂ
— Some are obvious, others can be more subtle

e We will start simple

— (Add stuff to improve performance

* First we need to:

1. the instruction \L
* Then we need to: ][‘/
2. instruction /fetch register] l/ on

* Then we need to: L' 2 \L
3. Do the(Gperation ) bohere -

* Then we need to: 77 gmordq [Reab/wé%(’} ‘k
4. the result into! register-file |

* Finally we need to: y

5. Calculate the\next Instruction address

o Tosimplify our study of processor design, we will focus on a(subset'ofthe
MIPS instructions

- Memory:@an
- ArithmeticJaddy, StWand slt
















e Steps that occur on each instruction:

from memory - address is specified by PC
-
add/sub/etc. using ALU (see Appendix C.5)
—(Fetch\a value fron{ memory <

— N 7L ! '?
—( StoreYesults tWi/ never /)"1 Spme INSTruchon .
. Neede for single cycle machine:
— Instruction pointe memory

+ AND-gate Adder
- Y=A&B « Y=A+B

Bui IJ(AZ Blockf
(eambinetorid )

Arithmetic/Logic Unit
Multiplexer = Y=F(A, B)
= Y=S?11:10

¢ Flip-flops with write control (YCZUW{MQ >
— Only updates on clock edge when write control input is 1
— Used when stored value is required later

D — Q
Write —
Clk >




e Combinational Iogiduring clock cycles
— Between clock edges

— Input from state elements, output to state element

— Longest delay determinles clock period

State — State

element —»(Combinationall ic element
1 Og h 2 State | Combinational logic
— element
——

* Flops work great as long as input is stable when clock rises

- Called ndwindows

— Cloc @ an cause some nasty problems

* Hold time violations (we won’t worry about this in this class)

‘Cycle Tlme‘ Longest Pro .+-

Clk T T—
-4—|-l4—b ——r—>
Setup | Hold Setup 1 Hold
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* |Interface to Memory can be:

— Combinational (asynchronous

— Clocked
* Combinational memory: AS)’NCH

— Read data ig'valid some delay\after address lines settle

e There is(no clock) when T Seml.?

— Writes are tricky: must supply Mn the middle of your

address and data valid times *

\SN
"« Clocked memory)(most common): <Y ¢

— Memory looks like a standard{synchronous device.
—and control signals are sampled©n rising edge of clock, and
data isom number of cycles)later

Use WE

| cFen
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mem resgfonse

. Combinational
Addr :><\\/a\'\\ ><\ Vi) X Vel
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Data@ [ Vel

«(oynchronom) o saoe /nl
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r ;. A\ ‘ hecess
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DataOut Data1 | | Data2 | | Datad | | Data4 J’ read Jd‘jA'




Memories In This Design

. Theywillbe ASYNCH W/ Fixe) C‘Q‘Qﬁ_

— Otherwise we can’t complete an instruction in one cycle!

e Interface is simple:

— OQOutputs:
¢ DataOut

e Register file:

5 m Registers i
\ ' ead

/\l Data j@

[ &

‘:"“rl -\)..;anH ' OU+ 4—

5 3 data 1
1Y
@gister 2

TN

sithal
—— ujmc Pf!.‘?*

Add Add .
\ C,ﬂ\‘ll ?
Data -
ovT Register # /b
»( PC (#= Address (Lrlstruclion > Registers AL -GAddress )
(S .
Register # \&_ Data ) /]
( Instructio 3_ memo (— VT
memory Register # Y \o

Y

: N 2
Data
——V

» Major functional units & major connections

Missing: multiplexers (cannot just join wires) & control [V S‘fﬂ .

= fF/low

data 2 | 0U+ l

Dedix



Instruction Fetch

Pc ¥

PC

32

Add

S

O—
Read

address
OUT 37"

Instruction
memory

6 5 5 5 5 6
R-format | OP=0 | rs I rt | rd I sa I funct |
First Second Result Shift Function
Source Source Register ~ Amount Code
()\h Register ~Register
6 5 5 16
|-format | OP | rs I rt | imm
First Second Immediate
Source Source
Register Register
6 26
Jformat | OP target

Jump Target Address

Instructions ard fixed IenétE)

— Don’t need to decode first instruction to find next one
—(Always add 4 bytes|to instruction pointer (PC)

Register specifiers are always in the same place

— Destination moves around some, but rT; (s

—(Source registers are always in the same place
* Oryoudon’t need that register
- Can@the registers BEFORE you dec@mstruc‘non

* Feed bits directly from the instruction memory




Datapath: R-Format Instructions

e (Read two registeroperands

e Perform arithmetic/logical operation

° @e register result

i radion

Read

TR
(vietudl)

register 1 A»Y Iglead

a\)‘(

Read
register 2

Write

Registers
ngster b/ O
glster G “\ REEU:I
data 2
rite

ALU operation

| RegWrite

wave

Datapath: Immediate Ops

T- }?orwj'

Extend datapath to support

e (Write registeris rt or rd based on instruction

immediate operations

Read data 2 is ighored for immediates

* |Immediates can be|sign or zero extended

ALUsrc and ALU operation set based on instruction

[

Instruction
[31-0]

Instruction [20— 18]

Imstructicn [15— 11]

|
Instruction [25—21] Frcad j
PS "\ register 1

register 2
M ‘Wr‘i.e

Registers  peaqd
data 2

L~ (linstruction (150 - ‘5_
~ — __ ]

Y

T

R




Datapath: Load
T~ Pormal

Extend datapath to support other immediate operations

Extender handles either sign or zero extension
MUX selects between ALU result and Memory output

op
1Y
3

Instruc:tijn
[F1-11

Instruction [25- 21]

Instruction [20— 18]

Instruction [15—11]
g

Instruction [15—0]

ALY .ou"\'
0R
Mem.odt

yw"' 100-”4
Con ‘F’lc ?

]

Read Register 2 is passed on to Memory
Memory address calculated just as in lw case

RS
RY

Instruction
[31-0]

Imstruction [25-21]

L

Instruction [20- 16]

W

N

(0]

{ Address)

nie
Imstruction [15- 11]
—_— —]

Read
data

memary




Datapath: IF + Branch

Read

I

address

Instruction
memary

PC +
\ov] B 5 Zero
s | whet
I-I- Is BR._O()CGBQ, \’S
Instssion ( ¢‘?
de,ALU . ’

N whd
e i& ‘ phase: dece
\/

Datapath: [FU + Jump

e MUX selects pseudodirect jump target

N~

welje 3 3L
S T~
/ \ 2
l P( -—V PC [31-28] Instruction [25—-0] 00
N ™ o)
— - - a2
A
Add
/2' é
4 — /
1bi’
, L N Ay
ple— |
Instruction ||
Instruction o \ IK [9‘§ : o 3 -\*Tl
memary | 0
IR \



Control for Arithmetic

PC [31-28] Instruction [25-0] 00

Add)
4
Instruction [25—21] _ | mead
Read | oo 0 B
FC address register 1 Read |\, = 0
Instruction [20- 18] ~ | Bead datal| L emt
- 7| register 2
Instn;c]:uonn = Registers peag |
) [31-0] Write data 2 L1 Read
Instruction register M data M
memory Instruction [15-11] Write . u
o ————-|
data 1 *
. Wirite fmemory o
t data
Instruction [15-0]  — B gign |2 \Iy
* | extend e
&
C. Kozvrakis 31
Arithmetic | diate (ori)
PC [31-28] Instruction [25-0] 00
Add
4
1
|
Instruction [25—21] Bead
Read e I
PC address 8 i> Read
Instruction [20— 18] Read data 1
. register 2
I"ST”'B"?’OD” 4 Regisiers meagd
-0l Witz data2
Instruction register
memary Ipstruction [15-11] | * Write
! data

Struction [15- 0]




Control for Load

PC [31-28] Instruction [25—0] 00

ALU
Add result
Add)
4 + Q
L 4
Instruction [25- 21] Read em a
BC Read ister 1 1
address =
| Instruction [20- 18] Read data 1 - ) -
. register 2 - -
|”5tr'-3"1’:'°|:'|" = Registers maad ALU
) [31-0] Write data 2 a result
Instruction regist: M
memary INstruction [15-11] Write ;
data 1
Inpuetion [15-0] _ <
PC [31-28] Instruction [25-0] 00
AL
Add resulk
Add
4 H 2
1]
1
Instruction [25- 21] efm o
Read -
FC address &
Instruction [20— 16] AL ~ b
Instruction _}‘:LU B |
. [31-0] Address Read 1
Instruction data M
memary Ihstruction [15- 11] ota u
a b
memal
Wirte i 0
1 data

S—t]




Control for Branch (beq)

Q. torteller,hds g 4o

Instuction [15-0] &

| =13}

PC [31— 28] Instruction [25-0] 00
Add
4
Instruction [25— 21]
Read
FC address
Instruction [20— 18]
Instruction fi] |
-0
. B-a M Address Read_
Instruction u data M
memary Instruction [15-11] | ¥ u
| 1 Data x
Write memary 0
Re data
Instruction [15-0] &
2
Control for Jump (7)
___/H PC [31-28] Instruction [25-0] 00
Add|
4 Q,L
Instruction [25- 21] Read i -
Read i .
PC address register 1 Read é
Instruction [20- 18] Read data 1 toRe
. register 2
lns‘?é'?’_c‘[':] a Registers paag |
. M Write data 2 Address Read__,
Instruction u register data
memary Instruction [15- 11 x ;
plnstnuction (12111 | ) | g‘;"‘;ﬁ‘ Data
Write mEmary
data




Putting It All Together:
Your first processor

_’H

PC [31-28] Instruction [25-0] 00

Read
address

Instructicn
memory

Instruction

Instruction [31— 28]
—_—

Shift
left 2

[31-0]

Instruction [25— 21] Read
register 1 Read
Instruction [20- 18] Read data 1
register 2
Registers gaaq
W"iTE data 2
register
Instruction [15— 11 .
#p — Write
data

Instruction [15-0]

18 msz
5 Sign Ly

Q. Hb\) \M‘(\\?‘ S"}c:}zs—.)

Q. How 14 Y\QL)FS"[LS\'@ Ml%\m{lc>

fa um't(o“ el ?

QC" /A.Coh (o RON\

ABDR

G
S A

| —
-
-~
.

extend

Instruction [5—0]

@) L5
M M
u u
x x
ALU
Add result !
Address Readl__ (3
data
M
u
Data %
Write memary 0
data

¢ Since only the ALU needs the func field
— Pass it to the ALU unit, and have a local decoder there

et -4o = ROM  potin o] controller \
A4

0‘30656 01;6 /

6

ALUOE /

Main
[ Control |
‘l’rol cgnals
. <— ROM\ mwg —>
func 10 0000§/10 0010 Not Important
op JOO 000 0000 00 11011 100011310 101100 0100} OO0 Q010
[ maa) [ czub) | JorD) [/t [cowd [ [beq | qump)|
RegDst T 1 0 0 T x X s
AL USrc (8] 0 1 1 1 (0] X
MemtoReg O o0 0 1 X X X
RegWrite 1 1 1 1 O 0] 0]
MemWrite 0 0 0] 0] 1 0] 0
Branch 0 0 0] 0 0 1 0
Jump (8] 0 (0] 0] (8] 0] 1
ExtOp X X [0) 1 1 X X
ALUctr<2:0=] (Add) u O | radd)] /adD] (Sub) XXX
\—_/ \\_/ = T — — S—

func /

1. define op, r- format
2. define op, i-format
3. define op, lw, sw
efficiency

1. fewer bits to ALU mux
2. fast response




Single Cycle Processor

— Single cycle per instruction make@c and clock sim%

L

¢ [ Disadvantages
— TInefficient utilization of memory and functional units sian@

(instructions take differertfengths of time

* ALU pnly computes values a{small amount of the time >
— Cycletimeis the@st case patﬂ-) @ng cycle times ! = //M)
¢ Load instruction

— Best possible CPlis 1







