ORGANIZACIJA RACUNALNIKOV

Povzetki predavan|

3. Mikroarhitekturni nivo racunalnika

(3.2 MiMo Model Mikroprogramirane CPE)
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B Predavanje V blatu: Dejan Crnila - Code optimization on modern
processors

°Y -
objavijeno
25. oktober 2017 v a u

ol mmm ——_———————————

\® Za boljse rezultate se spustite na nizji nivo programiranja > \ Navice

\———_———_—_—-_———_J

Zelite izboljsati delovanje svojih programov? Ce je odgovor da, ne smete zamuc
optimizacije kode »Code optimization on modern processors« v okviru serije Ce
oktobra ob 18. uri na FRI.

Z Dejanom Crnilo, programskim inZenirjem iz podjetja Dewesoft, ki se bo na predavanju
skrivnosti optimiziranja kode, smo na kratko spregovorili o tem, zakaj in kdaj se lotiti op
nas ¢aka na predavanju.

,-.. tUdi 64-kratna
pohitritev po
optimizaciji kode...*
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Space shuttle Atlantis launch monitoring with Dewesoft software
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3. Mikroarhitekturni nivo racunalnika

Namen in cilji 3. poglavja:
Razumevanje :
m pomembnost urinega signala, sinhronskosti v digitalnin vezjin

m delovanja CPE in njenih sestavnih delov skozi praktiCni primer:
[0 od nivoja logicnih vrat do delujoCega modela CPE
m MiMo model mikroprogramske CPE

[0 realizacija/izvedba strojnih ukazov z zaporedji mikro-ukazov
m razumevanje delovanja CPE (ukazi, registri, enote, PC, ...)

m ARM — pregled (mikro) arhitektur
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3. Mikro-arhitekturni nivo raCunalnika
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3. Mikroarhitekturni nivo racunalnika

Kombinatori€na logiCna vezja:

Vhodi Izhodi N -
Kombinatoriéno C R

:> digitalno vezje

LL

558
Ep —

Sekvencna logiCna vezja:

Vhodi [zhodi

C——>  Kombinatoritno F——
:
e |

digitalno vezje |
D Q kombinot.oriéno

“ip_ﬂop —D Q

i Tfl?p—flop

Informacija o
notranjem stanju | g ‘Tﬁ_]

Pomnilnik |
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3. Mikroarhitekturni nivo racunalnika

Asinhronska digitalna vezja :

Slabosti:
m razliCcne zakasnitve

m zapleteno reSevanje problema razl. zakasnitev

Prednosti:
m hitrost

DIR ——

PWM

—E:)D—#} (E

LR

LL

T,

uL

D
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3. Mikroarhitekturni nivo racunalnika

Asinhronska digitalna vezja :

Primer: MiniMIPS (asinhronska realizacija CPU MIPS R3000)
m 4-krat hitrejSa od sinhronske realizacije
m bistveno bolj kompleksna (tezko na kompleksnejsih CPE)

Prikaz razlik med sinhronsko in asinhronsko

m  Sinhronska

m Asinhronska

CLK

R1

R2 @

Req ___| I
Ack S
Data —4 __ »———

Ack

[P

R4

CTL

CTL

- CTL

Req

CTL

R1

Data
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Asynchronous circuit design
3. Mikroarhitekturni nivo raCunalnika A Tutorial

Asinhronska digitalna vezja :

Jens Sparsg

Technical University of Denmark

m Low power consumption, [102, 104, 32, 35, 73, 76]

0 ...due to fine-grain clock gating and zero standby power consumption.

m High operating speed, [119, 120, 63]

O ...operating speed is determined by actual local latencies rather than global worst-case latency.

m Less emission of electro-magnetic noise, [102, 83]
1 ...the local clocks tend to tick at random points in time.

m Robustness towards variations in supply voltage, temperature, and fabrication process
parameters, [62, 72, 74]

0 ...timing is based on matched delays (and can even be insensitive to circuit and wire delays).

m Better composability and modularity, [67, 57, 108, 97, 94]

0 ...because of the simple handshake interfaces and the local timing.

m  No clock distribution and clock skew problems,
0 ...thereis no global signal that needs to be distributed with minimal phase skew across the circuit.

OR — 3 — Povzetki predavanj 8 © 2021, Rozman, FRI



3.1 Sinhronska digitalna vezja

3.1.1 Ur!n signal: Visoko stanje (1)
Odvisen : \
0 Hitrosti vezij Nizko stanje (0) _\ \
1 Zakasnitev v povezavah Negativna fronta
Pozitivna fronta

0 Stevila vezij
Aktivna fronta (poz. ali neq.) sprozi spremembo notr. stanja

3.1.2 Sprememba stanja:

CPE

— urin signal

UR

LR

LL

Ao

O t,.: za spremembo FF
O teomp: KOmbinacijsko vezje
: stabilnosti vhodov v FF

kombinatori¢na
logika

D tVZpOS' ST
ura (—
tCPE > 1:zak + tkomb + 1:vzpos
signal se signal mora signal se | tsok | t kombinatori&no | tvzpos |
lahko spreminja | biti stabilen| lahko spreminja I I
Ak J£
[Pt
S t =
CPE
SR I 9 © 2021, Rozman, FRI

Figure 1.27: Vzpostavitveni (tg) in drzalni éas (fz5).



3.2 MiMo -

Mikroprogramiran
Model CPE

MiMo - Microprogrammed CPU Model wa4aorz01s

Clock Reset
W

Address BUS

AR

Data BUS
RAM

= A 1BKE RAM D

HHEE

|Ii
[Raid] [ELA]

imed)
[akrout}

Ins.Reg.

LY

. IR
Instruction:

-tregs -sregs
Address, Data Bus
Address Data x16 |

|

New CMD

Microcode Control Unit
Control ROM

Address of first uinstruction is "opcode+32"

Micro Instruction

ucounter
X8 ]'I'. ‘%
MicroPC } A 56EROM DY
.
sel

addrsel m

pesel

Micro Instr. 32

O
xs] cycles x5 |

ICycles x4

Next Instr.

[crowm]

Decision ROM

2568 ROM

OR - 3 — Povzetki predavanj

irlnad
imload ) e .
Baszed on: htpiiminnie tuhs.arg/ProgramsiUcodeCPUSindex himl
fegsre wi4: Tidying up model, FE, TTY
cand %03h: Fixz cond code
indexsel
datasel Quick tips:
Swtite Use ctrl+ to manually toggle giobal clock signal

Use Simulate-+Ticks Enabled for automatic clock signal

2:aluop=add op2sel=treg dwrite=1 regsrc=aluout, goto fetch # ALU operations on Rd,Rs,Rt

2a[42]addrsel=pc imload=1 # JNEZ Rs,mmed

41 [65Faddrsel=pc dwrite=1 regsrc=databus # Load immediate Rd, immed
43 [67)addrsel=pc imload=1 # Store Rd into address from immed

84 [132]: pcincr: peload=1 pcsel=pc, goto fetch
85[133]: jump: pcload=1 pcsel=immed, goto fetch

Cycles Cnt Instr Cycles CGnt

e
'I‘I’Y(d rows, 16 cols)

peload swritgplatasel{indexselfcond | regsrffmioad]inoad | dwrite}pcload | peselfaddrs efjdatawriteJop2sel{aluop
dhite ok @ B B o@ @ w oW ke bk @ ok H-za

Frame Buffer LED 16x16




" J e
alunit: alu port map (
B =* alu_a,
E => alu b,

3.2 MiMO — Mmikro-programiran Model CPE Rovor > eluce:

ZERO => zero,

1
V)
FP Q k. LE —- Multiplexor into the second ALU input, and first ALU input HD.Z}_- CARRY => carry
rea lZaC IJ a alu_a <= sreg; T~ '

alu b <= treg when op2ss1="00" slse L Tae NEG => neg
immed out when op2ssl="01" else LD[”}::,:,II ALy o );
x"0000" when op2ssl="10" =ls= et a1 "”Q‘mqe
x"0001" when opZ2sel="11" else a g, ot
(others => "2'); 5 R 'pg(_t
az 1 < {
Luop * in P g,
. N ] RE’SULT * iy Sty l::glc\"%
R 2 CZEP"’J' .: Sug itd\lg;’;c\ Vei_t’:'rfbg
Qi \ ¢ ARp o d e . For w
Y ut dogs ~Vse (D, ~1T.
Sng Con, VB oug Seg0Tie ve, t rl'QATq\WIDDTH\I “
onp oug Stg 3 Tis Stg, o vae. TH\l 9 Oy, s
Holcome Lo m:” seg~Togs, A7q 5,0 0) " omn, 7 0)
~ 'gic; ~ DTH‘I B
“ i
OPTIONS: 1180 "t g

(Compiled on Jon 1 2014, 17:..
Port Zdev/utylssl, 10:37:40

Preas CIRL N 2 Tor help on special keyn

Hora or v.

minmmxl

i d ‘-‘u‘

Serial output
display

"% =5 =A%
&

B
i

https://minnie.tuhs.org/Programs/UcodeCPU/nexys4 install.html
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https://minnie.tuhs.org/Programs/UcodeCPU/nexys4_install.html

3.2 MiMoO — mikro-programiran Model CPE

Mnenja

Izvadba MiMo modela na nivoju logiénih vrat v Logisimu je bila zanimiva in koristna

28 responses

@ Sploh se ne strinjam
[:? @ Sene sirinjam

@ Se strinjam

@ Zzlo == strinjam

Izvedba MiMo modela na nivoju mikro zbirnika (micro-assembler) je bila zanimiva in keristna

2B responses

@ Sploh se ne strinjam
@ Sena sirinjam

@ Sestrinjam

@ Zalo se strinjam

Izvadba MiMo modela na nivoju zbirnika (assemibler) je bila zanimiva in koristna

2B responses

@ Sploh se ne strinjam
@ Sene sirinjam

@ Se striniam

@ Zzlo =e strinjam

Osebno sem potreboval kar nekaj ¢asa, da sem razumel, kako
toc¢no deluje mikrozbirnik oz. posamezna kontrola vrstica. Ko sem
enkrat povezal stvari mi pa niso vec predstaviljale problema ...

Model MiMo gledano v celoti je pripomogel k izboljsanju mojega poklicnega (strokovnega)
znanja.

20 responses

® Sploh se ne strinjam
@ Se ne strinjam

@ Se strinjam

® Zelo se strinjam

Splosna ocena koristnosti MiMo modela pri predmetu - od 1do 5 (najvisja ocena)

29 responses

15
14 (48 3%)

7 (24.1%)
5 6 (20.7%)

12

© 2021, Rozman, FRI




3.2 MiMo — Mikroprogramiran Model CPE

Znacilnosti :

m pomnilniSka beseda 16 bitov

m pomnilniski naslov 16 bitov

m dolzina ukazov 16 ali 32 bitov (2 formata)

0 Formatl: (primer ADD R1,R2,R3 # R1<-R2+R3, R1=Dreg, R2=Sreg, R3=Treg)
7 3 3

7 ] 3
00 Format 2 : (primer LI R1, 100 # R1<-100)
ADD R1,R2,R3 # R1<-R2+R3
R3: Treg: obit. 2 op. za ALE
3 3 3 R2: Sreg: 1.operand za ALE
16 POZOR - v formatu ukaza obrnjen
. . vrstni red kot v mnemoniku!
B registri: \_

0 8x 16bitnih sploSno namenskih registrov RO-R7
m operandi (pomnilniski dostopi) so samo 16-bitni
m pomnilniSko preslikan vhod/izhod

MiMo temelji na tem viru: http://minnie.tuhs.org/Programs/UcodeCPU/index.html

OR — 3 — Povzetki predavanj 13 © 2021, Rozman, FRI



http://minnie.tuhs.org/Programs/UcodeCPU/index.html

" M

3.2.1 lzvrsevanje ukazov - MiMo

Delovanje CPE:

m Dbranje ukazaiz pomnilnika - FETCH
0 ,ukazno prevzemni cikel”
m izvrSevanje ukaza - EXECUTION

1 ,izvrSilni cikel”

Elementarni koraki (veCperiodna realizacija) :
0 branje ukaza iz pomnilnika
0 dekodiranje (analiza) ukaza
0 prenos operandov v CPE (pomnilnik, takojSnji operandi)
O
O

O obnovitev PC (kaze na
naslov nasl. ukaza)

izvedba operacije (ALE)
shranjevanje rezultata (reqistri)

OR — 3 — Povzetki predavanj 14 © 2021, Rozman, FRI



" A
MiMo — Podatkovna enota

MiMo - Microprogrammed CPU Model wea

________ o (s R
________ " Clock Reset  Instruction:
AddressBUS . A g g |
.Address BUS i) /

01 1 _Immedl__ o Jreset
" LN e C7 R % o
I B S o e O E (0 o

datasel

15 © 2021, Rozman, FRI



'_—
MiMo — Podatkovna enota

Prikaz delovanja ob izvrsevanju ukaza
jnez rl,loop #Jump to loop: if r1!=0

Primer programa v zbirniku :

main: i ro, O
I rl, 100
I r2, -1
loop: add r0,r0,rl
add rl1,r1,r2

#r0is the running sum
#rlis the counter

# Used to decrement rl
#r0=r0+rl

#rl--

jnez rl, loop

#loopifrl1!'=0

sw 10, 256

# Save the result

OR - 3 — Povzetki predavanj 16
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u jnez Rs,immed (40)

JNEZ Rs,immed: if Rs I= 0, PC <- immed else PC <- PC + 2
( fetch: addrsel=pc irload=1 # Address=PC, Load IR register
pcload=1 pcsel=pc, opcode_jump # PC=PC+1, jump to 2+OPC
40: addrsel=pc imload=1 # Read Immediate operand -> IMRegister
aluop=sub op2sel=constO, if z then pcincr else jump # ALU: Rs-0, If z then pcincr else jump
pcincr: pcload=1 pcsel=pc, goto fetch # Increment PC and goto new command,;
jump: pcload=1 pcsel=immed, goto fetch # Set address to immed and goto new command

MiMo - Microprogrammed CPU Model vosa

Microinstruction Iﬂfﬂ’i"il hrre%s_"_sFﬂs_"EFEil New CMD Reset
swrite Jdatasel jindexseljcond||regsrc |imload jirload || dwrite | pcload | pcsel| addrsel | datawrite fop2sel [X7 X3 X?J XS]
2 @ @ @ @ b e @ 2 Address| xis | Datal x15 | IR[x16 | Icycl

es Cycles
. data ireg

Status

| —

WIUX

Address

Immed. Reg.

IMM
k;es%; <immed|
enl

||m|oad>J —
x16

Clock

el RAM

A 64KB RAM D

sel o Id cIr

O]

I I I B S .
Skok v kontrolni enoti :

Default: next address
Gl NN BN BN e .

Naslov: Podatki: IE— Kontrolni signali: [



jnez Rs,immed (40)

- JNEZ Rs,immed: if Rs 1= 0, PC <- immed else PC <- PC+2
fetch: addrsel=pc irload=1 # Address=PC, Load IR register
( pcload=1 pcsel=pc, opcode jump # PC=PC+1, jump to 2+OPC
40: addrsel=pc imload=1 # Read Immediate operand -> IMRegister
aluop=sub op2sel=constO, if z then pcincr else jump # ALU: Rs-0, If z then pcincr else jump
pcincr: pcload=1 pcsel=pc, goto fetch # Increment PC and goto new command,;
jump: pcload=1 pcsel=immed, goto fetch # Set address to immed and goto new command

MiMo - Microprogrammed CPU Model vosa

Microinstruction frege I_SF_QS_"EFEEI New CMD Reset
swrite Jdatasel jindexseljcond |regsrc|imloadlirload"dwriteIpc\oadlpcselladdrsel|datawrile|op259l| o X?J XS]
x2 X & e (x1) x2 Address | x16 | Data IR[ x16 | ICycles Cycles
0 - I%

cycles

& X data ireg
| =
] (immed ;
adaress( 8 — e A Registers Status

Immed. Reg.

MM
(‘rIeBEJ; “'immedl
-dd a0
= RAM ||m|oad)J * .
X
Clock
A 64KB RAM D |data>

sel o Id cIr

1*
Bl ogq
OCI

(8]

I I I B B B e
Skok v kontrolni enoti :

Jump to address OP+2=40+2=42

L I I I N N e '
Naslov: Podatki: IE— Kontrolni signali: [



u jnez Rs,immed (40)

JNEZ Rs,immed: if Rs 1= 0, PC <- immed else PC <- PC+2
fetch: addrsel=pc irload=1 # Address=PC, Load IR register
pcload=1 pcsel=pc, opcode jump # PC=PC+1, jump to 2+OPC
_40: addrsel=pc imload=1 # Read Immediate operand -> IMRegister
aluop=sub op2sel=constO, if z then pcincr else jump # ALU: Rs-0, If z then pcincr else jump
pcincr: pcload=1 pcsel=pc, goto fetch # Increment PC and goto new command,;
jump: pcload=1 pcsel=immed, goto fetch # Set address to immed and goto new command

MiMo - Microprogrammed CPU Model vosa

Microinstruction Iﬂrﬁfidil h%i"f?ﬂi"ﬂfﬁil New CMD Reset
|swrite|dataselIindexsellcond"regsrclimloadIirload"dwriteIpc\oadlpcselladdrsel|datawrite|op258ll (x7 sl el [l
(x1) x1) x2 X ) (xe (x1) x2 Address| xi6 | Datal x16 | IR[ x16 | ICycles x4/ Cycles| x16 |
<]
/‘ . address

i

deta]  [imeg

WIUX

Address

el RAM

A 64KB RAM D

sel o Id cIr

Bl e
Clock o<

I I I B S .
Skok v kontrolni enoti :

Default: next address
Gl NN BN BN e .

Naslov: Podatki: IE— Kontrolni signali: [



jnez Rs,immed (40)

- JNEZ Rs,immed: if Rs 1= 0, PC <- immed else PC <- PC+2
fetch: addrsel=pc irload=1 # Address=PC, Load IR register
pcload=1 pcsel=pc, opcode_jump # PC=PC+1, jump to 2+OPC
40: addrsel=pc imload=1 # Read Immediate operand -> IMRegister
[ aluop=sub op2sel=const0, if z then pcincr else jump # ALU: Rs-0, If z then pcincr else jump
pcincr: pcload=1 pcsel=pc, goto fetch # Increment PC and goto new command,;
jump: pcload=1 pcsel=immed, goto fetch # Set address to immed and goto new command

MiMo - Microprogrammed CPU Model vosa
Microinstruction IEFEE{il |_tfr9_975_| sregs||dregs| New CMD Reset
o el

swrite|datasel findexseljcond||regsrc |imload jirload || dwrite | pcload | pesel|addrsel | datawrite fop2sel
@ @ @ @ @ @ @ @ @ & @ @ e AddressData IR(x16 | ICycles x4/ Cycles| xts |
& . ;
i address data ireg

(e
Address m— m Status
sreg

[~ ]

Immed. Reg.

:0—T
NO—1]

MM
b g immed]
RAM —L ol
imload —
(xt6 sl ALU
Clock l
A 64KB RAM D |da:a,‘,
ai
sel o Id clr i \'|
[ —
Clock o<l
1 x16

I I I B .
Skok v kontrolni enoti :

if
then pcincr I
else jump

G B BN B S .




u jnez Rs,immed (40)

JNEZ Rs,immed: velja Rs= if Rs I= 0, PC <- immed else PC <- PC + 2
fetch: addrsel=pc irload=1 # Address=PC, Load IR register
pcload=1 pcsel=pc, opcode_jump # PC=PC+1, jump to 2+OPC
40: addrsel=pc imload=1 # Read Immediate operand -> IMRegister
aluop=sub op2sel=constO, if z then pcincr else jump # ALU: Rs-0, If z then pcincr else jump
[ pcincr: pcload=1 pcsel=pc, goto fetch # Increment PC and goto new command,;
jump: pcload=1 pcsel=immed, goto fetch # Set address to immed and goto new command

MiMo - Microprogrammed CPU Model vosa
Microinstruction tregs L{sreg__]s I_[d”ag:_lS New CMD Reset
|swrite|dataselIindexsellcond"regsrclimloadIirload"dwriteIpc\oadlpcselladdrsel|datawrite|op258ll haly (x3) [l
(x1) x1) x2 X ) (xe (x1) x2 PC<-PC+1 \ddress | x16 | Datal x16 | IR[ x16 ICycIes: Cycles x16 |
i = 16 address
m

data ireg

Address @—

Registers Status

Immed. Reg.

MM
(‘rIeBEJ; “'immedl
-dd a0
= RAM ||m|oad)J * .
X
Clock
A 64KB RAM D |data>

sel o Id cIr

1*
Dl oc
OCI

I I I B S .
Skok v kontrolni enoti :

Jump to address fetch:
I N S .

Naslov: Podatki: IE— Kontrolni signali: [



jnez Rs,immed (40)

N JNEZ RS,Immed: EE! RS# if Rs 1= 0, PC <- immed else PC<-PC+2
fetch: addrsel=pc irload=1 # Address=PC, Load IR register
pcload=1 pcsel=pc, opcode_jump # PC=PC+1, jump to 2+OPC
40: addrsel=pc imload=1 # Read Immediate operand -> IMRegister
aluop=sub op2sel=constO, if z then pcincr else jump # ALU: Rs-0, If z then pcincr else jump
pcincr: pcload=1 pcsel=pc, goto fetch # Increment PC and goto new command;
[ jump: pcload=1 pcsel=immed, goto fetch # Set address to immed and goto new command

MiMo - Microprogrammed CPU Model vosa
Microinstruction Iﬂfﬁ%’il hfrﬁl%s_l sregs||dregs| New CMD Reset
o el

swrite|datasel jindexselfcond||regsrc |imload jirload || dwrite | pcload | pesel|addrsel | datawrite fop2sel
(x1) x1) x2 X ) (xe (x1) x2 Address/ x16 |Datal x16 | IR[ x16 | ICycles x4 CVC|95

data ireg

Address @—

Status
cO—]

z

nO—1]

RAM

ALU

treg J

A B4KBRAM D |dafa> .
slel o ld alr " \n]
“k o< t—(aruou]

s x16

I I I B S .
Skok v kontrolni enoti :

Jump to address fetch:
I N S .

Naslov: Podatki: IE— Kontrolni signali: [
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3.2.2. MiMo - podatkovna enota
3221 ALE: L p— o

Vhodi:

2x 16-bitna operanda:

 Sregq,

* izhod iz MUX-a (op2sel)

Izhodi:

« 16-bitni rezultat operacije
(»aluout«)

« zastavice C (+,-), Z (NOR), N (by5)

Kontrolni signali:
op2sel — doloc€i 2. operand:

aluout

" aluout:

o 0.7 Data Bus
e 1..? Addr Bus
R 2 9 Register
« 3.7 - 2 |- |
.. . op2sel: aluop:

aluop — doloci operacijo (iz OP kode) 0..Treg O+
« 0.7 1..IMM (Rx+IMM) 1..-
e 1.7 2.70" (Rx-0) 2 *
e 3.7
R Oznacevanje :

* VHODI

* 1ZHODI 23 © 2021, Rozman, FRI

* KONTROLNI SIGNALI



000000 D
Hooooooo " ~~ The ALU
c out alunit: alu port map |
L ‘D\\\ A =» alu a,
E_ B => alu b,
Do000000 | ALUCE => aluop,
= nooooooao b?Ut RESULT=> aluout,
ZERC => zero
LS Car '
oaoo i CARRY => carry,
A mm Cig< NEG => neg
3.2.2.1 ALE: c i )i
0o0a
Vhodi: e :
i . rer VHDL:
2x 16-bitna operanda: | - The 21U component
° Sreg, “_I—\ component alu is port
. izhod iz MUX-a (0p238|) / .y : in std logic vector (DATA WIDTH-1 downto 0);
. B : in  std logic vector (DATA WIDTH-1 downto 0);
M L . ) ._/h‘ ALUCE : in std logic_wector (3 downto 0);
. 16-bitni rezultat operacije RESULT: out std logic vector (DATZ WIDTH-1 downto 0);
(»a|uout«) “_}D ZERC : out std logic;
R zast Vi C (+ 7 (NOR T CARRY : out std logic;
Na(sba)ce ( ’_)' ( )' “—D: NEG : out std_logic);
15 end component;
Kontrolni Siqnali: “_DC ;— Muil:iplexu:r into the second ALU input, and first ALU input
.. a 'LL_a = Sregyr
OpZSel — doloéi 2. Operand: “_DC alu b <= treg when op2sel="00" =lse
. O__Treg ? immed out when op2sel="01" else
A z"0000" when op2sel="10" sls=
¢ lIMM (RX+IMM) - x®"0001" when op2sel="11" eslse
° 2..”0” (RX - O) (others => "2");
. 3.1 (Rx+1) .
.. .. (—
aluop — doloci operacijo (iz OP ;
kode) - . —7
-
o 0.+ 1
[ =@ zer0
° l - f -
. )
. 2.%
. 3. |
. o

@Negative
ML

| noon0n0n
DO0D000D

'1, Rozman, FRI
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3.2.2. MiMo - podatkovna enota

3.2.2.2 Reqistri

Vhodi:
16-bitni vhod (»regval«)

Ro[_oaos -

|zhodi: IR1
3x 16-bitni izhodi R2|_ft =
Dreg,Sreg,Treg ... . qe———.—_ R3/ 0000 P

swrite

R4{ 0000
R5{ 0000
R6{ 0000
R7{ 0000 -

Kontrolni signali:

dsel, ssel, tsel — v ukazu: dolog¢ajo kateri
register bo na vsakem od 3 izhodov:

* Sreg ->ALU,vh.Regs,Nasl.vodilo
 Treg ->ALU,DataBus

* Dreg -> DataBus

regsrc — doloCa vhodni izvor:
 0..DataBus

: immed >—| .

SEESEA NS [
™ dsel, ssel, tsel | ned )= :

e 1.IMM

e 2 AU N sregy- S —
-1 —— - 0000

. ??..Sreg . e regsrc: l_l_l'(m """"

dwrite, swrite, twrite 0..DBus

(obi¢ajno samo eden) — dolocajo pisalno 1.IMM
operacijo iz vhoda v izbrane registre 2.ALU
3..Sreg
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regval

3.2.2.2 Reqistri

Vhodi:

16-bitni vhod

(»regval«)

Izhodi:

3x 16-bitni izhodi
Dreg,Sreg,Treg

Kontrolni signali:

dsel, ssel, tsel —v
ukazu: dolo¢ajo kateri
register bo na vsakem

od 3 izhodov:

e Sreg-
>ALU,vh.Regs,Nas
l.vodilo

. Treg ->

ALU,DataBus
° Dreg -> DataBus

regsrc — doloca

vhodni izvor:

. 0..DataBus
. 1..IMM

. 2..ALU

. 3..Sreg

dwrite, swrite, twrite
(obi¢ajno samo eden)
— dolocajo pisalno
operacijo iz vhoda v
izbrane registre

x18

Register File

x16

x16

x16

®16

¥16

x16




I
3.2.2. MiMo - podatkovna enota

. Ad
3.2.2.3 Programski st.-PC .

Vhodi:
« PC+1, Immreg, PC+Immreg, sreg

Izhodi:
* pcout: 1x 16-bitni izhod

-------------- Kontrolni signali:

.............. pcload: doloca vpis v PC

pcsel — dolo¢a vhod v PC :

peout 0.. PC+1
. 1.. tak.operand (abs.skok)
D 2.. pc+tak.operand (vejitev)
----------- 3.. Sreg (vrnitev iz
. podprograma)
....................................................... reset — posta\” F)C na 0



3.2.2. MiMo - podatkovna enota

3.2.2.4 Ukazni reg. - IR

(,,Instruction register®)
Vhod: Podatkovno vodilo (Databus)

Izhodi: razdelitev ukaza na polja :

« op.koda (7 bitov) in

« 3x3biti za izbiro registrov (dregs, sregs,
tregs)

skupaj 16 bitov

Kontrolni signal:

- reset
1

iHoad

e

00000000

SIIII:II:I
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3.2.2. MiMo - podatkovna enota

3.2.2.5 Takojsnji reg.-“immed*
(takojsnji register, ,Immediate”)
shranjuje takojsnji operand

Vhod: Podatkovno vodilo L
|Izhod: ,immed"” S Imm- Reg. SR
Kontrolni signali: 0 anel D —

Imload: doloCa vpis v »Immed« reg.
1z podatk. vodila




" _
MiMo - podatkovna enota

3.2.2.6 Podatkovno vodilo e (0.BRANJE. 1.PISANJE)

Vhod::

* podatkovno vodilo

Izhod:

* podatkovno vodilo

Branje iz RAM pomnilnika (obi¢ajen tok podatkov neaktiven datawrite):

+ tak.register
+ ukazni reg.
* v MUX pred registri

0..PC
1..Dreg
2..in3

(Immed. Reg.)
(Ins. Reg.)

Ponor pisanja dolo&ajo kontr. signali (imload, irload, regsrC)/v .

Vpis v RAM pomnilnik:
pri vpisu v RAM pomnilnik pa se smer obrne — aktiven datawrite.

(skok v podprogram,shranitev PCja)

* sel (vklop pomnilnika)

data (BRANJE iz RAM)

———
.............

+ datasel : dolo¢aizenegaod 4 virov:

(pri ukazih STR Rx,naslov, vpis Rx->RAM)
Treg inizhod ALE

© 2021, Rozman, FRI
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MiMo — podatkovna enota

3.2.2.7 Naslovno vodilo

Vir naslova dolo¢a »addrsel«:
0..PC (naslednji ukaz)
1 .. Immed Reg(branje iz abs. naslova)
2 ..izhod ALE je lahko :
Sreg+immed; indeksno s fiksnim odm.
Sreg+Treq; posredno s spr. pomikom
3 .. Sreg - posredno naslavljanje [Sreg]

T T A (e

datawrite




" S
3.2.2.8 RAM pomnilnik

RAM pomnilnik je prikljuCen na:
« podatkovno vodilo (,data®)

* naslovno vodilo (,address®)

Kontrolna signala:

« datawrite :
 doloc¢a branje (0) ali pisanje (1)

« sel(ect):
« aktivira (1) RAM pomnilnik
« deaktivira (0) RAM pomnilnik
(uporaba: ,naslovno dekodiranje®)

Vhod |Izhod/Vhod:
* naslov: 14 bitni, naslovni prostor 16-bitni « Podatkovno vodilo
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3.2.2.8 RAM pomnilnik

Naslov RAM 14 bitni
Naslov MiMo 16bitni ???

Naslovnho dekodiranje
WM izbira gipa (CS)

* Kako prikljucimo dve (ali ve€) naprav na vodilo?

* Naenkrat mora biti izbran samo en Cip (ali nobeden)
» Za izbiro uporabimo naslednje signale:

— |—{\FBiED|

. R,W*, NaS|0V(A0'A15) ‘l_@out
* Uporabni so biti, ki niso povezani na naslovne signale naprav Ais-Au. :g
*» CSA*in CSB* sta torej funkciji Ais-Aw Adm 1
Ass > CSB* _
Aua | § Lcsar DASLOYNO DEV.ON'?}WJ'Z
A4 16 A 1y
A | ¥ cCs* .
3 E cs* , i | ’ -I_/—
* - \ ep— —_—
. Naprava, fa b a{%
A, * > 00 AN
$ e Q% % 01 te Led
o BP0 TTY




" JEE
3.2.2.9 Graficni zaslon (,,FrameBuffer®)

Vsebina zaslona LED 16x16 je
zapisana v 16 zaporednih 16-bitnih
registrih (,framebuffer®).

Vhodi:
« address: naslov,
« data: podatek (vrednost),

Kontrolni signali:

. ,Store” (pisanje),
* CLK,

o Clear”
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" JEE
3.2.2.9 Graficni zaslon (,,FrameBuffer®)
eeld—

0 Lo L oDoo000n

............ 0000000

............ bonnoo0o0n

............ 0@@0@@@0

............ boooooo0o
............ L oDoo000n

[wlel B Gilel=)
L] if\_u

............ booooooon

- e

[ L]

0000000

pooo0000
poooo000

I ]

i

pooo0000
poooooono

1

pooooo0n0
poo0o0000

1

pooooooDo
poooo000

pooo0000

0000000

A

OR — 3 — P¢ tlock[@F—————— el poooooog) © 2021, Rozman, FRI
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3.2.2.10 Serijski terminal (,, TTY®)

Vsebina zaslona je prikazana v 4
vrsticah in 16 znakih.

Vhodi:
 data: podatek oz. znak (7bitna ASCII
koda),

Kontrolni signali:

. ,Store” (pisanje),
* CLK,

o Clear”.
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3.2.3 MiMo - Kontrolna enota

Mikroukaz = elementarni korak

Vsak mikroukaz dolocCa :
 stanje vseh kontrolnih signalov
* naslednji  mikroukaz

Vhodi v KE:
opcode — operacijska koda ukaza
C, Z, N zastavice

izhodi iz KE O
Vsi kontrolni signal

Kontrolni signali:
cond — izbira pogoja (C,CorZ,Z,N)
indexsel — opcode_jump
(skok na opcode+2)
ucounter(uPC)=2

OR - 3 — Povzetki predavanj

o Control ROM /1 aluop]
SO countet - Address of first winstruction’is "opcode+2" = =~ .-- -Eziiine:
. —~{addrsel| -
”-pcsel--:
..pCMad o
—{strite]

iload} - -

...................... imload] -

...................... regsre| - -

...................... condl]- - -

...................... indexsel

...................... datasel

swrite] -

1 I
........... an .
....... oG .
U TR =I5 I I
IZZIZZIZZI".9$EZZB

------- CGlack -
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MiMo — Kontrolna enota

V MiMo je kontrolna enota sestavljena: - Microcounter
m mikroprogramski Stevec ,,Microcounter® =o

Control ROM
T © - Address offirst winstruction’is "opcode+2"

m 2 kontrolna ROM pomnilnika o = 10
32-bitni kontrolnl ROM (»Control ROM«): \ _ :

. Mmramstructmri

|swrite dataselImdexsellcond"regsrc lmloadliﬂuadlldwﬁte pcload Ipcsel addrsel datawritalopEsel a}iyop ; . ‘ _ ‘ ; = o =
e 7 1 e i v 1 . S

(e @ e W@ @ @ @ ke ke @ el X

16-bitni odlocitveni ROM (»Decision ROM«) :

Mi%cuunTr ] 0z02

00 0z( 0000 . o000 | -
A 04| 0000 © 0000 | D

S o I

= T: naslov naslednjega mikroukaza, ¢e je pogoj izpolnjen (0-0xff) = - ' : | olemm R o
F: naslov naslednjega mikroukaza, ¢e pogoj ni izpolnjen (0-Oxff : ﬁ . _

) %9 — bolnien { e ‘r@'ﬂt_k‘ ‘:I"h‘:_iL

m Ostalalogika
Zastavice (C,N,7), spremembe mikroprogramskega Stevca, ...
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MiMo - Diagram prehajanja stanj

/

v

»IR <- M[PCJ«
0: fetch: addrsel=pc irload=1

|

»PC<-PCHl«

* Obicajen koncept opisovanja KE

» Razvidna izvedba strojnih ukazov

» Potrebna optimizacija pred samo
realizacijo (Stevilo notranjih stanj,

)

1: pcload=1 pesel=pc, opcode_jump

ADD Rd.Rs,Rt

regsrc=aluout, goto fetch

0: aluop=add op2sel=treg dwrite=1

%/

goto pciner

65: addrsel=pc dwrite=1 regsrc=databus,

LI Rd.Immed

JNEZ Rs,immed
40: addrsel=pc imload=1, goto [130]
130: aluop=sub op2sel=constO, if z then pcincr else jump

SW Rd.,immed
67: addrsel=pc imload=1,

goto peiner

goto [131]

131: addrsel=immed datawrite=1 datasel=dreg,

v
»PC<-PC+1«

»PC<-Immed«

peiner: peload=1 pesel=pe, goto fetch jump: peload=1 pesel=immed, goto fetch

|

OR - 3 — Povzetki predavanj
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3.2.4 Mikro-zbirnik

kontrolni signali, nasl. mikroukaz

m Mikroukaz : (63: addrsel=pc dwrite=1 regsrc=databus, goto pcincr)
kontrolni signali

m Vecbitni kontrolni signali:

kontr.
opisna vrednost enota
signal
add, sub, mul, div, rem, and, or, xor,
aluop
nand, nor, not, Isl, Isr, asr, rol, ror
treg, immed, const0, constl ALE
pc, immed, aluout, sreg nasl. vodilo

pc, immed, pcimmed, sreg PC
databus, immed, aluout, sreg registri

cond c,corz,z,n kontr. enota
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Mikro-zbirnik

datoteka basic_microcode.def

# JNEZ Rs,immed

# li Rd,Immed

# Rd->M[immed]

fetch: addrsel=pcirload=1 # Address=PC, Load IR register
pcload=1 pcsel=pcﬁpcodejump 1 # PC=PC+1, jump to 2+OPC

# ALU operation '+' on Rd,Rs,Rt

0: aluop=add op2sel=treg dwrite=1 regsrc=aluout, goto fetch

40: addrsel=pc imload=1
aluop=sub op2sel=constO, if z then pcincr else jump

63: addrsel=pc dwrite=1 regsrc=databus, goto pcincr

65: addrsel=pc imload=1
addrsel=immed datawrite=1 datasel=dreg, goto pcincr

pcincr: pcload=1 pcsel=pc, goto fetch

jump: pcload=1 pcsel=immed, goto fetch

se prevede v

indexsel, pcload

00: OOOOZQW # fetch: addrsel=pc irload=1 -———
01: 00&089 0202 # pcload=1 pcsel=pc, opcode_jump
02: 00011000 0000 #0: aluop=add op2sel=treg dwrite=1 r-e!gsrc:aluout, goto fetch

| 2a: 00004000 8282~, #40: addrsel=pc imload=1 (goto 82)

| 41: 00001000 8484 #63: addrsel=pc dwrite=1 regsrc=databus, goto pcincr

| 43: 00004000 8383 ) # 65: addrsel=pc imload=1 (goto 83)

| 82:00040021 84854 # aluop=sub op2sel=const0, if z then pcincr else jump
83:001000c0 8484 # addrsel=immed datawrite=1 datasel=dreg, goto pcincr
84: 00000800 0000 # pcincr: pcload=1 pcsel=pc, goto fetch
85: 00000a00 0000 #jump: pcload=1 pcsel=zimmed, goto fetch
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Program v mikro-zbirniku za strojni ukaz

JNEZ Rs,immed

# Common start for all uinstructions : Read from M[PC] to IR, increment PC and goto »2+opcode«

fetch: addrsel=pc irload=1 # Address=PC, Load IR register, goto next line (empty 2nd part)

pcload=1 pcsel=pc, opcode_jump # PC=PC+1, goto »2+opcode«

# Example of assembler instruction body: JINEZ Rs,immed (opcode=40, address = 40+2=42)

40: addrsel=pc imload=1 # Read Immediate operand -> IMRegister

aluop=sub op2sel=0, if z then pcincr else jump # If z then pcincr else jump to immed
# Increment PC and goto new command; for all commands that use immediate operand
pcincr: pcload=1 pcsel=pc, goto fetch #additional PC<-PC+1, read new uinstruction
# Set address to immed and goto new command; for absolute jumps to immed address

jump: pcload=1 pcsel=immed, goto fetch #read new uinstruction from immed address

RAZLAGA:

najprej se prebere ukaz iz pomn. naslova PC v ukazni register (IR): IR<-M[PC]

PC se poveca za 1, nato skoci na vrstico »op.koda+2« : PC<-PC+1, goto »op.koda + 2«
v register »immed« se prebere operand iz pomnilnika M[PC]: immed <- M[PC]

izvedi ALU operacijo SUB med Rs in konst.0, ¢e rez=0 goto pcincr:, sicer pojdi na jump:
Ce velja Rs=0, pove€aj PC in nadaljuj z novim ukazov (ni skoka)

Ce velja Rs#0, sko€i na immed naslov

Teanog
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Razpored mikroukazov v obeh kontrolnih pomnilnikih po naslovih:

0,1 mikroukaza za branje mikroukazov in poveéevanje PC (a: in b:)
2-129 prvi mikroukazi za vse ukaze z op. kodo 0-127 (naslov=op.koda+2)
130+ vsi ostali mikroukazi za vse ukaze v zbirniku (si sledijo po vrstnem redu)
0x82+

Prevajanje mikroprograma:
m .\micro_assembler.exe basic_microcode.def
m pripravi se datoteki, ki se vneseta v kontrolno enoto v MiMo model
(Logisim):
[ ucontrol.rom
[0 udecision.rom
m Vvnos obeh v Logisim: desni klik na ROM elementa in »Load Image«
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3.2.5 Zbirnik

m Prevajanje programa v zbirniku:
1 .\assembler.exe basic_program.s

m pripravi se datoteka, ki se vnese v RAM pomnilnik v
MiMo model (Logisim):
[ basic_program.ram

m primer prevajanja v zbirniku ->
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3.2.5 Zbirnik

m Primer (testni):

main: 11 r0, O # r0 is the running sum
11 rl, 100 # rl is the counter
1i r2, -1 ¥ Used to decrement rl
loop: add r0, r0, rl # rO= r0 + rl
add rl, rl, r2 # rl--
jnez rl, loop ¥ loop if r1 != 0
SW ro, 256 # Save the result
inf: jnez r2, inf # loop if rl != 0 -> loop forever
0000z Q0007200 01111110000 a0pa0 main: 1i ra, 0
0a01: 00000000 OOCOO0OPDO0O0000
0a02: 00007edl 011112110000 00001 1i rl, 140
0Q03: 00000084 OQOOOOOOPOLLOORAO0
0004: Q0007TeDZ 0111111P000000010 1i rz, -1
0005: QOOOEfff 1111111p11011011
0006: 00000040 00000000O1000POO loop:  add r0, ro, ri
0a07: 00000088 OOCGOODOOD1IO001P01 add rl, rl, r2
0008: 00005008 0101000000001P0O0 inez rl, loop
000%: 0000000 QOOOOOORO0O0OR10
000a: Q0008200 1000001002000PO0 =W rd, Z56
000k: Q0000100 QOOOQODOLOQRI0poo
000c: Q0005010 O1lO01000p000R10p00 inf: inez r2, ini

000d: 0000000c OQOO0OO0O0O0QROO00LIA00

OR — 3 — Povzetki predavanj 45 © 2021, Rozman, FRI



"
Zbirnik — primeri ukazov

rdecCe: trenutno ze implementirani
ukazi v modelu MiMo v04b.

assembler.pl (zbirnik), list_of instructions.txt (dokumentacija) :

lwi Rd,Rs,immed (66) Rd <- M[Rs+immed], PC <- PC + 2
swi Rd,Rs,immed (67) M[Rs+immed] <- Rd, PC <- PC + 2

0 add Rd,Rs,Rt (0) Rd<-Rs+Rt,PC<-PC+1

[0 sub Rd,Rs,Rt (1) Rd<-Rs—-Rt,PC<-PC+1

o ...

0 jegz Rs,immed (39) if Rs == 0, PC <-immed else PC <-PC +2

[0 jnez Rs,immed (40) if Rs =0, PC <-immed else PC <-PC + 2

o ...

1 beqg Rs,Rt,immed (46) if Rs==Rt, PC<-PC +immedelse PC<-PC+2
1 bne Rs,Rt,immed (47) if Rs!=Rt, PC <- PC + immed else PC <-PC + 2
o ...

0 li Rd,immed (63) Rd <- immed, PC <- PC + 2

0 sw Rd,immed (65) M[immed] <- Rd, PC <- PC + 2

o ...

0 Iw Rd,immed (64) Rd <- M[immed], PC <- PC + 2

O

O
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MiMo — Model Mikroprogramirane CPE

Kontrolni (»Control«) ROM 256x32bitov (23 izkoris¢enih)

Opis vsebine mikroprograma

goto fetch:

Odlogitveni
(»Decision«)
ROM
i1 2 1 2 2 1 1 1 1 2 2 2 4 - Oznaka: 256x16bitov
88 Opis _
g g strojni ukaz ali _ Mikroukaz
— o & mikroukaza
= | ™ — © E D !
2% 228 8 g £ g3 22,8 g »mikroukaz« tue  false
= [} o D = o - o T 2 =
57 828 g E=38 388 FE 8§ = 8bit 8bit
1 0 fetch: »IR<-M[PC]« IR<-M[PC],goto [1] addrsel=pc irload=1 1 1
1 i | © »PC<-PC+1« PC++, goto »Op+2« pcload=1 pcsel=pc, opcode_jump 2 2
2 1 o: ADD Rd.Rs.Rt ADD op. Rd,Rs,Rt, aluop=add op2sel=treg dwrite=1 0 0
! T goto fetch: regsrc=aluout, goto fetch
1 0 40: JINEZ Rs,immed IRmEE A PG, addrsel=pc imload=1 82 82
goto [0x82]
X Rd<-M[PC], addrsel=pc dwrite=1
1 Y ERE D goto pcincr: regsrc=databus, goto pcincr G e8
1 0 65: SW Rd,immed 'm;"o?g}')'\)ng]’ addrsel=pc imload=1, goto 83 83 83
P 2 1 JNEZ Rs,immed SUB op. Rs-0, _|fZ then pcincr: else a_luopzsub 9p2$eI=c9nst0, 84 85
jump: if z then pcincr else jump
1 1 1 SW Rd.immed Rd->M[immed]; addrsel=immed datawrite=1 84 84
’ goto pcincr: datasel=dreg, goto pcincr
1 pcincr: PC++, goto fetch: ZS:O' ?g{;}l pcload=1 pcsel=pc, goto fetch 0 0
1 1 jump: PC<-immed, goto fetch: TS &2 E, pcload=1 pcsel=immed, goto fetch 0 0



MiMo - Microprogrammed CPU Model vw.4aor 2015

Address BUS

Data BUS

HHEE

RAM

4.

TEKE RAM D

Clock

Reset

ELD] ld_clr

[Rai] [cLi]

Ins.Reg.
s

16 ireq

CLK
opcode

nstruction: 22
nstruction:

Address, Data Bus
Address Data

IR

Microcode Control Unit
Control ROM

Address offirst uinstruction is "opcode+2"

ucgunter

—

Micro Instruction

x8 ]'I'.
MicroP G }

A 2568 ROM D

el

Micro Instr. ¥32

Status
New CMD
O
ICycles Cycles

cyeles

Next Instr.

Decision ROM

2568 ROM

OR - 3 - Povz

Based on: hitpiiminnie tuhs.org/Programs/UeodeCPUlindex.hitml
w04 Tidying up model, FB, TTY

w03h: Fixz cond code

Quick tips:
Use ctri+t to manually toggle global clock signal
Use Simulate-»>Ticks Enabled for automatic clock signal

2Z:aluop=add op2sel=treg dwrite=1 regsrc=aluout, goto fetch # ALU operations on Rd,Rs,Rt

2a [42]:addrsel=pc imload=1 # JNEZ Rs,immed

41 [65]:addrsel=pc dwrite=1 regsrc=databus # Load immediate Rd, immed
43 [67T:addrsel=pc imload=1 # Store Rd into address from immed

84[132]: pcincr: peload=1 pesel=pe, goto fetch
85[133]: jump: pcioad=1 pcsel=immed, goto fetch

Cycles Cnt Instr Cycles Cnt

swiitdplatasel|indexsefeond fregsrdimioad | inoad f awrite|ncload {neselladdrs elfdatawrite |op2sel faluop
wobel W el kel W o W el el W

Frame Buffer LED 16x16

. lsssssssssssssany

Clear

[fete] [C14
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|lzvedba strojnega ukaza JNEZ R1,LOOP po skupinah kontrolnih signalov

Primer i1izvedbe ukaza :

main: i ro, O

I rl, 100

i r2, -1
loop: add rO0,r0, rl

add rl1,r1,r2

#r0is the running sum
#rlis the counter

# Used to decrement rl
#r0=r0+rl

#rl--

|nez r1, loop

#loopifr1!'=0

sw 10, 256

# Save the result
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Izvedba strojnega ukaza JNEZ R1,LOOP po skupinah kontrolnih signalov

DolocCite aktivha stanja kontrolnih signalov pri vsakem mikroukazu

Primer izvedbe ukaza :

main: li r0, 0 #r0 is the running sum
li r1, 100 #r1 is the counter
li r2, -1 # Used to decrement r1
loop: add r0,r0, r1 #r0=r0+nr1

add r1,r1,r2 #r1--
/ inez 1, loop #loopifri!1=0

sw r0, 256 # Save the result

I Using the Collab ion Space

Izvedba INEZ

Monday, November 09,2020 10-11 78

Enota ? KE KE ALE BLEE MM [ ] C PC NASLVOD.

JNEZ Rs, IMMED INDEXSEL COND ALUOP OP2SEL IMLOAD IRLOAD CLOAD PCSEL ADDRSEL MicroPC

# Address=PC, Load IR register
#PC=PC+1, jump to 2+0P

# Read Immediate operand -> IMRegister
# ALU: Rs-0, If z then peincr else jump

# Increment PC and goto new command;

# Set address to immed and goto new command

OR — 3 — Povzetki predavanj 50 © 2021, Rozman, FRI



jnez Rs,immed (40)

O : :
JNEZ Rs,immed: if Rs 1= 0, PC <- immed else PC <- PC +2
( fetch: # Address=PC, Load IR register
# PC=PC+1, jump to 2+OPC
40: # Read Immediate operand -> IMRegister
# ALU: Rs-0, If z then pcincr else jump
pcincr: # Increment PC and goto new command,;
jump: # Set address to immed and goto new command

MiMo - Microprogrammed CPU Model vosa

Microinstruction Iﬂfﬂ’i"il hrre%s_"_sFﬂs_"EFEil New CMD Reset
swrite Jdatasel jindexseljcond |regsrc|imloadlirload"dwriteIpc\oadlpcselladdrsel|datawrile|op259l| [X7 X3 X?J XS]
x2 x1) ) (x1) x2 Address Data IR ICycles Cycles
_ ) e %

cycles

data ireg

WIUX

Status

Address

Immed. Reg.

IMM
k;es%; <immed|
enl
||m|oad>J —
x16

Clock

el RAM

A 64KB RAM D

sel o Id cIr
1 *
O<_] datawrite
— (datawrite|

I I I B S .
Skok v kontrolni enoti :

Default: next address
Gl NN BN BN e .




jnez Rs,immed (40)

- JNEZ Rs,immed: if Rs 1= 0, PC <- immed else PC <- PC+2
fetch: # Address=PC, Load IR register
( # PC=PC+1, jump to 2+OPC
40: # Read Immediate operand -> IMRegister
# ALU: Rs-0, If z then pcincr else jump
pcincr: # Increment PC and goto new command,;
jump: # Set address to immed and goto new command

MiMo - Microprogrammed CPU Model vosa
Microinstruction tregs Isregs"dregsl New CMD Reset
|swrite|dataselIindexsellcond"regsrclimloadIirload"dwriteIpc\oadlpcselladdrsel|datawrite|op258ll sl (3 (xs)
(x1) x1) x2 x & (x1) x2 PC<-PC+1 \ddress| x16 | Datal x16 | IR[ x16 | ICycles(xa Cycles( xi5 |
- address

Address m—

data ireg

=]
. Registers Status

RAM

A 64KB RAM D |data>
sel o Id cIr

1 -
Clock o<

I I I B B B e
Skok v kontrolni enoti :

Jump to address OP+2=40+2=42

———



jnez Rs,immed (40)

- JNEZ Rs,immed: if Rs 1= 0, PC <- immed else PC <- PC+2
fetch: # Address=PC, Load IR register
# PC=PC+1, jump to 2+OPC
.40 # Read Immediate operand -> IMRegister
# ALU: Rs-0, If z then pcincr else jump
pcincr: # Increment PC and goto new command,;
jump: # Set address to immed and goto new command

MiMo - Microprogrammed CPU Model vosa

Microinstruction Iﬂfﬂ’i"il hrre%s_"_sFﬂs_"EFEil New CMD Reset
swrite Jdatasel jindexseljcond |regsrc|imloadlirload"dwriteIpc\oadlpcselladdrsel|datawrile|op259l| [X7 X3 X?J XS]
x2 x1) ) (x1) x2 Address Data IR ICycles Cycles

cycles

data ireg

WIUX

Status

el RAM

A 64KB RAM D

sel o Id cIr

Bl e
Clock o<

I I I B S .
Skok v kontrolni enoti :

Default: next address
Gl NN BN BN e .




jnez Rs,immed (40)

- JNEZ Rs,immed: if Rs 1= 0, PC <- immed else PC <- PC+2
fetch: # Address=PC, Load IR register
# PC=PC+1, jump to 2+OPC
40: # Read Immediate operand -> IMRegister
[ # ALU: Rs-0, If z then pcincr else jump
pcincr: # Increment PC and goto new command,;
jump: # Set address to immed and goto new command

MiMo - Microprogrammed CPU Model vosa
Microinstruction IEFEE{il |_tfr9_975_| sregs||dregs| New CMD Reset
o el

swrite|datasel findexseljcond||regsrc |imload jirload || dwrite | pcload | pesel|addrsel | datawrite fop2sel
@ @ o @ e @ o o @ k& & @ b Address| xi6 | Datal x16 | IR x16 | ICycles(x4 Cycles xi6 |
pc
l_. address data ireg

0 <>

(immed
Address m— m Status
sreg

[~ ]

c
Z .
N

Immed. Reg.
M
k‘rIeBEJ; <immed|
a0
RAM ||mload>J —
e ) ool ALU
Clock l
A 64KB RAM D |data,‘, :I
sel o Id clr i \'|
[ —
Clock o<
1 x16

I I I B .
Skok v kontrolni enoti :

if
then pcincr I

else jump
o EE BEE B .



jnez Rs,immed (40)

- JNEZ Rs,immed: velja Rs= if Rs I= 0, PC <- immed else PC <- PC + 2
fetch: # Address=PC, Load IR register
# PC=PC+1, jump to 2+OPC
40: # Read Immediate operand -> IMRegister
# ALU: Rs-0, If z then pcincr else jump
[ pcincr: # Increment PC and goto new command,;
jump: # Set address to immed and goto new command

MiMo - Microprogrammed CPU Model vosa

Microinstruction frege I_SFES_"EFEEI New CMD Reset
|swrite|dataselIindexsellcond"regsrclimloadIirload"dwriteIpc\oadlpcselladdrsel|datawrite|op258ll sl (3 (xs)
(x1) x1) x2 x) G (x1) x2 PC<-PC+1 \ddress | x16 | Datal x16 | IR[ x16 | ICycles(xa Cycles| x16 |
- address

cycles

data ireg

x16
= w (e
adaress( 8 — M A Registers Status
sreg

Immed. Reg.

MM
l'rleBEJ ) <immed|
-dd 2
= RAM ||m|oad)J * .
X
Clock
A 64KB RAM D |data>

sel o Id cIr

1 -
Clock o<

I I I B S .
Skok v kontrolni enoti :

Jump to address fetch:
I N S .




u . . jnez Rs,immed (40)
JNEZ Rs,immed: velja Rs# if Rs 1= 0, PC <- immed else PC <- PC + 2
# Address=PC, Load IR register

fetch:
# PC=PC+1, jump to 2+OPC
40: # Read Immediate operand -> IMRegister
# ALU: Rs-0, If z then pcincr else jump
pcincr: # Increment PC and goto new command;
jump: # Set address to immed and goto new command

MiMo - Microprogrammed CPU Model vosa
Microinstruction |opcode| |tregs"sregs"dregs| New CMD Reset
|swrite|dataselIindexsellcond"regsrclimloadIirload"dwriteIpc\oadlpcselladdrsel|datawrite|op258ll x7 x| [l )
(x1) x1) x2 x) G (x1) x2 Address| x16 |Datal x16 | IR[ x16 | ICycles (x4 Cycles| x156 |
C
i !_ﬂ address data ireg
B=
Status
cO—(<]

Address m—
20—]

N

RAM
ALU

treg J

A B4KBRAM D |dafa> .
slel o ld alr " \n]
4 (]
Dl o |

s x16

I I I B S .
Skok v kontrolni enoti :

Jump to address fetch:
I N S .




- IJNEZ Rs,immed:

fetch:

40:

pcincr:
jump:

Izvedba JNEZ

Monday, November 08, 2020 10:11 PM

# Address=PC, Load IR register
# PC=PC+1, jump to 2+OPC
# Read Immediate operand -> IMRegister

# ALU: Rs-0, If z then pclncr else Iump

# Increment PC and goto new command;

# Set address to immed and goto new command

# Set address to Immed and goig new command

Enota ? KE KE ALE ALE IMM IR PC PC MNASL
INEZ Rs, IMMED INDEXSEL | COND ALUOP  |OP2SEL [IMLOAD |IRLOAD |PCLOAD |PCSEL ADDRSEL | MicroPC
1 PC (0) 0

# Address=PC, Load IR register

1 "PC+1" 1
#PC=PC+1, jump to 2+0P 1

1 PC(0) 42
# Read Immediate operand -= |MReqgister (40+2)
z SUB(1) |CONSTO 130

#ALU: Rs-0, If z then pgingr else jump

1 "pC+1" 7=1,132
# Increment PC and goto new command;

1 "IMMED" 7=0, 133

OR — 3 — Povzetki predavanj

57

© 2021, Rozman, FRI




"

3.2.6 Primerjava Mikroprogramska/TrdooziCena KE

Mikroprogramska KE:

m PocCasnejSa

m Enostavna, fleksibilna

m Moznost realizacije razlicnih arhitektur

Trdoozi¢ena KE :

m Hitrejsa

m Potrebnih vec logi¢nih vezij
m Realizacijsko bolj zapletena
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Pristop k realizaciji trdoozicene realizacije KE . charni koraki

0: feth: addrsel-pe irload=1

0 .. Branje ukaza -> IR
1 .. Format 2: branje operanda
Format 1: nop

2 .. Vse operacije:

ALE, skok, reg.write,
> R/W from Mem

Izhodisca:

m Diagram poteka /

m Elementarni koraki

Realizacija el. korakov:

m Implementacija, izbrani primeri: 011 enosteynalzan etena?
b/bgop2 2 .. enostavnal/zapletena ?
A7 {10 [ 00 JEQIRd, immed
irbit7: 110 | 0of | A T—

0 .. 8-bitni ukaz (1bajt [10] 01 J/NERd, immed|
(1bajt [10][ 10iJGTIRd, immed| Counter Ill-_Dphasel

1 .. 16-bitni ukaz (2 bajta) -

[1Q [ 11 ILT Rd, immed |
\ IR Load sero| 5C Load \

op2

irbit7 m

negative

P

[11 11 [IMPimmed |

PodrobnejsSi opis - dodatno gradivo: http:/minnie.tuhs.org/CompArch/Tutes/week03.html


http://minnie.tuhs.org/CompArch/Tutes/week03.html

3.3 Druzina ARM procesorjev

3.3.1 Splosni pregled »ARM" : Acorn RISC Machine, Advanced RISC MACHINE
Cortex-A73 Application
System capability & ’ Pr?:e;;oas
performance ortex-A72 e :
Cortex-A57 support Linux,
, o nts ' MS mobile OS)
Cortex-Al5 . = Cortex-A35
. Cortex-Al7 Cortex-A32
Cortex-A9 Cortex-Al2
Cortex-A7 / )
Cortex-A8 Cortex-R8
L_J Real Time
‘ Cortex-A5 L_J processors
- Cortex-R7
ARMI ™ Cortex-R5 K -
ARMSTATH series orEex I N
Cortex-R4 H Microcontrollers
Cortex-M7 and deeply
u Cortex-M4 embedded
ARM920T™, & J
ARM940T™ ARM946™ Cortex-M3 u
ARM966™ - Cyex_m Cortex-M0+
Cortex-MI
ARMT7™ series (FPGA)
[ Classic ARM Processors } L ARM Cortex Processors J
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3.3 Druzina ARM procesorjev
3.3.1 Splosni pregled L2ARM® : Acorn RISC Machine, Advanced RISC MACHINE

Oznake
Arhitektura
ARMv1 1985: nastane pod vplivom €lanka o RISC procesorjih (Berkeley)

ARMv2 prva komercialna 1986: 30000 tranzistorjev

32-bitno nasl.

ARMv3

navidezni pomn.

StrongARM, half-word
ARM7TDMI, ARMOTDMI  |54d/store

Thumb . Atmel 9260 (FRI-SMS)
ARMTEJ, ARMOE, Enhanced DSP . podpora DSP operacijam 5 S
ARMI10E, XScale . uvedba tretjega set ukazov (poleg ARM,Thumb) za pospeseno izvajanje Jave
Jazelle . podpora navideznem pomnilniku
http://www.arm.com/
MMU
- products/processors/
ARM11, Multiprocesiranje
ARM11MP (prvi multiproc.) -
Cortex M SIMD w
. Raspberry PI .
6 novih status bitov httpllwwwarm .Com/
Cortex A (Application Processor) :
s ’ products/processors/
NEON (MPE) . A5, A8(MPE), AQ(MPE,MP), i
VE-Virt Ext. e Al5A17 (MPEVE LPAE,VFPV4) coriex-m
Cortex A, M, R
LPAE-Large.Ph.Addr.Ext. Cortex M (MicroController) :
VFP-Vector Floating Point . M3 (MPU, Bit Banding), M4 (M3 + DSP, FPU)
. M7 (M4 + 64bit buses + 2xPower Eff. of M4,
Cortex ASO (AS3, AST. ¢ /itna Microsoft Win8, Windows 10 Mobile, loT Core

A72, A73, A75, A76...)


http://www.arm.com/products/processors/cortex-a
http://www.arm.com/products/processors/cortex-m

3.3.1 Splosni pregled ARM procesorjev
ARM (Advanced RISC Machine) = RISC? :

+ load/store arhitektura
+ cevovodna zgradba
+ reduciran nabor ukazov, vsi ukazi 32-bitni

+ ortogonalen registrski niz, vsi registri 32-bitni

CMP Ri, Rj
a += (j << 2); se spremeni v 1 strojni ukaz: SUBGT Ri, Ri, Rj ;i=i-j;
ADD Ra, Ra, Rj, LSL #2 SUBLT Rj, Rj, Ri ;] =]-i
BNE loop ;if(il=j)

- hitri pomikalnik pred ALE

- pogojno izvajanje ukazov= ukaz se izvede le, Ce je stanje zastavic ustrezno.
- veliko nacCinov naslavljanja
- veliko formatov ukazov

- nekateri ukazi se izvajajo vecC kot en cikel (npr. load/store multiple) — obstaja nekaj
kompleksnejSih ukazov, kar omogoCa manjSo velikost programov

- dodaten 16-bitni nabor ukazov Thumb omogocCa krajSe programe
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Announced
(32-bit)

3.3.2 ARM Cortex-A druzina procesorjev e co

- . . . . 2005 Cortex-A8
Namen : KompleksnejSe aplikacije, multimedija
2007 Cortex-A9

2009 Cortex-A5

NEON (advanced SIMD) ali MPE (»Media Processsing Engine«)

m 64 ali 128 bitni SIMD 2010  Cortex-Al5

m  do 16 hkratnih (krajSih) operacij ;lj)p,, %mm ?E%d b,es 2011  Cortex-A7
m Vv vseh Cortex A8, opcijsko tudi v A9 e e 2013 Cortex-A12
n wdeo,audp in 3D grafika: . & 22/ 0014 Cortex ALT
0 dekodira: ol xnd eopand o ey Robotcs 2016 Cortex A32
= MP3 @ f., = 10Mhz,AMR @ e, = 13NNz, =
= MPEG4 VGA 30fr/sec @ f p, = 275 MHz AmmeTEae (e
m H.264 video @ fcpe = 350MHz Vear Core
ARMvV7 (32b) o ARMvV7 (32b) o ARMvVS8 (64b) 2012 Cortex-A53
NEON 64b ° MPU ° NEON 128b . Napoved skokov
VFPv3 ° out-of-order with e VFPvV4 ° Out-of-order
Jazelle RCT speculative execution doi Gty
(Just in Time execution ° 7nm ! 2015 Cortex-A72
byte code apps) i bolj zmogljiv 2015 Cortex-A35
superskalarni o vedji L1, L2 PP 2016 Cortex-A73
(dual issue) o NEON 64b 2017 Cortex-A75
dual ALU 2018 Cortex-A76
el . 2019 Cortex-A77
pipeline http://www.arm.com/products/processors/cortex-a B e
2021 Cortex-A510,710

https://en.wikipedia.org/wiki/ARM Cortex-A



http://www.arm.com/products/processors/cortex-a
https://en.wikipedia.org/wiki/ARM_Cortex-A

" J
What is NEON?

NEON is a wide SIMD data processing architecture
Extension of the ARM instruction set (v7-A)
32 x 64-bit wide registers (can also be used as 16 x 128-bit wide registers)

NEON instructions perform “Packed SIMD” processing
Registers are considered as vectors of elements of the same data type
Data types available: signed/unsigned 8-bit, 16-bit, 32-bit, 64-bit, single prec. float
Instructions usually perform the same operation in all lanes

Source
Registers

Elements : :
- [Is Le [e

Laldl] ?:m
E [ | na estination
: Register

University Program Maternial

Copyright © ARM Lid 2012 THE ARCHITECTURE FOR THE DIGITAL WORLD®
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NEON vectorizing example

How does the compiler perform vectorization?

void add int(int : Pzr 2. Unroll the loop to the appropriate
int , . .
e : P number of iterations, and perform other
unsigned int n, int x) . - . ) .

{ transformations like pointerization

void add int({int *pa, int *pb,

unsigned int 1i; . ]
un=igned n, int x)

for{i = 0; i = roi++)

pal[il = pb[il + x; {

mnsigned int i;

ﬂ.AﬂEl}"EE each |'Dl:lp: for (i = ((n & ~3) >> 2); i; i--)
= Are pointer accesses safe for {
vectorization? *lpa + 0) = *(pb + 0) + x;
’ *(pa + 1) = *{pb + 1) + x;
= What data types are being used? *(pa + 2) ;
How do they map onto NEON *(pa + 3) =
pa += 4;

vector registers?

= Number of loop iterations } | o] o] | %] « pb

Le Lo [e K | < x

3. Map each unrolled operation onto +
a NEON vector lane, and generate

corresponding NEON instructions | | | | | < pa

University Program Matenal

Copyright © ARM Ltd 2012
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NEON — Advanced SIMD engine (ARM)
Example SIMD Instruction — Vector ADD

- Regqister split into equal size and type elements
- Same operation performed on each set of data
- VADD.U16 D2, D1, DO

63 47 31 15
0x100 0x200 0x300 0x400 DO
OxA 0xB Cllxc GTD D1
| |
RS T 1
A I D ADD A]|)D A]|)D
I
v ! { i

0x10A 0x20B 0x30C 0x40D D2
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3.3.2 ARM Cortex-A druzina procesorjev

7Y

Accelerating performance for premium solutions class performance

Geekbench scores Laptop performance
(relative to Cortex-A73) (relative scores hased on AArch64 Specint2K6)
2.5x

1.8x

]— 359{3 more performance

Cortex-A76 CPU is accelerating
the pace for performance

improvements
Integer Floating Total Peak single-thread performance big.LITTLE performance SW

B Cortex-A73 Cortex-A75 Cortex-A76 . £y throttling due to thermal lim Cortex-A73 MW Cortex-A75 Cortex-A76
2.45 GHz 2.8GHz 3 GHz . e ; AT 16nm 10nm 7nm

http://www.arm.com/products/processors/cortex-a © 2021, Rozman, FRI
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"

ARM in High Performance Computing (HPC)

/MONT-BLANC

EUROPEAN APPROACH TOWARDS ENERGY EFFICIENT HIGH PERFORMANCE

Search

MONT-BLANC

EURGPEAMN MODULAR AND BOWER-EFFICIENT HBC PROCESSOR

PROJECT EURDPEAN PROCESSOR PROTOTYPES APPLICATIONS SOFTWARE TOOLS |

Presentation Deliverables

Project history Discover the public reports published by
Mont-Blanc 1 (2011-2015) the projects

ABOUTMONTBLANC Mont-Blanc 2 (2013-2016) Mont-Blanc 2020

S d el i bl Mont-Blanc 3 (2015-2018) Mont-Blanc 3 (2015-2018)

s a1t Be vt Eucpen el ortlanc 2020 (2017:2020) Mont Blanc 2 (20132016

architecture capable of setting future global HPC standards, F'T'Dje ct data MDth'Blanc {ZD'I 1-201 5}

built from energy efficient solutions used in embedded and
mobile devices. Phases 1 and 2 of the project are

OR - 3 — Povzetki predavanj oo @ cuea, a1
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Announced

"
3.3.3 ARM Cortex-M druzina procesorjev

2007 Cortex-M1

Cortex-M3

Namen : Mikrokrmilniski sistemi

\

2009 Cortex-MO

& <> < &
Environmental Sensor fusion Connected Smartwatch
clothing 2010 Cortex-M4
e 2012 rtex-MO+
. 2 & o1z conexo
Retail Hedica\ <~ o Smart City
instruments Smart lighting 2014 COI’tQX-M?
: 2016  Cortex-M23,33
ARM Cortex-M optional components[6][7] 2018 Cortex-M35
ARM SysTick Bit- Memory Protection  Tightly-Coupled  CPU Memory ARM
Cortex-M Timer banding Unit (MPU) Memory (TCM) cache architecture architecture
Cortex-MO0!X! Optional*  Optional® No No No Von Neumann  ARMv6-M
Cortex-M0+2  Optional*  Optional®  Optional (8) No No Von Neumann  ARMv6-M
Cortex-M15! Optional Optional No Optional No Von Neumann ARMvV6-M
Cortex-M34 Yes Optional* Optional (8) No No Harvard ARMV7-M
Cortex-M45! Yes Optional* Optional (8) No Possiblell Harvard ARMV7E-M
Cortex-M7 Yes No Optional (8 or 16) Optional Optional Harvard ARMV7E-M

http://www.arm.com/products/processors/cortex-m
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https://en.wikipedia.org/wiki/CPU_cache
https://en.wikipedia.org/wiki/ARM_Cortex-M#cite_note-M0-TRM-1
https://en.wikipedia.org/wiki/ARM_Cortex-M#cite_note-Cortex-M-SDK-9
https://en.wikipedia.org/wiki/ARM_Cortex-M#cite_note-10
https://en.wikipedia.org/wiki/Von_Neumann_architecture
https://en.wikipedia.org/wiki/ARM_Cortex-M#cite_note-M0.2B-TRM-2
https://en.wikipedia.org/wiki/ARM_Cortex-M#cite_note-Cortex-M-SDK-9
https://en.wikipedia.org/wiki/ARM_Cortex-M#cite_note-M1-TRM-3
https://en.wikipedia.org/wiki/ARM_Cortex-M#cite_note-M3-TRM-4
https://en.wikipedia.org/wiki/Harvard_architecture
https://en.wikipedia.org/wiki/ARM_Cortex-M#cite_note-M4-TRM-5
https://en.wikipedia.org/wiki/ARM_Cortex-M#cite_note-11
http://www.arm.com/products/processors/cortex-m

3.3.3 Mikroracunalniski sistem FRI-SMS

Mikrokrmilnik Atmel SAM 9260
Procesorska plos€a z osnovnim naborom
V/I naprav (Ethernet, vmesnik za
SD/MMC kartico, USB, RS232)

64MB SDRAM delovnega pomnilnika

4 MB ROM NOR flash pomnilnika za OS

Ilzazls"'.tl” ez'!'zel vezie ZEbvegatﬁ"“.“abe'e.“';

Znacilnosti:
Oznaka ARM926EJ-S
2 loCena predpomnilnika:
0 8Kb operandni PP
0 8Kb ukazni PP
200 MIPS at 180 MHz
notranja pomnilnika :
2x4KB internal RAM
32KB internal ROM

<

-6,
NI

NI

T

O
O

m MMU enota
USB,ETH,ADC,MMC,UART,SPI, TWI

© 2021, Rozman, FRI
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3.3.4 Raspberry Pi - RPI

Raspberry Pi 1 model B+

Release date

Introductory price

Operating system

@)
o
(e

Memory

Storage

Graphics

Power

February 2012; 3 years ago

US$25 (model A, B+1), US$20
(model A+), US$35 (RPi 1 model
B, RPi 2 model B), US$30 (CM)

Linux (e.g. Raspbian), RISC OS,
FreeBSD, NetBSD, Plan 9,
Inferno, AROS

700 MHz single-core
ARM1176JZF-S (model A, A+, B,
B+, CM)2

256 MBEI (model A, A+, B rev 1)
512 MB (model B rev 2, B+, CM)

SDHC slot (model A and B),
MicroSDHC slot (model A+ and
B+), 4 GB eMMC IC chip (model
CM)

Broadcom VideoCore V2

1.5 W (model A), 1.0 W (model
A+), 3.5 W (model B) or 3.0 W
(model B+)

Raspberry Pi 1 model B+

Release

date .
OR — 3 — Povzetki predavanj

February 2012; 3 years ago

Vir: Wikipedia.com

72

Micro architecture improvements in ARM11 cores include:

» SIMD instructions which can double MPEG-4 and audio digital signal
processing algorithm speed

» Cache is physically addressed, solving many cache aliasing problems
and reducing context switch overhead

» Unaligned and mixed-endian data access is supported

* Reduced heat production and lower overheating risk

» Redesigned pipeline, supporting faster clock speeds (target up to

1 GHz)

Longer: 8 (vs 5) stages

Out-of-order completion for some operations (e.g. stores)
Dynamic branch prediction/folding (like XScale)

Cache misses don't block execution of non-dependent
instructions

Load/store parallelism

ALU parallelism

* 64-bit data paths



https://en.wikipedia.org/wiki/Raspberry_Pi#cite_note-1
https://en.wikipedia.org/wiki/Operating_system
https://en.wikipedia.org/wiki/Linux
https://en.wikipedia.org/wiki/Raspbian
https://en.wikipedia.org/wiki/RISC_OS
https://en.wikipedia.org/wiki/FreeBSD
https://en.wikipedia.org/wiki/NetBSD
https://en.wikipedia.org/wiki/Plan_9_from_Bell_Labs
https://en.wikipedia.org/wiki/Inferno_(operating_system)
https://en.wikipedia.org/wiki/AROS
https://en.wikipedia.org/wiki/Central_processing_unit
https://en.wikipedia.org/wiki/Hertz
https://en.wikipedia.org/wiki/ARM11
https://en.wikipedia.org/wiki/Raspberry_Pi#cite_note-Broadcom-BCM2835-Website-2
https://en.wikipedia.org/wiki/Megabyte
https://en.wikipedia.org/wiki/Raspberry_Pi#cite_note-MB-3
https://en.wikipedia.org/wiki/Secure_Digital
https://en.wikipedia.org/wiki/MicroSDHC
https://en.wikipedia.org/wiki/Gigabyte
https://en.wikipedia.org/wiki/EMMC
https://en.wikipedia.org/wiki/Broadcom
https://en.wikipedia.org/wiki/VideoCore
https://en.wikipedia.org/wiki/Raspberry_Pi#cite_note-Broadcom-BCM2835-Website-2
https://en.wikipedia.org/wiki/Watt
http://en.wikipedia.org/wiki/MPEG-4
http://en.wikipedia.org/wiki/Digital_signal_processing
http://en.wikipedia.org/wiki/XScale
http://en.wikipedia.org/wiki/Arithmetic_and_logic_unit
http://en.wikipedia.org/wiki/64-bit

3.3.4 Raspberry Pi 2- RPi2

Release date

Introductory price

Operating system

@)
o
C

Memory

Storage

Graphics

Power

Raspberry Pi 2 model B

February 2015; 9 months
ago

US$35

Same as for Raspberry Pi 1
plus

Windows 10 loT Core and
additional distributions of
Linux such as Ubuntu

900 MHz quad-core ARM
Cortex-A7

1 GB RAM

MicroSDHC slot

Broadcom VideoCore IV

40W

In early February 2015, the next-generation Raspberry Pi, Raspberry Pi 2,
was released.[2%

The new computer board is initially available only in one configuration

(model B) and features

+ aBroadcom BCM2836 SoC, with a quad-core ARM Cortex-A7 CPU and

+ aVideoCore IV dual-core GPU;

* 1 GB of RAM

+ with remaining specifications being similar to those of the previous
generation model B+.

The Raspberry Pi 2 retains the same US$35 price point of the model B, 21
with the US$20 model A+ remaining on sale.
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https://en.wikipedia.org/wiki/Operating_system
https://en.wikipedia.org/wiki/Windows_10_IoT_Core
https://en.wikipedia.org/wiki/Raspberry_Pi#cite_note-4
https://en.wikipedia.org/wiki/Linux
https://en.wikipedia.org/wiki/Ubuntu_(operating_system)
https://en.wikipedia.org/wiki/Central_processing_unit
https://en.wikipedia.org/wiki/Hertz
https://en.wikipedia.org/wiki/Multi-core_processor
https://en.wikipedia.org/wiki/ARM_Cortex-A7
https://en.wikipedia.org/wiki/Gibibyte
https://en.wikipedia.org/wiki/MicroSDHC
https://en.wikipedia.org/wiki/Broadcom
https://en.wikipedia.org/wiki/VideoCore
https://en.wikipedia.org/wiki/Watt
https://en.wikipedia.org/wiki/Raspberry_Pi#cite_note-20
https://en.wikipedia.org/wiki/Multi-core_processor
https://en.wikipedia.org/wiki/ARM_Cortex-A7
https://en.wikipedia.org/wiki/Raspberry_Pi#cite_note-BBC_RaspPi_2-21

3.3.4 Raspberry Pi 3

Raspberry Pi 3 model B

Release date

Introductory price

Operating system

@)
o
(@

Memory

Storage

Graphics

Power

The Raspberry Pi 3 is the third generation Raspberry Pi. It replaced the
Raspberry Pi 2 Model B in February 2016. Compared to the Raspberry Pi 2

it has:

* A 1.2GHz 64-bit quad-core ARMv8 CPU
29 February 2016; + 802.11n Wireless LAN

* Bluetooth 4.1
US$35 « Bluetooth Low Energy (BLE)

The Raspberry Pi 3 has an identical form factor to the previous Pi 2 (and Pi

Same as for Raspberry Pi 1 1 Model B+) and has complete compatibility with Raspberry Pi 1 and 2.

plus

Windows 10 10T Corel* and
additional distributions of T T T IR L
Linux such as Ubuntu

. $20-
Broadcom BCM2837

1.2 GHz 64/32-bit quad-
core ARM Cortex-A53

1 GB LPDDR2 RAM at
900 MHz

MicroSDHC slot

Broadcom VideoCore IV at
higher clock frequencies
(300 MHz & 400 MHz)

800 mA (4.0 W)
Vir: Wikipedia.com
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https://en.wikipedia.org/wiki/Operating_system
https://en.wikipedia.org/wiki/Windows_10_IoT_Core
https://en.wikipedia.org/wiki/Raspberry_Pi#cite_note-4
https://en.wikipedia.org/wiki/Linux
https://en.wikipedia.org/wiki/Ubuntu_(operating_system)
https://en.wikipedia.org/wiki/Central_processing_unit
https://en.wikipedia.org/wiki/Broadcom
https://en.wikipedia.org/wiki/Hertz
https://en.wikipedia.org/wiki/64-bit_computing
https://en.wikipedia.org/wiki/Multi-core_processor
https://en.wikipedia.org/wiki/ARM_Cortex-A53
https://en.wikipedia.org/wiki/Gibibyte
https://en.wikipedia.org/wiki/Mobile_DDR#LPDDR2
https://en.wikipedia.org/wiki/Random-access_memory
https://en.wikipedia.org/wiki/MicroSDHC
https://en.wikipedia.org/wiki/Broadcom
https://en.wikipedia.org/wiki/VideoCore
https://en.wikipedia.org/wiki/Ampere
https://en.wikipedia.org/wiki/Watt
https://www.raspberrypi.org/products/raspberry-pi-2-model-b/
https://en.wikipedia.org/wiki/Wi-Fi
https://en.wikipedia.org/wiki/Bluetooth

3.3.4 Raspberry Pi 4

Release date

Introductory price

System on a chip

(@)
U
c

Memory

Storage

Graphics

Power

Raspberry Pi 4 Model B

24 June 2019; 16 months
ago (Current)

-US$35 (Pi 4 2 GiB)™

Broadcom BCM2711B0™

Pi4B: 1.5 GHz 9uad-
core A72 64-bit!

*Pi4B:2,4,or
8 GiB LPDDRA4-
3200 SDRAM!

MicroSDHC slot

BroadcorqOVideoCore VI
500 MHZ""

5V; 3 A (for full power 5
delivery to USB devices)[—]

Raspberry Pi 4 Model B was released in June 20192 with a

* 1.5 GHz 64-bit quad core ARM Cortex-A72 processor,

e on-board 802.11ac Wi-Fi, Bluetooth 5,

 full gigabit Ethernet (throughput not limited),

* two USB 2.0 ports,

» two USB 3.0 ports, and

» dual-monitor support via a pair of micro HDMI (HDMI Type D) ports for
up to 4K resolution.

The Pi 4 is also powered via a USB-C port, enabling additional power to be
provided to downstream peripherals, when used with an appropriate PSU.
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https://en.wikipedia.org/wiki/Raspberry_Pi#cite_note-specs-5
https://en.wikipedia.org/wiki/Central_processing_unit
https://en.wikipedia.org/wiki/Hertz
https://en.wikipedia.org/wiki/Multi-core_processor
https://en.wikipedia.org/wiki/ARM_Cortex-A72
https://en.wikipedia.org/wiki/64-bit_computing
https://en.wikipedia.org/wiki/Raspberry_Pi#cite_note-specs-5
https://en.wikipedia.org/wiki/Mobile_DDR#LPDDR4
https://en.wikipedia.org/wiki/Synchronous_dynamic_random-access_memory
https://en.wikipedia.org/wiki/Raspberry_Pi#cite_note-Raspberry_Pi_4_Model_B_tech_specs-7
https://en.wikipedia.org/wiki/Raspberry_Pi#cite_note-EightGB-3
https://en.wikipedia.org/wiki/MicroSDHC
https://en.wikipedia.org/wiki/Broadcom
https://en.wikipedia.org/wiki/VideoCore
https://en.wikipedia.org/wiki/Raspberry_Pi#cite_note-BCM2711-10
https://en.wikipedia.org/wiki/Raspberry_Pi#cite_note-BCM2837-9
https://en.wikipedia.org/wiki/Raspberry_Pi#cite_note-12
https://en.wikipedia.org/wiki/Raspberry_Pi#cite_note-Pi4OnSale-2
https://en.wikipedia.org/wiki/ARM_Cortex-A72
https://en.wikipedia.org/wiki/Wi-Fi
https://en.wikipedia.org/wiki/Bluetooth_5
https://en.wikipedia.org/wiki/Gigabit_Ethernet
https://en.wikipedia.org/wiki/USB_2.0
https://en.wikipedia.org/wiki/USB_3.0
https://en.wikipedia.org/wiki/HDMI#Connectors
https://en.wikipedia.org/wiki/4K_resolution
https://en.wikipedia.org/wiki/USB-C

3.3.4 Raspberry Pi

Family %  Model #  Form Factor # Ethernet Wireless # | GPIO # Released # | Discontinued %
B Yes 2012 Yes
26-pin
A Standard!@l No 2013 No
Raspberry Pi No
B+ Yes 2014
A+ Compact!’! No 2014
Raspberry Pi 2 B Standard!@ Yes No 2015
Zero No 2015
Raspberry Pi Zero Zerold MNo
W/WH Yes 2017
B Standard!@l Yes 2016
40-pin
Raspberry Pi 3 A+ Compact!’! No Yes 2018
B+ Standard!@ Yes 2018
B (1 GiB) Yes!]
B (2 GiB) 201903
Raspberry Pi 4 Standard!?! Yes (Gigabit Ethernet) | Yes
B (4 GiB)
B (8 GIB) 2020

Vir: Wikipedia.com

OR — 3 — Povzetki predavanj

76

© 2021, Rozman, FRI




3.3.5 ST Discovery F4

STM Discovery F4 (Cortex M4)
*STM32F407VGT6 microcontroller featuring 32-bit
Arm® Cortex®-M4 with FPU core, 1-Mbyte Flash memory and
192-Kbyte RAM in an LQFP100 package
*USB OTG FS
ST MEMS 3-axis accelerometer
*ST-MEMS audio sensor omni-directional digital microphone
*Audio DAC with integrated class D speaker driver
*User and reset push-buttons
*Eight LEDs:
*L.D1 (red/green) for USB communication
+LD2 (red) for 3.3 V power on
*Four user LEDs, LD3 (orange), LD4 (green), LD5 (red)
and LD6 (blue)
*Board connectors:
*USB with Micro-AB
*Stereo headphone output jack
+2.54 mm pitch extension header for all LQFP100 1/Os

for quick connection to prototyping board and easy

probing https://www.st.com/en/evaluation-

*External application power supply: 3V and 5V tools/stm32f4discovery.html
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3.3.5 ST Discovery F7

STM Discovery F7 (Cortex M7)

*STM32F769NIH6 microcontroller featuring 2 Mbytes of Flash
memory and 512+16+4 Kbytes of RAM, in BGA216 package
*On-board ST-LINK/V2-1 supporting USB reenumeration
capability

*USB ST-LINK functions: virtual COM port, mass storage, debug

aws g

port
*4" capacitive touch LCD display with MIPI® DSI connector (on
STM32F7691-DISCO only) T gk e arm
*SAl audio codec ) . zulta "] : MBED
*Two audio line jacks, one for input and one for output s : ) : Enabled
«Stereo speaker outputs
*Four ST MEMS microphones on DFSDM inputs
*Two SPDIF RCA input and output connectors

*Two push-buttons (user and reset)

*512-Mbit Quad-SPI Flash memory

+128-Mbit SDRAM

*Connector for microSD card

*Wi-Fi or Ext-EEP daughterboard connector

*USB OTG HS with Micro-AB connector

*Ethernet connector compliant with IEEE-802.3-2002

https://www.st.com/en/evaluation-tools/32f769idiscovery.html

*Arduino™Uno V3 connectors
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" JdE0
3.3.5 ST Discovery STM32MP157C
STM Discovery MP1 (2xCortex A7 + 1xCortex M4) STM32MP 1

*STM32MP157 Arm®-based dual Cortex®-A7 32 bits +
Cortex®-M4 32 bits MPU in TFBGA361 package

*4-Gbit DDR3L, 16 bits, 533 MHz

*1-Gbps Ethernet (RGMII) compliant with IEEE-802.3ab
*USB OTG HS

*Audio codec

*4 user LEDs

2 user and reset push-buttons, 1 wake-up button

5V /3 AUSB Type-CTM power supply input (not provided)
*Board connectors:Ethernet RJ454 x USB Host Type-AUSB
Type-CTM DRPMIPI DSISMHDMI®Stereo headset jack
including analog microphone inputmicroSDTM cardGPIO
expansion connector (Raspberry Pi® shields capability)
*ARDUINO® Uno V3 expansion connectors
*STM32CubeMP1 and full mainline open-source Linux® STM32
MPU OpenSTLinux Distribution (such as STM32MP1Starter)
software and examples

4" TFT 480%800 pixels with LED backlight, MIPI

DSISM interface, and capacitive touch panel
*Wi-Fi® 802.11b/g/n

*Bluetooth® Low Energy 4.1

https://www.st.com/en/evaluation-tools/stm32mpl157c-dk2.html
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3.4 RISC-V (https://riscv.org/)

RISC-V: The Free and Open RISC Instruction Set Architecture

RISC-V is a free and open ISA enabling a new era of processor innovation through open standard
collaboration. Born in academia and research, RISC-V ISA delivers a new level of free, extensible
software and hardware freedom on architecture, paving the way for the next 50 years of
computing design and innovation.

More than 250 RISC-V Members in 28
: 4 Countries Around the World

RISC-V

RISC-V Foundation Growth History
300 September 2015 to May 2019
275

250
225 =
200
175
150
125
100
75 104 Individual RISC-V developers and advocates

50 51 Machine Learning/Al; Commercial Chip Vendors; FPGA;
o5 / Broad Market; Networking; Application Processors, Graphics
0 45 Semiconductor IP; IP and Design Services; Foundry Services
Q3 Q4 Q1f Q2 Q3 Q4 QO Q2 Q3 Q4 O Q2 Q3 Q4 Q1 Q2
2015 2015 2016 2016 2016 2016 2017 2017 2017 2017 2018 2018 2018 2018 2019 2019

13 Universities

29 Consulting; Research
23 Development Tools; SW and Cloud

May 2019 8
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