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Laboratorijske vaje
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Distribucija MiMo Student Release

Zbirnik {

Mikroprogram

NMoTRIROC Spisek ukazov
Mikro—zbirnik—{
LEXE

S (pewn) MiMo model {
Lee Lobkdsur

.5 Z8 2 —> A

JeF P-EBIQML —_—

.Ror7
LD Vsebina .ROM {

Ime

.git
B Archive
B Contributions
. MiMo_Testna_vezja
assembler.exe
assembler.pl
basic_microcode.def
basic microcode.lst
basic_program.ram
basic_program.s
basic_program1.s
Basic_program1_Shema_izvajanja_v04.pdf
LICENSE
list_of instructions.txt
micro_assembler.exe
micro_assembler.pl
MiMo_2023_OneNote Classnotebook OR pdf
mimo_v05a_HardWired_EVO.circ
@ mimo_v05a OR_EVO.circ

-
&
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>
®

B MiMo-Mikroprogramska shema kontrolne enote_v05a_OR.pdf
%] OR_Naslovno_dekodiranje_gradivo.pdf

B READMEmd

. README.md.backup

s test_program_IO_v05.ram

B test_program_IO_v05.s

B ucontrol.rom

. udecision.rom

https://github.com/LAPSyLAB/MiMo Student Release
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| 2023/24

Predavanja — Ponovitev

MiMo - Podatkovna enota v0.5a

MIMO Mlcroprogrammed CPU Model v0.5a OR EVO

© - 0008
000c

0010

RAM 16K x 16

o oooF 2[0/s]e] 0000 0000 0000]
" 0004|0000 0000 0000 0000

0000 0000 0000 0000] =~

0000 0000 0000 0000

. 0000 0000 0000 0000! -
_~0014{0000 0000 0000 0000|

‘Reset

RO
R1
R2

Debug

0000
0000
0000

Novosti v0.5a:

pogoji v KE

 cont—een]
Cycle | Stopm

Instruction: m

’-

]

H .
J=t br_addr_ on
a

"

u

br_cycle - - - - -
br_instr

br addr
ucounter . - .

Debug Unit e

Address Data BusE '

‘ ‘ ‘Address 0000 - Data 00005

__ ::

Spec Reglsters

PCreg 0000
© IR 0000 =
MM 0000

- ALUOut 0000

. Quick tips: .
Use ctrl+t to manually toggle global clock 5|gnal
Use Simulate->Ticks Enabled for automatic clock S|gnal .

https://qgithub.com/LAPSyLAB/MiMo Student Release

|Cyc|es 0 Cybleé 0 Crﬁds 0) -

. |cycles - |eycles| . |emds]|
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Testni program (basic_program1l.s)

FRIAC _PROGRATTA. S

# This program uses the instructions defined in the

# basic_microcode.def file. It counts down to 0 from 2
# and stores -1 in memory location 16.

# (c) GPL3 Warren Toomey, 2012

#
main: li rl, 2 #r1is the counter '24 e_L
li r2, -1 # Used to decrement rl
loop: add rl, rl, r2 #rl-- Q.e- =~ 4
j 1,1 #1 ifri!=0
e e IR Badin: BT & D(LR2
B 2abud,CE RI#T
2 w16}
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Shema izvajanja programa v zbirniku (razlaga)

Shema izvajanja programa v zbirniku v MiMo modelu vo.4
?C rl?cf
I RAM! Format strojnega ukaza Program v zbirniku | Kontrolni Mikroprogram Decision
@"“ naslov ROM
asl. Vsebina Op.koda Treg Sreg Dreg oznaka: ukaz operandi® Dec H Kontrolni signali, naslednji mikroukaz 1 F L 1 Abo J” E z
strojni uk. }
00 00 fetch: addrsel=pcirload=1 01 01 & e ®
01 01 pcload=1 pcsel=pc, ogcode ‘|umg QZ (E ® [ L
0000: 7e01 63 1 main: lirl,2 65 41  addrsel=pc dwrite=1 regsrc=databus, goto pcincr 84 84 o
0001: 0002 Tak. operand 84  pcincr: pcload=1 pcsel=pc, goto fetch 00 00 »®
mEmese———
0002: 7e02 63 2 lir2,-1 65 41  addrsel=pc dwrite=1 regsrc=databus, goto pcincr 84 84
0003: ffff Tak. operand 84  pcincr: pcload=1 pcsel=pc, goto fetch 00 00
0004: 0089 0 2 1 1 loop: addrl,rl,r2 2 2 aluop=add op2sel=treg dwrite=1 regsrc=aluout, goto fetch 00 00 o
0005: 5008 40 1 jnezrl, loop 40 2a  addrsel=pc imload=1 82 82 L4
0006: 0004 Tak. operand 82  aluop=sub op2sel=constO, if z then pcincr else jump 84 85 &
84 | pcincr: pcload=1 pcsel=pc, goto fetch 00 00 e
85 jump: pcload=1 pcsel=immed, goto fetch 00 00 - > AM
0007: 8202 65 2 swr2, 16 67 43  addrsel=pc imload=1 83 83
0008: 0010 Tak. operand 83 | addrsel=immed datawrite=1 datasel=dreg, goto pcincr 84 84
84  pcincr: pcload=1 pcsel=pc, goto fetch 00 00

Program: basic_programl.s:

{00: 00002000 0101 & fetch:  addrsel-pc irload=l
?am‘c main: lirl, 2 # rlis the counter 0l: 00080800 0202 # pcload=1 pcsel=pc, opcode_jump
lir2,-1 # Used to decrement r1 22 gggé;ggg gggg : [4)0 a;:op=idd og)2.;el:t;‘eg dwrite=1 regsrc=aluout, goto fetch Em
i 78 a: $ addrsel=pc imload=
loop: .add r,ri,r2 #T1<-rl+r2 (r2--1->r1 decrements) 141: 00001000 8484 # 63: addrsel=pc dwrite=1 regsrc=databus, goto pcincr
jnez  r1, loop #if r1 =0 then jump to loop: 43: 00004000 8383  # 65: addrsel-pc imload=1
sw r2, 16 # Save r2 to MEM[16] 82: 00000021 8485 # aluop=sub op2sel=const0, if z then pcincr else jump
""""""""""" _' AT RS ATAANRARAARRS | madie W% soaw s |9+ 901000c078484 # addrsel=immed datawrite=1 datasel=dreg, goto pcincr
: 00007e01 0111111000000001 main: 1i rl, 2 1:184: 00000800 0000 # pcincr: pcload=1 pcsel=pc, goto fetch
1: 00000002 0000000000000010 85: 00000a00 0000 # jump: pcload=1 pcsel=immed, goto fetch
: 0000702 0111111000000010 1i x2; -1 i

: 0000ffff 1111111111111111 it — S ——— R S S————
: 00000089 0000000010001001 loop: add rl, rl, r2 |
: 00005008 0101000000001000 jnez rl, loop

: 00000004 0000000000000100

: 00008202 1000001000000010 sw r2, 16

: 00000010 0000000000010000

fex B

ConTR oL bet\siv

rrrrrrrrrrrrrrrrrrr I-hasor

USEBIVA ROIT
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"
Implementacija ukazov v mikroprogramski CPE MiMo

# sub Rd,Rs,Rt (1)

|. Mikroprogramski Nivo: & -s=esie e o o o e B e e e e e e o |

= aluop=sub op2sel=treq dwrite=1 regsrc=aluout, goto fetch ;

1. Mikroprogramska realizacija v basic_microcode.def
2. Prevajanje: basic_microcode.def -> ucontrol,udecision.rom

) = - ) - = [} - = - D3 - -l - ]
PR: 002000 @1l 3000 # fetch: = mpeldeaedopo =c
Y PPRSPBRY Q202 ocload = 5c, opcode 5
% MEE P00 PO 2 2 luop=add op g d S aluo got o
Y PPR11001 PR 3 b op g d g aluo goto
5 ﬁﬁ!;@?ﬁﬁﬁ 87872 40 5 = oad
4] DAAA1 D S48 - = - - - O3t 3ap SJOTO P
4 AP0 8383 - = = 0ac
= AL S48 = -l - O O ] -
83: PP1DPOcH 8484 add d data - dat = g, goto p
8 PODRESER ARRR = peload = P goto
S PODEDaPR PRRR p: pcload pCse d, goto

3. Vnos *.rom datotek v model MiMo in ,Save” v Logisimu:
~ ControlROM . | Decision ROM. .

oo Address of first uinstruction is "opcode+2"

0202

) Delete —
: Show Atfnibutes IM
Delete D .
. ) Edit Contents... R
Show Attributes o
/ Clear Cyntents
]

Edit Contents... = . I:a;mage... ' \\
Slaw ey | [CROM o sy 9
ILDadImage...I - ' B %

S SEmegen |




Implementacija ukazov v mikroprogramski CPE MiMo

ll. Nivo zbirnega jezika:
1. Uporaba ukaza v testhem programu:

main: 1i ri1, 2 # rl is the counter

o o e e e e # Used to decrement rl
loop: Isub ri1, ri1, r2l $ ri—-

Shez ~rr, Ioop. $# loop if rl != 0

sw r2, lé # Save the r2

2. Prevajanje: ime.s -> me.ram

C:~winIDEAMMiMoN é 4>assembler.exe basic pr'_gam _sub.s
B: ARR7edl PRRLRERR — AT ) g - - -
% % %) 5% 74
! PROR7e02 li r2, 1
% % 7% %] %)% N o
r

! DRERRZ289 [%]%] loop: sub r"1 r"1

: QRRESRR8 inez foop
E 1505515167

! JO0R8Z0Z 100000 1kdbopale sw rz, 16
S 71747 )1 B I O 1PV 0 O 0 1 )

3. Vnos ime.ram datoteke v model MiMo: ~ RAM =

----- Show Attributes

Edit Contents...

Clear Contents (
----- 1
l_l.-:uau:l Irr1E|g|va...JI

Save lImage... |
=1 -
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Implementacija ukazov v mikroprogramski CPE MiMo

lIl. Preizkus delovanja: Reset
1. Reset (po potrebi) : Y e (O

2. lzvajanje po mikroukazih:
0 2 x pritisk na ,,Ctrl+T" (ena urina perioda)

3. Uporaba debug enote:
1 izvajanje po mikroukazih, strojnih ukazih (manj natan¢no)
0 nastavitev ,breakpoint®-a D

File Edi\Project Simulate|Wind0w Help
i‘ A \i\l Simulation Enabled Ctrl+E
v L L A I e |
4. TekocCe IZvVajanje (brez UStaVUanja): s - o |V||V| - |V| i
. niso.::'gn_ o In To State L4 l o - Ic
0 Vklop (Ticks Enabled) ————— B o

B Registerfil
i} aw
..... g icks Enabled
1} showH
B F Buffe
1} Address D
Wiring

II'ickFrequency E 4.1 KHz
2KH
Logging.. - ss BUS

O Frekvenca urinega signala\ ..... e

=
- Base . _EE B4 Hz _._I
OR - LAB vaje 13 o 32Hz o
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| _MiMovO.S(a)
3.2.2.11 Debug enota

Vsebina zaslona je prikazana v 4
vrsticah in 16 znakih.

Vhodi:
« clock: urin signal Logisim
e Addr: naslov ukaza ustavitve

o _ —
-1ada T
' ................

MicroPC ¥/ ucounter . . . . . | . . . . ..

(,breakpoint®) 1 . ocreg |
» UPC (mikroprogramski Stevec) s IREREEEEEERE Dcbug Unit [N
reset@‘_ ::lsk throught‘:l clloclr(“l;t:llj:; b::?;:: IIlt;t go
Izhod and press It again. - -

Oulputs 1 only.on ﬂrsl cycle (shift bits are unequal).

« CLK: glavni urin signal sistema ' ct o —

Uporabniske kontrole:

» Cycle: ustavitev vsako periodo

* Instr:  ustavitev vsak nov strojni ukaz
« Stop: ustavitev na naslovu Addr

« Cont: nadaljuj izvedbo (po ustavitvi) Breaks on PC = brea accr

break_addr [pooo,)

,)'@

Pass

Potrebuje stalni urin signal visje frekvence

m on each new instruction 1 |

break_on_instr[ 0.>

Avtor: Maks Popovic¢
@cycle

—@ instr

OR - LAB vaje 15
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" S
3.2.2.8 RAM pomnilnik

Naslov RAM 14 bitni
Naslov MiMo 16bitni ???

Naslovnho dekodiranje
B izbira gipa (CS)

« Kako prikljuéimo dve (ali veé) naprav na vodilo? — {——{F8_ien|

* Naenkrat mora biti izbran samo en €ip (ali nobeden)

* Za izbiro uporabimo naslednje signale:

* Uporabni so biti, ki niso povezani na naslovne signale naprav Ais-Au

* CSA*in CSB* sta torej funkciji A,-A, . |
A > CSB
A >l ¢ | Csa"
v
Az [ c?é Cs*
. Naprava, ya
. L
A, > ) .
$ P .g g Predavanja — Ponovitev
D? 1~0
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Testni program (basic_program1l.s)

FRIAC _PROGRATTA. S

# This program uses the instructions defined in the
# basic_microcode.def file. It counts down to 0 from 2

# and stores -1 in memory location 16.

# (c) GPL3 Warren Toomey, 2012

#
main: li rl, 2 #r1is the counter '24 e_L
li r2, -1 # Used to decrement rl
loop: add rl, rl, r2 #rl-- Q.e- =~ 4
j 1,1 #1 ifri!=0
w1 sswetherz MMM PT & PR
B 2abud,CE RI#T
2 w16}
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"

Testni program (basic_program1l.s)

VoEBhh DA Porwilu(4 PO lRustRl oW B2 M0

2> Logisim: Hex Editor —
File Edit Project Simulate Window Help

eeee [Fe01j0002 7202 FFFF 0089 S00S 0004 5202 0010 0000 0000 0000 0000 0000 0000 0000
peap FFFF (0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000
0020 0000 0000 0000 0000 0OO00 0000 D000 QOO0 0000 0000 0000 0000 0000 0000 D000 0000
ee30 0000 0000 0000 0000 QOO0 0000 0000 0000 0000 0000 0000 0000 Q000 0000 D000 0000
eo40 0000 0000 0000 0000 0000 D000 0000 0000 0000 0000 0000 0000 0000 0000 0000 DO0O
% 0050 0000 0000 0000 0000 0O00 0000 D000 0000 0000 0000 0000 0000 0000 0000 D000 0000
eee 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 D000 0000

OR - LAB vaje 19 © Rozman, FRI



Shema izvajanja programa v zbirniku (razlaga)

Shema izvajanja programa v zbirniku v MiMo modelu vo.4
?C rl?cf
I RAM! Format strojnega ukaza Program v zbirniku | Kontrolni Mikroprogram Decision
@"“ naslov ROM
asl. Vsebina Op.koda Treg Sreg Dreg oznaka: ukaz operandi® Dec H Kontrolni signali, naslednji mikroukaz 1 F L 1 Abo J” E z
strojni uk. }
00 00 fetch: addrsel=pcirload=1 01 01 & e ®
01 01 pcload=1 pcsel=pc, ogcode ‘|umg QZ (E ® [ L
0000: 7e01 63 1 main: lirl,2 65 41  addrsel=pc dwrite=1 regsrc=databus, goto pcincr 84 84 o
0001: 0002 Tak. operand 84  pcincr: pcload=1 pcsel=pc, goto fetch 00 00 »®
mEmese———
0002: 7e02 63 2 lir2,-1 65 41  addrsel=pc dwrite=1 regsrc=databus, goto pcincr 84 84
0003: ffff Tak. operand 84  pcincr: pcload=1 pcsel=pc, goto fetch 00 00
0004: 0089 0 2 1 1 loop: addrl,rl,r2 2 2 aluop=add op2sel=treg dwrite=1 regsrc=aluout, goto fetch 00 00 o
0005: 5008 40 1 jnezrl, loop 40 2a  addrsel=pc imload=1 82 82 L4
0006: 0004 Tak. operand 82  aluop=sub op2sel=constO, if z then pcincr else jump 84 85 &
84 | pcincr: pcload=1 pcsel=pc, goto fetch 00 00 e
85 jump: pcload=1 pcsel=immed, goto fetch 00 00 - > AM
0007: 8202 65 2 swr2, 16 67 43  addrsel=pc imload=1 83 83
0008: 0010 Tak. operand 83 | addrsel=immed datawrite=1 datasel=dreg, goto pcincr 84 84
84  pcincr: pcload=1 pcsel=pc, goto fetch 00 00

Program: basic_programl.s:

{00: 00002000 0101 & fetch:  addrsel-pc irload=l
?am‘c main: lirl, 2 # rlis the counter 0l: 00080800 0202 # pcload=1 pcsel=pc, opcode_jump
lir2,-1 # Used to decrement r1 22 gggé;ggg gggg : [4)0 a;:op=idd og)2.;el:t;‘eg dwrite=1 regsrc=aluout, goto fetch Em
i 78 a: $ addrsel=pc imload=
loop: .add r,ri,r2 #T1<-rl+r2 (r2--1->r1 decrements) 141: 00001000 8484 # 63: addrsel=pc dwrite=1 regsrc=databus, goto pcincr
jnez  r1, loop #if r1 =0 then jump to loop: 43: 00004000 8383  # 65: addrsel-pc imload=1
sw r2, 16 # Save r2 to MEM[16] 82: 00000021 8485 # aluop=sub op2sel=const0, if z then pcincr else jump
""""""""""" _' AT RS ATAANRARAARRS | madie W% soaw s |9+ 901000c078484 # addrsel=immed datawrite=1 datasel=dreg, goto pcincr
: 00007e01 0111111000000001 main: 1i rl, 2 1:184: 00000800 0000 # pcincr: pcload=1 pcsel=pc, goto fetch
1: 00000002 0000000000000010 85: 00000a00 0000 # jump: pcload=1 pcsel=immed, goto fetch
: 0000702 0111111000000010 1i x2; -1 i

: 0000ffff 1111111111111111 it — S ——— R S S————
: 00000089 0000000010001001 loop: add rl, rl, r2 |
: 00005008 0101000000001000 jnez rl, loop

: 00000004 0000000000000100

: 00008202 1000001000000010 sw r2, 16

: 00000010 0000000000010000

fex B

ConTR oL bet\siv

rrrrrrrrrrrrrrrrrrr I-hasor

USEBIVA ROIT

OR - LAB vaje 20 © Rozman, FRI



" SN
3.2.4 Mikro-zbirnik

kontrolni signali, nasl. mikroukaz

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

m VecCbitni kontrolni signali: micro_assembler.pl

#!/usr/bin/perl

kOI’ltI’ use strict;
0p|Sna Vl’ednost enota use warnings;
SI : nal |# Microassembler for Warren's 16-bit microcontrolled CPU.
add, sub, mul, div, rem, and, or, xor, # () GPL3 Warren Toomey, 2012
m nand, nor, not, Isl, Isr, asr, rol, ror die("Usage: 30 inputfile\n") if (@ARGV!=1);

CoZssl ] treg, immed, constO, constl ALE l¢ Table of control ROM values for the

. . -# known control=value pairs

clelelisisl | pe, immed, aluout, sreg nasl. vodilo my %CVTMF C(ld )
B R 'aluop=add' => .

gesiel . pc, immed, pcimmed, sreg PC 'aluop-sub' => 1,
12.-.-  databus, immed, aluout, sreg registri Sz
Cond LI e kontr. enota Srepoen = 4

OR - LAB vaje 21 © Rozman, FRI



Mikro-zbirnik

datoteka basic_microcode.def

fetch: addrsel=pcirload=1
- em e e e
pcload=1 pcsel—pclopcodeJump

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

# JNEZ Rs,immed
40: addrsel=pc imload=1

# li Rd,Immed

# Rd->M[immed]
65: addrsel=pc imload=1

pcincr: pcload=1 pcsel=pc, goto fetch

jump: pcload=1 pcsel=immed, goto fetch

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

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

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

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

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

se prevede v indexsel, pcload

_—— =

00: 00002@2}% # fetch: addrsel=pc irload=1
01: 00&08 0202 # pcload=1 pcselzpc,‘;pcode_jump

| 02: 00011000 0000 #0: aluop=add opZSeI:tré-g dwrite=1 rggsrc: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
OR - LAB vaje 22 © Rozman, FRI




" S
3.2.5 Zbirnik

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

m pripravi se datoteka, ki se
vhese v RAM pomnilnik v MiMo

assembler.pl

[#!/usr/bin/perl
use strict;
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: $0 inputfile\n") if (GARGVI=1);
|# Table of opcode names, the values

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

= . # D-reg if (satype eq 'd') {
model (Logisim): { oores, S 4s porey 3¢ (ontime 2 D) |
. # T-reg . ) %f (%atype eq :F:) {
[ basic_program.ram } Relative lmediste  if (batrpe eg 'I') |
m primer prevajanja Vv zbirniku ->
OR - LAB vaje 23 © Rozman, FRI



"
3.2.5 Zbirnik

m Primer (testni):

main: 11 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 + 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
0001: 00000000 OO000000O000000
0a02: 00007edl 011112110000 00001 1i rl, 140
0003: 000000684 OQOOOOOOQOLLO0ORa0
0004: Q0007TeDZ 0111111P000000010 1i rz, -1
0005: Q000fffFf 1111112f111111p11
000&: 00000040 0000000jD01000pP0OO loop:  add ra, ro, ri
0a07: 00000088 OOCGOODOOD1IO001P01 add rl, rl, r2
0008: 00005008 0101000p00j01p0o0 inez ril, loop
000%: 00000006 QOOOOOOPROOPOO0ORNL0
000a: Q0008200 1000001002000PO0 =W rd, Z56
000k: Q0000100 OQOOQO0DOQAOD
000c: Q0003010 Q1040000 r2, inf
000d: 0000000c OOQoo00p
3
OR - LAB vaje 24 © Rozman, FRI
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