DATAPATH & CONTROL

DATAPATH & CONTROL

B [ kabe evioin vtapyovy dvo Pripato Tov TPEnEL
va, yivouv:
= [Ipookopion g evioMg (fetch) and t BEon mov deiyvet

o PC

= AVAyvmOon TOV TEPIEYOUEVMV EVOG 1] 000 KATAXWOPNTOV

B TE€roleg Aettovpyieg yivovror StopéGov TOv
Datapath

B O éleyyog tov Datapath yiveton Stapécov g
povadag eréyyov (Control)




YAOMOIHZH MIPS

Address Instr.

Instr. Memory

Address Instr.

Instr. Memory

a. Instruction memory

Data

Register #
Register #

Register #

Registers

Data Memory

Apyrtektovik) Yo

b. Program counter

Apyrtektoviky Y ToAoyIoTdV

Address

c. Adder




S INSTRUCTION FETCH

Address

Instr.

Instr. Memory

Instruction Fetch

DATAPATH

ALU control
Read reg. 1

Read reg. 2

—» zero

Write reg. ALU
ALU
Read result

Write data et /

RegWrite

R-Type Instructions




DATAPATH

Read reg. 1
Read reg. 2

Write reg.

Read

Write data data 2

|MemWrite

| RegWrite

Address

Write data

Read data

Load/Store Instructions

Apyrtektovikn Yoroylo

DATAPATH

Read reg. 1
Read reg. 2

Write reg.

Read

Write data data 2

RegWrite

Branch Instructions

Apyrtektovikr] YToho

Branch target

To Branch
Control Logic

shift left by 2




DATAPATH

Read reg. 1
Instru
ction » Readreg. 2
»  Write reg.
»| Write data

| MemWrite

Read >

data 1

Read | > M

data 2 U1
]

RegWrite

P

Address

Write data

Read data

EXsES

R type & Load/Store Instructions

Apytektoviky Yohoylothv

DATAPATH

Read
Address

Instruction Memory ]

Read reg. 1

Read
Read reg. 2 data 1

‘Write reg.
Read
data 2

Write data

RegWrite

MemWrite

Address

Write data

Read data

R type, Load/Store and Instruction Fetch

Apy1tektoviky Yohoylothv




DATAPATH

Read reg. 1

MemWrite
Read
Readreg. 2 gata |

Address

Write reg. Rl
ea
data 2 Read data

Write data

Instruction Memory

[RegWrite Write data

MemRead

Shift left 2( )

R type, Load/Store, Branch and Instruction Fetch

Apytektoviky Yohoylothv

EAEIMXOZ ALU

ALU control input Function

000 And

001 Or

010 Add

110 Subtract

111 Set-on-less-than

Apyrtektoviki Yo



IOYPI'IA ZHMATQON EAEMXOY
ALU

Instruction Instruction Function | Desired ALU ALU
opcode operation code action control
Input
LW load word XXXXXX add 010
SW store word XXXXXX add 010
Branch equal branch equal XXXXXX subtract 110
R-type add 100000 add 010
R-type subtract 100010 subtract 110
R-type AND 100100 and 000
R-type OR 100101 or 001
R-type set-on-less- 101010 set-on-less- 111
than than

Apyrtektoviky Y TohoyIoTMOV

[NINAKAZ ANHOEIAZ

Operation
010
110
010
110
000
001
111

X: Don’t Care

Apyrtektoviki] Ymoroy



7. add rd,rs,rt

2YI'KPIZH ENTOAQN

immediate

15-0

q rs,rt,immediate

immediate

Signal name

15-0

Apyrtektoviky Y TohoyIoTMOV

2 HMATA EAET XOY

Effect when deasserted

Effect when asserted

MemRead

None

Data memory contents at the read
address are put on read data output.

MemWrite

None

Data memory contents at address
given by write address is replaced by
value on write data input.

The second ALU operand
comes from the second
register file output.

The second ALU operand is the sign-
extended lower 16-bits of the
instruction.

RegDst

The register  destination
number for the Write register
comes from the rt field.

The register destination number for
the Write register comes from the rd
field.

RegWrite

None

The register on the Write register
input is written into with the value on
the write data input.

PCSrc

The PC is replaced by the
output of the adder that
computes the value of PC+4.

The PC is replaced by the output of
the adder that computes the branch
target.

MemtoReg

The value fed to the register
write data input comes from
the ALU.

The value fed to the register write
data input comes from the data

Apyrtektoviky Y ToAoyIoTdV




SIIEZ ZHMATQN EAEMXOY

Instruction Branch

R-format 0
Iw

0
SW 0
beq 1

SDATAPATH & CONTROL

Instruction [25-21] Read
|| Read regster 1 Read
|instruction [20- 18] Read data 1

I - regster 2
e (] ~ Regslers Read
M Wite: data 2
linstnaction 0 regster
ICHROTY Instruction [15- 11] 1" == -:;-,i‘,,
ata

Instruction [15-0} N Sign




HINAKAZ AAHOEIAZ VIONAAAZ

EAEI XOY

z
z
o
O

Op5
Op4
Op3
Op2
Opl
Op0

Outputs

RegDst
ALUSrc
MemtoReg
RegWrite
MemRead
MemWrite
Branch
ALUOpl
ALUOp0O

el £=d Il =2 E=2 (=1 Il =) I B =) =] I k=) k) Rl (g}

(=1 L (=) k=) ) Do B ke B [ Ke) fen) fen (o) o]
(=) =) (=) kel Eol Dl el el K=l Ll el Kl Rl K o
(=) k) kel Ll Kool Kol Il Bl El ol ol Kl el Kl o

ApYITeKTOVIKY Y TOLOYIGTOV

DATAPATH & CONTROL
YmooTapin Jump
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CRITICAL PATH

Instruction Functional units used by the Instruction type
Type

R-format Instruction | Register Register
fetch Access access
Load word Instruction | Register Memory | Register
fetch Access access access
Store word Instruction | Register Memory
fetch Access access
Branch Instruction | Register
fetch Access
Jump Instruction
fetch

CPU execution time = Instruction count x CPI x
Clock cycle time

Apyrtektovikn YToroylotdv

EXECUTION TIME

—_—
Instruction | Instruction | Register | ALU Frequency
type memory read | operation of Use
R-format 10 5 10 49%
| Load word 10 5 10 22%
Store word 10 5 10 11%
Branch 10 5 10 16%
Jump 10 ‘ 2%

2100epOG KOKAOG

CPU clock cycle=40ns
MetaBAntog kokAog

CPU clock cycle = 40x22% + 35x11% + 30x49% + 25x16% + 10>
Beltioon 40/31.6=1.27

Apyrtektovikn Yoroylotdy




VABNOIHZH MOAAANAON KYKAQN

B Kabe evtoan extedeiton o mep1ocOTEPOLG Omd Eval
KOUKAOUG POAOYLOV

~ @ Tiveton emavoypnotpomoinon Hovadwoy

B Aroutobvtol TEPICCOTEPOL TOAVTAEKTES KO
EVOLOUECOL KATOYMPNTES

.ﬂOIHZH NOAAATAON KYKAQN
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WYISAOI EKTEAEZHZ ENTOAQN

B KYKAOZX 1 (i010¢ yia 6)ec 11 evrodég)
= JR<Memory[PC]
= PC&PCH4
B KYKAOZX 2 (idi0¢ yia 6/eg tig eviolég)
= Avayvoon katoyopntaov: read RFE [rs], RF[rt]
= Yroloyiopog tg dievbuvong Branch: Target < [PC+4]+4*Imm16
= Anokmdikomoinon tov Opcode, ‘avayvapion tng eviorng’
B KYKAOX 3 (diapépet avaloya ue tnv evioir)
= Av 5 eviods eivor ALU/LW/SW: mpdén ALU
= Av n evroli eivou jump: PC & Imm26
= Av n evtody eivar Branch: ALU: ovykpiver ta mepigydpevo twv 000

KazaywpnTay apoipovios ta. Av to amotéleouo eivar 0 (zero flag) tore:
PC < Target

Apyrtektoviky Y TohoyIoTMOV

WIRAOI EKTEAEZHZ ENTOAQN

B KYKAOX 4 (Giapépet avaloyo ue tny evioin)
= Av 1 evioAn etvar ALU: To amotéhecpa g ALU mnyaivel oe
KOO0 KOTO(WPNTY:
s RF[rd/rt]€ALU
= Av 1 evton etvon 1 Iw: To amotérecpa tng ALU eivon pio 6éon
Uvnung, amd tnv omoia TPETEL VoL S10PAGOVE:
s Memory Read: read M [ALU]
= Ay 1 gviol eivon n sw: To amotéreopa g ALU eivon pio 0éom
UVIUNG, OTNV OTToio TPEMEL VAL YPOWOVLLE TO TEPLEXOLLEVO KATOLOV
KoToy@pnT:
o Memory Write: M[ALU] < RF[rt]
@ KYKAOZ 5 (novo yuw v Iw)
= To mepieyopevo tg puviung mov dafdcape otov 40 KOKAO
00N YeiTol 6€ KATOl0 KATaY®PNTH:
o Memory Read: RF[rt] € M[ALU]

APYITEKTOVIKT] Y TOLOYIGTOV
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Pipelining

Logic (10ns)

Logic (10ns)

Logic (10ns)

PvOpo-Andooon KaBvotépnon yu 1
(Throughput) ? . evtom) ? (Latency) ?

Pipelining

- Aroapopdadet tnv Aoyikn o€ otddi e
KOTOYOPNTES
- Kabe otdd10 evepyel oe S10pOPETIKN EVTIOAT

- & KaOe KOKALO poAOY10D HETAPEPOVTAL OEGOUEVOL
amd 10 £val 6TAS10 GTO EMOUEVO

Logic (10ns)
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Pipelining _

=

CyCIe 1 Logic Logic
2

ns

Logic

Logic

Logic

ycle 2 ,

S

Logic

Logic

PvOpo-Anodoon
(Throughput) ?

Kabvotépnon yuo 1
_&vtoam ? (Latency) ?
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