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Att bygga en CPU

Mikroprogrammering vs Pipelining
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Att bygga en CPU

Mikroprogrammerad dator (f62+3)
Bjorn Lindskog-datorn (labl)

/ Variabel exekveringstid \

e Variabelt format

Inget overlapp

Central styrenhet, som ar
mikroprogrammerad

Flera
adresseringsmoder/instruktion

1 ackumulator

Nastan alla instruktioner har
operand i minnet:

LDA Adr ; A=M(Adr)

kADDA Adr ; A=A+M(Adr) /

Pipelinad dator (f64,lab2)

ﬁlla instruktioner tar 5 CK \

m Alla instruktioner har samma

format

Pipelining/overlapp ger
1 fardig instruktion/CK

Flera avkodare (inget mprog)
1 a-mod/instruktion
32 register

Endast LD/ST har operand i
minnet:
LD Rd,(Ra) ;Rd=M(Ra)

QDD Rd,Ra,Rb :Rd=Ra+Rb /
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Datorkonstruktion

Mikroprogrammerad dator (f62+3)

Bjorn Lindskog-datorn (labl)
/ Typisk CISC \

« Programmering pa 2 nivaer
asm och mikro

e Enkel controller:
— garageportsoppnare
— del av dator

« + Man kan gora avancerade
instruktioner: sortera

* - Det blir manga

Att bygga en CPU

Pipelinad dator (f64,lab2)

ﬁ ypisk RISC

B Programmering pa 1 niva:
asm

m Enkel CPU
m enkel mobil

m Finns bara enkla instr.
m Snabb

klockeykler / instr.

N

~

/
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Mikroprogrammering

Grundlaggande byggstenar
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Datorkonstruktion R it n i n g 1

B it it I

Minne , Processor N

| ) N
B | > Programraknare| .

Program, Adress J l \I,

Instruktioner ADDA 12 <€

ALU

\‘+
< <

|> Ackumulator]|

Data, _J
operander

| > Instruktionsreg. |
ADDA 12

Hur far vi ADDA 12 till instr.reg.
Styren het och 7 till ALU, samtidigt?

Inte samtidigt, men efter varandra,

l l l l dvs styrenheten gar i flera steg.

~.__ Styrsignaler -

~—a i — — — ——————————————

Data

N e e e e e e e e e e -
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wonansce MIKFOPrOgrammering

o Viska bygga en liten dator med enkla komponenter

o Styrenheten (SekvensNat) visar sig vara svarast. Hur gor
man for att konstruera ett SN med 100+ tillstand?

o Mikroprogrammering ar en vidareutveckling (och faktiskt
begransning) av tekniken att bygga sekvensnat med ROM

o ldé: byt tillstandsvipporna mot en universalrdaknare

LDA Adr Tankbara handelser vid olika steg:

>@ Steg 0-2: Hamta instruktion,
samt berakna adress

Steg 3-4: Utfor en instruktion

Steg 5-6: Utfor en annan

instruktion

ADDA Adr
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wonansce MIKFOPrOgrammering

Vi skulle kunna bygga sekvensnatet pa “vanligt” satt:

Data »ADDA 127 .
— - Styrsignaler

D Q —

10 . Al U

IR

Men det blir valdigt jobbigt for 100+ tillstand,
dessutom omstandligt att konfigurera om vid behov.
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Datorkonstruktion R it n i n g 2

Autonom styrenhet med ROM/Register

NEXT-falt STYR-falt
CLR |
\ 2 5 -
> | adress  utsignal
Register / |
M
M 7
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Datorkonstruktion V 0 r i 0 nt 2

Autonom styrenhet med ROM/Register

NEXT-falt STYR-falt

CLR
v 5 .
> | adress, : utsignal,
Register , MsB adress, | utsignal,
Xn..X0 o o )
M-Lsg
L
M 7
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Datorkonstruktion R it n i n g 3

Autonom styrenhet med ROM/Raknare

NEXT Instr.  STYR
) A

I 1 A 1 1
LOAD “1 [l 001 utsignal 0 nasta
UL REE
> I L h
Réknare RN adress1 0:1- utsignal 1 opp
7 ™TTT
M T
------- 1-r utsignal 2 | borja om
2 CLRll
y LOAD ;
M CE ! >
N
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Datorkonstruktion R it n i n g 4

X0

ﬁo . .
X1 . Villkorliga hopp
X2 —l> _& LOAD
X3 —>13
A . Instr.
NEXT-falt 1 STYR-falt
CE T
ull atin
Raknare / 5 adress §o§1§o§ 2 i styr
g e
l' CL\!{/
M = >
CE N
2
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Datorkonstruktion E n VG ri G nt

Autonom styrenhet utan adressfalt

adrl adr2
Instr STYR
mux [| ll Y A
CLR +1 LD
v

14
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=mesmeen DAIEADUSSEN AO?

Program,
Instruktioner

Data, _
operander

e e e e e e e e e e e e e e e e e e e e e e e e e m . — -

Data

] , Processor
Minne
. [>Programraknare]
Adress J
ADDA 12 < ! \/
; ALU
| |> Ackumulator]|
7 12 ADDA 12

| > Instruktionsreg. |

Hur far vi ADDA 12 BARA till

Styrenhet instr.reg. och 7 BARA till ALU?
Jo, vi bygger en styrbar

T s

~.__ Styrsignaler

~

~ - -
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Datorkonstruktion R it n i n g 5

pa—

‘3 Reg B

I\L4
e

databuss

. \ Rt
S L
‘ 5 Reg C

Genom att aktivera olika kombinationer av styrsignaler
kan vi flytta information mellan olika register via den
gemensamma databussen. T ex:

2,3 => Reg A -> Reg B

6,1 => Reg C -> Reg A
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Datorkonstruktion R it n i n g 5

Register
Det som egentligen o< I\LZ
ser ut sd har => Din e Dout
D>
1
Forenklar vi genom att
rita sa har => — s
1| |2
A
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Datorkonstruktion R it n i n g 6 0 C h 7

Din

fs
LOAD — <« OF
CLR — «— 11
3 M

fs

Dy

universalraknare

AR++
\/ f— AR+

€—— AR=AR+X
< AR=AR-X
D Z— AR= X

ALU/ackumulator
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s RILNING 8 - Programmerarmodell

7 0

7 0 00:
AR B |
SR >
XR > |
SP > |
PC |> |

FF:

Minne

Endast 2 flaggor: Z,N
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onascen RILNING @ - INStruktionsformat

7 3 2 0 / 3 2
opP M OP M
byte
Opkod Markfalt
32 instruktioner 8 adresseringsmoder Adress/data
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s AAr@SSEriNgsmoder

M Mod Exempel EA

000 Absolut LDA addr addr M(addr) ->AR
001 Indirekt LDA (addr) M (addr) M(M(addr) ) ->AR
010 Indexerad LDA disp,(XR) XR +disp M(XR+disp) ->AR
011 Relativ JMP disp PC + 2 + disp PC+2+disp->PC
100 Omedelbar LDA #n Pa 41 n->AR

101 Underférstadd INCA/INC —

Exempelvis: LDA 3
0: LDA 000 Absolut
1: 3 EA=3 (Effektiv Adress)
2: Operanden =5
3: 5
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Datorkonstruktion I n St r U kt i O n e r

Instruktion Verkan Status

N Z C V¥
LDA addr AR := M(addr) *+ *= - 0
STA addr M (addr) :== AR - = =0
ADD addr AR := AR + M |addr) * % % %
SUB addr AR := AR — M (addr) *  x  k *%
INCA AR=AR+1 *  *  x  x
DEC AR=AR-1 *  * ok x
CMP addr AR — M (addr) £ * % x
CLRA AR =10 0 1 0 0
ASRA AR := AR/2 R
ASLA AR = AR -2 *  * ok *
LSRA logiskt hégerskift av AR 0 * =
AND addr AR := AR and Maddr) * =* -
OR addr AR := AR or M(addr) * x -
JMP addr PC = addr S

JMPN addr PC := addr om N =1 = mE U
JMPZ addr PC :=addr om £ =1 = i A
JMPC addr PC:=addrom C=1 =
JMPV addr PC :=addrom V =1 - - -
IN AR =1IN * k-
QuT U AR - = =
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Mikromaskinen

“Olle-roos™-datorn
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l i
Adressbuss ! 2 1 o !
Datorkonstruktion ) | ‘ ‘ OP | M ‘ :
LDA 000 ! i
0 P 15— Kl || K2 i
1 12 i, 16 K3 i
. . o|aDD 100 ! ol l i
Mikromaskinen g B wecte_bo s
| :

. o, L ]
"Olle Roos — datorn”  4|ST™ 000 i, r— - T
5 13 i ‘XR 19 Mikrominne i
L ‘ i
. t B :4'|-Irr.'r¢ : 20 ? h ti
= register b __hamt |
& 7 4155 2 2 i
. i -] == ™ = 1
= minne 12 1 | = | 24 2 - i
13_0 i _ DR c —abs |

: . . 5 5 abs
= komblnatorlk L Databuss : " - 6 :
! | [ - y
K] E ‘TR 2K i
. Instr. | OP| Adress i - e !
Tabellerna K1, K2 och K3 kan aven 0 i T 26 gg }-Ome !
. . LDA 30 | [ ALl 27 !
implementer . i 5 i
plementeras som minnen STA é 34 ! i - !
ADD . 29 i
36 : ‘_’%G AR-1 30 i
i <~ ADD 31 L LDA i
i =L suB 32 :
K2 M i 22 LOAD . - i
Instr. | OP| Adress | s STA |
! 33 M i
ol A S N N B BETTH Py ST1 B = ADDA |
lng? ; ! 30f ——r—>36, 38 i
RESET @ v | 2 ! [ [ 39 i
Omed|4 |27 Rl = i
! i i
II LINKOPINGS Unider, 3 ] | o l :
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s NOFMAl Arbetsgang - éversikt

FOr varje instruktion {

1. Hamtfas => Samma for alla instruktioner
1. Hamta instruktionen till IR

2. PC++
3. Hoppa till ratt ...

2. Adresseringsmodsfas Beroende pa M sker olika saker
1. Vanligen: Hamta byten, PC++
2. EA till ADR
3. Hoppa till ratt ...

3. Exekveringsfas => Beroende pa OP sker olika saker
1. Vanligen: Hdmta operanden
2. Resultatet till AR och uppdatera SR
3. Hoppa till Hamtfas

}

[EEY

12:

25

oP M
\Z \
LDA 000

12
1
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mmensnis QT JANISATION AV MiIKroprogram

Instr -> IR

v

Ha

mta

EA->ADR

Abs

LDA

I

Omedelbar

STA

ADD

Hamtfas 1st

Adresseringsmod 6st

Exekvering 20 st

26
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Mikrokod

-Ett mindre program
-Ytterligare exempel for olika instruktioner och adresseringsmoder
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Datorkonstruktion

Steg 1 : Hamtfas

M(PC) -> IR

PC: +—>0: | LDA ©

1 12

0: pc->adr,mpc++ 18,1,11
1: adr->minne,data->dr,mpc++ 2,3,5,11
2: dr->ir,mpc++ 7,8,11
3: PC++,K2->mpc 17,10

Vid reset nollstalls PC och MPC

RESET @

SRN o ke WM 2O

LINKOPINGS
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i

: ADR IR i

; Adresshuss : 2 ‘ L Zh | DP | Dﬂ ‘ |

i S A - 1

i I

LDA 000 : s ) | i
12 i, _16] K3 i
ap 100 | Tty WJFL Lo o
7 =+1—£1‘ { <=0

STA 000 i 3 tond 0 - 13 =T +1 :
13 T fE 19 Mikrominne i

i 4 Writ ‘ E 18,1,11 !

20 0 1

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

D1 250F 21 o 7,811 i

T i -1-== . 1 3| 17,10 5 :

0 ! DR 4 i

! 5 1 5 —abs

Databuss I : 7 6 :

Kl : TR - i
Instr. | OP| Adress 1 | = o7 !
: £h ome |

oa | 0 | 30 i VAl 27 =5 28 !
AN - an i
! 29 i

; T;‘\R—l 30 |

; < ADD 31 LDA i

} <L _suB 32 :

K2 M i 22 LOAD . i
Instr. | 9P| Adress : l’” }STA i
Abs. |0 | 4 i AR & 4R e 36 !
Ind. 1 : ‘ _"\ |Z ‘ EE 37 DDA i
Index | 2 i 39¢ | | —N 38 i
Rel. 3 ! HR 38 37 o :
Omed.| 4 27 : ‘ . i
Under| 5 N N ' I e ki L i
i : :

' g




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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UNIVERSITET

i i

] 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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i

] ("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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1 =

H R I

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 : :

| !




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

II LINKOPINGS
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R

i
Adresshuss | 2 e“l '
+ I ‘ N
1
LDA 000 i e
12 |, 16] K3
ADD 100 ; tq 5
7 i iy Y = S b
i 1 1
STA 000 i, _ . ®
! El
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
Abs. [0 | 4 : ‘-“? — 35;‘-‘?{"| | B
Ind. |1 i Ak e
N E [ =
Index | 2 i 39 |
Omed.| 4 27 : ‘HR !
Under| 5 i
1
1

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

!

!

!

1

i

i

i

i

1

— 0

i

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

i

1

30 i
31 LDA i
32 :
33 i
}STA !

36 =
37 DDA |
38 i
39 i
i

i

—————————————— 4 |

ag i

i

MPF19 110 12




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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UNIVERSITET

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 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 :

II LINKOPINGS Under, 5 i o 3 i
o UNIVERSITET 1 ! 3a :

| :



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

LINKOPINGS
UNIVERSITET

| i
! 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 !

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:

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

LINKOPINGS
UNIVERSITET

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

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




Mikrokod for ADD #7

LINKOPINGS
II.“ UNIVERSITET



i _ ADR IR !
Adresshuss | A 1 1
Datorkonstruktion i i | 2 . - ADD | ] ‘ i
0|LDA 000 i e Tl :
: 5 | 2 i
1 12 |, 16] K3 i
o[aDD 100 | | . i
3 7 i1 lT’I‘F . : ) mecad (1012 o i
. . i !
Mikrokod for ADD #7 4/STA 000 | i, | 18 | RIS
!_'I.Rmd' YR ’ ) |
5 13 i ‘ 19 Mikrominne i
Steg 1 : H-fas, som forut 5 4 g . 7 o[ 18,1,11 i
i . 22SP 1 2,3,5,11 _hamt j
3: PC++,K2->mpc 17,10 T i +153 2t 2 7.8,11 i
P ) 121 i -1 . 21 3| 17,10 5 i
. 13— 0 i 4| 18,1,11 i
Steg 2 : A-fas, Omedelbar | PR 6 el 23,511 | abs !
Databuss
27: PC->adr,mpc++ 18,1,11 K1 : | 7 6 7,1,9,17 !
28: PC++,K1->mpc 17,9 i & 95 i
Instr. | OP| Adress | 1 = o7 i
1 o 1
Steg 3 : Exe, AR=AR+M(ADR) 2 [¢[ 3 | g 17 2 ome |
data->dr,mpc++ 2,3,5,11 apD | 2 | 36 ' 29 S et i
37. dr->tr,mpc++ 7,25,11 : e AR-1 30| 2,3,5,11 :
38: ar+tr->ar, mpc++ 27,33,30,11 i -?—\D[l 31 7,25,11 LDA i
39: status, @->mpc 34,12 : ~——SUB 32| 27,32,33,11 :
’ K2 M - =2 LOAD 33| 34,12 ;
Instr. | 9P| Adress ! l }'STA !
273
Abs. [0 | 4 i ARV~ SR - 36 i
Ind. |1 ! 1 —=[n |z | = 37 DDA |
Index | 2 i 38y | o 38 i
Rel. |3 i 5 = 39 i
Omed.| 4 @ : HR ! :
II LINKOPINGS Under] 5 i ‘ ______________ I |
o UNIVERSITET 1 Ja 1
| |

"l 5 R S N N R N N S R R N R S R




Datorkonstruktion

Mikrokod for ADD #7
Steg 1 : H-fas, som forut

3 PC++,K2->mpc

Steg 2 : A-fas, Omedelbar

27: PC->adr,mpc++
28: PC++,K1->mpc

Steg 3 : Exe, AR=AR+M(ADR)

data->dr,mpc++

37. dr->tr,mpc++

38: ar+tr->ar, mpc++
39: status, 0->mpc

17,10

SRN o ke WM 2O

18,1,11

17,9

2,3,5,11

7,25,11

27,33,30,11

34,12

LINKOPINGS
UNIVERSITET

i
Adresshass | 2 ADR A .. 1
; i | -)
1
LDA 000 i e 3
12 |, 16] K3
ADD 100 ; tq 5
: 17,PC__ ¢ g
7 I 124
it ‘ -
STA 000 i”lr | Lﬁp
! ELI
13 | fR 19
; Fife | 2[:
1 1 2280 21
T | =5 : 24
1
0 i - DR
Databuss : “- ADD 4 i 7
, .
Kl : TR .
Instr. | OP| Adress | ‘ 1 =
1
LDA | 0 30 | Amm 427
STA 1 34 : .:P AR+1
aop | 2 | 36 | 25 "yn o
E 20 App
i =1 SuB
K2 M i 22 LOAD
Instr. | &P | Adress ! l_m
Abs. | O 4 I AR i 41 a5
Ind. |1 ! 1 —~ |2 | \;;
Index | 2 i 304 | =
Rel. |3 ! 38 37
Omed.| 4 27 : ‘HR !
Under| 5 i
1
1

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

r 27 6“
Mikrominne

oMbk =0

28

30
31
32
33

36
37
38
39

- ADD |4 |
L — | |

K1 K2
MPC 110 12

1

1

1

1

1

1

1

1

1

1

1

1

1

1

18,1,11 :
2,3,5,11 __hamt 1
7,8,11 i
17,10 u I
18,1,11 :
2,3,5,11 —abs
7,1,9,17 i
1

i

18,1,11 !
17,9 ome
1

1

2,3,5,11 :
7)25)11 LDA 1
27,32,33,11 i
34,12 :
}—SEA :

I

DDA |

]

1

1

1

1

1

1

d



Datorkonstruktion

0
1
2
3
Mikrokod for ADD #7 4
5
Steg 1 : H-fas, som forut 6
3: PC++,K2->mpc 17,10 fz
Steg 2 : A-fas, Omedelbar N
27: PC->adr,mpc++ 18,1,11

|17,9

Steg 3 : Exe, AR=AR+M(ADR)

28: PC++,K1->mpc

data->dr,mpc++ 2,3,5,11
37. dr->tr,mpc++ 7,25,11
38: ar+tr->ar, mpc++ 27,33,30,11
39: status, 0->mpc 34,12

LINKOPINGS
UNIVERSITET

H 1
i : _ ADR 3 IR i
; Adresshass | e ‘ 3 " o ADD | 14. ‘ i
i T R R !
: 1
LN L I Kl || K2 i
12 i, 16 K3 i
ADD 100 ; % i £%~) l i
3 Ne weklD) 103z, |
i T 3 _ | L] R
STA 000 i3g; | 18 ¥ :
13 —— XR 19 Mikrominne i
i"-l Write ‘ 20 0 18, 1, 11 :
I ' 1_2,3,5,11 _hamt j
1 o1 2288 21 o 7,811 i
1 i -1 —= I 24 3 17,10 . 1
i 4| 18,1,11 :
0 DR |
! 5 i 5| 2,3,5,11 —abs i
Databuss : ADD 4 7 6 7,1,9,17 1
' : 1
Kl : TR . i
Instr. | OP| Adress | 1 = o7 | 18,1,11 !
I 26 17,9 ome
LDA ] 30 1 AL} 277 - 28 ) :
STA | 1 4 : 29 AR+ i
aop | 2 |(36) 2 ARed a0 2,3,5,11 !
; 30 ADD 31 7,25,11 LDA i
i 31 quB 39 §7,32,33,11 :

i 4,12
K2 M ! 22 LoAD = i
Instr. | 9P| Adress ! l” }'STA i
Abs. |0 | 4 i AR &7 s 36 i
Ind. |1 ! |1 —n |z | wex 37 DDA j
: 1 — 36 28 :
Index | 2 i 30t | :
Rel. |3 ! i 38 37 - i
Omed.| 4 27 : ‘ ! i
Under| 5 e Y [ { !
1 ki) 1
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




Mikrokod for ADD #7
Steg 1 : H-fas, som forut

Datorkonstruktion

3 PC++,K2->mpc

Steg 2 : A-fas, Omedelbar

27: PC->adr,mpc++
28: PC++,K1->mpc

Steg3 Exe, AR=AR+M(ADR)

37.
38:
39:

data->dr,mpc++

dr->tr,mpc++

ar+tr->ar, mpc++
status, ©->mpc

17,10

18,1,11
17,9

2,3,5,11

7,25,11
27,33,30,11
34,12

LINKOPINGS
UNIVERSITET

SRN o ke WM 2O

i

Adresshuss : 2 DX 1 [E I

i I — 3. - ADD |4 | i

1 .

LDA 000 i e et | e I
12 L i - i
i, 16| K3 ]

ADD 100 ; =l l i
: 17.PC__ ¥ -~ MPC 42 10 17 i

7 e — 0
i+ 4 ; | 36l ~,; |

STA 000 ‘lE , | 18 o @ i
13 AR 19 Mikrominne I

i e | = ol 181,11 i

| s t|_2,3,5,11 _hamt |

i +1 55 21 o 7,811 i

T i -1 —_— 24 3 17,10 = I

0 i (R ' a| 18,1,11 :

! 5 K 5| 2,3,5,11 —abs i

Databuss : N— ADII) 4 . 6 7,1,9,17 |

H : 1

Kl : TR . i
Instr. | OP| Adress | |1 = o7 | 18,1,11 :
1 .

wa | o | 30 | AL 27 og | 17,9 ome =
sTA | 1 | 34 : {f AR+1 i
AR | % | 36 g 22 AR a0 2,3,511 !
; 30 ADD 31 7,25,11 LDA I

i 31 quB 30| 27,32,33,11 :

i 2 34,12 !

K2 M i 22 LOAD . :
Instr. | 9P| Adress ! l” }'STA i
Abs. [0 | 4 i e | 35 36| o |
Ind. |1 ! 1 —=[n |z | = 37 7,25, DDA |
Index | 2 i 39¢ | = 38 gZ’i;’Be’ll i
i 5 39 > I

Rel. |3 ! 38 37 i
Omed.| 4 27 : ‘HR . i
Under| 3 2 L [t i !
i 39 i

i i

r
i
i
i
i
i
i
i
i
i
I
i
I
i
i
i
i
i
i
I
i
i
i
i
i
i
i
i
i
i
I
i
i
i
i
i
i
i
i
i
i
i




Adresshass

|
|
1
1 2 1 e
Datorkonstruktion ¢ : ‘ 3 - ADD |l4' ‘ :
| = = |
|
$LDA 000 I Kl || K2 i
1 12 i, 16 K3 |
o|aDD 100 : 5 s l ; i
: 17.PC MPC # - 10 17 i
. . 3 7 : +1 —-‘ 4 ‘ 37" {ll i
Mikrokod for ADD #7 4|STA 000 i, 18 o !
1= xR s
5 13 : ‘ 19 Mikrominne i
14 Wrir = 18,1,11 !
Steg 1 : H-fas, som forut . L . 20 of 181,11 _—
. 29 SP i 2952, ._hamt I
A D 4125 21 o| 7,811 i
3 PC++,K2->mpc 17,10 12 | —1.224 E 3 17,10 | i
13 cl, i ' 2 4| 18,1,11 :
. DR 3.C - i
Steg 2 : A-fas, Omedelbar el B ey Sy 5| 225,11 abs |
RLIONES 7 ;) ) J I
27: PC->adr,mpc++ 18,1,11 K1 i - (\') !
: - ' 25 :
281 PCH+,K1->mpc 17,9 Instr. | OP| Adress | 1 =y o o7 | 18,1,11 !
- ! 17,9 ome
Steg 3 : Exe, AR=AR+M(ADR) 22 |0 |5} | [ 42, =
data->dr,mpc++ 2,3,5,11 aDD | 2 | 36 : 29 1R+l a0 55T i
. J J J 1
37. dr->tr,mpc++ 7,25,11 : ’%5 ADD 31 7,25,11 LDA i
38: ar+tr->ar, mpc++ 27,33,30,11 ] 31 SUR 32 27,32,33,11 I
: - B, 1 34,12 !
39: status, 0->mpc 34,12 K2 M : 32 LOAD 33 :
Instr. | &P | Adress ! = }_STA i
33 2,3,5,11 i
Abs. | O 4 ! 3;"?” aE 36 22 i
Ind. |1 ! 1 —~ |2 | = a7f 725,17 DDA |
— 3 ag | 27,33,30,11 i
Index | 2 i 39 |
= 39 34,12 I
Rel 3 1 HR 33 37 i
Omed.| 4 27 : ‘ ] 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



Mikrokod for ADD #7
Steg 1 : H-fas, som forut

Datorkonstruktion

3 PC++,K2->mpc

Steg 2 : A-fas, Omedelbar

27: PC->adr,mpc++
28: PC++,K1->mpc

Steg 3 : Exe, AR=AR+M(ADR)

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

37.
38:
39:

17,10

18,1,11
17,9

2,3,5,11
7,25,11

SRN o ke WM 2O

27,33,30,11

34,12

LINKOPINGS
UNIVERSITET

i
Adresshass | 2 ADR 3 .. 1
; i | .
1
LDA 000 i g
12 |, 16] K3
ADD 100 ! = -
! "I,l' P 14 f e
i T
STA 000 i3gs | 18
L ELI
13 - ‘X A 19
Write ==
; : | 20
1 1 2280 21
T | =5 : 24
0 1
1 = DR jg
Databuss : 7 i o
1 I [}
Kl : TR .
Instr. | OP| Adress I ‘ 7 =
1 P~ d Lo
LDA | 0 30 i an (27) 26
STA 1 34 : £ - AR+1
aop | 2 | 36 | 29 Attt
i <§ ADD
] = SUB
K2 M i 22 LOAD
Instr. | &P | Adress ! ~
Abs. | 0 4 I AR Y 341 35
! |1 —{n |z | o
Ind. 1 i 36
Index | 2 i 304 | =
Rel. 3 1 38 37
Omed.| 4 27 : ‘HR !
Under| 5 i
1
1

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

r By
Mikrominne

oMbk =0

28

30
31
32
33

36
37
38
39

- ADD |4 |
L = =

K1 K2
MPC 110 12

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

Mikrokod for ADD #7
Steg 1 : H-fas, som forut

3 PC++,K2->mpc

17,10

Steg 2 : A-fas, Omedelbar

27: PC->adr,mpc++
28: PC++,K1->mpc

18,1,11
17,9

SRN o ke WM 2O

Steg 3 : Exe, AR=AR+M(ADR)

data->dr,mpc++
37. dr->tr,mpc++
38: ar+tr->ar, mpc++
39: status, 0->mpc

2,3,5,11
7,25,11
27,33,30,11

34,12

LINKOPINGS
UNIVERSITET

1 1
i : _ ADR 3 IR i
* Adresshuss | i ‘ 3 " | ADD | 14. ‘ i
= 1
LDA 000 i e 1o i
12 T - i
i, 16| K3 ]
1
ADD 100 i o s . L :
7 i o) P AP % - 0 1
i 14 4 _ | 39 y |
STA 000 i 5 pond 0 18 1T :
13 "_:_ o AR 19 [ Mikrominne i
i"-l Write ‘ 20 0 18, 1, 11 :
I ' 1[_2,3,511 __himt |
:+t fESP 21 2| _7,8,11 I
1 i -1 —= 24 3 17,10 . 1
0 i ' 4l 18,1,11 :
! 528 5 5| 2,3,5,11 —abs
Databuss i |7 - B 7) 1 , 9 , 17 1
- 1
K] : TR o N = i
Instr. | OP| Adress | | 7 = o7 | 18,1,11 !
! £ 17,9 ome |
oa | 0 | 30 | [ AL 427 28 2 =
STA 1 34 : e AR+1 i
2DD 2 36 i 2% AR-1 a5 3,3,5,11 :
} 30 ADD 31| 7,25,11 LDA |
i "3_—‘1[]1'} 32 27,32,33,11 1
i 5 34,12 !
K2 M ! 22 LOAD 33 }_ i
1
Instr. | 9P| Adress ! l'” . — STA :
Ab!’». {] 4 1 AR L 4 c 1252 1
Ind 1 I ‘ 8 ;3 P\ |Z ‘ - 37 7,25,11 DDA :
: i — ——36 | 28 27,33,30,11 :
Index | 2 i 39 i
_ 29 34,12 i
Rel. 3 | i 38 37 -
Omed.| 4 27 : ‘ ! i
Under| 5 O L i i !
3 39 i
i I
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Mikrokod for STA (13)

LINKOPINGS
II.“ UNIVERSITET



Datorkonstruktion

Mikrokod for STA 13
Steg 1 : H-fas, som forut

3: PC++,K2->mpc 17,10

Steg 2 : A-fas, Absolut

6: dr->adr,K1->mpc,PC++ 7,1,9,17

Steg 3 : Exe, AR->M(ADR)
34: ar->dr,mpc++ 37,6,11
35: dr->M,0->mpc 2,4,5,12

SRN o kWM = O

LINKOPINGS
UNIVERSITET

L ADR 1 IR i

; Adresshass | e ‘ 4 " o STA | ]9. ‘ :

1 T T o

LDA 000 i e G |
1 —_— - = =

12 |, 16] K3 i
ADD 100 | | = s |
7 i (et Meced (10)12

i T 4 _ | 1 P!

STA 000 | i, _ . 18 gt |
13 —— XR 19 Mikrominne i

i 4 Write ‘ 50 0 18,1,11 !

I ! [ 2,3,5,11 _hamt |

D 412580 21 o 7,811 i

T i -1 —_— 24 3 17,10 = I

5 i ' 4l 18,1,11 :

! 52E i 5| 2,3,5,11 —abs i

Databuss I STIA 0 - B 7,1,9,17 |

H : I

K] : TR g B = i
Instr. | OP| Adress | | Y = o7 | 18,1,11 I
! £h 17,9 ome |

A | 0|30 i g 427 - : !
STA 1 34 : < AR+1 I
oD | 2 | 36 i <~ AR-1 30 2,3,5,11 :
E =% ADD 31| 7,25,11 LDA |

i 31 cup a0 [ 27,32,33,11 !

i 2 34,12 .

K2 M i 22 LOAD . :
Instr. | OP| Adress ! l” }'STA i
abs. [0 |(4) AR V= SR se o T !
Ind. |1 ! 8 x|z = 37 7,25, DDA |
i s 3 a8 | 27,33,30,11 i

Index | 2 i 39 | i
: _ 29| 34,12 .

Omed.| 4 27 : ‘ . i
Under| 3 e Y [ { !
i 39 i

i i
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Datorkonstruktion

Mikrokod for STA 13

Steg 1 : H-fas, som forut

3: PC++,K2->mpc

17,10

Steg 2 : A-fas, Absolut

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

SRN o kWM = O

7,1,9,17

Steg 3 : Exe, AR->M(ADR)

34: ar->dr,mpc++
35: dr->M,0->mpc

37,6,11
2,4,5,12

LINKOPINGS
UNIVERSITET

i

: ADR ) IR i

Adresshass 1 2 1 1 .

i ! | A J STA [@ | i

1 T T o

LDA 000 s i 5
12 i 7 16| K3 :
apD 100 | — | (h l i
PR EE) - A & ) Mpka2) 10 12

7 I +1 r 5 - ‘ N~—" 4‘-_ : I

STA 000 | i, . 18 Srnc i
13 i v XR 19 Mikrominne i

L weie | = ol 18,1,11 !

| s 1[2,3,5,11 _hamt j

| $1iss 21 o 7,8,11 i

T i -1 —_— 24 3 17,10 = I

0 i ' a| 18,1,11 :

! 528 6 5| 2,3,5,11 —abs i

Diatabuss : 1|3 i o J 6 7,1,9,17 |

: f 1

K1 : TR L ~ i
Instr. | OP| Adress | | 7 = o7 | 18,1,11 :
1 .

LD% 0 0 | AL} 5 - 28 17,9 ome =
sta | 1 |(34) 1 29 AR« i
R | 4 ? i <~ AR-1 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 . : :
Instr. | 9P| Adress : l'” }'STA ;
. 33 2,3,5,11 i

i |1 : i m 8 345y 35 2? 7,25,11 i
Ind. |1 - | —=[n |z | = ,25, DDA |
i — 36 ag | 27,33,30,11 :

Index | 2 i 39 | V) :
Rel. |3 i = 38 37 - * i
Omed.| 4 27 : ‘ ! i
Under| 5 N A " S it i i
i g i

i i
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_ ADR IR

i i
Adresshass 1 1
Datorkonstruktion i e i = ‘ 13 .4 . STA | %) ‘ i
0|LDA 000 i e Tl 5
: 5 | 2 i
1 12 {5 16| K3 i
o[apD 100 = s l i
3 7 i L lT‘P‘F u ey Mpc+? 410 19 o
4 X i o 6 - i
Mikrokod for STA 13 4| STA 000 | i . 18 | 4f~,; |
-I_'I.Re’zj'dI YR ) . i
. 5 13 P | 19 Mikrominne i
Steg 1 : H-fas, som forut 5 4 g | 7 o[ 18,1,11 i
oo ? i { 29 P 1 2,3,5,11 __hamt i
. ) i +1 == 21 ol 7,8,11 i
3: PC++,K2->mpc 17,10 12T i 120 . = 3| _17.1e - i
. 1370 i a| 18,1,11 i
Steg 2 : A-fas, Absolut | PR () t st babs |
Databuss - - !
i | 7 6 7,1,9,17 ]
é:.dr'—>adr‘ K1->mpc,PC++ 7,1,9,17 K1 : TR 5c | :
’ ’ 2727 Instr. | OP| Adress | | 7 e = o7 | 18,1,11 i
1 o 2 1
Steg 3: Exe, AR->M(ADR) t?i ? _3,2 ! AL 427 og | 17,9 ome i
34: ar->dr,mpc++ 37,6,11 an | 2 | 36 i -29—.-1R+l i
35: dr->M,@->mpc 2,4,5,12 i A h 30 | 2,3,5,11 !
i =——ADD 31| 7,25,11 LDA i
i 31 quB 30| 27,32,33,11 i
J 1 2 1
K2 M i 22 LOAD ) i
Instr. | ©P| Adress ! }'STA :

27
Abs. | D 4 i AR 33 3c_q'n o 26 2,3,5,11 i
Ind. | 1 ! | 8 enlz| 7| 7,25,11 DDA |
Index | 2 i 39f | ——36, 38| 27,33,30,11 i
Rel. 3 | 318 37 39 34,12 I
Omed.| 4 27 : HE : N :
II LINKOPINGS Under| 5 i ‘  pEE————— I i
oW UNIVERSITET i ' 3 i
i i
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Datorkonstruktion

Mikrokod for STA 13
Steg 1 : H-fas, som forut

3: PC++,K2->mpc 17,10

Steg 2 : A-fas, Absolut

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

SRN o kWM = O

7,1,9,17
Steg 3 : Exe, AR->M(ADR)
34: ar->dr,mpc++ 37,6,11
35: dr->M,0->mpc 2,4,5,12

II LINKOPINGS
) UNIVERSITET

i

i S MDR 1 IR i

; ——/ 13 - . STA |@ | i

i e T !

LDA ; . - =
12 i 16 i

- ] I

ADD i » q Lo i
i B - MPC 4 i

7 1= | 0

STA :|3.R i TH :
13 — & 19 [ Mikrominne i
-—.@ | ol 18,1,11 i

i 1_2,3,5,11 _himt |

22 SP i

—- 21 o 7,8,11 i

T -1:55 3| 17,10 i i

0 4 18,1,11 :

5 0 5| 2,3,5,11 —abs .

</ 6| 7.,1,9,17 i

1

Kl TR . :
Instr. | OP \ 7 o7 [ 18,1,11 :
o | o — og | 17,9 ome :
8L | 3 -—:f AR+1 i
ADD 2 2 AR-1 30 7,3,5,11 :
20 App 31 [ 7,25,11 LDA i

31 ¢ 90 | 27,32,33,11 i

32 e 33 34,12 !

K2 M << LOAD : i
1

Instr. | P }'STA ;
2,3,5,11 i

atw: 10 AR <V == i
Ind. |1 | 4w [z | 37 [ 7,25, DDA |
Index | 2 30} | 38 27,33,30,11 i
Rel. |3 39 34,12 :
Omed.| 4 ‘HR |
Underl 5 | 5 L 1 B s i
] |

!




namsmcen SAMMANFAttNing

LDA 12 ADD #7 STA 13
Instr -> IR Hiamta Hamta Hamta
EA->ADR Abs Omedelbar Abs
GoOr nagot

med mem(ADR) LDA ADD STA
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Mikrokod for LDA 3(X)

Indexerad adressering

LINKOPINGS
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Datorkonstruktion

Mikrokod for LDA 3(X)

M(XR+3) -> AR

Steg 1 : H-fas

Finns redan

Steg 2 : A-fas, Indexerad

12: PC->ADR, PC++, MPC++
13: M->DR, XR->TR, MPC++

14: DR->TR, TR->AR, AR->HR, MPC++
15: AR+TR->AR, MPC++

16: HR->AR, AR->ADR, K1->MPC

Steg 3 : Exe, LDA

Finns redan

LINKOPINGS
UNIVERSITET

SN ks W = O

1 |
] ADR IR i
; Adresshuss : 2 ‘ =l o LDA | ]2. ‘ i
i T ) !
LDA 010 : 5 15 } K1 K2 :
3 i, 16 K3 l i
|

: = : i
i 17ff il MECYD 31012 o i
j 1 —~ 12 i
i 3 Read : i&)p .@“ :
— A& 19 [ Mikrominne i
i | X == ol 18,1,11 '
o | = 123,511 | hamt |
: +t—§%5p 21 2| _7,8,11 I
i-1—= o1 3| 17,10 - l
i ' a| 18,1,11 '
: i - DR ! 5[ 2,3,5,11 —abs |
Diatabuss i LDIA 2 o 6 7,1,9,17 1
- 1
K] : TR 20 i
Instr. | OP| Adress | | - = o7 | 18,1,11 :
I 26 17,9 ome |
D2 | 0 30 i AL} S 28 > :
sTA | 1 | 34 ! 28 AR+l i
oD | 2 | 36 i 2 ARed 50 | 2,3,5,11 :
E 30 4pp 31| 7,25,11 LDA |
i _3—_,,”1_} 39 §7,32,33,11 :

i 2 4,12
K2 M ! 22 LoAD o i
Instr. | ©P| Adress ! l'” }STA ,
Abs. | O 4 i AR o 241 - 26 2,3,5,11 :
Ind 1 ! ‘ S — | E ‘ ‘;’”_ 37 7,25,11 DDA |
; I - 36 38 27,33,30,11 :
Index | 2 i 39 i
= 39 34,12 i
Rel. 3 I HR 33 CY, !
Omed.| 4 27 : ‘ ] i
Under| 5 O L i i !
| 3a 1
i |
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Datorkonstruktion

Mikrokod for LDA 3(X)

M(XR+3) -> AR

Steg 1 : H-fas

Finns redan

Steg 2 : A-fas, Indexerad

12: PC->ADR, PC++, MPC++
13: M->DR, XR->TR, MPC++

14: DR->TR, TR->AR, AR->HR, MPC++
15: AR+TR->AR, MPC++

16: HR->AR, AR->ADR, K1->MPC

Steg 3 : Exe, LDA

Finns redan

SN ks W = O

II LINKOPINGS
) UNIVERSITET

; Adresshuss 1 =l - LDA |]2. ‘
I —TT1—
LDA 010 i - K1 K2
3 | -
i 13 MPC 42 1101
i | 13|
5 o [ @
il
XR 19 Mikrominne
i 4 Write = ol 18,1,11
20 1 2,3,5,11
21 2| 7,8,11
: 3| 17,10
24 4l 181,11
(5)3, R ! 51 2,3,5,11
Databuss LDIA 2 7 6 7,1,9,17
2 ®
Instr. | OP| Adress = o o7 | 18,1,11
wa | o | 30 . 28| 17,9
sTA | 1 | 34 28 AR+l
ADD | 2 | 36 22 AR-1 a0 |__2,3,5,11
30 ADD 311 7,25,11
3_ SUB 32 gz,i§,33,11
K2 M 22 LOAD - 2
Instr. | 9P| Adress
_ g ) 36 2,3,5,11
f.z_n.. ? 4 4n Tz | 35| 37| 7,25,11
e 36 38 | 27,33,30,11
Index | 2 34.12
Rel. |3 37 39 2
Omed.| 4 27
Under{ 5 | ¢+ = 0 §TTTTTTTTTTTTTT




Datorkonstruktion

Mikrokod for LDA 3(X)

M(XR+3) -> AR

Steg 1 : H-fas

Finns redan

Steg 2 : A-fas, Indexerad

12: PC->ADR, PC++, MPC++
13: M->DR, XR->TR, MPC++

14: DR->TR, TR->AR, AR->HR, MPC++
15: AR+TR->AR, MPC++
16: HR->AR, AR->ADR, K1->MPC

Steg 3 : Exe, LDA

Finns redan

LINKOPINGS
UNIVERSITET

SN ks W = O

1 1
] ADR IR i
; Adresshuss : 2 ‘ 1 " 1 o LDA | ]2. ‘ i
i T ) !
LDA 010 : 5 15 } K1 K2 :
3 i, 16 K3 l i
1
; = : i
i 17.PC il g mpctd 410 12 i
i *1 —" 2 ‘ 14"_ i
i 1 13 @-ﬂ :
i A Read
H AR 19 [ Mikrominne i
i | X = ol 18,1,11 '
I ! 1[_2,3,5,11 _hamt |
: +t—§%5p 21 2| _7,8,11 I
i-1—= o1 3| 17,10 - l
i ' 4| 18,1,11 :
DR p) J I
: 5 3 5 5| 2,3,5,11 —abs
Databuss
: | . (g‘p 6l 7,1,9,17 !
K1 : TR G i
Instr. | OP| Adress | | X = o7 | 18,1,11 !
1
J__D{js. {] 30 1 ALLT 2] =5 28 17, 9 ome :
e B '
2 I
: ? AR-1 30 2)315111 i
i - ADD 31 7)25)11 LDA i
i _3—_,,”1_} 32 27,32,33,11 :
i 2 34,12
K2 M ! 22 LoAD = i
Instr. | ©P| Adress ! }STA ,
Abs. | 0 4 ! AR 34[ ar 36 i’;;siil :
Ind. |1 ' s x|z = 37 7,25, DDA |
) A I — 36 38 27,33,30,11 i
Index | 2 i 39 | _ [
Rel 3 I C:ﬁg 37 39 34: 12 :
Omed.| 4 27 : ‘HR i
Under| 5 i =J 7 gTTTmmTmETEe i !
1 ki) 1
i |
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Datorkonstruktion

Mikrokod for LDA 3(X)

M(XR+3) -> AR

Steg 1 : H-fas

Finns redan

Steg 2 : A-fas, Indexerad

12: PC->ADR, PC++, MPC++
13: M->DR, XR->TR, MPC++

14: DR->TR, TR->AR, AR->HR, MPC++
15: AR+TR->AR, MPC++

16: HR->AR, AR->ADR, K1->MPC

Steg 3 : Exe, LDA

Finns redan

LINKOPINGS
UNIVERSITET

SN ks W = O

i
Adresshuss | 2 .. 1
p ! | 1-
1
LDA 010 i e 3
3 I N ——=
: z 16 K3
i 14 13
i il =t
i 1 2
il 3 Read : 13
3 Reas
i4 fR X 19
Write i
; : : 20
D1 250F 21
:—f':* , 24
1 = DR jg
Databuss i |3 7
Kl : TR .
Instr. | OP| Adress 1| | 3 =
1 = 26
LDA | 0 30 i (2) =
STA 1 34 : < AR+1
aD | 2 | 36 | 25 "yn o
i (égi:xun
] ~——SUB
K2 M i 22 LOAD
Instr. | 9P| Adress :
Abs. |0 4 ! AR 34 35
| | X x|z | -
Ind. 1 i e
Index | 2 i 30 | =
Rel. 3 i 8 37
Omed.| 4 27 : ‘HR S !
Under| 5 i
1
1
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e
Mikrominne

oMbk =0

28

30
31
32
33

36
37
38
39

IR
o LDA |2 |
o1t 4

KI || K2
MPC LD 12

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

Mikrokod for LDA 3(X)

M(XR+3) -> AR

Steg 1 : H-fas

Finns redan

Steg 2 : A-fas, Indexerad

12: PC->ADR, PC++, MPC++
13: M->DR, XR->TR, MPC++

14: DR->TR, TR->AR, AR->HR, MPC++
15: AR+TR->AR, MPC++

16: HR->AR, AR->ADR, K1->MPC

Steg 3 : Exe, LDA

Finns redan

II LINKOPINGS
) UNIVERSITET

SN ks W = O

i i
! ADR R |
; Adresshuss : e ‘ 1 H 1 ] L DA | ]2| ‘ I
i e — e — !
i 1
~b2 010 i N —L2 : K1 || K2 i
3 {5 16| K3 i
1
! = . :
i agpc - -“P£i:> llq_ki 0
il 3 Read : 18 15 = :
ol AR 19 Mikrominne i
L weie | X = ol 18,1,11 !
! 29 SP | 1 2,3,5,11 __hamt j
| +1 2% 21 ol 7,8,11 i
i-1—= o1 3| 17,10 - l
i ' 4| 18,1,11 :
T ! 52k 6 5| 2,3,5,11 —abs |
Diatabuss i |3 o 6 7,1,9,17 1
: i
K1 : TR ?: :
Instr. | OP| Adress | | 3 = o7 | 18,1,11 !
1
oA | 0 30 | [ AL 2T - 28 17,9 ome :
sTA | 1 34 : 28 b |
ADD 2 36 i 29 AR-1 - T35 T :
i 30 ADD 31| 7,25,11 LDA i
i 51 SUR 32 27,32,33,11 :
| 2 34,12
K2 M i 22 LOAD 33 i
Instr. | 9P| Adress : l'” }STA ;
Abs. | O 4 I AR v a1 - sl 2,3,5,11 :
Ind. | 1 : ‘h X+3 — |2‘. ‘ ‘2’;_ 37 7,25,11 DDA !
Index | 2 i (39“ | P 38 gz,i;ﬁe,ll :
REL 3 1 HR 318 m 39 ;) i
Omed.| 4 27 : ‘ S ! |
Under] 5 T A . S (et :]L :
i .
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Datorkonstruktion

Mikrokod for LDA 3(X)

M(XR+3) -> AR

Steg 1 : H-fas

Finns redan

Steg 2 : A-fas, Indexerad

12: PC->ADR, PC++, MPC++
13: M->DR, XR->TR, MPC++

14: DR->TR, TR->AR, AR->HR, MPC++
15: AR+TR->AR, MPC++

16: HR->AR, AR->ADR, K1->MPC

Steg 3 : Exe, LDA

Finns redan

LINKOPINGS
UNIVERSITET

SN ks W = O

i

! @DR !

; Adresshuss : 2 X+ 3 a i J L DA | ]2| ‘ I

i S - 1

i 1

thA OO 8t K1 || K2 i
3 i) 16 K3 i

I -

! : . !

G S MPC 45 110 12 i

b+ - 2 | 16/~ 0

[ 18 @+l i

aaed !

xR 19 Mikrominne i

L d weie | T = ol 18,1,11 !

| 22sP 123,511 __hamt

i -1-23 54 3| 17,10 - :

i ' 4| 18,1,11 :

T ! sl 5 5| 2,3,5,11 —abs !
Databuss i |3 - B 7) 1 , 9 , 17 |

i 1

Kl : TR . |
Instr. | OP| Adress | | 3 = o7 | 18,1,11 :
I -

wa | o | 30 | ALV 427 og | 17,9 ome :
sTA | 1 34 : :B AR |
ADD | 2 | 36 i 28 us o N T e i
i 50 ypp 31 | 7,25,11 LDA i

i 51 SUB 30| 27,32,33,11 :

i 2 34,12 !

K2 M i 22 LOAD . i
Instr. | 9P| Adress : l’” }STA i
Abs. | 0 4 i AR &7 i - 36| 2,3,5,11 i
Ind |1 ! \ S —=|N |z \ -4 a7 7,25,11 DDA |
Index | 2 : 20t | 36 28 27,33,30,11 i
Rel. 3 | HR 318 37 39 34,12 :
Omed.| 4 27 : ‘ 3 ! i
Under| 3 T L Y ;,L :
i i




Mikrokod for INCA

Underforstadd adressering

LINKOPINGS
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Datorkonstruktion

Mikrokod for INCA

AR+1 -> AR

Steg 1 : H-fas

Finns redan

Steg 2 : A-fas, Underforstadd

29: K1->MPC

Steg 3 : Exe, INCA

44: AR+1->AR, MPC++
45: status, 0->MPC

II LINKOPINGS
) UNIVERSITET

SN ks W = O

Omed.| 4 27
5

Under,

R

i
Adresshuss 1 2 ADR e .. 1
i i | ;
1
INCA 101 i o
1 =
|, 16] K3
1
I— Lq 13
i +1 —" 1 )
i 1 18
i _'i Re’:]’dI XR
iq ‘ 19
14 Write e
] ; | 20
D1 250F 21
! Gola , 24
i 3 DRINCA 5 -
Databuss I | 7
Kl : TR .
Instr. | OP| Adress | | 5
1
wa |0 |30 | —amm 77
sTAa | 1| 34 : 28 AR+l
abD | 2| 36 29 \Rei
E =% ADD
i =1 SuB
K2 M i 22 LOAD
Instr. | 9P| Adress : l”
Abs. 0 4 ' AR = 34 'q{? 35
Ind. 1 : ‘ S *| N |Z ‘ ;E
Index | 2 i 304 | =
.| 3 ! 3
Rel ! — 38 37
i
i
1
1
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51 2,3,5,11 —abs
6l 7,1,9,17 i
1

i

o7 | 18,1,11 !
28| 17,9 ome i
|

i

30 2,3,5,11 ;
31 7,25,11 LDA I
g0 | 27,32,33,11 i
33| 34,12 :
}STA !
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|
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Datorkonstruktion

Mikrokod for INCA

AR+1 -> AR

Steg 1 : H-fas

Finns redan

Steg 2 : A-fas, Underforstadd

29: K1->MPC

Steg 3 : Exe, INCA

44: AR+1->AR, MPC++
45: status, 0->MPC

II LINKOPINGS
) UNIVERSITET

SN ks W = O

Omed.| 4 27
5

Under,

- i

! ADR IR i

Adresshuss | 2 i 1 | 1 .

; i | 0 - - INCA|IS | !

1 .

: 1

i S I K1 || K2 i
i, 16| K3 ]

1 5

; = : i

: 17.PC Lq 13 MPC 9 110 12w

i +1 —" 1 ‘ 44‘-— ) i

i I 18 ®+l I

-E.Re’:kﬂ' !

"_'_i AR 19 [ Mikrominne I

iqth-\ = ol 18,1,11 !

| s 1_2,3,5,11 _hamt j

| +1 5% 21 o 7,811 i

i-1—= 54 3| 17,10 - :

i ' 4| 18,1,11 :

! T 3 5| 2,3,5,11 —abs .

Databuss : IN(I:A 5 7 6 7,1,9,17 |

< 1

1 .

Kl I TR 55 I
Instr. | OP| Adress | | = o7 | 18,1,11 !
26 1

" ! og | 17,9 ome
LDA 0 30 1 AL} 27 = 2 i
STA | 1) 34 @G AR+ i
oD | 2 | 36 i <~ AR-1 30 2,3,5,11 :
; 3? ADD 31 7,25,11 LDA I

i 31 quB 90 | 27,32,33,11 :

i 2 34,12 !

K2 M i 22 LOAD = !
Instr. | 9P| Adress | . }STA :
1 =

Abs. | 0 4 i AR ‘@ SR . sl 2,3,5,11 I
4 i | S 34 [z | 35 37| 7,25,11 !
e | i AL 36 S ACENE RSN
Index | 2 i 30f | - 38 ,33,30, i
Rel. 3 | 318 37 39 34,12 :
: HR [ |

i !

I i

i :
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Datorkonstruktion

Mikrokod for INCA

AR+1 -> AR

Steg 1 : H-fas

Finns redan

Steg 2 : A-fas, Underforstadd

29: K1->MPC

Steg 3 : Exe, INCA

44: AR+1->AR, MPC++
45: status, ©0->MPC

II LINKOPINGS
) UNIVERSITET

SN ks W = O

Omed.| 4 27
5

Under,

: !

! ADR IR i

; Adresshuss : 2 ‘ e L 1 o INCA | ]5. ‘ |

i T i

1 |

i S I K1 || K2 i
i 16| K3 i

i 2 l i

; = : i

i 17.PC Lq 13 MPC9 41 &

i 14 1 _ | 45| |

il 3 Read I 18 e :

2 Reas H

Y AR 19 Mikrominne I

T = ol 18,1,11 !

| s | _2,3,5,11 __hamt |

j +1 5% 21 2| 7.8,11 i

i-1—= 54 3| 17,10 - :

i ' 4| 18,1,11 :

! 2 e =€ 5 2,3,5,11 —abs i

Diatabuss i IN(I:A > o 6 7,1,9,17 |

; - 1

Kl : TR . i
Instr. | OP| Adress | | = o7 | 18,1,11 !
I 26 17,9 ome |

LDA o | 30 | [ Afd 427 - 28 > :
STA 1 34 : ..:G AR+1 i
oD | 2 | 36 i <~ AR-1 30 2,3,5,11 :
; 30 ADD 31 7,25,11 LDA I

i g 90 | 27,32,33,11 :

i 2 34,12 !

K2 M i 22 LOAD . i
Instr. | 9P| Adress ! l” }STA i
: 33 2,3,5,11 i

Abs. | 0 4 ! AR \ * 15 36 222 -
Ind | 1 ! s+l |z | =2 37| _7,25,11 DDA |
Index | 2 : 30% | 36 38 27,33,30,11 I
Rel 3 i 34 37 39 34J12 I
] 4 i HR + Z i

H |

i i

i !

i i
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Mikrokod for LDA (3)

Indirekt adressering
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Datorkonstruktion

Mikrokod for LDA (3)

M(M(3)) -> AR

Steg 1 : H-fas

Finns redan

Steg 2 : A-fas, Indirekt

7: PC->ADR, PC++, MPC++
8: M->DR, MPC++

9: DR->ADR, MPC++

10: M->DR, MPC++

11: DR->ADR, K1->MPC

Steg 3 : Exe, LDA

Finns redan

LINKOPINGS
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SN ks W = O

1 i
! ADR o IR |
; Adresshuss : e ‘ 0 ‘]-_/ ] LDA | ]1I ‘ |
i L == =] i
i i
LDA 001 : e o - |
3 |, 16] K3 i
- ] I
1

i 1 i
5 i 1@W — MECaD l 2012 ¢ b
i * 1 (\ 7 1
i 18 +1

I [
i _'i Re’:]’dI I
7 i AR 19 Mikrominne i
idth-‘ T ol 18,1,11 :
' ' 1[_2,3,5,11 __hamt
: i 21 o 7,811 i
i -1 — 5 3| 17,10 » i
i ' 24 4l 18,1,11 :
: 2 e =€ 5 2,3,5,11 —abs i
Databuss i LD|A 1 = B 7, 1, 9, 17 i
- i
Lk i e 25 i
Instr. | OP| Adress | | = o7 | 18,1,11 !
: 28 17,9 ome |
LDA 0| 30 i AL 427 5 28 > :
STA 1 34 : {%—-1R+1 i
e | &) 36 ' +— AR-1 30| 2,3,5,11 :
E 30 ADD 31| 7,25,11 LDA |
i .._3: SUB 32 ;71, ii, 33,11 :
K2 M i 22 LOAD 33 2 i
Instr. | 9P| Adress : l'” }STA ;
Abs. | O 4 1 AR o i R - 36 2,3,5,11 :
Ind I 1 ‘ — % N |E. ‘ ‘;""_ 37 7,25,11 DDA ;
nd. i — 36 28 |__27,33,30,11 i
Index | 2 i 39 | V) :
Rel. 3 1 i 38 37 39 ) |
Omed.| 4 27 : ‘ ! i
Under] 5 T A . SR Lt L =
i 39 I
' !
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Datorkonstruktion

Mikrokod for LDA (3)

M(M(3)) -> AR

Steg 1 : H-fas

Finns redan

Steg 2 : A-fas, Indirekt

7: PC->ADR, PC++, MPC++
8: M->DR, MPC++

9: DR->ADR, MPC++

10: M->DR, MPC++

11: DR->ADR, K1->MPC

Steg 3 : Exe, LDA

Finns redan
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SN ks W = O

R

!

! QwR i

; Adresshuss : 2 1 1 ] LDA | 1 ‘ |

i S - 1

LDA 001 : s, i -~ - i
3 i 16| K3 i

i 2 l i

: = : i

T 7 ol i Mpcy9 410 12 o i

RYaaed !

7 xR 19 Mikrominne i

i 4 Write ‘ 20 0 18,1,11 :

: 77 Sp | 1 2,3,5,11 __hamt j

i -1-23 54 3| 17,10 - :

i ' 4| 18,1,11 :

! ‘ 2 ;R =€ 5 2,3,5,11 —abs i

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

i - i

Kl i TR - i
Instr. | OP| Adress | | = o7 | 18,1,11 !
' =3 17,9 ome |

LDA | O 30 | AL} 427 . 28 > |
STA 1 34 : ..: AR+1 i
ApE | & | 36 i = AR-1 30 2,3,5,11 !
i 50 ,op 31| 7,25,11 LDA |

i 51 SUR 32 27,32,33,11 i

i B i !

K2 M | 22 LoAD 331 34,12 i
Instr. | ©P| Adress ! l_m }STA i
Abs. |0 | 4 i AR ¥~ AR s 36| 2,3,°,11 =
Ind. I : ‘ N |z ‘ 2’;_ 37 7,25,11 DDA |
Fdew: | 2 i 3of | 3 38 27,33,30,11 |
Rel. 3 | HR 318 37 39 34,12 :
Omed.| 4 27 : ‘ . i
Under,| 3 i o b g :
| i

r
i
i
i
i
i
i
i
i
i
I
i
I
i
i
i
i
i
i
I
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i
i
i
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Datorkonstruktion

Mikrokod for LDA (3)

M(M(3)) -> AR

Steg 1 : H-fas

Finns redan

Steg 2 : A-fas, Indirekt

7: PC->ADR, PC++, MPC++
8: M->DR, MPC++

9: DR->ADR, MPC++

10: M->DR, MPC++

11: DR->ADR, K1->MPC

Steg 3 : Exe, LDA

Finns redan

LINKOPINGS
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SN ks W = O

i i
1
: ADR IR i
; Adresshuss : 2 ‘ 10 1 ] LDA | ]1I ‘ :
i L == =] i
i i
DA 00l : N ﬂ. ] Kl K2 i
3 |, 16] K3 i
i l i
i 1 1 1
5 IR o ppced iU 12 o
i 1 —" 2 ‘ 9‘ i
i 1 13 + 1 :
-I_'I.Re’zj'dI
7 i AR 19 [ Mikrominne i
i 4 Write ‘ 20 0 18, 1,11 !
o ' [ 2,3,5,11 _hamt |
| +1 a2k 21 o _7,8,11 i
i-1—= o1 3| 17,10 - l
i ' 4| 18,1,11 :
DR PP ) i
: 2 3 =€ 5 2)315111 "abS 1
Diatabuss : : (:J\p 6 7,1,9,17 :
K] | TR IE I
Instr. | OP| Adress | | = o7 | 18,1,11 !
! £5 17,9 ome |
toa | 0 | 30 | AL 427 28 > :
STA 1 34 : 28 AR+1 !
e | & 38 ' <2 AR-1 30| 2,3,5,11 :
i 30 o 31| _7,25,11 LDA |
i BN St 30 | 27,32,33,11 :
I 2 34,12
K2 M i 22 LOAD 33 i
Instr. | 9P| Adress : l'” }STA ;
Abs. | O 4 1 AR o 241 - 26 2,3,5,11 :
Ind. |1 ! | —=[n |z | \fg— 37| 7,2511 DDA |
Index | 2 i 39f | —i 38| 27,33,30,11 i
= 39 34,12 i
RE‘L 3 1 HR 34 37 |
Omed.| 4 27 : ‘ ! i
Under] 5 N N S S [ I i
1 30 1
| |

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

Mikrokod for LDA (3)

M(M(3)) -> AR

Steg 1 : H-fas

Finns redan

Steg 2 : A-fas, Indirekt

7: PC->ADR, PC++, MPC++
8: M->DR, MPC++

9: DR->ADR, MPC++

10: M->DR, MPC++

11: DR->ADR, K1->MPC

Steg 3 : Exe, LDA

Finns redan

II LINKOPINGS
) UNIVERSITET

SN ks W = O

i

! QwR IR i

; Adresshuss : 2 3 1 8 ] LDA | 1 ‘ |

! S - 1

LDA 001 i i i
3 R N K1 || K2 i

i 16| K3 i

1 2 l I

1 1

G S MPC 1012 o i

) i 17| 2 | 10— " i

| & @ !

RYaaed !

7 xR 19 Mikrominne i

i 4 Write ‘ 20 0 18,1,11 :

| oo 123,511 —hamt |

i +1 == 21 2| 7,8,11 i

i -1-23 oy 3| 17,10 g i

i ' 4| 18,1,11 :

! 2 - =€ 5 2,3,5,11 —abs i

Diatabuss i |3 o 6 7,1,9,17 |

1 : i

Kl i TR - i
Instr. | OP| Adress | | 5 o7 | 18,1,11 !
I -

I_.D‘?,_ 0 30 | AL} 27 = 28 17,9 ome :
STA 1 34 : ..: AR+1 i
ApE | & | 36 i = AR-1 30 2,3,5,11 !
i 50 ,op 31| 7,25,11 LDA |

i 51 SUR 32 27,32,33,11 i

i B i !

K2 M : 32 10D a3 34,12 :
Instr. | ©P| Adress ! l_m }STA i
Abs. | 0 4 i AR &7 SR o 36| 2,3,5,11 i
Index | 2 i EEL | E— 38 27,33,30,11 i
Rel. 3 | HR 318 37 39 34,12 :
Omed.| 4 27 : ‘ . i
Under| 5 i J', -------------- :;L :
i i

r
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i
i
i
i
i
i
i
i
I
i
I
i
i
i
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i
i
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Datorkonstruktion

Mikrokod for LDA (3)

M(M(3)) -> AR

Steg 1 : H-fas

Finns redan

Steg 2 : A-fas, Indirekt

7: PC->ADR, PC++, MPC++
8: M->DR, MPC++

9: DR->ADR, MPC++

10: M->DR, MPC++

11: DR->ADR, K1->MPC

Steg 3 : Exe, LDA

Finns redan

LINKOPINGS
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SN ks W = O

H 1
! ADR IR i
; Adresshuss : 2 ‘ 3 L 1 o LDA | ]1. ‘ i
i T Y N 1
: 1
L S I K1 || K2 i
3 |, 16] K3 l i
1
. 5 13 1
5 : 17, i ) MP(@ 10.._1" 0o !
i +1 2 e r 11‘-—+1 i
1 | -
1 _'i Re’:]’dI I
7 "_'_i AR 19 Mikrominne i
i"-l Write ‘ 20 0 18, 1, 11 :
I ' 1 2,3,5,11 _himt |
._;_:: 5 31 17,10 »
i ' 24 4| 18,1,11 :
! 528 3 5 5| 2,3,5,11 —abs
Databuss
" | | (f?b 6] 7,1,9,17 :
Kl : TR . i
Instr. | OP| Adress | | 7 o7 | 18,1,11 !
I 30 ; 5 = 28 17,9 ome
LDA 0 ' [ AL 7 = |
ma e '
2 I
: ? AR-1 30 2)315111 i
i - ADD 31 7,25,11 LDA i
i -—3; SUB 32 ;Z,i§,33,11 !
K2 M i 22 LOAD o : i
Instr. | 9P| Adress ! l” }STA i
33 2,3,5,11 i
Abs. | O 4 ' AR 34 35 Bl 1 i
Ind. |1 : | — ]2 | ‘:E s (AP0
Index | 2 i 30f | | E— 38 34:12: 2 :
Rel. |3 i = 38 37 - * i
Omed.| 4 27 : ‘ ! i
Under| 5 e Y [ L !
i - !
' :
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Datorkonstruktion

Mikrokod for LDA (3)

M(M(3)) -> AR

Steg 1 : H-fas

Finns redan

Steg 2 : A-fas, Indirekt

7: PC->ADR, PC++, MPC++
8: M->DR, MPC++

9: DR->ADR, MPC++

10: M->DR, MPC++

11: DR->ADR, K1->MPC

Steg 3 : Exe, LDA

Finns redan

LINKOPINGS
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SN ks W = O

!

! ODR i

; Adresshuss : 2 5 L 1 ] LDA | 1 ‘ |

i S - 1

i i

LDA 001 i .1, i ol i
3 i 16| K3 i

i A l i

: = : i

5 IR o Mece? il 12 o

i +1—4 2 _ | 30| !

| ©" |

hid H

7 P xR 19 Mikrominne i

i 4 Write ‘ 20 0 18,1,11 !

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

i +I—§3 21 2| _7,8,11 i

1 -1 — 24 3 17,10 e I

i s ' 4l 18,1,11 :

! 2 =€ 5 2,3,5,11 —abs i

Diatabuss i |5 o 6 7,1,9,17 |

i : i

Kl i TR - i
Instr. | OP| Adress | | = o7 | 18,1,11 !
; = 17,9 ome |

LDA | O 30 | AL} 427 . 28 > |
HHER 2y i
- 2 i

] ? AR-1 a0 |__2,3,5,11 i

i —— ADD 31 7,25,11 LDA i

E ..3:_3,[_11-} 32 gz,ig,ﬁ,ll !

K2 M i 22 LOAD 33 . i
Instr. | ©P| Adress ! l_m }STA i
Abs. |0 | 4 i AR ¥~ i s 36| 2,3,°,11 =
Ind. |1 ; | ey |z | = a7 7.25,11 1 DDA |
Index | 2 i 30f | = 38 34:12: s i
Rel 3 i 34 37 39 ) I
| 4 i HR + Z i
Omed.| 4 27 : ‘ i
Under,| 3 i o b g :
i i
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TITEL/FORELASARE

Lagga till text eller dndra i sidhuvud -fot

Klicka pa fliken Infoga, sedan pa Sidhuvud/sidfot

Foljande visas:

Sidhuvud och sidfot ?

Bild | Anteckningar och dhararkopior |

Infoga pa bild Farhandsgranska

Datumochtid [ —

@ Uppdatera automatiskt ]
|2015-12-11 |
Sprik: Kalendertyp:

IS\[enska (sverige) ’Tl [Gregoriansk | | rutan for sidfot andrar du

© Uppdaterainte titel/forelasare till aktuella viarden

e ! Du kan ocks3 vilja att kryssa bort
EBildnummer

Sidfot

detaljer som du inte vill ha med
[Titel faretasare Klicka pa ”Anvdind for alla” sa kommer

alla bilder att uppdateras. Klickar du pa

Wisa inte pa rubrikbild ” e e .
Anviind” giller det endast aktuell bild

Anvind | | Amandforalia | | Avbyt
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TITEL/FORELASARE

Rubrik pa en rad med punktlista

74
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TITEL/FORELASARE

Lang rubrik pa en rad med bild till hdger
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Avsnittsbild

Anvand dessa for att markera overgang till ett nytt avsnitt/amne i langa
presentationer
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TITEL/FORELASARE 77

Farger att anvdnda till t.ex. diagram

Basfarger Komplementfarger

LINKOPINGS
II.“ UNIVERSITET



TITEL/FORELASARE

Exempel diagram

9% 9%
10% 10%

23% 58% 23% 58%
Kategori 1 3357 Kategori 1 3357
Kategori 2 1147 Kategori 2 1147
Kategori 3 886 Kategori 3 886
Kategori 4 562 Kategori 4 562
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TITEL/FORELASARE

Exempel diagram

Kategori 1

Kategori 2

Kategori 3

Kategori 4
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TITEL/FORELASARE

Exempel diagram

Kategori 1

Kategori 2

Kategori 3

Kategori 4
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