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Zelite izboljzati delovanje svojih programov? Ce je odgovor da, ne smete zamud
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.

Aé t u ekiatnab 4
pohitritev po
opti mi zacil |

()

Space shuttle Atlantis launch monitoring with Dewesoft software
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3. Mikroarhitekturnini vo r al unal ni ka

Namen in cilji 3. poglavija:

Razumevanje :
A pomembnost urinega signala, sinhronskosti v digitalnih vezjih

A delovanja CPE in njenih sestavnindelovskozipr akt i I ni pr
A-rod nivoja logilnih vrat do del uj ol ega n
A MiMo model mikroprogramske CPE (v e | p e 1, devm\bani)

A realizacija/izvedba strojnih ukazov z zaporediji mikro-ukazov
A razumevanje delovanjaCPE (ukazi, registri, eno

A ARMT pregled (mikro) arhitektur
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3. Mikroarhitekturnini v o r alid roalivezakaa

Kombi natorilna | ogilna vezj a:

VhOdl |Zh0d| DIR _~ED>—::D&UR
Kombinatorilfo LR

':> digitalno vezje

LL

o
Ep —

Sekvenlna |l ogilna vezj a:

Vhodi [zhodi

——> Kombinat drifc
-

digitalno vezje | e
e kombinatorién =
] Tﬂ:p-ﬂop
Blaac

o

Informacija o
notranjem stanju

ura

Pomnilnik |
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3. Mikroarhitekturnin i v o r a |1 uwsindirbnska keaja

Asinhronska digitalna vezja :

D [P

} | LL
A

Slabosti:

Aorazli|l ne zakasnitve
A zapl eteno r egerazhrakasnitegr ob |l e ma

Prednosti:
A  hitrost
A poraba
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3. Mikroarhitekturnin i v o r a li asimhrantkavdzik-a @4
A of 4" s,

Asinhronska digitalna vezja :
Primer: MiniMIPS (asinhronska realizacija CPU MIPS R3000)

Adkrat hitrejga od sinhronske-w
Abistveno bol | kompl eksna (| ahk

e,

0, .
A G
CT.
" Ragy Cl‘q”‘?lbs 9

G0 y, . d 1
oerd

Prikaz razlik med sinhronsko in asinhronsko CLK

R1 R2 CL3 | R3 R4 >

A  Sinhronska

U

Req I .
. . Clocks; Ack _,_‘_:_l_
utin without : .
Computttis the ARM Processor Data —— ——
Micropipelining ; !

secbu® A Aginhronska V

Ack

The Design of an Asynchronous CTL CTL o~ CTL CTL
MIPS R3000 Microprocessor R
| €q | I |

Alain J. Martin, Andrew Lines, Rajit Manohar, Mika Nystrom
Paul Penzes, Robert Southworth, Uri Cummings, Tak Kwan Lee
Department of Computer Science

California Institute of Technology
Pasadena CA 91125, USA 7

R1 [Data ) R2 M\ CL3 R3 \| CL4 R4 N

U




3. Mikroarhitekturnini vo r aliua

Asinhronska digitalna vezja :

>

>

>

>

>

Asynchronous circuits are fundamentally different; they also assume bi-
nary signals, but there is no common and discrete time. Instead the circuits
use handshaking between their components in order to perform the necessary
synchronization, communication, and sequencing of operations. Expressed in
‘synchronous terms’ this results in a behaviour that is similar to systematic
fine-grain clock gating and local clocks that are not in phase and whose period
is determined by actual circuit delays — registers are only clocked where and
when needed.

Low power consumption, [102, 104, 32, 35, 73, 76] Asynchronous circuit design
A . . : d-graén clock gatypng and zero standby power consumption. A Tutorial

High operating speed, [119, 120, 63]

A . operating speed is determined by actual local latencies rather than  Jens Sparsg

global worst-case latency.

Technical University of Denmark

Less emission of electro-magnetic noise, [102, 83]

A . ..thelocal clocks tend to tick at random points in time.

Robustness towards variations in supply voltage,

temperature, and fabrication process parameters, [62, 72,

74]

A ...timing is based on matched delays (and can even be insensitive to

circuit and wire delays).

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

No clock distribution and clock skew problems,

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

A . ..thereis no global signal that needs to be distributed with minimal

phase skew across the circuit.

OR1 37 Povzetki predavanj 8
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3.1 Sinhronska digitalna vezja

t
.. le cPe )l CPE
: ) ]
3.1.1 Ur!n signal: Visoko stanje (1)

Odvisen : » . \ ——{ urin signal
A Hitrosti vezij Nizko stanje (0) _\ Y
A  Zakasnitev v povezavah Negativna fronta
- . . . Pozitivna fronta
A Gtevila vezi|j .
Aktivna fronta (poz. alnotrustangp. ) spr = .

LL

3.1.2 Sprememba stanja: / “

At za spremembo FF
~ . .. . Kk i I8
A temp: kombinacijsko vezje =il Q R e : i
~ . . flip—flop 9 . e =
A tyzpos - Stabilnosti vhodov v FF Pt Lo fip—fiop
ura
tCPE > 1:zak + tkomb + 1:vzpos
signal se signal mora signal se i =gk | K ombinatoricha | tvzpos !
lahko spreminja | biti stabilen| lahko spreminja | ’
|
Sisl £
=
| t =
CPE
L™, 9 E 2025, Rozman, FRI

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



3.2 MiMo i
Mikroprogramiran
Model CPE

syscik[H—(curn]

Address BUS

MiMo - Microprogrammed CPU Model vo.saorEvo

Data BUS

0000 / immed| reset.
TEEE

RAM @E

— 1

RAM 16K x 16

Q2

0008(0000 0000 0000 0000
000c|0000 0000 0000 0000
00100000 0000 0000 0000
0014,0000 0000 0000 0000

I

CLK| RAMSel|
e

Reset

Debug  con(—(eond
cycle[@>{abgeye]  stop[B>{angaar]
Instr Addr

reset

R2
~
et~

R5
"
R7

Registers continue
br_cycle
RO 0000 = br_instr

R1' 0000 = br_addr_on
0000 =4 br_addr
0000 = ucounter

0000 =
0000 =4
0000 =
0000 =

pereg
Debug Unit

Microcode Control Unit
Control ROM

Address of third uinstruction is "opcode+2"

88

A ROM 256 x 32

Quick tips:

Use ctrl+t to manually toggle global clock signal
Use Simulate->Ticks Enabled for automatic clock signal

aluoj
op2sel|
datawrite

addrsel|

00011000

csel|
cload|

Decision ROM

CROM|

A ROM 256 x 16
0202 DDOOD 000O|

0000 0000

dwrite|

orepe

ICycles 0

Micro Instruction

Micro_instr 00002000 —-‘EE:I

ﬁ Flags
Sl

0000

Instruction: [ireg]
mw

0 0

Address, Data Bus

- 'Address 0000 Data' 0000 -

[ocaress]  [aata

Spec. Registers

PCreg' 0000 M
IR (0000 =irreg]|
IMM 0000 ={immed]
ALUOut (0000 ={aluout]

Status

New_CMD.

Cycles' 0 Cmds' 0

Next_instr 0101 —-m

swrite] datasel| indexsel] cond| | regsrc]imtoad][irioad][awrite [ ocioad] e se] adarsel] datawrite || cp2se | atuap
00 00 00 0o oo 00 0000

Frame Buffer LED 16x16

Based on: http:i/iminnie.tuhs.org/Programs/UcodeCPU/index. html|
v05: Migration to EVO, Debug, Counters, InmReg Units

v05a: norz instead of corz

ORT 37 Povzetki predavanj
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ucounter [ Icycles
reset . [oogjcycles
[EZoalemds

CycleCounter
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https://qithub.com/LAPSYLAB/MiMo Student Release

TTY

Clear_Screer


https://github.com/LAPSyLAB/MiMo_Student_Release

. —-— The ALU
alunit: alu port map |

A => alu_a,

https://web.microsoftstream.com/video/590d652e-717f-4e91-9fa5-fe537f55ae7b B => alu b,

3.2 MIMO 1 Mikro-programiran Model CPE e = e

. ZERC => =zero,
Multiplexor into the second ALU input, and first ALU input 20,

FPGA realizacija Ry o : e camny => carzy,

alu_b <= treg when op2sel="00" slse L Tae NEG =>*> neg
immed out when op2sel="01" else LD[”}::,:,II ALy o ):
x"0000" when op2sel="10" =lss Sng a1 "111}:,,\7,1e
x"0001" when op2ssl="11" slss a g, ot
(others => "2'); 5 R .ipgrt .
n
] s s
= ooy dn * Tog,
EStyp a1 %
: v 3ERy Y oyy St l,;g.lc e t:,r{D
. i Cap, P gy Y9ie T Sty
| R Sug R o, Sven, T Wz,
; Sng Comy. VEG ¥ oup T °gie V: t r(:ATZLWIDDTH‘l “
Rep g Sty ! 1o OFic T Sty fl; n Thy o
H“l. omir L - L st "glg* Am S 9 d’“’l’z 0
-~ ~"LD ’
9iq, Th.
L 1
. oy,
OPTIONS: 1180 Wng

Compiled on Jon 1 2014, 17:..
Port fdov/LiylsBl, 10:37:40

Prousn CIRL-N 2 Tor help on specioal keyn

Here o "I

.I XI[INJL )E N . L8 ;
i& I:'-'lu"m'-“t...ﬁ R s | | S Serial output
| ~ e display

T L '.

aasqveaa“
ARAW -

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

ORT 37 Povzetki predavanj 11 E 2025, Rozman, FRI


https://minnie.tuhs.org/Programs/UcodeCPU/nexys4_install.html
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https://web.microsoftstream.com/video/590d652e-717f-4e91-9fa5-fe537f55ae7b
https://web.microsoftstream.com/video/590d652e-717f-4e91-9fa5-fe537f55ae7b
https://web.microsoftstream.com/video/590d652e-717f-4e91-9fa5-fe537f55ae7b
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https://web.microsoftstream.com/video/590d652e-717f-4e91-9fa5-fe537f55ae7b
https://web.microsoftstream.com/video/590d652e-717f-4e91-9fa5-fe537f55ae7b

3.2 MIMO T Mikro-programiran Model CPE
Mnenja (19/20) Osebnosemr qvt gdgxcn" méftetpgmol t'cfwogn

Izvedba MiMo modela na nivoju logiénih vrat v Logisimu je bila zanimiva in koristna deluje mikrozbirnik oz. posamezna kontrola vrstica. Ko sem enkrat

28 responses povezalstvariok " r ¢c" pkuqg"xg "rtgfuvcxnl c
@ Spioh se ne strinjam
@ Sene sirinjam

% @ Se strinjam
@ zelose stinizm Model MiMo gledano v celoti je pripomogel k izboljsanju mojega poklicnega (strokovnega)

znanja.

20 responses

@ Sploh se ne strinjam
@ Se ne strinjam
@ Se strinjam

. L - ) s o ) @ Zelo se strinjam
Izvedba MiMo modela na nivoju mikro zbirnika (micro-assembler) je bila zanimiva in koristna

2B responses

@ Sploh se ne strinjam
@ Sena sinnjam

@ Sestrinjam

@ Z=lo =& strinjam

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

29 responses

15

14 (48 3%)

Izvadba MiMo modela na nivoju zbirnika (assembler) je bila zanimiva in koristna 7 (24.1%)
24 1%

28 responses 5 6 (20.7%)

@ Sploh s& ne strinjam

® Sene sirinjam 0
@ Se strinjam

@ Z=lo =e strinjam

12 E 2025, Rozman, FRI




3.2 MIMO T Mikro-programiran Model CPE
Mnenja (21/22) Osebnosemr qvt gdgxcn" méftetpgmol t'cfwogn

deluje mikrozbirnik oz. posamezna kontrola vrstica. Ko sem enkrat
povezalstvariok " r ¢c" pkuqg"xg "rtgfuvcxnl c

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

2Zresponses

@ Splch e ne strinjam
i 5= ne stinam

@ Se crinjam

@ Z=lo se strnjam

Model MiMo gledano v celoti je pripomogel k izbolj$anju mojega poklicnega (strokovnega) znanja.

22 responses

@ Sploh se ne strinjam
@ Se ne strinjam
@ Se strinjam

Izvedoa MiMeo medela na nivoju mikro zbirnika (micre-assembler) je bila zanimiva in o
@ Zelo se strinjam

karistna

27 responses ‘
@ Soloh == ne strinjam '

W Z=ne stinam
@ S =trinjam
@ Zelo se strinjam

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

20
Izvedba MiMo modela na nivoju zbirnika (assembler) je bila zanimiva in koristna
- 15 16 (72.7%)
2I responses
@ Soich == ne stinjam 10
i 5= ne stinam
& Se stinjam
@ Zzlo s2 stonjam 5 5 (22.7%)
0 (0%) 0(0%)
o | \
1 2

OR1 37 Povzetki predavanj 13 E 2025, Rozman, FRI



3.2 MIMO T Mikro-programiran Model CPE

: Delovlogisimug | O " ukowncvgtl w"fkikvcnpkj "™ xg]
Mnenja (22/23) xk| wenk|] cekl k" uc ood tigitajnega vezja pa docorganjzacije.p k m

|lzvedba MiMo modela na nivoju logi¢nih vrat v Logisimu je bila zanimiva in koristn:

6 responses MiMoc nk " mcmigp"ncAl k" ocpl "mgorngmugp"o
o o reain naloge pri predmetux u ¢ m" 1 v wf g p vZ'temgda hi vsak kmel"mordao
®scroompm urgekhk gp"rtgdngo. "mk"dk"ic"oqgtcn"tg
@ Se strinjam

@ Zelo se strinjam

Model MiMo gledano v celoti je pripomogel k razumevanju delovanja CPE
6 responses

@ Sploh se ne strinjam
@ Se ne strinjam
@ Se strinjam

@ Zelo se strinjam
Izvedba MiMo modela na nivoju mikro zbirnika (micro-assembler) je bila zanimiva i

koristna

6 responses

@ Sploh se ne strinjam
@ Se ne strinjam

® Se strinjam

@ Zelo se strinjam

Sploéna ocena koristnosti MiMo modela pri predmetu - od 1 do 5 (najvi§ja ocena)
6 responses

) o o o : 4 4 (66.7%)
Izvedba MiMo modela na nivoju zbirnika (assembler) je bila zanimiva in koristna

6 responses

@ Sploh se ne strinjam

@ Se ne strinjam 2
@® Se strinjam

@ Zelo se sirinjam

2 (33.3%)

0 (?%) 0 (0%) 0 (0%)

1 2 3

OR1 37 Povzetki predavanj 14 E 2025, Rozman, FRI



3.2 MIMO T Mikro-programiran Model CPE

Mnenja (23/24)

Kot bodoéi raéunalniki strokovnjak na Ze omenjenih podroéjin (strojni, zbirni in sistemski nivo)
moram podrobno poznati delovanje CPE in ostalih racunalniskih podsistemov.

9 responses

@ Sploh se ne slinfam
@ Se ne strinfam

Se strinjam
& Zelo sa strinja

9 responses

Prednosti (dobre strani) modediMoo6 { 2 &S @l Yy 28 1T RSt2 OS LkRa

responses

1 1 ¥ 2 A Oyithubuz vsgrhi potrebnimi datotekami za uprizoritev modelaogisimuin
samMiMo model vLogisimu

1 Dadober vpogled kako se ukazi izvajajo po elementarnih korakin

T dober vpogled v delovanje CRO2 Oy 2 & i @A Ydzt F OA2S ONST || 1

1 Na njem j_cijastavice, kdaj se izvaja nov
ukaz...).

1 .2f20S8 NITdzrSgl yaS RSt2@lyal LNROSa2NEI

Slabosti model&iMo6 {1 2 6A ALINBYSYyAfAZ R2Rresponses y I R3INI
| LR2LR2EYy2YlF YAGS
| yI T 6ISRIA dNJAKSE 2 &G NI Of 2A @2
Model MiMo gledano v celoti je pripomagel k razumevanju delovanja CPE T bl 1+H6Suldz 2S5 OSt 20 yKkerjeécs n@del hapipogleds O 2 NI
"kompleksen").
@ Sploh se ne slinjam
B Se e strmiam
e atrinjam {LX 20yA LINBRf23A T Al 02 {MMOLIRIR WAIBRY S @ AA & &l
modeli kotjeMiMod 2 R20NBR2 Of A X dzLJ2 N} 6 Af O A reshbnse§ | | 2 ¢
i Koristna bi bildolj podrobna razlaga prevajanja ukazomodeluMiMo, to me je najbolj
zmedlo.
| Meni se je zdelo vse super, naj ostane tako kot je.
1 Y2NRI {11108y LINAYSN @#S6> Y2326S o62fe Lki6
delov
| az2326S bBR1ETKI2 OS R2RI 2l (Ho8jShild potiethy Bi 5y 2 &S
podnalogi 1. obvezne naloge).
1 Dodalivecfunkcij, znacilninza moderne CPE, ki seitimopri OR, npr. cevovodno
razlicicq prediktor..
ORT 37 Povzetki predavanj 15 E 2025, Rozman, FRI



3.2 MIMO T Mikro-programiran Model CPE

Mnenja (24/25)

Izvedba MiMo modela na nivoju logicnih vrat (Logisim) je bila zanimiva in koristna

?

22 responses

@ Sploh se ne strinjam
@ Se ne strinjam

Se strinjam
@ Zelo se strinjam

V bodoce bi bilo koristno MiMo modelu v Logisimu dodati Se razli¢ne V/I enote, prikaz organizacije

pomnilnikov, povezavo registrov V/I naprav in podobno...
22 responses

@ Sploh se ne strinjam
@ Se ne strinjam

Se strinjam
@ Zelo se strinjam

W

Slabosti modelaMiMo 6 1 F 2 06A &ALINBYSYyAfAIZ R2RIFEfAZX yI R3I
A .2t 20 R2.|(vendrBeynida soa @liko morali "pogruntati” sami)

A a2328NBEYSYol dA 129 oftAoesS dA T 2Y
A Premalo dokumentacijevsaj za zagon testnega programa
Ayvy2yLit Stayz2aiaz ySirte é6Falk 11

I'wa ®

NI T dz¥S @l ya2aSad

{LX 20yA LINBRf23IA 11 Al 02t &Ndb @R dABING R € Si dz2 &
modeli kotjeMiMoa 2 R20NBR2Of A X dzLJl2NI oAf oA 3l G |2
A Y2326S 6A R2RIf RI 2S5 (NBol &aLhialir Sy o3z
A 52RI GSy 6 & asskmblgri@nincsb-astetnBlerjadober pregled teh dveh
programov je dosti pripomogel pri razumevanju cel&ji¥o sistema.
AwStlLiArgy2 GS012 &S YA 2S5 1 RSt 2 @g§lioblisgh@® L
A28 28 0SS 20081 y2 1GLINGOH y25L0 R OIS debid XA R @4
programi).
A Navodila za uporabo (kako uporabiti prograssembler.exemicro_assembler.exgkako
pravilno uporabitdebu@® A G R®0 @ LINR2S1ddz= 11 tF02$ LM
A Brez pripomb, se mi zdi, da je bil vsak del modela dobro predstavljen. Pregled izvajanja ene
ukaza panikroukazind Y2 RSt dz YA 28 o0Af OS yla2o2fa |32
A MiMo2S 2RftA6SY Y2RSts Y2326S 06 hrmerdeloatiak1 2 O
namesto da delamo samo teorijo.
A mogoceda bi sli se bolj podrobnodesignmodela mimo na se bolj elementarnem nivoju
(prikaz komponent Yogismuz logicnimivrati in drugimi elementi)
A as
G
fu 1FNJ LRYSYA RI 02 Rpeoglary®l £ A LJA & |
A al YSYyA &S YA yA 1 RSt 2zetelo zafldvdljeh daijd veehb6sBetd Ipad 2

da sidoma pogledam dele ki nisem razumel saj s tem sem se naghgijldelovanje

ORT 37 Povzetki predavanj
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3.2 MiMo T Mikroprogramiran Model CPE

Znal il nost.i
A -pomni |l ni gk al6 bitevs e d a
A -pomnil ni gkil6hitavs| ov

A dol gi na uk als aliB2 bitov (2 formata)

A Format1: (primer ADD R1,R2,R3 # R1<-R2+R3, R1=Dreg, R2=Sreg, R3=TreqQ)

3 3 3

A Format 2 : (primer LI R1,100 # R1<-100)
ADDRIL,R2,R3 #RI1<-R2+R3
R3: Treg 2 6. 6p. zaALE
3 3 3 R2: Sreg 1.operandzaALE
16 bitni tak. operand R1: Dreg ponor ALEoperacije
16 POZOR; v formatu ukazaobrnjen
N . . vrstni red kot v mnemoniku
A reglstrl. /
A 8x 16bitnih splogno-Rfamenski h registrov RO
A operandi (pomnil ni g-bkiini dostopi ) so s

A .pomnilnigko preslikan vhod/izhod

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

OR1 37 Povzetki predavanj 17

E 2025, Rozman, FRI
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http://minnie.tuhs.org/Programs/UcodeCPU/index.html

"
3.2.1 1l zvrgewvMMg e ukazov

Delovanje CPE:

A branje ukaza iz pomnilnika - FETCH
A Aukazno prevzemni ci kel fi
Al zvrgevan-g e uEXECWATION
A Aizvrgilni cikeldd

Elementarni koraki (v e | p e r reabzaanag :

A branje ukaza iz pomnilnika

A dekodiranje (analiza) ukaza obnovitev PC
prenos operandov v CPE ( P 0 MAdsibyvhdsKukazd) @ K O |
izvedba operacije (ALE)
shranjevanje rezultata (reqistri)

P2

P2

P2

OR1 37 Povzetki predavanj 18 E 2025, Rozman, FRI



" A 2023124125
MiMo T Podatkovna enota v0.5a

MiMo - Mlcroprogrammed CPUModel wsorevo o~ D9 conOfed
: Reset : Cycle' StOP.M ~Instruction: ==

P 1 R Address DataBusE'

0000 ) 000033
br_cycle . : Address Data :

N -

’-
-
’-
=t br_addr_on
.
"
"

R0 0000 =
R1/0000

R R2/ 0000 » br_addr S
T T ) p—— e = ) R 00 ‘.L"?°F"“‘°.r‘::‘:::‘:‘:‘.SP‘:’-QReg"s.t‘e‘r.s‘...

RAM | pcreg N B 0000
I _____PCreg "
f VASys RAM 16K x 16 - e R0
‘1 | oooduls®loooo 0ooo o000 ‘IMM ¢ 0000
"~ 00040000 0000 0000 0000] = - ALUOut | 0000

** 0008|0000 0000 0000 0000}

000c|0000 0000 0000 0000
-~ 00100000 0000 0000 0000
~ 0014|0000 0000 0000 0000

" Quick tips:
Use ctrl+t to manually toggle global clock signal o o o A
Use Simulate->Ticks Enabled for automatic clock S|gna| L |cycles . Jeycles| . |emds|.

NOVOSthOSa‘ ................................................... o1
pogoji v KE https://github.com/LAPSyLAB/MiMo_Student Release

|Cyc|es 07 Cybleé 0 Cmds 0

ORT 37 Povzetki predavanj 19 E 2025, Rozman, FRI


https://github.com/LAPSyLAB/MiMo_Student_Release

0 _Pogosta napaka prLogisimBvolutonn ni h verzijah

licroprogrammed CPU Model wsaevo /N DePY9  com—Gd

o T (Reset) o[ siop@{@ma]

: , resety4 reset  (—{CLK|
ol =] [y CLKINM> | T
BERI=E o e |
— == dbgoyo breyee A
. ——i dhgins}= br_instr - - - - | -
- balapbvo - B et wogndH bradaron |

C EEEE nReg | i e |
I T — T = R T MicroPC pt ucounter - f -
RAM [l poeces

RAM 16Kx16 -
05b0{0000 0000 0000 0000,
05b4{0000 0000 0000 0000, ~
- 05b 80000 0000 000D 0000, * -
05bc{0000 0000 0000 0000
.. 05c0|0000 0000 0000 0000, - - *
~ . 05c4{0000 0000 0000 0000, e
" 05¢8|0000 0OOOfMJ0000|

https://github.com/LAPSYLAB/MiMo Student Release

20 E 2025, Rozman, FRI
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" A 2022/23
MiMo T Podatkovna enota v0.5

~ Address BUS

twrite

oo RAM ‘ 1 1 1 | [imload == 0000 ==

f VAR RAM 16Kx 16
N R oooFoooooooooooo S
000410000 0000 0000 0000 =

* ' 00080000 0000 0000 0000] *
~000c|0000 0000 0000 0000} - - - -

... 0010|0000 0000 0000 0000| - . !
.. 00140000 0000 0000 0000| . . . .

Novosti v0.5
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S 00 Do 2021/22
MiMo T Podatkovna enota v0.4a

S Clock R
_____________________________________________ e

SﬁAddre'sSBUSﬁﬁﬁﬁﬁﬁﬁﬁﬁ ﬁ [@ﬁ @
ﬁ .Iﬁﬁ..ﬁ' ..

I H _ I:: |addrse\®

datasel .
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q __
MiMo 1T Podatkovna enota

Pri kaz del ovanja ob
jnez rl,loop #Jumpto loop: if r1!=0

Primer programa v zbirniku :

main: i rl, 2 #rl is the counter
li 2, -1 # Used to decrement rl

loop: add rl,rl,r2 #rl--

jnez rl, loop #loopifrl!=0

SW r2, 16 # Save the r2

Vizualni prikaz je narejen na podobni podatkovni enoti v03.a
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jnez Rs,immed (40)

N JNEZ Rs,immed - izvedba 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 voza
Microinstruction Iﬂfﬁ%’il hfrﬁl%s_l sregs||dregs| New CMD Reset
o el

swrite|datasel jindexseljcond||regsrc |imload jirload || dwrite | pcload | pesel|addrsel | datawrite fop2sel
(x1) x1) x2 X ) (xe (x1) x2 Address| x16 |Datal x16 | IR[ x16 ICycIes Cycles
‘ -
/ address

. data ireg

i

WIUX

Immed. Reg.

MM NO—]
k;es%; “'immedl q
IM)I s ALU

Clock

el RAM

A 64KB RAM D

sel o Id cIr
1 * [ aluout
| (atuout
Clock )
x16

I I N B S .
Skok v kontrolni enoti :

Default: next address
N N N N

Naslov: Podatki: I— Kontrolni signali: [



jnez Rs,immed (40)

- JNEZ Rs,immed - izvedba 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 voza

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

cycles

data ireg

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

Immed. Reg.

ée?%; immed
RAM i
* x16

Clock

A 64KB RAM D |data>

sel o Id cIr

1*
Bl ogq
OCI

(8]

I I I B B B
Skok v kontrolni enoti :

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

[ N BN BN BN BN B
Naslov: Podatki: I— Kontrolni signali: [



u jnez Rs,immed (40)

JNEZ Rs,immed - izvedba 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 voza

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 |
l_.PC
/ . . address

i

deta]  [imeg

Registers Status

WIUX

el RAM

A 64KB RAM D

sel o Id cIr

Bl e
Clock o<

I I N B S .
Skok v kontrolni enoti :

Default: next address
N N N N

Naslov: Podatki: I— Kontrolni signali: [



jnez Rs,immed (40)

= JNEZ Rs,immed - izvedba 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 voza
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 —
(xte | sl ALU
Clock l
A 64KB RAM D |da:a,‘,
Aai
sel o Id clr i \'|
[ —
Clock o<
1 x16

I N S S . .
ISkok v kontrolni enoti : l

if z
then pcincr I

else jum




] . : - jnez Rs,immed (40)
JNEZ Rs,immed: PC=PC+1, ve 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 voza
Microinstruction tregs L{sreg__]s I_[d”ag:_lS New CMD Reset
|swrite|dataselIindexsellcond"regsrclimloadIirload"dwriteIpc\oadlpcselladdrsel|datawrite|op258ll s (x3  [x3)
(x1) x1) x2 X ) (xe (x1) x2 PC<-PC+1 \ddress | x16 | Datal x16 | IR[ x16 ICycIes: Cycles x16 |
i =g 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*
Bl ogq
OCI

I I N B S .
Skok v kontrolni enoti :

Jump to address fetch:
G I I S .

Naslov: Podatki: I— Kontrolni signali: [



jnez Rs,immed (40)

= JNEZ Rs,immed: izvedba skok 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 voza
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 N B S .
Skok v kontrolni enoti :

Jump to address fetch:
- ¥ ¥ N N

Naslov: Podatki: I— Kontrolni signali: [



| _MiMovO.S
3.2.2. MiMo T podatkovna enota -
3221ALE: ‘v AL ALU

A KONTROLMNBIGNALI

Vhodi: .
2x 16-bitna operanda: X i
A Sreg,
A izhod iz MUX-a (op2sel) .
Izhodi: : :
A 16-bitni rezultat operacije e 0000
( &uoutc ) :

A zastavice C (+,-), Z (NOR), N (b;5) aluout
Kontrolni signali: E
op2selidol ol i 2. operand: aluout:
A 0.7 _ Data Bus
A 1.2 0__Treg°pzsel' aluop: AddrBus
A 2.7 1IMM Rx+imm) O Register
A 3.2 2. . 0 B0 0) L

) : o : 3. . 0 RoO+1) %
aluopidol oli operacijo (1iz ) 3y
A 0.7 X
A 1.2
A 2.2
A 3.2
A e

30 E 2025, Rozman, FRI




000000 D
3 2 2 1 ALE Dooooona Y -7 The ALU
Y4y 4N . c out alunit: alu port map (
|; ‘EI\\ L => alu a,
- B => alu b,
0000000 11"~ ALUCP => alucp,
BDDDDUDUD b'iUt RESULT=> aluout,
MU ZERC => =zero,
gana CARRY =% carry,
™1 i NEG => neg
¢ out bi
ufu]ufu]
Vhodi: e -
. ) rem VHDL:
2x 16-bitna operanda: I . Phe ALU component
A Sreg, “_I—'\ component alu is port (
A izhod iz MUX-a (0p25e|) 7 B : in std_logic_vector (DATA WIDTH-1 downto 0);
.. B : in std logic vector (DATA WIDTH-1 downto 0);
M L . ) ...-/h ALUOP : in std logic_vector (3 downto 0);
A 16-bitni rezultat operacle RESULT: out std logic vector (DATA WIDTH-1 downto 0);
( @uoutg ) “_}D ZERD : out std_logic;
- T CARRY : out std logic;
A ZNa(Sga\;ICG C (+1 )1 Z (NOR)1 l—D NEG : out std_lujgic) H
15 end component;
Kontrolni Siqnali. l'—Dc -- Multiplexor into the second ALU input, and first ALU input
- - i alu_a <= sreg;
OpZSeI fdol o ! | 2. 0 P A9 'w : alu b <= treg when op2sel="00" =lse
A O__Treg h immed out when op2sel="01" else
A x"0000" when opl2ssl="10" els=
A lIMM (RX+IMM) - x"0001" when opldssl="11" =ls=
A 2 P O R)O‘ O) ( (others => "2");
A 3. . 0RoO+1) ( T -
aluopidol ol i operaciljyJd—€i z OFP
kode) '
i
A 0.+
A 1..-
A 2.
A 3./ —
A e ¥
/ @Negative
RALE
| 0000000 '5, Rozman, FRI
DDDDDDDDRESU"




"
3.2.2. MiMo T podatkovna enota

3.2.2.2 Registri

Vhodi: — La :___::::::Regs:::::::::::::::::
16-bi t ni regvalg d ( & B —)
Rofoas M4
Izhodi: ZR1ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
3x 16-bitni izhod Ro[ i M
Dreg,Sreg,Treg iiiiiii""iiR3iiiiiiiiiiii'iiii
gj]::::::::':R4 |
Kontrolni signali: — _ ZR5
dsel, ssel,tsel T vukazu:dol ol aj o ka . .. ... ... IR’.6
register bo na vsakem od 3 izhodov: R, jRT
A Sreg ->ALU,vh.Regs,Nasl.vodilo e ——
A Treg -> ALU,DataBus ~ N !
A Dreg -> DataBus 1 \ ﬁﬁﬁﬁﬁﬁﬁ
regsrc Tdol ol a vhodni i .

A 0..DataBus

A 1.IMM

A 2.ALU - .
A 3.Se¢g oo regsrc
dwrite , swrite , twrite 0..DBus

(obil aj no Wdaroo leajen)pi sal r 1.IMM

operacijo iz vhoda v izbrane registre 2 gLU
..Sreg
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3.2.2.2 Registri

Vhodi:

16-bitni vhod

( eegvalc )

Izhodi:

3x 16-bitni izhodi
Dreg,Sreg,Treg

Kontrolni signali:

dsel, ssel, tsel T v
ukazu:d o | o |

“poooooog

0.0-0. 020 0 0. D e

MiMo v05

register bo na vsakem --------- ‘

od 3 izhodov:

A Sreg- i
>ALU,vh.Regs, Nasf ST
|.vodilo B

A Treg-> S
ALU,DataBus ... ... o

A

vhodni izvor:

A 0..DataBus
A 1.1MM
A 2.ALU
A 3.Sreg

dwrite , swrite , twrite

(obi ]l ajn 0
idol ol aj o
operacijo iz vhoda v
izbrane registre

Dreg -> DataBus. -

0.0-0.0-0.0-0-0

00000000

00000000

00000000

0.0-00-0.0-0.0

00000000

0.0-0.0-0.0-0-0

o 00000000

0-0-0.0-0-0-0-0

©o|gooooooo

w0.0°00:0:0-0.0

Coooo00oooo

0.0-0.0-0.0-0.04 - -
00000000

b-0.0-00000 -
p-oooooog

0.0-0.0-0-0-0.0f - -
00000000




| _MiMovO.5
3.2.2. MiMo T podatkovna enota
3.2. 2.3 Prc}R},’:ra---......-|

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

Izhodi:
A pcout : 1x 16-bitni izhod

[ =T = =]

Kontrolni signali:

.............. pcload:dol ol a vpis v I

pcselidol ol a vhod v F
0.. PC+1

o 1.. tak.operand (abs.skok)

_____________ 2.. pct+tak.operand (vejitev)
----------- 3.. Sreg (vrnitev iz

L podprograma)

peout

reset 1T postavi PC na 0




| _MiMovO.5
3.2.2. MIMo 1 podatkovna enota

3.2.2.4 Ukazni reg. -

( lAstruction

regi

Vhod: Podatkovno vodilo (Databus)

Izhodi: razdelitev ukaza na polja :
A op.koda (7 bitov) in
A 3x3biti za izbiro registrov (dregs , sregs,

tregs)
skupaj 16 bitov

Kontrolni signal :
A irlboad: dol o

| a pogatksvodila | R L

IR Logic

instruction’

stef

YInstruction_register_Content

E 2025, Rozman, FRI



| _M.iMovO.S
3.2.2. MiMo T podatkovna enota

3.2.2.5 TakKimmegimij i r e

shranjuje takojgnjfF
Vhod: Podatkovno vodilo '
| z h andmedii A

Kontrolni signali:
A imload: dol ol ammedzi s e\g . &

1z podatk. vodila
Gataln 0000,

40 E 2025, Rozman, FRI



3.2.2.6 Podatkovno vodilo

Kontrolni: :
Vhod: : A datawrite  (0..BRANJE, 1..PISANJE)
A podatkovno vodilo data (BRANJE iz RAM) A RAMSel  (vklop pomnilnika)
Izhod: I~ ImmReg
A podatkovno vodilo data (PISANJE v RAM)
RAM Il_l I Il_l I Il_l I I_I B
[ — I~
[A RAM 16K x 16
0000Lse[1}0000 0000 0000
WE 0004{0000 0000 0000 0000
_*DE 0008{0000 0000 0000 0000
000¢|0000 0000 0000 0000
0010{0000 0000 0000 0000
0014{0000 0000 0000 0000
CLK (RAMSel| |
~O<J—+91 datawrite
ADDR DEC. /=707
Branje iz RAM pomnilnika _( obi | aj en t o Vpis vRAM pomnilnik:
neaktiven datawrite ): pri vpi#u v RAM pomnilnik pa se smer obrne i aktiven datawrite .
A tak.register (Immed. Reg.) A datasel :dol ol a iz enega od 4 virov
A ukaznireg . (Ins. Reg.) 0..PC (skok v podprogram,shranitev PCja)
A v MUX pred registri 1..Dreg (pri ukazih STR Rx,naslov, vpis Rx- —
Ponor pi s ark¢na.sighalil(imldad jirload , >RAM) R

regsrc) 2..in3 Treg in izhod ALE



] _MiMov0.5
3.2.2.7 Naslovno vodilo

nas| ocumdarsetlco:l ol a

....... 0. PC (naslednji ukaz)
"""" 1 .. Immed Reg(branje iz abs. naslova)

2 ..izhod ALE je lahko :

Sreg+immed; indeksno s fiksnim odm.

AR GE « 1 Sreg+Tred; posredno s spr. pomikom

0004 Ted2 i TeO3 0001

WWE
E Telq 0001 &207 SO0
[ N0 01 <D0 B200 4008
AR (OO 'S DAY
24 SO De0a 5008
SR RAMSe

IEH {datawrite]
|ﬁ S




| _MiMovO.5
3.2.2.8 RAM pomniinik

RAM pomnilni k | e ‘;&-i-k-l--r-u--l--e-n- .
Apodatkovndataﬁg)diIo;;(:I;;00067eo300017e04;;;
A nasl ovnoaddressiii)l o ( K=4E 00090001 8201 8000
- 000c|8201 4000 8200 ZZD_

Kontrolna signala: - ooof| 4008 I 400,
A datawrite : e
A d ol ddarge (0) ali pisanje (1)
A RAMsel (ect) :
A aktivira (1) RAM pomnilnik
A deaktivira (0) RAM pomnilnik
(upor aba: Anasl ovno dekodiranjeif)

Vhod |Izhod/Vhod :
A Naslov (A): 14 bitni, naslovni prostor 16-bitni A Podatkovno vodilo (D)

datawrite|

ORT 37 Povzetki predavanj 46 E 2025, Rozman, FRI



= ViMo v o5
3.2.2.8 RAM pomnilnik “T ool

0001 8201 8000| - -
Naslov RAM 14 bitni 8201 4000 8200 |
Naslov MiMo 16bitni 2?7

4008- 400f| -

Naslovno dekodiranje

""’ Izbira ¢ipa (CS)

* Kako prikljucimo dve (ali vec) naprav na vodilo?

* Naenkrat mora biti izbran samo en Cip (ali nobeden)

* Za izbiro uporabimo naslednje signale:

* Uporabni so biti, ki niso povezani na naslovne signale naprav | A;-A,

»  CSA*in CSB* sta torej funkciji/ a,-a,, inilag
R CcsB*
s . [osa DASLOVNO DELOD|RANIE
= R[] 7
. ” Naprava, ya = 7 # g
. > 00 2a1

cee 01 ' tB-L@
2 e Ty



N _MiMovO.5
3.2. 2.9 Gr afHrameBuffezina)s |

r e gi sframebufferi{ )A.

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

address| o 01 0.0.0)

Kontrolni signali:

AA st oren (pisanje)’ ............

Y e G i

A KClearfi — R

ORT 37 Povzetki predavanj 50 E 2025, Rozman, FRI



O Q

ol

pooo0000
pO000000

1
L

pO0000D00
pooo0000

0000000
pooo0000

[elel B Giels)

1)
(=]

po00o0000
pO000000

pO0000D00
0000000

]
(=]

:?\ffffffﬁfff

Ll

pO000000
poo000D00

L1

po00o0000
pO0000D00

.......... - e

I Le]
(=]

po0000D00
0000000

L \

pO000000
po0o0o0000

.Foomoogq: o

EOOOOOUq-

ORi 37 Pcclock[@———

:réset@  —

po000000
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3.2.2.10 Serijski t er

Vsebina zaslona je prikazana v 4
vrsticah in 16 znakih.

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

Kontrolni signali:

A AWrite_Enablefi  (pisanje),
A CLK,

A Klearfi .

data 0.0 0000008
) . 11100001 .

“Write_Enable [0} ——

ORT 37 Povzetki predavanj
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N _MiMovO.5
3.2.2.11 Debug enota

Vsebina zaslona je prikazana v 4
vrsticah in 16 znakih.

Vhodi:

A clock: urin signal Logisim

A Addr: naslov ukaza ustavitve . . _
( b@\eakpointﬁ ) : Debug Unit

Makes sure the 'continue’ button only
reSEt@ = lets through 1 clock pulse, until you let go

I Z h Od g:::z::s‘lsc:lnlzg:j: .ﬂrstf cycle (shift bits are unequal).
A CLK: glavni urin signal sistema continue %> o 1

Uporabnigke kontrol
A Cycle: ustavitev vsako urino periodo
Alnstr:  ustavitev vsak nov strojni ukaz

A Stop:  ustavitev na naslovu Addr

A Cont: nadaljuj izvedbo (po ustavitvi)

break_addr |

Breaks on PC = break_addr

break_on_addr[ @.>

ucounter| 00 Pass
Avtor: Maks Popovi l
Breaks on each new instruction .
OR'i 37 Povzetki predavan; 55 break_on_instr[8> &—@instr :
break_on_cycle[®.> @cycle

Breaks on each clock pulse



| _MiMovo.Sa
3.2.3 MiMo.1T Kontrolna enota

Mikroukaz = elementarni korak MICI"OCOC'E Control Unlt

Control ROM
H . . I W aluo
Vsak m | krou kaz d O I 0 ! a Address of third uinstruction is "opcode+2 l Eop?spcl
weounterfy 0000000 A ROM 256 x 32 l { datawrite

A stanje vseh ? o e
A naslednji ? pesel

Dec 0O pcload
N dwrite
MicroPC =
irload
imload

Vhodi v KE:
opcode i operacijska koda ukaza [wemd
C, Z, N zastavice

regsrc
cond
indexsel

datasel|
SWrite
01

1

izhodi iz KE. O
Vsi kontrolni signal

Kontrolni signali:
cond T izbira pogoja (Z, ZorN,N,C)
indexsel 1 opcode jump
(skok na opcode+uPC)
ucounter(uPC)=2, torej
skok na opcode + 2
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MiMo T Diagram prehajanja stanj

\L AObi | ajen koncept
SR < MIPCle A Razvidna izvedba strojnih ukazov
0: fetch: addrsel=pc irload=1 A Potrebna OptimizaCija pred samo
i realizacijo (gte
e)

»PC<-PC+1«
1:  pcload=1 pesel=pc, opcode_jump

/

ADD Rd.Rs.Rt

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

M o

LI Rd.JJmmed JNEZ Rs,immed
— 1 —_—
65: addrsel=pc dwrite=1 regsrc=databus, 40: addrsel=pc imload=1, goto [130]
goto pcincr 130: aluop=sub op2sel=const0, if z then pcincr else jump
SW Rd.immed

67: addrsel=pc imload=1, goto [131]
131: addrsel=immed datawrite=1 datasel=dreg,
goto peiner

v
»PC<-PCH1« »PC<-Immed«
peincr: pcload=1 pcsel=pc, goto fetch jump: peload=1 pesel=immed, goto fetch

| }
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3.2.4 Mikro -zbirnik

kontrolni signali, nasl. mikroukaz

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

AVel bitni kontr ol ficto assenbigpn al i :

#!/usr/bin/perl

kontr use strict;
opisna vrednost enota use warnings;
Slnal |# Microassembler for Warren's 16-bit microcontrolled CPU.

add, sub, mul, div, rem, and, or, xor, [f {o) GFL3 Warren Toomey, 2012
nand nor nOt ISI ISr aSI‘ rOl ror die("Usage: $0 inputfile\n") if (GARGV!=1);
treg, immed, const0, const1 ALE /# Table of control ROM values for the
pc, immed, aluout, sreg nasl. vodilo my Sovalne=
pc, immed, pcimmed, sreg PC ez
databus, immed, aluout, sreg registri ez
z,norz, n, kontr. enota ez b
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3.2.4 Mikro -zbirnik

datoteka basic_microcode.def

fetch: addrsel=pcirload=1 # Address=PC, Load IR register

pcload=1 pcsel:pcl—opt;de__iump 1 # PC=PC+1, jump to 2+0PC

# ALU operation '+' on Rd,Rs,Rt
0: aluop=add op2sel=treg dwrite=1 regsrc=aluout, goto fetch

# INEZ Rs,immed
40: addrsel=pc imload=1
aluop=sub op2sel=constQ, if z then pcincr else jump

#li Rd,Immed
63: addrsel=pc dwrite=1 regsrc=databus, goto pcincr

# Rd->M[immed]
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: OOOOZOOg}L@l/ # fetch: addrsel=pc irload=1 —_— =
01: 00&08“ 0202 # pcload=1 pcselzpc,‘-opcode_jump1
02: 00011000 0000 #0: aluop=add opZSeI:trehg 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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3.2.4 Mikro -zbirnik

Visual Studio Code > Other > OR Microcode Intellisense

b VisualStudio | Marketplace

OR Microcode Intellisense
Amadej99 | L 25installs | Y Kk K (1) | Free

Provides intellisense for basic_microcode.def files used in OR FRI

m Trouble Installing? [=

VSCode u-ass plugin {} mic
Or od j e Znﬂ(l'opr(ﬂj_] rgmiranje D: > OneDrive - Univerza v Ljubljani > Delovni > Sluzba > Predavanja > OR > _Preday
( Amade|j Mi |l i1l e 1A

"commands™: [

"command": "aluop”,
. "unit™: "ALU",
£§1UJLHQ "description”: "## Izberi ukaz za ALU\n MoEnosti:\n

"args": [

||: "add",

"description™: "Seevanje "
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https://github.com/Amadej99/or-microcode-intellisense

Program v mikro-zbirniku za strojni ukaz
JNEZ Rs,immed

# Common start for al/l uinstructions : Read from M[PC] to |
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 &€ 2opcodeg

# Example of assembler instruction body: INEZ 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:

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

b: PC se povela za 1, eopkdda+ 2scRG<{PC+1,gato &op.kodai +c 02 ¢

C: v regimmeéder se prebere operandimmed pM[RG]i | ni ka M[ PC]
d: izvedi ALU operacijo SUB med Rs in konst.0,| e r eao=gXxincr :, sicer pojdi na jump:

e: | e vRskQypovel aj PC in nadal(piskpka)z novim ukazov

f: | e vRdIij&a, skoli na immed nasl ov
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Razpored mikroukazov v obeh kontrolninh pomnilnikih ~ po naslovih:

0,1 mikroukaza za branje mikroukazov inpovel evanje 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 :

~

A .\micro_assembler.exe basic_microcode.def
A pripravi se datoteki, ki se vneseta v kontrolno enoto v MiMo model
(Logisim):
A ucontrol.rom
A udecision.rom
A vnos obeh v Logisim:d e s n i kl i k na RQdMdEeEmMmageant a

A vsebine ROM pomnilnikov se shranjujejo skupaj z modelom

Pozor na verzijo mikro -zbirnika (1.vrst. Izpisa): micro_assembler.exe v2 (11/2023)
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3.2.5 Zbirnik

A Prevajanje programa v zbirniku:
A \assembler.exe basic_program.s

A pripravi se datoteka, ki se
vhese v RAM pomnilnik v MiMo
model (Logisim):

A basic_program.ram

A primer prevajanja v zbirniku ->

assembler.pl

H!/usr/bin/perl
use striet;
use warnings;

|# Assembler for Warren's 16-bit microcontrolled CPU.

# (c) GPL3 Warren Toomey, 2012

# v0 : Original file

# vl : Bug fixed: X processing option (11/2017)

# few instructions' definitions changed
-# v2 : corrected bug for swi,lwi ( from 'dX' to 'dsi' )

die("Usage: 30 inputfilei\n") if (GARGVI=1);
|# Table of opcode names, the values

# and their arguments
# Meaning of abbreviations in %Opcode:

# D-reg if (satype egq 'd') {
# D-reg, S-req is D-reg if (Satype eq 'D') {
# S-reg if (satype eq 's') |
# T-reg if (satype eq 't') {
# Absolute immediate if (Satype eq "i') {
# Relative immediate if (Satype eq 'I') |
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3.2.5 Zbirnik

A Primer (testni):

main: 1i r0, O # r0 is the running sum
1i rl, 100 ¥ rl is the counter
1i r2, -1 ¥ Used to decrement rl
loop: add r0, r0, rl # rO= r0 + ril
add rl, rl, r2 # rl--
jnez rl, loop # loop if rl !'= 0
SW r0, 256 # Save the result
inf: jnez r2, inf # loop if r1l != 0 -> loop forever
Q000: 0000700 0111111000000000 main: 1i ro, 0
0001 : Q0000000 0000000000000
0002: 00007edl 0111111000000001 11 rl, 140
0003: Q0000084 OQOQOO0QQOIA0ORO0
0004: 00007202 0111111jpoopooplo 1i rz, -1
0005: Q000fffFf 1111112f111f111p11
0006: 00000040 000000001000P0OO loop:  add ra, ro, ri
0007 00000089 QOCGOODO010001001 add rl, rl, r2
0008: 00005008 0101000po0poipoo inez rl, loop
000%: Q0000006 QOQOO0OROON0O0ORL0
000a: Q0008200 1000001000Q000O0 =171 ra, 256
000b: Q0QO0100 Q000000 OoRO0pan
000c: 00005010 0104000pgOP1RHG inf: inez r2, inf
000d: 0000000c  00G0000PONOLK AR

OR1 37 Povzetki predavanj 66 E 2025, Rozman, FRI



" S
Zbirnik T primeri ukazov

rdel e: trenutno

list_of_instructions.txt (distribucija) : e FoET VYT

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

A sub Rd,Rs,Rt (1) Rd<-RsT Rt, PC<-PC+1

A é

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

A jnez Rs,immed (40) if Rs 1= 0, PC <-immed else PC <-PC + 2

A é

A beq Rs,Rt,immed (46) if Rs==Rt, PC <-PC +immed else PC<-PC +2
A bne Rs,Rt,immed (47) if Rs!=Rt, PC <-PC +immed else PC<-PC + 2
A é

A i Rd,immed (63) Rd <- immed, PC <- PC + 2

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

A é

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

A Iwi Rd,Rs,immed (66) Rd <- M[Rs+immed], PC <- PC + 2

A swi Rd,Rs,immed (67) M[Rs+immed] <- Rd, PC <-PC + 2
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Naslov/
signal

42
0x2a

65
0x41

67
0x43

130
0x82
131
0x83
132
0x84
133
0x85

datasel:

0..PC

1..Dreg
2. Treg
3.ALU

_el Mikroprogramirane CPE v0.5a

[y

swrite

(]

datasel

[y
cond [N}

indexsel

[

regsrc:

0..DBus
1.IMM
2.ALU
3.5reg

-]

regsrc

MiMo - Model Mikroprogramirane CPE v0.5a

izkoriscenih)

17111 22
T 5 @ T — @
s 8538 & %
-— v}
E =35 8|27
1 0
1 0
1
1 0
1 0
1 0
1
1 0
1 1
pcsel: addrsel:
e« 0.PC+1 e 0.PC
s 1.IMM e 1.IMM
e 2.PCHIMM e 2. ALU
s 3 .5reg . 3..5reg

Kontrolni (»Control«) ROM 256x32bitov (23

1

datawrite

2 4
_r
g3
- c 2
c =
2 & N4
nN 35| O o
g ®
fetch:
0 0 0
40:
63:
65:
2 1
pcincr:
jump:
op2sel:
. 0..Treg
e 1.IMM
. 2."0"
. 3."1"

Oznaka:
strojni ukaz ali

»mikroukaz«
»IR<-M[PC]«
»PC<-PC+1«

ADD Rd,Rs,Rt

JNEZ Rs,immed
LI Rd,Immed

SW Rd,immed

JNEZ Rs,immed

SW Rd,immed

PC++, goto fetch:

PC<-immed, goto

cond:

[ ]

fetch:

aluop:

0.z o 0.+
l.norz e 1..-
2.n e 2.F

3.c e 3./
.

Opis vsebine mikroprograma

Opis

mikroukaza

IR<-M[PC],goto [1]
PC++, goto »Op+2«

ADD op. Rd,Rs,Rt,
goto fetch:

immed<-M[PC],
goto [0x82]

Rd<-immed<-M[PC],
goto pcincr:

immed<-M[PC],
goto [0x83]

SUB op. Rs-0, if Z then
pcincr: else jump:
Rd->M[immed];
goto pcincr:
PC<-PC+1,
goto fetch:
immed->PC,
goto fetch:

Format 1:

Op.koda

7

Format 2:

Mikroukaz

addrsel=pc irload=1
pcload=1 pcsel=pc, opcode_jump

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

addrsel=pc imload=1

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

addrsel=pc imload=1, goto 83

aluop=sub op2sel=const0,
if z then pcincr else jump

addrsel=zimmed datawrite=1
datasel=dreg, goto pcincr

pcload=1 pcsel=pc, goto fetch

pcload=1 pcsel=immed, goto fetch

Treg  Sreg  Dreg
3 3 3

¢ Format 1 + 16-bitni tak. operand

Odloditveni
(»Decision«)
ROM
256x16bitov
true false
8bhit 8bit
1 1
2 2
0 0
82 82
84 84
83 83
84 85
84 84
0 0
0 0

v 0.5a



rogramirane CPE v0.5a

MiMo - Microprogrammed CPU Model vo.saor evo Debug  con ]

Reet cycle[@>{amgere]  stop[T{amgaur] Instruction: [ived]

sysciklT—emxn] instr [E>{agm] Adar [T
Address BUS 00 0 0 0

/[

reset

Address, Data Bus

- 'Address ' 0000 Data' 0000

(=] Registers

continue

pcload

br_cycle

RO 0000 =

br_instr
br_addr_on

Data BUS

- — =i - ImmRe R2 0000 = br_addr
i Imieg o @) Spec. Registers
- e o o R4 0000 = pcreg
RAM i e [ oo 20 2 0 reing 0~Geg]
RAM 16K x 16 R6 0000 =
000dfeR0000 0000 0000 g7 @000 ALU IMM 0000 ={immed]
0004 M ALUOut 0000 ={aluout]
BE - o008 o0 1 :
000 - O Tmmear—} .
0010/0000 0000 0000 0000 q  MUX | Flags
001410000 0000 0000 0000 c ._@
#0000
NH:
-o<t— { |

o [irtoad }-§ 0000 Status
O . New,Mn

Quick tips:
Use ctrl+t to manually toggle global clock signal

Use Simulate->Ticks Enabled for automatic clock signal

Micro Instruction

ICycles 0 Cycles' 0 Cmds' 0

Microcode Control Unit

Control ROM
e o i iietons et i weropc Wiro_intr (00002000 ext_inste 101 =—{orom]

MW datawrite swrite] datasel [indexsel] cond| [regsrc]imioad|[iroad][dwrite | acioad|[oc sei adar sel] datawrite | [ apzse/|[aiop)
addrsel|
02 00011000 ‘ a0 a0 00 00 00 00 0000
csel
| cload|
durite) Frame Buffer LED 16x16 TTY
0a 00000000 00000000| Irioad
imload
regsrc |data)
CROM| cond
indexsell
datasel| Clear_Screen
P swrite
Decision ROM
" ROM 256 % 16

ucounter [ Icycles

[omstH reset  Emmeyeies
Eemas

CycleCounter

ORT 3° Based on: http://minnie.tuhs.org/ProgramsiUcodeCPU/index. html
v05: Migration to EVO, Debug, Counters, InmReg Units

v05a: norz instead of corz @
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|lzvedba strojnega ukaza JNEZ R1,LOOP po skupinah kontrolnih signalov

Primer izvedbe ukaza :

main: |i 0,0 #r0 is the running sum
| rl, 100 #rlis the counter
| 2, -1 # Used to decrement rl
loop: add 1O, rO, rl #r0=r0 +rl
add rl1,rl,r2 #rl--
jnez rl, loop #loop if r1!'=0
SW r0, 256 # Save the result

OR1 37 Povzetki predavanj
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.._,LOOP po skupinah kontrolnih signalov

Razdelimo se v skupine:

Dol olite aktivna stanj a kieroukazuwo!| ni h s

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--
/ jnez  r1, loop #loopifri!1=0

sw r0, 256 # Save the result

I Using the Collaboration Space Predavanja Notes

Izvedba INEZ

Mondlay, November 00,2020 1011 00

Enota ? KE KE ALE ALE MM B BC NASLVOD.

JNEZ Rs, IMMED INDEXSEL COND ALUOP oP2sEL IMLOAD IRLOAD PCSEL ADDRSEL MicraPC

# Address=PC, Load IR register

#PC=PC+1, jump to 2+OP

# Read Immediate operand -> IMRegister

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

# Increment PC and goto new command;

# Set address to immed and goto new command
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| . i Jjnez Rs,immed (40)
JNEZ Rs,immed - izvedba 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 voza

Microinstruction |opcode| |tregs"sregs"dregs| New CMD Reset
swrite|datasel findexsel|cond|| regsrc [imioad |irload || awrite | peload | pesel| addrsel | datawrite Jop2sel (x7 sl el [l
© @ o @ @ o @ @ o & @ @ @ IR[x16 | ICyel
. |—.pc

Address Data es Cycles
address data ireg

Status

WIUX

Address

Immed. Reg.

IMM
k;es% ) <immed|
en0
imload —
x16

Clock

el RAM

A 64KB RAM D

sel o Id cIr

Bl e
Clock o<

I I N B S .
Skok v kontrolni enoti :

Default: next address
N N N N

Naslov: Podatki: I— Kontrolni signali: [



jnez Rs,immed (40)

E JNEZ Rs,immed - izvedba 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 voza

Microinstruction

swrite|datasel jindexselfcond||regsrc|imiocad Jirload|| dwrite | pcload | pcsel|addrsel | datawrite Jop2sel
& bel & e (e @ & bel bl (e
0

Address m—

weosfead] newewo  RESEL
\ddress | x16 | Datal x16 | IR[ x16 ICycIes Cycles

Status

Registers

RAM

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

o |
Clock o<

I I I B B B
Skok v kontrolni enoti :

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

[ N BN BN BN BN B
Naslov: Podatki: I— Kontrolni signali: [



jnez Rs,immed (40)

N JNEZ Rs,immed - izvedba 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 voza
Microinstruction IEFEE{il |_tfr9_975_| sregs||dregs| New CMD Reset
o el

Address Data IR ICycles Cycles
address data ireg

Status

|swrite|dataselIindexsellcond"regsrclimloadlirload"dwrite Ipc\oad I pcselladdrsel |datawrite|op258||
Q & x2 @ @ Q x2
‘ -

WIUX

Address

el RAM

A 64KB RAM D

sel o Id cIr

Bl e
Clock o<

I I N B S .
Skok v kontrolni enoti :

Default: next address
N N N N

Naslov: Podatki: I— Kontrolni signali: [



jnez Rs,immed (40)

u JNEZ Rs,immed - izvedba 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 voza
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 <>

M=
ymmed Status

Address m— m
sreg

[~ ]

:0—T
NO—1]

Immed. Reg.

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

I N S S . .
ISkok v kontrolni enoti : l

if z
then pcincr I

else jum




] . : Jjnez Rs,immed (40)
JNEZ Rs,immed - izvedba 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 voza

Microinstruction frege I_SFES_"EFEEI New CMD Reset
swrite]datasel findexsel] cond||regsrc | imioad] irload|{ dwrite | pcioad | pese| addrsel | datawrite fop2sel| s 2 [
x2 x1) ) (x1) x2 Address Data IR ICycles Cycles
0 = I%I

cycles

data ireg

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

Immed. Reg.

MM
k‘rleBEJ; <immed|
-dd | I 2
N RAM imload * EJ
X
Clock
A 64KB RAM D |data>

sel o Id cIr

1 -
Clock o<

I I N B S .
Skok v kontrolni enoti :

Jump to address fetch:
G I I S .

Naslov: Podatki: I— Kontrolni signali: [



B : n r Jjnez Rs,immed (40)
JNEZ Rs,immed: velja Rsl 0 if Rs I= 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 voza
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 (]
RPN |

s x16

I I N B S .
Skok v kontrolni enoti :

Jump to address fetch:
G I I S .

Naslov: Podatki: I— Kontrolni signali: [



JNEZ Rs,immedi k on| na
fetch: addrsel=pc irload=1
pcload=1 pcsel=pc, opcode_jump
40: addrsel=pc imload=1
aluop=sub op2sel=constO, if z then pcincr else jump
pcincr: pcload=1 pcsel=pc, goto fetch
jump: pcload=1 pcsel=immed, goto fetch
lzvedba INEZ

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 pcincr else jump

# Increment PC and goto new command,;
# Set address to immed and goto new command

# Read Immediate operand -= |MReqgister

Enota ? KE KE ALE ALE IMM IR PC PC NASL
JNEZ 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(D) 42

(4042)

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

SUB (1)

CONSTO

130

# Increment PC and goto new command;

"pC+1"

7=1,132

# Set address to Immed and goio new command

"IMMED"

7=0,133

OR1 37 Povzetki predavanj
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3.2.6 Primerjava Mikroprogramska/Tr d o o KB e n a

Mikroprogramska KE:
A Pol asnej ga

A Enostavna, fleksibilna
A Mognost realizacije razlilnih ar

TrdoogiKE:ena

A HI trejga

A Potrebni h vel | ogi |l ni h vezi |
A Realizacijsko bolj zapletena

OR1 37 Povzetki predavanj 79 E 2025, Rozman, FRI



Pristop k realizacijit r

Z hod

Diagram

Elementarni koraki
Poenostavitev: CPE, ISA

g |
poteka

a/F[

d o o grealizacije &E

Elementarni koraki:
""""""""""" f" 0 .. Branje ukaza -> IR
- 1 .. Format 2: branje operanda
Format 1: nop

2 .. Vse operacije :
A ALE, skok, reg.write ,

op1 op2

bybg b

mm‘ Mnemeonic H Purpose
--\AND Rd,Rs |Rd=RdJANDRs
(00 [01 [OR Rd,Rs _ [Rd=Rd ORRs
[00 [10ADDRd,Rs  |Rd=Rd+Rs
[00 [ 11 [SUBRd,Rs  [Rd=Rd-Rs

: > R/W from Mem
Phase ===y
Counter I
[I'( phase
l L _ N N | -I
yd
72
-

lop1]fop2Rd Rs

[01[00 [LW Rd. (Rs)

Rd = Mem[Rs]

[2][2[2]2]

[01 [01 [SW Rd, (Rs)

Mem[Rs] = Rd

[01 [ 10 [MOV Rd, Rs

Rd=Rs

[o1 [ 11 [NoP

Do nothing

: E JEQ Rd, immed

PC = immed if Rd==0

JNE Rd, immed

PC = immed if Rd =0

= [ = [ =

(=1 | K=K =]
<
—

10 |JGT Rd, immed

PC = immed if Rd > 0

\ Irbit7 (by):
0 .. 8-bitni ukaz (1bajt)

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

[10 [ 11 [JLT Rd, immed

PC = immed if Rd < 0

|0p1||0p2“i1nmediate|

[11 7[00 [LW Rd, immed

Rd = Mem[immed]

[2[af2]2] 8 ]

[11][01]sW Rd, immed

Mem[immed] = Rd

__LI Rd, immed

Rd = immed

m m ‘JMP immed

HPC = immed

Podr ob n e j-dodatno gradiso:

http://minnie.tuhs.org/CompArch/Tutes/week03.html
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Pristop k realizacijit r

| zhodi gl a:

Diagram poteka

/

d o o ¢grealizacije &KE

Elementarni koraki:

- 0 .. Branje ukaza -> IR

1.

........
......

—>

A Elementarni koraki

Implementacija, izbrani primeri:

Format 2: branje operanda
Format 1: nop

2 .. Vse operacije :

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

Realizacija el. korakov :

0,1

.. enostavna/zapletena ?

b,bs 0p2 2 .. enostavna/zapletena ?
irbit7: 110 ] 00 {TEQIR, immed|
R Phase - —
0 .. 8-bitni ukaz (Lbajt) [10 [ 01 {rNEIRd, immed| Counter I
1 .. 16-bitni ukaz (2 bajta) [10 ] 104JGT{Rd, immed| phase |
g J (10 11 {ILT Rd, immed | =
2
\ IR Load Zero \ 1 reset
irload
irbit7
' LB N I . :
: I D— ' pcload
L N - J L r
\ Immed Load op2
irbit4 |
imlc:-ad irbit5 - } L===a
| negative i bit7 M V\

L---J
Podr ob n e j-dodatno gradiso:

[t 11 [pMP immed |

http://minnie.tuhs.org/CompArch/Tutes/week03.html
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MiMo: primert r d o o grealizaciee
(osnovni ukazi)

= eam
o o :

l __§F 8§ &0 B F N N |
- Immed Load:
: co e fakse

Avtor: Kiril Tofiloski
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