3. Mikroprogrammering II

* lite repetition
* in/ut-matning
o
* avbrott pd OR-datorn
* hoppinstruktion
* Jabben
1
S
1
Adressbuss I &2 1, /
Olle 0 |LDA 000
Roos 1 12
2 | ADD 100
dator ; 7 N
4(STA 000 18
Mikrominne
5 13 5 0 18,1,11
6 i 1 2,3,5,11 | |Hamta
7 i o 7,811
SIS i 24 3 17,10
1 L 6 | L
Databuss i E 7 6 7,1,9,17
K |
Gult SN Instr. | OP| Adress : 3 7 o7 [ 18,1,11 }Omed.
Resten KN LDA | O | 30 i ALY 427 28| 17.9
sTA | 1 34 : -—:G AR+1
Ape | @) 36 2 AR-1 30 [ 2.3,5,11
i 30 on 31| __7,25,11 LDA
i 0 32 [ 27,32,33,11
i 2 34,12
K M ; 32 LoAD I en A
Instr. | 9P| Adress : 35| 2,4,5,12
s 1o 14 i i 33 Lui . 238 [ 2.3,5.11
Ind |1 ! [ = HE E 37 [ 7,25,11 DD
Index | 2 : 39 — 36 38| 27,30,33,11
RESET Rel |3 i = 38 37 39 34,12
Omed.| 4 27 H
[ Under| 5 i L1 T 1
! 3
1
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ressbuss__ | 2 1,
Olle — 2
0|LDA 000 !
1
Roos 12 ]
2/ADD 100 i %
dator ; 7 "
4(sTA 000 | N, 18
5 13 i 19 Mikrominne ~
P4 Wi % o[ 181,11
6 i ' 1 2,3,5,11 imta
Y e T
1 - . 2
B ! | N = 4 184111 Absolut
i 5 3 5 2,3,5,11
Databuss ; 7 6 7,1,9,17
1
Kl i 25
Gult SN Instr. | OP| Adress | 7 o7 [ 18,1,11 :I_Omed_
1
Resten KN Loa | O 30 i ALY 427 28\ T2
sTA | 1| 34 128 AR+t
ADD 2 36 i = AR-1 30 2,3,5,11
i 30 on 31 7,25,11 LDA
i 1 SUB 32 27,32,33,11
i 2 34,12
K M i 22 Loap H=en A
Instr. | 9P| Adress ! 2,4,5,12
! bs 3 e
Abs. 0 4 1 AR 34 SK = 36 77 127
Ind. 1 : | |H ’ [ / [ }'7 37 125,11 D
RESET Index | 2 i EEl T 36 38 | 27,30,33,11
! 39 | 34,12
gel. : | = 38 37
med. 27 i
o Under| 5 i |
1
1
3
S— ———————
!
ressbuss | 2 1
Olle — 2
0 |LDA 000
Roos 1
2 | ADD
dator 3
4| STA
5 Mikrominne
0 18,1,11
6 i 1 2,3,5,11 ||Himta
7 ! 2 7,8,11
v 1 i 3 17,10
13 H 4 184111 Absolut
i 5 2,3,5,11
Databuss ; 7 6 7,1,9,17
1
Kl i 25
Gult SN Instr. | OP| Adress | e o7 [_18,1,11 }Omed.
1
Resten KN LDA | 0 | 30 i AL 427 8L 17,9
STA 1 34 ! .EB AR+1
app | 2 | 36 ! 29
i 2 AR-1 30| __2,3,5,11
i 30 on 3 7,25,11 LDA
i N 32 [ 27,32,33,11
i 2 34,12
K M i 22 Loap I en A
Instr. | 9P| Adress : o 35 2,4,5,12
Abs. [0 |4 i AR_&- B o) MEAEPLTRE
Ind. 1 : | | I[[ }'7 s7 725,11 D
i 36 27,30,33,11
RESET Index | 2 i 39 | ! gg S0 12
i .
25 A R B ﬂ
[ Under| 5 i | P 1
! A
1
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Olle

Adressbuss

0 000
Roos 12
2 100
dator ; 7
4 000 18
Mikrominne
5 13 T 0 18,1,11
6 1 2,3,5,11 iimta
7 2 7,8,11
By 24 3 17,10
13 4 18,1,11 Absolut
5 2,3,5,11
Databuss 6 7,1,9,17
Gult SN OP| Adress 7 o7 [ _18,1,11 :I_Omed_
Resten KN ‘1] 32 28\ T2
2 36 30 2,3,5,11
31 7,25,11 LDA
30 [ _27,32,33,11
M 22 Loap = e A
7P| Adress 35| 2,4,5,12
0|4 35“'[ - 36| 2,3,511
}_,I:‘ A 37 7,25,11 D
: | ‘ [. IE? 38 | 27,30,33,11
RESET 3 — 39| 34,12
{4 |27
®
5
———————————— ———————
Adressbuss
Olle | 000
Roos 1
2
dator 3
4
5 Mikrominne
0 18,1,11
6 1 2,3,5,11 | |Hamta
7 2 7,8,11
“ir 3 17,10
13 4 1§,1,11 Absolut
5 2,3,5,11
Databuss 6 7,1,9,17
Gult SN OP| Adress e 27 [ 18,1,11 }Omed.
Resten KN (1] 32 28 17.9
2 36 30 2,3,5,11
. 31 7,25,11 LDA
R 30| _27,32,33,11
2 34,12
M 22 LoD I en A
7P| Adress 35| 2,4,5,12
0 |4 - 35 |[_2,3,511
I I..f 37 7,25,11 D
3 36 3g [ 27,30,33,11
RESET _; 37 39 34,12
{4 |27
o |5 e !
1 3
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ressbuss | 2
Olle o 1 ——
0|LDA 000 !
Roos 12 i
d 2/ADD 100 i %
ator s 7 [
4(sTA 000 | N, 18
5 13 "_'_i 19 Mikrominne ~
5 4 Wi . 5 0 18,1,11
E 22 i 2,3,5,11 dmta
7 i+l == 21 2 7,8,11
T d i-1-== 24 3 17,10
13 ! 4 18,1,11 Absolut
5 2,3,5,11
Daiahiss 6 7,1,9,17
1
L i 25
Gult SN Instr. | OP| Adress | 7 o7 [ 18,1,11 :I_Omed_
Resten KN Loa | 0 32 i ALY 127 % 28 17,9
sTA | 1 i F— AR+1
ADD 2 36 70
: 4}—,\!{—1 30 2,3,5,11
i 20 ApD 31|[__7,25,11 LDA
i L qup 32 27,32,33,11
i 32 33 34,12
K2 M i F“— LOAD [ 37,611 TA
Instr. | 9P| Adress : l 35| 2,4,5,12
_ s 4,5,
Abs. |0 | 4 i AR SE 3 2,351
Ind |1 ! | 2] E 87 T.25.11 D
RESET Index | 2 1 39 | L 38 27'30'33’11
Rel. |3 ! 38 37 39 34,12
Omed.| 4 27 : A
o Under| 5 i |
1
1
7
e S —
1
Adressbuss I &2 1, /
Olle -
0| LDA 000
Roos 1
2 | ADD
dator 3
4| STA
5 Mikrominne
0 18,1,11
6 i 1 2,3,5,11 | |Hamta
7 i 2 7,8,11
v 1 i 3 17,10
13 H 4 184111 Absolut
! 5 2,3,5,11
Daatabuss i - g 7,1,9,17
1
L i 25
Gult SN Instr. | OP| Adress | 7 o7 [ 18,1,11 }Omed.
Resten KN LDA | O §2 : ALY 427 5 28| 17.9
sTA | 1 i F— AR+1
ADD 2 36 i 29
i ac—,\k—l 30 2,3,5,11
i Z2 ADD 31 7,25,11 LDA
i LR 32 27,32,33,11
i 32 33 34,12
K2 M i F“— LOAD [ 37.6,10 TA
Instr. | 9P| Adress : 35| 2,4,5,12
_ s 4,5,
Abs. 0 4 1 AR - 34 SR = 36 2,3,5,11
Ind |1 i l l I { { |§€ s ;%2;)1%3 11 v
RESET | g L= ' o[z
|3 i 5
gi.lwd. 4 |27 : i E o
o Under] 5 i | [ i
i 1 3
1
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O 11 Adressbuss | &2 12 1,
€ 0|LDA 000 i
Roos 1 12 i
2(ADD 100 i 5
dator 3 7 [
4[STA 000 | N, 18
5 13 P 19 Mikrominne ™~
14 Wi %5 0 18,1,11
6 i ! 1 2,3,5,11 imta
7 i+l=3 21 2 7,8,11
1 i-1-== o4 3 17,10
13 : DR 4 18,111 Absolut
5 17 £ 5 2,3,5,11
Databuss i - E 6 7,1,9,17
1
Kl i ae
Gult SN Instr. | OP| Adress | 7 o7 [ _18,1,11 :I_Omed_
Resten KN Loa | 0} 30 i AL 427 28| 17.9
STA é 34 i 28, pa
ADD 36 : L= AR-1 30 2,3,5,11
i 29 ApD 317,251 LDA
i -1_3;1_15 32 27,32,33,11
! 32 33 34,12
f(l s Ad : —— LOAD 3 3776 11 A
nstr. | OP| Adress !
N o e i 35 gt it
Abs. |0 | 4 ! 34 - 5 13,5,
ind | 1 t AT B sz D
RESET Index | 2 i 30 | T 38 27,30,33,11
3 i 39 34,12
25‘1- 5 ! o EE 37
med. 27 i
o Under] 5 i |
1
1
9
S —— S —
i
O 11 Adressbuss | &2 12 1,
€ 0 |LDA 000
Roos 1
2 | ADD
dator 3
4| STA
5 Mikrominne
0 18,1,11
6 i 1 2,3,5,11 Hiimta
7 i 2 7,8,11
v 1 i 3 17,10
13 i 4 18,111 Absolut
; 5 2,3,5,11
Databuss i - 6 7,1,9,17
1
Kl i e b
Gult SN Instr. | OP| Adress | 7 o7 [ _18,1,11 }Omed.
i 7
Resten KN Loa | 0 §2 i ryaii R A - 28| 17,9
an é 36 i s AR+l
2 : K= AR-1 30 2,3,5,11
i 20 ApD 31 [ 7,25,11 LDA
i 2L quB 30| _27,32,33,11
1 -
K M i 22 LoAD 83 3492 ”
Instr. |.OP| Adress ! 3 2.4,5.12
b, A I g Bt
Abs. | 0 4 ] 34 - x 13,5,
ind | 1 | | I = N WP P D
RESET Index | 2 i 30 | T 38 27,30,33,11
3 i 39 34,12
omed| 4 |21 1 pE— =
. Under| 5 i | | EEEEEE—— T
i 1 39
1

10
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O lle Adressbuss I 2 12 !
0|LDA 000 !
1
Roos 1 12 ]
2/ADD 100 i %
dator ; 7 | 4y 11
4(sTA 000 s 18
5 13 P 19 Mikrominne ~
4 Wi T 0 18,1,11
6 1 ~ * 1 2,3,5,11 Amta
7 P+1-22 21 2 7,8,11
T d i-1-== 24 3 17,10
13 ! 4 184111 Absolut
5 2,3,5,11
Daiahiss 6 7,1,9,17
K1 ! R oe
Gult SN Instr. | OP| Adress | : 7 o7 [ _18,1,11 :I_Omed_
17,9
Resten KN Lba | 0 | 30 i ALV 427% 3
sta | 1] 34 i 128 AR+1
2| 36 ! 29
ADD ! F— AR-1 30 2,3,5,11
: .BLV.\[)[) 31 7,25,11 LDA
i e 32 27,32,33,11
K M ; 32 LoAD = e A
Instr. | 9P| Adress ! 2,4,5,12
H “/ 35 £ 4,9,
Abs. | O 4 1 AR o 31 SE = 36 2,3,5,11
Ind |1 ] | |}—-I i |z [ }-7 37 [ 7,25,11 D
i . 26 27,30,33,11
Index | 2 i 39 | ! 38 34'12' L
RESET Rel. |3 i = 3 37 39 -
Omed.| 4 27 :
o Under| 5 i I_N
1
1
11
S —— S —
i
O lle Adressbuss I 2 12 !
0| LDA 000
Roos 1
2 | ADD
dator 3
4| STA
5 Mikrominne
0 18,1,11
6 ! 1 2,3,5,11 | |Himta
7 i 2 7,8,11
v 1 i 3 17,10
13 H 4 184111 Absolut
i 5 2,3,5,11
Daiahiss 6 7,1,9,17
K1 ! R oe
Gult SN Instr. | OP| Adress | 3 7 o7 _18,1,11 }Omed.
! 17,9
Resten KN Loa (0 [ 30 i ALY 427 28
sta | 1] 3¢ i 128 AR+1
2 36 ! TR e
ADD ! — AR-1 30 2,3,5,11
i 20 ApD 31 7,25,11 LDA
E -_3- SUB 32 izrigyﬁ,ll
K M i 22 Loap Ien A
Instr. | 9P| Adress ! 2,4,5,12
i CERRN, 35 4,5,
Abs. | O 4 i AR o 31 SE = 36 2,3,5,11
Ind. 1 ! | 1 | I > [ [ }'7 s7 725,11 D
! 36 27,30,33,11
Index | 2 i 39 | ! 38 S0 12
RESET Rel. |3 i = 38 37 39 -
Omed.| 4 27 :
o Under] 5 i | [ i
i b
1

12
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Adressbuss : &2 12 1, /
Olle 0 |LDA 000
Roos 1 12
2 | ADD 100
dator ; 7
4| STA 000
5|13 v
6 [ 1 2,3,5,11 Amta
7 i 2 7,8,11
1 i 3 17,10
13 i R 4 18,111 Absolut
i 5 5 2,3,5,11
Kl i R -
Gult SN Instr. | OP| Adress i = 7 o7 [ _18,1,11 :I_Omed_
Resten KN Lpa | 0| 30 i ALY 427 28| 11.9
sTa | 1] 34 122 AR+t
aDD | 2 | 36 i 122 AR-1 30 2,3,5,11
i 20 App 317,251 LDA
i —1—SUB 32 27,32,33,11
K M ; 22 Loap = e A
Instr. | 9P| Adress ! 2,4,5,12
i 131 35
Abs. |0 |4 ! AR Sa Pl 3 36| 2,3,5/11
nd | 1 : L1 Hs[z]o0:0]% 87 725,11 D
Index | 2 i EEl T 36 38 | 27,30,33,11
RESET Rel. 3 : = 38 X 39 34,12
Omed| 4 | 27
o Under] 5 i L1 1 T }
13
Vad hande egentligen?
asmprogram mlkroprogram
PC: A
Héamta Héamtfas 1st
0: [ LDA mem(PC)->IR, PC++
I: | 12 K2(M)->MPC Adresserings-
2: | ADD le mod 6st
3: | #7 Abs Omedelbar
4. STA mem(PC)->ADR, PC++ PC->ADR, PC++
5:| 13
K1(OP)->MPC
124 1
131 o LDA STA ADD Exekveri
mem(ADR)->AR AR->mem(ADR) AR+mem(ADR)->AR Xe Verlng
| | | 20 st

[T

0->MPC

14
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OR I/0O

dator

43

=

IN

44

ouT

Adresseringsmod: underforstadd ~ K2(5) =29

29: K1->mpc

IN

9

50: in->tr, mpc++ 43,25,11
51: tr->ar, mpc++ 27,32,33,11
52: status, ©0->mpc 34,12

Instruktion Betydelse
IN AR=IN
ouT OUT := AR

ouT
53: ar->out, O->mpc 37,44,12

15

In-matning

(tangenttryckningar —> buffert)

data

Olle Roos

——

strobe 17

Tangentbord

44

OouT

Problem:
Hur vet vi nér det finns ett nytt virde
i IN-registret?

A-vippan \
1-stéllning:

Stroben synkroniseras

och enpulsas och 1-stiller A.
0-stéllning:

styrsignal 43, dvs ldsning av

N J

A-vippans ldge kan kollas
medelst polling.

16
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1)

2)

3)

Olika metoder for I/0O

Programmet véntar pa att stroben ska bli hog,
(testa om IN dr negativ)

laser tecknet och placerar i minnet.
Programstyrd 1/0, polling, busy waiting.

Programmet behdver inte alls vinta pé stroben.
Niér stroben gar hog startar en avbrottsrutin, som
laser in tecknet och placerar i minnet. Avbrott.

I/O kretsen skriver sjdlv (genom att ta over lampliga bussar)

i minnet. DMA = direkt minnesaccess. Programmet behdver
bara uppméirksammas nir return har kommit in.

Kan ske genom att koppla bort CPUn fran bussarna eller
genom att utnyttja lediga minnescykler.

17

| - Ny hd
AVb rOtt Y ajdvara Ny h&rdvara
Huvud-
\ program _processor-
,,,,,,,,,,,,,,, tillstdnd M
Tecken- p
PM buffert -
200 Avbrotts- nya instr. RTI ...
rutin N
E sparrvippa uthoppet
Stack @
‘1: avbrotts-
ingadng
A
43
clr=43 44
avbrottsvippa EE |> IN I |> ouT I

18
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Avbrott

1. Tryck pa en tangent => 1->A
2. Gor klart pdgdende instruktion
3. Om I=0 sa uthopp:

1. Spara reg. pa stacken

PC, SR, XR, AR

2. Forhindra fler avbrott: 1->1I.

3. Hoppa till avbrottsrutinen
4. I avbrottsrutinen:

1. Las in tecknet till minnesbuffer och 0->A

2. Aterhopp RTI (3terstall reg., 0->1)

3 nya instruktioner: . N
EI: 0->I (Enable Interrupt) [M'krOkOd for uthopp ]
DI: 1->1I (Disable Interrupt)
RTI: dterhopp

[ Férbattrad mpc ]

19

Ritning e sai

Styrenheten kollar om det dr avbrott mellan ]

/ [tvé instruktioner

ia uthoppsadress->mpc tlllbyggnad
av styrenheten
nej —
Himta Spara regs
(PC,SR,XR,AR)
Amod L —— Uthoppet:
Satt I=1 Extra mikrokod
U t for PC:a:/;)(r)(())t)tsrutin

20

2020-01-22
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DI : Disable Interrupt 40

EI : Enable Interrupt 41 —>

0 K1 : adress for exekvering instruktion

K2 : adress for adressberdkning
adress till pkod for avbrott (adress = 60)MK2, sid 120]

K5

11 (+1)

mpc

Avbrott

9 (Kl->mpc)
10 (K2->mpc)

12 (0->mpc)

Ritning

A=avbrottsingang

S
> 1
R

K5: 91011 12 Avbr mux-ingéng
1000 - 2
Adress (200) till avbrottsrutin 0100 - 3
o 001 0 - 0
00010 1
PC 00 0 11 4
21
RItNINg o, sia 120 121
60: sp->adr, mpc++ 24,1,11
61: pc->dr,mpc++ 18,6,11 —  PC
62: skriv, sp--,mpc++ 2,4,5,23,11
63: sp->adr, mpc++ 24,1,11
64: Xxr->dr, mpc++ 20,6,11 — XR
65: skriv, sp--,mpc++ 2,4,5,23,11
66: sp->adr, mpc++ 24,1,11 ]
67: ar->dr, mpc++ 37,6,11 — AR
68: skriv, sp--,mpc++ 2,4,5,23,11
69: sp->adr, mpc++ 24,1,11
70: sr->dr, mpc++ 36,6,11 — SR
71: skriv, sp--,mpc++ 2,4,5,23,11
72: 1->I,mpc++ 40,11 —!
73: 200->PC, mpc=6 42,12 71,72,73 kan slés ihop
22

2020-01-22
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60: sp->adr, mpc++ 60:
61: pc->dr, mpc++ 61:
62: skriv, sp--, mpc++ 62:
63: sp->adr, mpc++

Ny rad 60
-Fore klockflank:

s [ X
=)

ADR: Y

Nagot kortare variant

sp->adr, sp--, mpc++
pc->dr, mpc++

skriv, sp->adr, mpc++

-Efter

SP:

ADR:

klockflank:

D X-1

X

23

Ritning e, sa e

Ny instruktion: RTI

=> Vanlig instruktion, mikrokod for exekveringsfasen

Lis tillbaka regs
Satt =0 Sla pé avbrott
Sitt MPC=0 Nista instruktion
24
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adress (200) till avbrottsrutin

Hopp
buss (adress ndr Hopp=1)
+1 [e——— 17
\o ; ‘2_3/<— Iif;vbr(— 42
|
| OF Ar——
>=] <_1Zb
&=V
- \
Hopp +1 avbr mux-ing. PC
1 0 O 3 buss
O 1 O 0 PC+1
0O 0 1 2 avbr.rutin
0O 0 O 1 PC
\ /
25
. . Om N=1
Mikrokod fér JMPN D PC+2+D -> PC
annars
PC+2 ->PC

K2(3)

19:
20:
21:
22:
23:

K1(1

78:

=19

sjilvrelativ a-mod (utfors oavsett virde pa N-flaggan)

PC->ADR, PC++, MPC++
PC->TR, minne->DR, MPC++
DR->TR, TR->AR, AR->HR, MPC++
AR+TR->AR, MPC++

HR->AR, AR->TR, K1->MPC

7)=78

a-mod:

Fore sjélvrel.

PN

PC—

IM
D

Exekvering for JMPN (TR->PC om N=1)

TR->PC(N), ©->MPC 26,15,12

26
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Subrutinhopp JSR D

PC ——| ISR [rel

D SP — &
aterhopp: XXX ore
SP —

ISR D aterhopp

+ Sjalvrelativ a-mod o efter
berakna hoppadress PC+2+D -> tr

* exe
PC+2 -> mem(SP), SP--
tr -> PC

27

Subrutinaterhopp RTS

subrutin stack

SP —

aterhopp

PC —| RTS

* underforstadd a-mod

* exe
SP++ ; Jjustera SP
M(SP) -> PC ; hoppa tillbaka

28
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Bjérn Lindskogs e [ gty
datOI' PM E E ‘io_o—@
e DB ke
+ 1,2,3 ska goras Ll el
« Frivillig tavling o] [
« 16-bitars maskin I
(ASRIPC 8 bltar) SEQ UF:S‘!-.-
* 4generellareg. [ 1 ¢ | ...,
 AR,HR,ASR arbetsreg. P uM
« Avancerad styrenhet ¥ O X . 0 O XX e,
. Hopp Lp....|...|...|.1:|..[....| .......
 Villkorliga hopp R O X 0 0 O XX (R
« Loopar (LC,L) "
« Subrutiner (SuPQC)
y4
+ Konstanter . GdEodn
+ GR3 indexreg GRO
LC
OP |orx | n ADR 1
GR3 «> 16
29
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