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i i
Adresshass 1 2 1 o ;
Datorkonstruktion t : ‘ e e oF | i ‘ :
LDA 000 : i
? = Lo 15 ) K1 || K2 i
i 7 16| K3 i
o o o|ADD 100 ] alll l :
Mikromaskinen ;- | agpe B MECE? 11012 1
it i
”Olle Roos — datorn”  4[STA__000] i,  ——r— 18 — o
5 13 i ‘XR 19 Mikrominne i
14 Write e = 0 !

: 20
= register B i 2osp | 1 _hamt |
= i +1 == 21 2 i
= minne 12| 1 ! b8 | 24 ﬁ B ;
130 i _ DR . i
. . : 5 5 —abs
= kombinatorik e - e :
: | [ - H
K] E TR g N = i
. Instr. | OP| Adress | - : !
Tabellerna K1, K2 och K3 kan dven i —_— 26 3; }- ome &
. . L 2 H
implementeras som minnen. gl 4 ALUY 321 i
;D; - 34 i = AR+l !
. o . o . e i i o !
Varje gul 1dda innehéller i princip: ] G0 et 30 i
i <~ ADD 31 _LDA i
i i 31 SUB 32 :
» 2 1 3 - H
bin %—{}— Dout K2 M i 22 LOAD - i
I Instr. | OP| Adress ! o STA !
A == oo
na. | — At 36 !
peseT @ melt | LT e :
Omed| 4 | 27 ‘”R = = |
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W NER,OO

Datorkonstruktion

Steg 1 : Hamtfas

M(PC) -> IR

PC:

—> 0:

pc->adr,mpc++

adr->minne,data->dr,mpc++
: dr->ir,mpc++

PC++,K2->mpc

1:

LDA ©

12

18,1,11
2,3,5,11
7,8,11
17,10

Vid reset nollstalls PC och MPC

SRN o kWM = O
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i i

] ADR IR !

Adresshuss 1 2 | 1 Q | 1

£ i | - < OP |M | i

! S R !

i 1

LDA 000 i 38 : K1 || K2 i
12 |, 16] K3 i
ADD 100 | | T i WJFL Lo o
7 I ﬂ‘ ‘ 20

STA 000 i3g4 — 18 = J—— +1 :
13 T fE 19 Mikrominne i

i 4 Write ‘ 50 0 18,1,11 !

I ' 12,3511 _ hamt |

D 412580 21 o 7,811 i

T i -1-== . 51 3| 17,10 - :

0 i DR " 4 bs

- 5 K 5 ~—apsS i

Databuss : | = 6 |

i : i

Bl i o 25 i
Instr. | OP| Adress | | 7 o7 :
I -

toa | 0 | 30 i VA 57 5 28 ome =
HEN 2 a
! 29 |

; T;tl{_l BU I

i < —ADD 31 LDA i

; < SUB 32 !

K2 M i 22 LoAD 33 i
Instr. | ©P| Adress ! lﬂ }STA i
Abs. [0 | 4 i ARV L - 36 =
I l ‘ —'":'C |Z ‘ — 37 DDA
nd. 1 i 6 i
Index | 2 i 30} | = 38 i
i 5 39 i

REL 3 I HR 33 CY, !
Omed.| 4 27 : ‘ . i
Under] 5 T A . SR Lt I i
i 39 i

i i
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W NER,OO

Datorkonstruktion

Steg 1 : Hamtfas

M(PC) -> IR

PC:

—> 0:

pc->adr,mpc++

adr->minne,data->dr,mpc++
: dr->ir,mpc++

PC++,K2->mpc

1:

LDA ©

12

SRN o kWM = O

18,1,11

2,3,5,11
7,8,11
17,10

Rad 0 i Mikrominnet adresseras.
Effekterna av aktiverade styrsignaler
sker vid nastkommande klockflank.
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] ADR /\ IR !

Adresshass 1 2 . 1 a8 | .

4 I ‘ ‘L/ « OP |M ‘ :

! S R !

i 1

LDA 000 i 38 : K1 || K2 i
12 |, 16] K3 i
ADD 100 | | 5 (s L l O i
i 17,£€ MPC 42 10 17 i

7 : #1 _.‘ 0 ‘ 0 ‘-— 0 i

STA 000 i | <18! +1 !
13 T fE 19 Mikrominne i

i 4 Write ‘ 50 0 18,1,11 !

I ' 12,3511 _ hamt |

D41 2280 21 o 7,8,11 i

T i-1—= | 24 3| 17,10 » ;

0 i DR 4 i

! 5 5 5 —abs

Databuss : | = 6 |

i : i

£ i & 25 I
Instr. | OP| Adress | | 7 o7 :
I -

LDA | O 30 i VA 57 28 ome =
ST 34 1 28 :
k- ! 5 AR+ .
abD | 2| 36 | 28 a5 s 5 i
i =% ADD 31 LDA i

j <L _suB 32 :

K2 M i 22 LOAD 33 i
Instr. | ©P| Adress ! lﬂ }STA i
Abs. |0 | 4 i AR ¥~ L s 36 =
Ind. |1 | | —=|n |z | = 37 DDA |
: ! — 36 28 .
Index | 2 i 304 | !
i - 39 i

REL 3 I HR 33 CY, !
Omed.| 4 27 : ‘ . i
Under] 5 T A . SR Lt I i
i 39 i

i i
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W NER,OO

Datorkonstruktion

SRN o ke WM 2O

Steg 1 : Hamtfas
M(PC) -> IR
PC: +—>0: | LDA ©
1: 12

pc->adr,mpc++ 18,1,11

adr->minne,data->dr,mpc++ |2,3,5,11
: dr->ir,mpc++ 7,8,11

PC++,K2->mpc 17,10
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] ("ﬁDR IR :

; Adresshiss : \2‘ V @ A 1 = OP | M ‘ |

i S A - 1

LDA 000 : s i -~ - i
12 i 5 _16] K3 !

- —_— I

ADD 100 | = | l l i
d 3 EE i . MPC 2 10 72 i

7 i 1 12 g i

i 14 0 | 1 ]

STA 000 i } | 18 +1 :
13 Q T xR 19 Mikrominne i

14 Wrire ‘ 0 0 18,1,11 :

l 99 §p I 1 2,3,5,11 __hamt i

| 3 21 o[ 7,8,11 i

v i,_‘; = B !

cl) i -1 . 21 3 17,10 !

i (5£R 6 5 —abs |

Databuss : N— i 7 B I

Kl ! B - i
Instr. | OP| Adress | | 3 = o7 !
: £h ome |

oa | 0 | 30 i VAl 27 =5 28 !
STA 1 34 : ..:G AR+1 i
abD | 2| 36 | 28 i o - i
! 20 ApD 31 LDA i

i -jf—h'llB 32 :

K2 M i 22 LOAD . i
Instr. | 9P| Adress : l’” }STA i
Abs. [0 | 4 i AR ¥C 4R - 36 I
Ind. 1 : ‘ _"\ |Z ‘ - 37 DDA :
Index | 2 i 30} | ——36, 38 i
Rel. |3 i p_— 38 37 - i
Omed.| 4 27 : ‘ i
Under, 5 T N 'S S o i i
i g i

i i




W NER,OO

Datorkonstruktion

SRN o ke WM 2O

Steg 1 : Hamtfas
M(PC) -> IR
PC: +—>0: | LDA ©
1 12
pc->adr,mpc++ 18,1,11
adr->minne,data->dr,mpc++ 2,3,5,11
: dr->ir,mpc++ 7,8,11
PC++,K2->mpc 17,10
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Adresshass 1 2 . 1 8 N I

! i | il x &) op M| |

1 T T o

i I

LDA 000 i 15 i | i
12 i, _16] K3 i

I -

mp 00| ¢ T | MPFL Lo o
STA ’ 000 AR ° 19 | 2f~q |
1 | 4 .

i 3 Read I

13 I - AE 19 Mikrominne i

14 Wrire ‘ 0 0 18,1,11 :

l i I 1 2,3,5,11 __hamt i

D1 2588 21 o 7,811 i

T i -1 == . 24 3| 17,18 s !

I -

: | EDRLDA 5 6 g —abs |
Databuss H -

: i : () 6 ;

Kl : TR - i
Instr. | OP| Adress E | = o7 i
toa | 0 | 30 i VA 27 28 ome =
sTA | 1 34 : 28 AR+1 i
aop | 2| 36 | 28 a5 s 5 i
W - 1

! 20 ApD 31 LDA i

} =1 SuB 32 :

K2 M i 22 LOAD . i
Instr. | 9P| Adress : l’” }STA i
Abs. |0 | 4 i AR & 3afR e 36 !
Ind. 1 : ‘ _":“ |Z ‘ ‘EE 37 DDA i
Index | 2 i 30} | |- 38 :
Rel. |3 I i 38 37 - i
Omed.| 4 27 : ‘ ! i
Under| 5 N N ' I e ki L i
i : :
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W NER,OO

Datorkonstruktion

Steg 1 : Hamtfas
M(PC) -> IR

—> 0:

PC:

LDA ©

1:

12

pc->adr,mpc++

: adr->minne,data->dr,mpc++
: dr->ir,mpc++

PC++,K2->mpc

18,1,11
2,3,5,11

7,8,11

SRN o kWM = O

17,10

Signal 10 aktiverar hopp till
adresseringsmodsfas (Abs)
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i i

! ADR IR !

; Adresshuss : e ‘ @ A 1 ] L DA | ]@I ‘ |

i S - 1

tba 990 : 15— KI || K2 i
12 |, 16] K3 i
ADD 100 | | 5 (s L O i
: 1TC MPC 4 ° 10)12 i

7 I\ 0 | 0

STA 000 i:'iR ., 0 13 T+[ :
13 T fE 19 Mikrominne i
iqth-\ = ol 18,1,11 !

| ' 2,3,5,11 amt

| . 228P . o e _hamt j

1 +1 | s 2 20, I

T : -1== . o1 3 17,10 - !

: | 52k 6 5 —abs |
Databuss : LDA e B = 6 |

i | ! :

Kl : TR o :
Instr. | OP| Adress | | 7 o7 :
I -

toa | 0 | 30 i VA 57 5 28 ome =
AL 2 a
! 29 !

; T;tl{_l BU I

i ~——ADD 31 LDA i

; < SUB 32 !

K2 M i 22 LoAD 33 i
Instr. | ©P| Adress ! lﬂ }STA i
Abs. |0 |4 i AR 7 L v 36 =
nd. 1 i 6 i
Index | 2 i 30f | = 38 i
i 5 39 i

REL 3 I HR 33 CY, !
Omed.| 4 27 : ‘ ! i
Under] 5 T A . SR Lt I i
i 39 i

i i

Tl 5 o R S N S R N N S R R S R N S R N N N R R N | R R R S R N R R R N




Datorkonstruktion

SRN o kWM = O

Steg 2 : A-modfas (Abs)
M(PC) -> ADR
O: | LDA ©
PC: +—>1: 12
4: pc->adr,mpc++ 18,1,11
5: adr->minne,data->dr,mpc++ 2,3,5,11
6: dr->adr,K1->mpc,PC++ 7,1,9,17
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13 | fR 19
1 rife E
i ; | 20
D1 250F 21
T i 1=+ , 24
1
2 i £ 2R 6
Databuss I LDIA e 7
Kl : TR oe
Instr. | OP| Adress | | 5
1
toa | 0 | 30 i ALY 427
5TA 1 34 : {i;—;tk+l
ADD | 2 36 i ;E AR-1
i t.
] -~ SUB
K2 M i 22 LOAD
Instr. | 9P| Adress : lﬂ
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N E [ =
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1

— 0
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1

[ Mikrominne i
ol 18,1,11 :
1 2,3,5,11 __hamt j
2| 7,8,11 i
3 17,10 - !
a| 18,1,11 ;
51 2,3,5,11 —abs
6| 7,1,9,17 i
1

i

i

27 i
28 ome |
i
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1
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Datorkonstruktion

SRN o kWM = O

Steg 2 : A-modfas (Abs)
M(PC) -> ADR
O: |LDA o
PC: +—>1: 12
4: pc->adr,mpc++ 18,1,11
5: adr->minne,data->dr,mpc++ |2,3,5,11
6: dr->adr,K1->mpc,PC++ 7,1,9,17
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i

! ("QDR IR :

; Adresshuss : \E‘V 1 " 1 | LDA | ]@. ‘ :

1 T R R o

1 1

LDA 000 : s i et | | |
12 i, 16 K3 i
ADD 100 ; 2 |ia l l i
ey vl e Mpcs? 410 17 i

7 R - =
ﬁm{' |

13 AR 19 Mikrominne I
iqth-‘ = ol 18,1,11 :

b ' 11_2,3,5,11 __hamt |

D 412580 21 o 7,811 i

T i -1 i‘_; 24 3 17,10 = I

0 i is ' 4| 18,1,11 :
b o 6 5| 2,3,5,11 —abs i

Databuss : \_V LDIA 0 . 6 7) 1 s 9 N 17 |

: f 1

K1 i TR .5 i
Instr. | OP| Adress | | - 27 :
A 2 ome |

oa | 0 | 30 i VAl 27 28 i
! " i

STA | 1] 34 22 AR+ i
ADD 2 36 : 29 i
i <~ ADD 31 LDA i

} = SUB 32 !

K2 M i 22 LoAD . i
Instr. | 9P| Adress ! l’” }STA i
Abs. [0 | 4 i AR ¥ 4R 35 36 !
i | —2v |z | =2 37 DDA |

Ind. 1 i 6 i
Index | 2 i 39¢ | = 38 :
Rel. |3 ! — 38 37 - i
Omed.| 4 27 : ‘ i
Under] 5 T S i L I
i : :

! g




Datorkonstruktion

Steg 2 : A-modfas (Abs)

M(PC) -> ADR

PC:

4: pc->adr,mpc++

5: adr->minne,data->dr,mpc++

0:
41

6: dr->adr,K1->mpc,PC++

Signal 9 aktiverar hopp till

LDA ©

12

18,1,11

SRN o kWM = O

2,3,5,11

7,1,9,17

exekveringsfas (LDA)
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i i

! ADR s IR !

; Adresshuss : 2 ‘ 1 & _:]-_/ ] L DA | ]@I ‘ |

i S - 1

LDA 000 i o ol |
12 i Y 16 K3 i

- e —r| I

ADD 100 | | 5 e h l i
i ¥+ mp&y2) +10 17 i

7 L 41 lTy 1 B 0

STA 000 iERJ | 18 ol :
13 T fE 19 Mikrominne i

i 4 Write ‘ 50 0 18,1,11 !

b e 1| 2,3,5,11 _hamt |

(:' -

T i-1—= . 54 3| 17,10 - !

0 ! DR 4| 18,1,11 ]

! 2 12 =€ 5 2,3,5,11 —abs i

Databuss - -

: i | (‘\? ) 6l 7,1,9,17 !

K] I TR 25 :
Instr. | OP| Adress 1| ‘ o o7 !
I -

LDA | O 30 i VA 27 28 ome =
//;’STA 1 34 : 28 AR+1 i
aop | 2 | 36 | 25 "yn o - i
i T i

i =% ADD 31 LDA i

j <L _suB 32 :

K2 M i 22 LoAD 33 i
Instr. | ©P| Adress ! lﬂ }STA i
Abs. | 0 4 i AR ¥~ 3R = 36 =
Ind. |1 ! | —=[n |z | ‘E 37 DDA |
Index | 2 i 30} | - 38 :
Rel. |3 i o= i =5 39 i
Omed.| 4 27 : ‘ ! i
Under] 5 T A . SR Lt L i
i * !

' ;



30:
31:
32:
33:

! (LK i i

Adresshuss 1 2 1 o !

Datorkonstruktion i ——/ 12 - - LDA | ) ‘ !
| T ) .

LDA 000 !

0 v I K1 || K2 i

! i, _16] K3 i

o|ADD 100 ! 3 s l l :

3 7 i 4 17‘” T pMpced a1l 12 o

j H— 2 ) 30 _— i

Steg 3 : Exe-fas (LDA) 4| STA~ 000 . 18 r o) !
5 13 Y~ AR 19 Mikrominne i

AR = M(ADR) : L - | ofnLn :
AZ j +1 5= 21 2l 7,8,11 i

AR' 12. 1 12 1 | -1 —= I 24 3 17,10 - :
) 13 0 ! 4 18,1,11 :

ADR: 12 '/713: 9 ' (s R12 5 5| 2,3,5,11 —abs |
: Databuss I N— | 7 6 7,1,9,17 |

K1 : TR . i

H £ &

. Instr. | OP| Adress 1 | - 27 :
adr->minne,data->dr,mpc++|2,3,5,11 j ! 26 ome |
LDA 0 30 1 ALU 27 28 !

dr->tr,mpc++ 7,25,11 s1a | 1 34 i 28 4 po I
tr->ar,mpc++ 27,32,33,11 app | 2 | 36 ! 29 o i
status, ©@->mpc 34,12 : 30 AR 30 2,3,5,11 i
? : = ADD 31 7,25,11 LDA i

i 31 quB 32 27,32,33,11 i

K2 M i 22 LOAD 331 34,12 i

Instr. | 9P| Adress : l’” }STA !

‘ ! 33 i

Abs. | 0 4 ! ‘_.w Sé"iﬂz ‘ ‘35 g? i

Ind. 1 i _ — L E{E 38 DDA i

el I i Bl L — 39 i

Dm‘ed. —I 27 : ‘HR o 37 :
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| :



30:
31:
32:
33:

Datorkonstruktion

Steg 3 : Exe-fas (LDA)

AR = M(ADR)

AR:

ADR: 12

12:
/13:

adr->minne,data->dr,mpc++

dr->tr,mpc++
tr->ar,mpc++

status, ©->mpc

0
1
2
3
4
5
6
AF
12
1 13
(%]
2,3,5,11
7,25,11
27,32,33,11
34,12
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! ADR IR i
; Adresshuss : 2 ‘ 1 2 " 1 . L DA | ]@. ‘ |
i S — e i
LDA 000 I K1 || K2 i
12 L K3 :
ADD 100 : 14: 13 L l 0 '
i . 17PE MECel 22D 12 o i
7 P+l 2 31— 9 i

! ; 1
STA 000 i | 18 o
13 "—:— © XR 19 Mikrominne i
L weie | - = ol 18,1,11 !
| ' 2,3,5,11 amt
! 23 §p - 1 222222 __hamt |
i +1 - L1 2 2= !
0 i ' a| 18,1,11 i
! 52E 6 5| 2,3,5,11 —abs |
Diatabuss i 1| - 6 7,1,9,17 |
3 " 1
K1 : TR ) ~ i
Instr. | OP| Adress i ‘ (< 7 07 !
I -
LDA 0 30 i ALl 27 28 ome :
STA 1 34 : in—;tk+l i
oD | 2 | 36 i 2 ARed 50 | 2,3,5,11 :
; 30 ADD 31 7,25,11 LDA I
: 3 27,32,33,11 i
i ?WB §§ 34,12 !
K2 M i << LOAD |
Instr. | &P | Adress : lﬂ }STA i
Abs. [0 | 4 i AR ¥Z 34k a5 36 i
Ind 1 ! ‘ ‘\ |Z ‘ ‘:U_ 37 DDA j
] I — 36 38 i
Index | 2 i EEN | i
i 5 39 i
Rel. 3 ! HR 38 37 i
Omed.| 4 27 : ‘ ! i
Under] 5 T T . S (o ! !
i ] |
i !
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30:
31:
32:
33:

ADR IR

i

| .

Adresshuss 1 2 1 o !

Datorkonstruktion ¢ : ‘ 12 - - LDA | @ ‘ :
T ) .

|

0 |LDA 000 i s i | [ |

1 12 i, 16 K3 i

o|ADD 100 i 3 s l l i

3 5 SR 0 ToN w Mpcy9 410 12 o i

Steg 3 : Exe-fas (LDA) A[sTooo| | 1 18 ‘ o
g 3 ° i:‘iRmd' YR i i 1

5 13 H 19 Mikrominne i

AR = M(ADR) L weie | = ol 18,1,11 !
- 6 I ! 1 [_2,3,5,11 __hamt |

AT D1 250F 21 2| 7,8,11 i

AR: /12. 1 12 T : 1255 . o1 i 12’%011 u !
' 13 0 ) >3, i

. ! 528 6 5| 2,3,5,11 —abs i

ADR: 12 - 13: %) b 1I N : el 71917 i
d f 1

K1 ! TR i :

i 2 !

. Instr. | OP| Adress | |1 - = 07 !
adr->minne,data->dr,mpc++ 2,3,5,11 s | @ | 30 : — "2?) o8 ome j
dr->tr,mpc++ 7,25,11 ata | 1| 34 i 28 e :
I - F's -

tr->ar,mpc++ 27,32,33,11 ADD 2 36 i 29 AR-1 - 33,511 :
status, ©->mpc 34,12 : 30 DD a4 7.25,11 LDA |
i Sl SUB 30| 27,32,33,11 :

2 34,12 ;

K2 M i 22) LOAD . i

Instr. | 9P| Adress : ~ }STA i

Abs. |0 | 4 i AR\ 4R e 36 !

Ind. |1 ! | —=[n |z | ‘E 37 DDA |

Index | 2 i 3ot | [N gg :

Rel. |3 I 38 37 i

Omed.| 4 27 : ‘HR ! i

II LINKOPINGS Under; 3 i o ' !
o UNIVERSITET : i

Tl 5 o R S N S R N N S R R S R N S R N N N R R N | R R R S R N R R R N



30:
31:
32:
33:

Datorkonstruktion

Steg 3 : Exe-fas (LDA)

AR = M(ADR)

AR:
ADR:

12 1

12:
/13:

adr->minne,data->dr,mpc++ 2,3,5,11

dr->tr,mpc++
tr->ar,mpc++
status, ©->mpc

0
1
2
3
4
5
6
AF
12
1 13
(%]
7,25,11
27,32,33,11
34,12

Signal 12 aktiverar
nollstillning av MPC,
for nasta hamtfas
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i i

] ADR IR !

¢ S E : ‘ 12 2 - LDA |]9i‘ E

! S A B !

LDA 000 i e st [ezes |
12 i Y 16 K3 i

- e —r| I

ADD 100 | | 5 e l l i
: 1786 o - MPC D 1: i

7 ! 0 |

i +17 2 _ | 3= i

STA 000 i | 18 ¥ :
13 T fE 19 Mikrominne i

i 4 Write ‘ 50 0 18,1,11 !

I ' 12,3511 _ hamt |

i +1 %E-SP 21 2|l 7,8,11 i

0 i ' a| 18,1,11 :

! 52k 5 51 2,3,5,11 —abs

Databuss i 1 | = 6 7, 1 s 9 s 17 |

i : i

Kl : TR o :
Instr. | OP| Adress | 1 - o7 i
! 2h ome |

oa | 0 | 30 i AL 427 28 :
AL 2 a
! +—— AR-1 30| 2,3,5,11 :

; ..:L_\[)[} 31 7,25,11 LDA ,

i ..BL_\'UB 32 27,32,33,11 i

i i i 34,12 I

K2 M i 22 LoAD 33 i
Instr. | ©P| Adress ! lﬂ }STA i
Abs. [0 | 4 i ARV TR - 36 =
Ind. 1 i 6 i
Index | 2 i 30} | [ — 38 :
Rel. |3 i = 58 = 39 i
Omed.| 4 27 : ‘ . i
Under] 5 T A . SR Lt I i
i 39 i

i i
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Datorkonstruktion

uaewnNnRQ

12:
13:

AR:

asmprogram

mikroprogram

PC: ® A
Himta Hamtfas 1st
mem(PC)->IR, PC++
LDA .
12 K2(M)->MPC Adresserings-
mod 6st
ADD |«
#7 Abs Omedelbar
mem(PC)->ADR, PC++ PC->ADR, PC++
STA
13
K1(OP)->MPC
(%] LDA STA ADD Exekvering
mem(ADR)->AR AR->mem(ADR) AR+mem(ADR)->AR
20 st
1 0->MPC
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Datorkonstruktion I n/ U t - m 0 t n i n g

Instruktion Betydelse
IN AR:=IN
ouT OUT :—AR

Adresseringsmod: underforstadd  K2(5) = 29

29: K1->mpc 9

IN

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

Olle Roos
dator
43 44
\ 4
> T | > l
IN databuss ouT
ouT
53: ar->out, 9->mpc 37,44,12

II LINKOPINGS
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Datorkonstruktion I n/ U t - m 0 t n i n g

Problem:

Hur vet vi nar det finns ett nytt varde

i IN-registret?

mﬂppan
1-stallning:
Stroben synkroniseras
och enpulsas och 1-staller A.
0-stallning:
styrsignal 43, dvs lasning av
IN

-

~

mem
_adr
Olle Roos
data
8 43
= >
E/g >IN | >  ouTt
N
strobe 17 databuss i’
Tangentbord

A-vippans lage kan kollas
medelst polling.

II LINKOPINGS
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s [/UT-MALNING : Olika metoder

1)

2)

3)

Programmet vantar pa att stroben ska bli hog,
(testa om IN ar negativ)

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

Programmet behoéver inte alls vanta pa stroben.
Nar stroben gar hog startar en avbrottsrutin, som
|laser in tecknet och placerar i minnet. Avbrott.

I/O kretsen skriver sjalv (genom att ta 6ver [ampliga bussar)
i minnet. DMA = direkt minnesaccess. Programmet behover
bara uppmarksammas nar return har kommit in.

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

LINKOPINGS
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AvDbrott
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Datorkonstruktion AVb rOtt Ny hirdvara .
¥ o Ny hardvara
Huvud- mpc
\ programm | processor-
_______________ tillstand uM
Tecken- —>
PM buffert -
200| Avbrotts- nya instr. RTI ...
rutin th t
sparrvippa uthoppe
Stack N\
’t avbrotts-
ingéng
AA
43
clr=43 44
\ 4
avbrottsvippa A IN ouT
II LINKOPINGS KB
[ ) UNIVERSITET




Datorkonstruktion AV b r 0 tt

1. Tryck pa en tangent => 1->A
2. Gor klart pagaende instruktion
3. Om I=0 sa uthopp:
1. Spara reg. pa stacken
PC, SR, XR, AR
2. Forhindra fler avbrott: 1->1.
3. Hoppa till avbrottsrutinen
4. T avbrottsrutinen:
1. Las in tecknet till minnesbuffer och 0->A
2. Aterhopp RTI (3terstall reg., 0->I)

3 nya instruktioner: )

EI: 0->I (Enable Interrupt) [M'krOkOd for uthopp

DI: 1->1I (Disable Interrupt)

RTI: aterh
_ aterhopp

J [F(‘jrbéttrad mpc

LINKOPINGS
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Datorkonstruktion AV b r 0 tt

Styrenheten kollar om det ar avbrott mellan

tva instruktioner

Uthoppsadress(=60)->mpc

Hamta

Spara regs
(PC,SR,XR,AR)

\ 4

Satt =1

!

PC=avbrottsrutin
(200)

——

——

tillbyggnad
av styrenheten

Uthoppet:
Extra mikrokod

LINKOPINGS
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Datorkonstruktion AV b r 0 tt

K1 : adress for exekvering instruktion
K2 : adress for adressberakning

L

.

mpc S

DI : Disable Interrupt 40 —>

El : Enable Interrupt 41 —>

1 - 2
adress till pkod for avbrott (adress = 60) 0(1) 8 8 ] ]
<€ 9 (K1->mpc)

Ks [€ 10 (K2->nr:1rp))z) 001 0 - 0
+1 <€ 11 (+1) 00010 1
\Ei/<_ «——— 12 (0->mpc) 000 11 A

N

Avbrott
&

K5: 91011 12 Avbr| mux-ingang

o V »n

] [ A=avbrottsingang

Adress (200) till avbrottsrutin

142

PC|> |

II LINKOPINGS
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Datorkonstruktion AV b r 0 tt

Spara PC,XR,AR,SR pa stacken

60:
61:
62:

63:
64:
65:

66:
67:
68:
69:

70:
71:

72:
73:

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

sp->adr, mpc++
Xr->dr, mpc++
skriv, sp--,mpc++

sp->adr, mpc++
ar->dr, mpc++
skriv, sp--,mpc++

sp->adr, mpc++
sr->dr, mpc++
skriv, sp--,mpc++

1->I,mpc++
200->PC, mpc=0

24,1,11

18,6,11
2,4,5,23,11

24,1,11
20,6,11
2,4,5,23,11

24,1,11
37,6,11
2,4,5,23,11

24,1,11
36,6,11
2,4,5,23,11

40,11
42,12

mzﬂmmh%\m/-no

LINKOPINGS
UNIVERSITET

r i
: ADR A~ IR i

Adresshass | 2 i 1 | 1 .

{ i | _ S - ADD |4 !

1 T T o

LDA 000 s i 5
12 i, _16] K3 i
aDD 100 | | — |, q Lo i
7 i o T MPCr= 212 g 1

i +1 4 _ | 60| !

STA 000 iy | 18 @+ |
13 i o AR 19 Mikrominne i

i 4 Write ‘ 50 0 18,1,11 !

b | [ 2,3,511 | hamt |

D1 250F 21 o[ _7.8,11 i

T i 1.2 7 = 3| 17,10 i i

0 i ' a| 18,1,11 i

! 52E 6 5| 2,3,5,11 —abs |

Diatabuss i _| o 6 7,1,9,17 |

: f 1

K1 : TR L i
Instr. | OP|Adress | | = - |
1 5

LDA {} 30 I -‘fiLL'rl 2] = 28 ome :
STA | 1| 34 ! 28 AR+l i
PR | & | 36 i 2 ARt 30 2,3,5,11 !
i =% ADD 31| 7,25,11 LDA i

E ..3;_5[_11-} 32 gz,ig,ﬁ,ll !

K2 M i 22 LOAD 33— i
Instr. | 9P| Adress : l'” }'STA i
Abs. [0 | 4 i AR ¥C 4R o 36 !
Ind. |1 | - —=|n |z | = 37 DDA |
] ! - [ 36 38 =
Index | 2 i 30t | :
Rel. |3 i p_— 38 37 - i
Omed.| 4 27 : ‘ ! i
Under| 5 N A " S it i i
i g i

i i

Tl 5 o R S N S R N N S R R S R N S R N N N R R N | R R R S R N R R R N




Datorkonstruktion AV b r 0 tt

Spara PC,XR,AR,SR pa stacken

60:
61:
62:

63:
64:
65:

66:
67:
68:
69:

70:
71:

72:
73:

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

sp->adr, mpc++
Xr->dr, mpc++
skriv, sp--,mpc++

sp->adr, mpc++
ar->dr, mpc++
skriv, sp--,mpc++

sp->adr, mpc++
sr->dr, mpc++
skriv, sp--,mpc++

1->I,mpc++
200->PC, mpc=0

24,1,11

|18,6,11

2,4,5,23,11

24,1,11
20,6,11
2,4,5,23,11

24,1,11
37,6,11
2,4,5,23,11

24,1,11
36,6,11
2,4,5,23,11

40,11
42,12

mzﬂmmh%\m/-no

LINKOPINGS
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f i
: _ ADR : IR i

; Adresshass | A ‘ 7 L J ADD | ]4, ‘ |

i S - 1

LDA 000 i s ) | i
12 i, _16] K3 i
ADD 100 | = | l i
7 i yilg Y = il - MPC 2 10 72 0 |

i 14 4 _ | 61—, |

STA 000 i | (1a (fiy !
13 T fE 19 Mikrominne i

i 4 Write ‘ 50 0 18,1,11 !

I o : 1 [ 2,3,5,11 _hamt |

| 1 .225P 51 o| 7,8,11 i

| T == 7 L =2 .

T i -1 —_— 24 3 17,10 = I

i ' 4| 18,1,11 :

O - DR ) ) i

! 5 5 5 2,3,5,11 —abs |

Diatabuss i _| o 6 7,1,9,17 |

d f 1

K1 : TR L i
Instr. | OP| Adress | | = o7 I
! £5 ome |

LDA | 0 30 A 427 28 |
o 2|3 s, ma i
i ?.ﬂ{—l 30 | 2,3,5,11 !

i < ADD 31 [__7,25,11 LDA i

E ..3:_5[_11-} 32 gz,ig,ﬁ,ll !

K2 M i 22 LOAD 33— i
Instr. | 9P| Adress : l i }'STA i
Abs. [0 | 4 i AR ¥C 4R o 36 !
Ind. |1 | | —=|n |z | = 37 DDA |
] ! - [ = 36 38 =
Index | 2 i 39 | :
Rel. 3 ! HR 38 37 - i
Omed.| 4 27 : ‘ i
Under| 5 N A " S it i i
i 39 i

i i
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Datorkonstruktion AV b r 0 tt

Spara PC,XR,AR,SR pa stacken

60:
61:
62:

63:
64:
65:

66:
67:
68:
69:

70:
71:

72:
73:

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

sp->adr, mpc++
Xr->dr, mpc++
skriv, sp--,mpc++

sp->adr, mpc++
ar->dr, mpc++
skriv, sp--,mpc++

sp->adr, mpc++
sr->dr, mpc++
skriv, sp--,mpc++

1->I,mpc++
200->PC, mpc=0

24,1,11
18,6,11

2,4,5,23,11

24,1,11
20,6,11
2,4,5,23,11

24,1,11
37,6,11
2,4,5,23,11

24,1,11
36,6,11
2,4,5,23,11

40,11
42,12

mzﬂmmh%\m/-no

LINKOPINGS
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i

_ : Qﬁ 4 DR N i

; Adresshass | 2 7 A ] ADD | l4l ‘ |

i S - 1

LDA 000 i o )| !
! T = -

12 |, 16] K3 i
ADD 100 ! — | l i
i 14 ]i3 gl i

: 17.PC MPC 42 12 i

L j +1— 4 | 62— " i

STA 000 i | 18 (fiyl !
13 . (& 19 Mikrominne i
-—.@ ‘ 20 ol 18,1,11 !

i 22 SP | 12,3,5,11 _ hamt |

: +th‘ 21 o 7,811 i

1 i — i;b U 24 3 17,10 =t !

0 i ' a| 18,1,11 :

! 2 - =€ 5 2,3,5,11 —abs i

Diatabuss i 4| o 6 7,1,9,17 |

i : i

K1 i TR i
Instr. | OP| Adress E - 7 o7 i
oa | 0 | 30 i A 27 28 ome =
STA 1 34 : 28 AR+1 !
a| | & | 36 i =2 AR 30 2,3,5,11 !
i 2% ApD 31| 7,25,11 LDA i

i ..3;_51_11-} 32 27,32,33,11 i

i i i 34,12 I

K2 M i 22 LoAD 33 i
Instr. | ©P| Adress ! l - }-STA i
Abs. [0 | 4 i ARV L - 36 =
! ‘ _ — |Z ‘ — 37 DDA

Ind. 1 i 6 i
Index | 2 i 30} | = 38 :
Rel. |3 i = 8 =% 39 i
Omed.| 4 27 : ‘ i
Under] 5 T A . SR Lt I i
i 39 i

i i




Datorkonstruktion AV b r 0 tt

Spara PC,XR,AR,SR pa stacken

60: sp->adr, mpc++
61: pc->dr,mpc++
62: skriv, sp--,mpc++

63: sp->adr, mpc++
64: xr->dr, mpc++
65: skriv, sp--,mpc++

66: sp->adr, mpc++
67: ar->dr, mpc++
68: skriv, sp--,mpc++

69: sp->adr, mpc++
70: sr->dr, mpc++
71: skriv, sp--,mpc++

72: 1->I,mpc++
73: 200->PC, mpc=0

24,1,11
18,6,11
2,4,5,23,11

24,1,11

20,6,11
2,4,5,23,11

24,1,11
37,6,11
2,4,5,23,11

24,1,11
36,6,11
2,4,5,23,11

40,11
42,12

Darefter samma sak for

XR,AR och SR

mzﬂmmh%\m/-no
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s L ADR - IR ;

; Adresshuss | A ‘ 7 - « ADD | ]4_I ‘ :

1 T R R o

LDA 000 i e 1T i

12 |, 16] K3 i

ADD 100 | = | l i

| o ARS8 mMpced #1017 i

7 ! 1= «—= 0

i +1 4 _ | 63| !

STA 000 i . 18 o |
I_'l o

13 i AR 19 Mikrominne i

i 4 Write ‘ 50 0 18,1,11 !

I o : 1 [ 2,3,5,11 _hamt |

4 D1 250F c 21 o 7,811 i

T i —1—= 4 ] 3 17,10 = !

0 i ' @ a| 18,1,11 !

! 52E 6 5| 2,3,5,11 —abs |

Diatabuss i 4| o 6 7,1,9,17 |

i - I

K1 : TR L i

Instr. | OP|Adress | | - = - |

1 .

woa | 0 | 30 | AL 427 28 ome =

sTA | 1 | 34 : {f AR+1 i

e 2| 36 i <= AR-1 30 2,3,5,11 !

i =% ADD 31| 7,25,11 LDA i

i ..3;_51_11-} 32 27,32,33,11 i

i B, 34,12 I

K2 M i 22 LOAD . i

Instr. | 9P| Adress : l'” }'STA ;

Abs. [0 | 4 i AR ¥C 4R o 36 !

i | —2v |z | = 37 DDA |

Ind. 1 i — 6 i

Index | 2 i 39f | = 38 i

Rel. 3 1 HR 38 37 39 :

Omed.| 4 27 : ‘ ! i

Under| 5 N A " S it i i

i 3a |

i i

Tl 5 o R S N S R N N S R R S R N S R N N N R R N | R R R S R N R R R N




Datorkonstruktion AV b r 0 tt

Ny instruktion: RTI

=> Vanlig instruktion, mikrokod for exekveringsfasen

Las tillbaka regs

Satt MPC=0

SIa pa avbrott

Nasta instruktion

LINKOPINGS
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Hopp JMPN D
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Datorkonstruktion H 0 p p

adress (200) till avbrottsrutin

buss (adress nar Hopp=1) K3
l l le—o 17 /Hopp +1 avbr mux-ing. | PC
\ A 4 K3 1 O O 3 buss
1 \i2_3/(— avbr j¢—— 42 0 1 0 0 PC+1
+
e 0 0 1 2 avbr.rutin
2 T O 0 O 1 PC
PC > | €« 13
< &(—16
>=1 €< 7
< 15
- & <<: N \

II LINKOPINGS
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Datorkonstruktion H 0 p p

Mikrokod for JMPN D

Om N=1 : PC+2+D -> PC
Annars : PC+2 -> PC

Steg 1 : H-fas, som forut
3 PC++,K2->mpc

Steg 2 : A-fas, Sjalvrelativ

19: PC->ADR, PC++, MPC++

20: PC->TR, minne->DR, MPC++

21: DR->TR, TR->AR, AR->HR, MPC++
22: AR+TR->AR, MPC++

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

17,10

SRN o kWM = O

K1(17)=78

Steg 3 : Exe, TR->PC (om N=1)

34: TR->PC(N),mpc++ 26,15,12

LINKOPINGS
II.“ UNIVERSITET

R

i
Adresshass 1 2 | .. 1
; ! | 6 -
1
LDA 000 i e 3
12 |, 16] K3
ADD 100 ! = -
! T "I,l' c 14 1.3
1
7 i +1 r 6 )
STA 000 iER{ | 18
! ELI
13 I K& 19
14 Write ‘ 20
JMPN 110 i [
-6 :+t é%SP 21
I | -1 == : 24
1
0 i - DR
Databuss : “- JMPN 6 i 7
, .
Kl : TR .
Instr. | OP| Adress I ‘ — =
1
oa | 0 | 30 | [ ALDb 427
5TA 1 34 : {f}-tk+l
ADD | 2 36 , i% AR-1
| 20 ApD
i =1 SuB
K2 M i 22 LOAD
Instr. | &P | Adress ! llq
Abs. | 0 4 ! AR ¥C 1R 35
Ind. 1 i ‘ — *| N |Z ‘ 5?
Index | 2 i 39 |
Rel 3 1 38 37
Omed.| 4 27 : ‘HR !
Under| 5 i
Siilv | 6 1"' j
(19)

Tl 5 o R S N S R N N S R R S R N S R N N N R R N | R R R S R N R R R N

JMPN | 6l |
oIk 3

Kl K2

MPCHZ

r 3
Mikrominne

oMbk =0

28

30
31
32
33

36
37
38
39

m;.

— +1

18,1,11

2,3,5,11

__hamt i

7,8,11

17,10

18,1,11

2,3,5,11

—abs

7,1,9,17

18,1,11

17,9

ome ;

2,3,5,11

7,25,11

LDA

27,32,33,11

34,12

}—SEA

2,3,5,11

7,25,11

27,33,30,11

DDA

34,12




Datorkonstruktion H 0 p p

Mikrokod for JMPN D

Om N=1 : PC+2+D -> PC
Annars : PC+2 -> PC

Steg 1 : H-fas, som forut
3 PC++,K2->mpc

Steg 2 : A-fas, Sjalvrelativ

19: PC->ADR, PC++, MPC++

20: PC->TR, minne->DR, MPC++

21: DR->TR, TR->AR, AR->HR, MPC++
22: AR+TR->AR, MPC++

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

17,10

K1(17)=78

SRN o kWM = O

Steg 3 : Exe, TR->PC (om N=1)

34: TR->PC(N),mpc++

26,15,12

LINKOPINGS
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1 1
! ADR A~ IR ,
Adresshass 1 2 .. 1 | 1

i — 6= - IMPN| 6 | |

| T R R
LDA 000 : 15 } K1 K2 :
12 |, 16] K3 i
- —_— I
ADD 100 ; T i l e
- i P Mece? iU 12 o
i *1 7 _ | 190~ |
STA 000 i | @ @+ |
13 —— XR 19 Mikrominne i
1 4 Write ‘ 50 0 18,1,11 !
JMPN 110 i I i1 [ 2,3,5,11 _himt |
-6 :+t 228F 21 ol 7,8,11 i
_1.23 = n i
é : ' : 24 ﬁ g:i?ll i
! 52E i 5| 2,3,5,11 —abs |
Databuss 1 JMFI)N 6 7 B 7) 1 5 9) 17 1
- 1
K] : TR g B = i
Instr. | OP| Adress | | — 5 o7 | 18,1,11 !
1 .
oa | 0 | 30 | A 427 og | 17,9 ome i
STA é 53:46 : -—:; AR+1 i
ADD i <— AR-1 0l 2,3,5,11 i
} =% ADD 31|__7,25,11 LDA i
i 3; SUB 32 ;Z,i;,fﬁ,ll :
K2 M - 22 LoAD 33134, |
Instr. | 9P| Adress : l'” }'STA ;
Abs. [0 | 4 i AR &7 SR e 36 §:255111 !
Ind. |1 | | =z = 37 7,25, DDA |
] I — 36 ag | 27,33,30,11 i
Index | 2 i 39 | YRE !
Rel. |3 i = 38 37 - * i
Omed.| 4 27 : ‘ . i
Under,| 3 i - R g T | 1
Sjalv | 6 19 i * :

|
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ADR IR

1
Adresshuss 1 2 1 o
Datorkonstruktion H Op p 4 : \-44 7 - - JMPN| 16! ‘
-t 4
0/LDA 000 : e el
o oo 1 12 1 N — 2 1 K2
Mikrokod for JMPN D i, 16] K
o[aDD 100 ! = 1l l
om N=1 : PC+2+D -> PC 3 5 N AN S MPC 10 4
Annars : PC+2 -> PC j H1— 8 20
4 STA 000 ,; ‘ | (\_3}‘ ‘ @+
5 13 ~ ‘XR 19 [ Mikrominne
Steg 1 : H-fas, som forut s oMpN 110 P— . 20 o[ L1
i, 228P L
A7 -6 o e 21 2| 7,8,11
13 0 ! a| 18,1,11
Steg2 A—fas Sjalvrelativ L s 5[ 2,3,5,11
Diatabuss - ~ 6 7,1,9,17
19: PC->ADR, PC++, MPC++ 1 : .
20: PC->TR, minne->DR, MPC++ S O i ‘TR G2)
21: DR->TR, TR->AR, AR->HR, MPC++ = sy - 26 itk 13’;’11
22: AR+TR->AR, MPC++ LDA | 0 _3,2 I v S VA 28 :
23: HR->AR, AR->TR, K1->MPC SR lg | 3 S Pl
| <2 AR-1 a0 2,3,5,11
K1(17)=78 i 20 ApD 31| 7,25,11
i 31 SUB 39 27,32,33,11
. K2 M ! 32 14, 33| 34,12
Steg 3 : Exe, TR->PC (om N=1) . |65 adress | ey
. - I E
34: TR->PC(N),mpc++ 26,15,12 — 4 i 33 . . a6 | 2,3,5,11
Ind. |1 ! | _ —2v |z | e 37| 7,25,11
Index | 2 : 39 36 38 27,33,30,11
Rel. |3 i - 8 B 39 34,12
Omed.| 4 27 : ‘ !
LINKOPINGS Under 5 i e
II.“ UNIVERSITET Sjalv ' 6 19 i .
1



Datorkonstruktion H 0 p p

Mikrokod for JMPN D

Om N=1 : PC+2+D -> PC
Annars : PC+2 -> PC

Steg 1 : H-fas, som forut
3 PC++,K2->mpc

Steg 2 : A-fas, Sjalvrelativ

19: PC->ADR, PC++, MPC++

20: PC->TR, minne->DR, MPC++

21: DR->TR, TR->AR, AR->HR, MPC++
22: AR+TR->AR, MPC++

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

17,10

K1(17)=78

SRN o kWM = O

Steg 3 : Exe, TR->PC (om N=1)

34: TR->PC(N),mpc++

26,15,12

LINKOPINGS
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R

Tl 5 o R S N S R N N S R R S R N S R N N N R R N | R R R S R N R R R N

i
Adresshass | 2 ADR 7 .. 1
i i | g
i
LDA 000 i T i
12 |, 16] K3
ADD 100 | ! e
7 i 17.£2C y
i +1 —" )
STA 000 in{ | 13
L ELI
13 i f“ 19
14 Write 20
JMPN 110 i [
6 | 228F .
T | -1 == , 24
0 i
1 = DR jg
Databuss : * -6 N -
i , ]
K1 ! TR (1§
! 25
Instr. | OP| Adress 1 | 8 — =
i
toa | 0 | 30 | [ ALDb 427
STA 1 34 : < :‘ AR+1
ADD 2 36 : 29 AR-1
i 20 App
- "i 1
: =—— SUB
K2 M ; 22 LOAD
Instr. | 9P| Adress : ‘
Abs. 0 4 ! AR ‘E 34[ {? 35
Ind. 1 : ‘ — | N | Z ‘ ;?
Index | 2 i 3ot | L =
Rel 3 i a8 37
Omed.| 4 27 : ‘HR (‘
Under)| 3 i
Sjalv ' 6 19 i
i

r 21 .@H
Mikrominne

oMbk =0

28

30
31
32
33

36
37
38
39

JMPN | 6

Kl K2

18,1,11

2,3,5,11

7,8,11

17,10

18,1,11

2,3,5,11

—abs

7,1,9,17

18,1,11

17,9

ome ;

2,3,5,11

7,25,11

LDA

27,32,33,11

34,12

}—SEA

2,3,5,11

7,25,11

27,33,30,11

DDA

34,12




Datorkonstruktion H 0 p p

Mikrokod for JMPN D

Om N=1 : PC+2+D -> PC
Annars : PC+2 -> PC

Steg 1 : H-fas, som forut
3 PC++,K2->mpc

Steg 2 : A-fas, Sjalvrelativ

19: PC->ADR, PC++, MPC++

20: PC->TR, minne->DR, MPC++

21: DR->TR, TR->AR, AR->HR, MPC++
22: AR+TR->AR, MPC++

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

17,10

K1(17)=78

SRN o kWM = O

Steg 3 : Exe, TR->PC (om N=1)

34: TR->PC(N),mpc++

26,15,12
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Mikrokod for JMPN D

Om N=1 : PC+2+D -> PC
Annars : PC+2 -> PC

Steg 1 : H-fas, som forut
3 PC++,K2->mpc

Steg 2 : A-fas, Sjalvrelativ

19: PC->ADR, PC++, MPC++

20: PC->TR, minne->DR, MPC++

21: DR->TR, TR->AR, AR->HR, MPC++
22: AR+TR->AR, MPC++

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

17,10

SRN o kWM = O

K1(17)=78

Steg 3 : Exe, TR->PC (om N=1)

34: TR->PC(N),mpc++ 26,15,12
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Datorkonstruktion H 0 p p

Mikrokod for JMPN D

Om N=1 : PC+2+D -> PC
Annars : PC+2 -> PC

Steg 1 : H-fas, som forut
3 PC++,K2->mpc

Steg 2 : A-fas, Sjalvrelativ

17,10

SRN o kWM = O

19: PC->ADR, PC++, MPC++

20: PC->TR, minne->DR, MPC++

21: DR->TR, TR->AR, AR->HR, MPC++
22: AR+TR->AR, MPC++

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

K1(17)=78

Steg 3 : Exe, TR->PC (om N=1)

34: TR->PC(N),mpc++ 26,15,12
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saransior SUDFULINNOPP JSR D

PC ——f ISR |rel
D Ssp
fore
aterhopp: XXX
JSR D
« Sjalvrelativ a-mod P
berakna hoppadress PC+2+D -> tr aterhopp ofrer
s exe
XXX
PC+2 -> mem(SP), SP--
tr -> PC

LINKOPINGS
II." UNIVERSITET



s SUDIUtINAtErhopp RTS

subrutin

PC ——

RTS
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* exe
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M(SP) -> PC

; justera SP
; hoppa tillbaka
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stack
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Uppgift 1: Implementera mikrokod for hamtfas,

adresseringsmodsfaser och exekveringsfaser.

uM : Mikrominnets innehall

A

[ 1
Adress |ALU B FB S|P|LC |SEQ myADR Hexadecimalt |Kommentar
é 00 01/1(1|1|1 0000 00OF 8 00 0O]ASR:=PC
é 01 010001 |1 0000 00 8 AD O OfIR:=PM, PC:=PC+1
i 02 0010 000010 OjuPC:=K2
é 03 00/1(1|1|1 0|0/0/1 007 80 8 0|ASR:=IR, uPC:=K1 (Dir)
” 04
" o5
[ o6
F o7
" o8
” 09

0A 010|110|0 0/0|1|1 0 0B 01 8 0|LOAD: GRx:=PM(A)

‘T’l 1 A | A T | A T A 1 d

O 0000 1011 00RO 00Ol 1000 0000

=0 =0 =B =0 =1 =8 =0

Instruktionen LOAD bérjar (och slutar) pa adress 0A.
Dvs, 0A ska skrivas in i K1 pa den plats som motsvaras av OP-koden f6r LOAD,
och det ar bara att vilja ledig plats i K1, sa blir den platsen/adressen sjilva

OP-koden.
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Hur skriver man maskinkoden i programminnet PM?

Antag att vi vill skriva koden for instruktionen:
LOAD GR2,00,7

Dvs, ladda GR2 via A-mod 00, det som finns pa adress 7.

Instruktionsformatet ser ut sa har:
4 2 2 8

OP ADR

GRx M

LOAD har OP=0000
GR2 ger GRx=10
A-mod ger M=00
Adress 7 ger ADr = 00000111

Dvs, 0000 10 00 00000111, = 080716
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Uppgift 2: Summera innehallet pa adress $FE, spara pa $FF

Antag: GR3 loopvariabel, GR2 totalsumma, GR1 ..., GRO ...

»Programflode” »Assemblerkod”
Init: Initiera loopvariabel LOAD GR3,01,0
0004
Nollstall totalsumma LOAD GR2,01,0
0000
Loop: Hamta tal fran $FE

Maska ut siffra

Addera till totalsumma

Hamta tal fran $FE

Skifta 4 steg hoger

Spara tillbaka pa $FE

Rakna ned loopvariabel

Hopp till Loop, om > © BNE _ ,00,??

Avsluta: Spara totalsumma pa $FF STORE GR2,00,FF
Halt HALT

Observera, maskinkoden hir ar bara ett exempel. Den kan bli annorlunda

beroende pa hur man implementerar mikrokod, K1 och K2.

»”Maskinkod”
oDeo
0004
0900
0000

80??

18FF
9000
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Uppgift 3: Sortera en lista med 32 tal, minst till storst

Anvand bubblesort (eller valfri algoritm)

Osorterad

EOQ:
E1l:
E3:
E4:
E5S:
E6:
E7:
ES8:
EO:
EA:
EB:

92F1 For varje tal jaimfor med nista tal, om det
8034 talet ar mindre, byt plats pa dom.
971B

99FB

7EF1

90E8

3DE3

7351

53ED

56A2

DEAS
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Uppgift 3: Sortera en lista med 32 tal, minst till storst

Anvand bubblesort (eller valfri algoritm)

Osorterad

EOQ:
E1l:
E3:
E4:
E5S:
E6:
E7:
ES8:
EO:
EA:
EB:

8034

92F1 For varje tal jamfor med nésta tal, om det

971B talet &r mindre, byt plats pd dom.
99FB

7EF1
90ES8
3DE3
7351
53ED
56A2
DEAS
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Uppgift 3: Sortera en lista med 32 tal, minst till storst

Anvand bubblesort (eller valfri algoritm)

Osorterad

EOQ:
E1l:
E3:
E4:
E5S:
E6:
E7:
ES8:
EO:
EA:
EB:

8034
92F1
971B
99FB
7EF1
90ES8
3DE3
7351
53ED
56A2
DEAS

For varje tal jamfor med nista tal, om det

talet ar mindre, byt plats pa dom.
... OSV ...

Ga igenom listan om och om igen, tills inga
tal behover byta plats. D4 ar listan sorterad.

Sorterad

EO:
El:
E3:
E4:
E5:
E6:
E7:
ES:
EOS:
EA:
EB:

Observera, att talen i listan ar tvdkomplementstal, dvs tal dar mest
signifikant bit ar 1-stélld dr negativa tal som da dr mindre dn positiva tal.

T ex:

803416
3DE31s

1000 0000 0011 0100: dvs ett negativt tal
0011 1101 1110 0011, dvs ett positivt tal

8034
835F
90E8
92F1
959F
969C
971B
99FB
9F74
9FC4
B11C
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Uppgift 3: Sortera en lista med 32 tal, minst till storst

Flodesschema for bubblesort:

Det kan bli lattare om man
implementerar nagra fler instruktioner.

T ex:
CMP (compare)

G

lista_sorterad = 1

I

Addr = $E0

tmp = PM(Addr)

tmp2 = PM{Addr+1)

BGE (Branch if greater or equal)

Och kanske:

S | Byt plats pa PM(Addr)

SWAP (swap numbers)
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Uppgift 3: Sortera en lista med 32 tal,

Flodesschema for BGE (N exor O == 0):

minst till storst

Dvs, om N-flaggan ar lika med O-flaggan sa ta hoppet, annars inte.

Har borjar BGE

v

Dvs, gor mikrokod till
instruktionen BGE
for detta flode.

PC=PC+...

i Har slutar BGE

LINKOPINGS
II.“ UNIVERSITET

ASR 111
[eeeececja—
. PM
1 e s seevseos st 010
'.> ----- ..oooooooooH

0000 PRSI OCEOIOSINSIOSPOSETPSIDS

101

[ooooooo.-oaooo.ﬂH

o IR

OP GRx M A
4——”0...]::1:'00....0.'

1 I Py S=1

N B . S

K1 - =0

: XXX : K2

:.’....... Lp..l.l..

I

uPC‘ SuPC
SEQ-’I..--.-.I’;’_I.-...-.I

& e o s
1

., uM

: ALU TB FB SPLC SEQ uADR

' @0 00|00 O|0 SOOGS0 S0 B OB |OBEBSSSDS
l-’........................'

GRO
Ioo-o-.-.---..--.“—’

GR1
IT...............IH

GR2
[oo-ooo-ooono--..H

GR3

....I...I...l.l;l..[....l.......

111

S
Z N C O L
. AEEEE

LC
4/1 110
+ 16

[eeessescsssssss]d—Pp




wnanscee BJOFN LINASKOQS dator

Frivillig tavling

Gor uppgift 3 med minsta mojliga exekveringstid, dvs minst antal klockeykler.

Tips: Det handlar egentligen om att skriva mikrokod for en
sorteringsinstruktion.

Tavlingsregler finns pa kurshemsidan for Labi.

Deadline for tavlingsbidrag ar sista dagen i VT1.

Observera, for att gora projektet i VT2 maste man forst

ha gjort klart kursens laborationer.
Alla laborationer har direkt baring pa projektet.

-»o---...oooooooooH
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