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Informatik ETH Zuerich Micro-Code-Assembler 'MIA’

LABEL KDSTFCTRSC A B SHFT SPPC S E BD BS  COMMENT
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NIKLAUS WIRTH WERNER WINIGER
INSTITUT FUER INFORMATIK

ETH ZENTRUM

CH-8892 ZUERICH

M-CODE INTERPRETER
BOOTSTRAP/DUMP

DISPLAY HANDLING PROCEDURES
REAL OPERATIONS

7.0 10 VITH REARRANGED DELAY
DIVISION WITH CORRECT REMAINDER
BOOTSTRAP/DUMP FROM/TO DISK
SPEED CATEGORIES INTRODUCED
8.8 FOR2 CORRECTED
FREE LOCATIONS ASSEMBLED BEFORE LIQ
INTERRUPT LOCATIONS NEWLY DISTRIBUTED
8.1 BOOTSTRAP CORRECTED
PUT TO DISK SLOWN DOWN
9.8 P-REGISTER INTRODUCED
PRIORITY HANDLING (M-REGISTER) ENHANCED
INSTRUCTIONS REORDERED
CODE FRAME TABLE REMOVED
9.1 SHL CORRECTED
NEW MAP CONCEPT ADAPTED
18.8 INSTRUCTION SET EXTENDED
CHECKS ADDED
TRAP NUMBERS CHANGED
18.1 REAL ARITHMETIC ADDED
11.8 MULTIPLICATION CORRECTED
128K DUMP
FIXED DISK BOOT
12.8 REALS CORRECTED
MAP PROM ADDRESSED LOCATIONS ASSEMBLED CONTIGUOUS
12.1 PUT/GET SLOWN DOWN
13.8 MUL18 REMOVED
DMUL, DDIV, DMUL2, DDIV2, ESC INSERTED
13.1 NEG (TRAP) CORRECTED
13.2 ERRORS IN REPLICATE CORRECTED. SYS;6 -> 1

Page 1
USED REGS




4 3 2108

Informatik ETH Zuerich Micro-Code-Assembler 'MIA‘

LABEL KDSTFCTRSC A B SHFT SP PC S E BD BS  COMMENT

DEFINITION OF THE SPEED CATEGORIES:

. SLOW A : JMAP
B : CONDITIONAL JUMP & JSR <
C : UNCONDITIONAL JUMP & JSR <
D : RETURN <
> DISABLED
E : BUS SOURCE = MD <
F : BUS DESTINATION = MAR <
. G : BUS SOURCE = IR/IR4/IRx <
. SLOW H : PUT (DISK)
$
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Informatik ETH Zuerich

LABEL
ZERD

#RESTART

#REQS

#REQO

#REQ10
#REQ11
#REQ12
#REQ13
#REQ14
#REQ15

K
(7]

1
(%]
1
1
1

-

DST FCT RS C
START T
B OR Dz@
#GET T
B OR Dz@®
- OR ZA®
B OR DZo
#RESTREGS T
Q OR DZ@
#LINEB T
#LINEQ T
#LINE1O T
#LINE11 T
#CLOCK T
#DISK T
#LINE14 T
#LINE1S T

Micro-Code-

SHFT SP PC
- JMP

- JSR

- JSR
- - S JMP

- IMP
- JMP
- JMP
- JMP
- JMP
- JIMP
- JMP
- JMP

Assembler ‘MIA'

S E BD BS  COMMENT

TO THE BOOTSTRAP CODE
-12 KBDATA -> RS
GET(KBDATA,DUMMY)
4 ->R3
R3 -> MAR
MD -> P
R3 <> 8
RESTORE REGS(TRUE)
JIMAP

14
@ MAR ALU
2 ALU MD

- 8 ALU IR4

GOTO LINES
GOTO LINE9
GOTO LINE19
GOTO LINE11
GOTO CLOCK
GOTO DISK

GOTO LINE14
GOTO LINE14
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12
13

14
15
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4D

4F
oF

7F

FF
F8

EC
oF

EC
oF

48
EQ

40
37

BF
83

84

Informatik ETH Zuerich

LABEL

KDSTFCTRSC A B SHFT

MAP B, 1, 2, 3, 4, 5,

LIe

.MAP 28
LIB
. MAP 21

MAP 22
LIV

.MAP 23
LID

MAP 24
LLA

MAP 25
LGA

.MAP 26
LSA

MAP 27
LEA

6, 7,
1B OR 208 T
Z8 -

19 OR D
1B« OR DZ 8
10 OR DZ@
NOT USED

1B OR DZ 8
1B OR DAGB
1Q OR DZ@
1B OR DZ B
1B OR DAB
1B OR DZ @
1B OR DABO
10 OR DZo
18« OR DZ@
1B + ABO
10 OR DZo
1B OR DZ @
1B + ABB
10 OR DZ@o
1B + DAB
B TRAP(5) C
10 OR DZ@
1B OR DZ@8
i + DABG
1- OR ZA®
1B OR DZ @
1B + DA
1Q OR Dz@

—

— -

- o = 1

o —

I -

1
T

— Vo - — [

— -

[ o B o~ N

Micro-Code-Assembler 'MIA’

SP PC S E BD BS  COMMENT

e, 11, 12, 13, 14, 15, 16, 17

- --- SBPSH- T->8TK, 3 ->T
- - S JMP - B ALU IR4 JMAP
- ~-=-=- SBAMUIR T->8TK, IR->T
- - S JMP - 8 ALU IR4 JIMAP
R18-- S8 AWIR T->8TK, (IRt18) -> T
- === ~BAMUIR IRORT->T
- - S JMP - B ALU IR4 JMAP
R 12 - - S8 AL IR T->8TK, (IR*18) -> T
- - =-=- -BAWUWIR IRORT->T
R 18 - - S @ AU IR T->8TK, (IRt18) -> T
- === -@AMUIR IRORT->T
- - S JMP - @ ALU IR4 JMAP
- - - BALUIR T->8TK, IR->T
- === -8- - L+T -> T
- -8 JMP - B ALU IR4 JMAP
- - - - BALUIR T->8TK, IR ->T
- === -B- - G+T -> T
- - S JMP - @ ALU IR4 JMAP
- === -BAUIR IR+T ->T

- JMP TRAP IF OVERFLOY
- - S JIMP - 8 ALU TR4 IMAP
- -=-- =-BAWUIR IR ->RO
- -=-- =-1148 48 + RG -> R8
- - - - - B MAR ALU RB -> MAR
- - - - 8 ALU IR IR -> RG, T -> STK
- -~-- -BAUMD MD+RB->T
- - 8 JMP - 8 ALU IR4 JMAP
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2B
2C
2D

4D
4E

4F

51

2E
04

63

oF

7E
61

Co

E0

8c
a7

ac

oF

60
20

60
E0

Informatik ETH Zuerich

LABEL

.MAP 38
JrC

.MAP 31

.MAP 32
JPFC

MAP 33
JPF

.MAP 34
JPBC

.MAP 35
JrPB

#SKIP2
#SKIP1

MAP 36
ORJIP

#AND1

#0R1

MAP 37
ANDJIP

K DST FCT RS C

[ I el - S e s -

e

[

- OR
#SKIP2
B OR
B OR
B +

B +

- OR
0 OR
- OR
#SKIP1
B OR
B OR
B +

- OR
Q0 OR
- OR
#SKIP1
B OR
B OR
B -+
- OR
0 OR
- OR
B OR
g OR
- OR
#0R1

B OR
B +

- OR
g OR
B +

B« OR
g OR
- OR
#AND1

B +

Bx OR
Q ©OR

ZA
Dz

Dz

Dz

a
-Z
a

oo

OO0 ®

0 ® -

0@ -

LIV~ PO

[~ I

TO®

rPTooo0e

o

-

—A®

Micro-Code-Assembler

SHFT SP PC S E BD BS

IMP

i i
OO0 OO0 ®

i
oo ®

(s eI 8]

i
OO0 ®

0O

[s vl uy]

POP

ALU
ALU
ALU

ALU

PGP
ALU
ALU

ALU

PoP
ALU
ALU
ALU
POP
ALU

ALU
ALU

ALU
ALU

PC
ALU

ALU
ALU

PC
IR
IR»
ALU
IR4

PC

IR»
ALU
IR4

PC

IR
ALU
IR4

IR
IR4

PC

IR
ALU
IR4

PC
ALU
IR4

PC
ALU
IR4

'MIA'

COMMENT

T
IMP IF #0
STK -> T

PC -> RO
(IR+18)+R8 -> RB
R+IR -> R@

R® -> PC

IMap

T
JMP IF #8
STK -> T

PC -> R8
R@+IR -> R@
R@ -> PC
JMAP

T
JMP IF #9
STK -> 7

PC -> RO
RG-IR -> R@
R@ -> PC
JHAP

IR
IR, STK -> 7
JMAP

T
IFT=8

PC -> RO

IR + R -> RO
R -> PC

JMAP

PC+1->R8
RB -> PC, STK -> T
JIMAP

IFT=0

PC+1->R8
R@ -> PC, STK -> T
JMAP
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Informatik ETH Zuerich Micro-Code-Assembler "MIA' - Page B

4 3 2 1 @ LABEL KDSTFCTRSC A B SHFT SP PC S E BD BS  COMMENT USED REGS
MAP 48
62 FC @C 68 84 LLV 18 + DbAB L B - --- -8BAUIR IR+ ->R8 8L
2E 60 6C 68 38 1- OR ZAB B8 - - --- -8 MAR ALU RO -> iAR 8
4F FF EC 48 81 1B OR DZB T T - -~-~- SOAUMD T->S8TK, M ->T T
oF E@ @F E@ 83 1Q O DZ@ - - - -8 JMP - 8 ALU IR4 JMAP Q
MAP 41
62 FC 8C 68 84 LLD 18 + DAB L B8 - --- -8BAWUWIR IR« ->RO gL
42 48 BC 60 30 1B + ZA1 @ 8 - --- -8MARALU R@ -> MAR, RB+1 ->R@ 8
4F FF EC 48 01 18+ OR DZB T T - --~- SBAUMD T->8TK,M ->T T
2E 6@ 8C 68 30 1- OR ZA8B8 @ - - --- -8 MAR ALU R8 -> MAR 0
4F FF EC 48 61 1B OR DZB T T - --- SQAUMD T->S8TK, M ->T T
OF EQ OF EB 83 10 O DZB - - - -8 JIMP - @ ALU IR4 JMAP ]
.MAP 42
6F E@ ©C 66 84 LEV 1B OR DZB - 8 - --- -BAWIR IR->RO @
62 E@ 6C 78 20 i8 + DAB B B - --- -148 48 + R@ -> RO 8
2E 60 @C 68 38 1- OR ZAB @ - - --- -8 MARALU RB -> MAR 8
6F E@ OC 68 04 i ORDZB - 8 - --- -BAMUIR IR->RO 8
62 E@ BC 60 01 i8 + DAB B B8 - --- -BAUMD MD+ROD->RB 5
2E 60 8C 60 30 1- O ZAB B - - --- -8 MARALU R3 -> MAR )
4F FF EC 48 81 1B OR DZB T T - --- SBALUMD T->S8TK, M ->T T
6F E@ OF EB @83 10 O DZB - - - -8 JIMP - B ALU IR4 JIMAP Q
MAP 43
6F E@ ©C 68 84 LED 18 OR DZB® - 8 - --- -BAWUIR IR->RO 8
62 EG B8C 70 208 iB + DAGB B B - --- -148 48 + RO -> RO @
2E 60 6C 68 30 1- O ZAB B8 - - --- - 8MARALU RB -> MAR (4
6F E@ OC 60 84 18 OR DZB - B - --- -BAUIR IR->R8 8
62 E@ ©C 68 81 i8 + DAB B B - --- -BAUMD MD+ROB ->RO %
2E 60 B8C 68 39 1- OR ZAB B8 - - --- -8 MAR ALU RO -> MAR 8
4F FF EC 48 81 1B« OR DZB T T - --- SOALUMD T->S8TK,MD->T T
22 4@ oC 66 30 1- + ZA1 B8 - - --- -@MARALU RB + 1 -> MAR (%
4F FF EC 46 01 1B« OR DZ® T T - --- SB@AUMD T->S8TK, M ->T T
6F E@ OF E@ B3 10 O DZB - - - -8 JMP - @ ALU IR4 JIMAP 0
MAP 44, 45, 46, 47, 58, 51, 52, 63, 54, 85, 56, §7
20 7C BC 60 38  LLVW4 1- + A)B L - - --- -8 MARALU L+Q -> MAR LQ
4F FF EC 40 01 1B« OR DZ@® T T - --- SBAUMD T->8TK,MD->T T
OF E@ OF E@ B3 10 O DZB - - - -S JMP - 8 ALU IR4 JMAP Q




4F
20
oF

Informatik ETH Zuerich
LABEL KDSTFCTRSC A B

.MAP 68
SLV

- ®

OR DZ
OR ZA
OR DZ

P S SN
Lo N B v =l w )
*
OO
[ e~ R B

.MAP B1
SLD

OR DZ
OR ZA
B= OR DZ

I e el
'

ORI

-
'

OR DZ

MAP 62
SEW OR DZ
OrR ZA
OR DZ

= OR DZ
OR ZA
OR DZ

el al i N S
Q1 P IE
OO
OO0 1 O !

PO O

.MAP 63
SED OR DZ
+ DA
OR ZA
OR DZ
+ DA
OR DZ
+  ZA
OR DZ
OR ZA
OR DZ

*

I N el ol =l = ST Sy e
l?ICDUJCDImUJ
OO0 ®
IO —-190—-10 1 O 1
- HO I O0O®

-
fe=]

Micro-Code-Assembler

SHFT SP PC

.MAP 64,65,66,67,708,71,72,73,74,75,76,77

SLv4 1B« OR DZB T T
1- + AQB L -
10 O bZB - -

- S JIMP

S

OO

Py
o™

LI I B 75 |
VOO ®

E BD BS

DI RV =D

ALU
MD

MAR
ALU

ALU

MAR
ALU
ALU

MAR
ALU

ALU

MAR
ALU
ALU
MD

MAR

MAR
ALU

8 MD

0D

MAR
ALU

IR

ALU
ALU
IR4

IR

ALU
ALU
ALU
ALU
IR4

ALU
ALU
IR4

'MIA'

COMMENT

IR+L -> RO
T->MD, STK -> T
R2 -> MAR

JIMAP

IR+L -> RO

STK -> MD

RB -> MAR
T->MD, STK -> T
R@+1 -> MAR

JMAP

IR -> R@

48 + RB -> R@

RB -> MAR

IR -> R8

MD + R@ -> R@
T->MD, STK -> T
R@ -> MAR

JMAP

IR -> RB

48 + R@ -> RO

R3 -> MAR

IR -> R@

MD + RB -> RO
T->MD, STK -> T
RB + 1 -> MAR
T->MD, STK -> T
RB -> MAR

JMAP

T->MD, STK -> T
L+Q -> MAR
IMAP
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ac

EC
8c
EC
BF

Informatik ETH Zuerich

LABEL

MAP
LGV

MAP
LGD

.MAP

LGW2

.MAP
SGW

MAp
SGD

.MAP
SGV2

KDSTFCTRSC A B
108
18 + DAG G ©
1- OR ZAB B -
1Bx OR DZB T T
10 OR DZB - -
181
1B + DAB G ©
1- OR ZAB 8 -
1B« OR DZB T T
1- + ZA1 8 -
1B« OR DzB T T
10 OR DZB - -
102,103, 104,185,106, 187,110
1- + AQB G -
1B« OR DZ@ T T
10 OR DZB - -
120
1B + DAB G O
1B« OR DZ@ T T
1- OR ZAB 8 -
10 OR DZB - -
121
1B + DAB G O
1B« OR DZ® T T
1- + ZA1 8 -
1B« OR DZB T T
1- OR ZAB B -
10 OR DZB - -
122,123,124,125,126, 127,130
1B« OR DZB T T
1- + AQB G -
10 OR DZB - -

Micro-Code-Assenbler

SHFT

b

w

[I V2 T B 7 I
OO

ALU
MAR
ALU
ALU

RO

ALU
MAR
ALU
MAR
ALY
ALU

SPPCSEBD BS

IR
ALY
MD
IR4

'MIA'

COMMENT

IR+G -> RO

RB -> MAR

T -> STK, MD ->
JIMAP

IR+G -> R8

RG -> MAR

T -> 87K, MD ->
RB + 1 -> MAR

T -> STK, MD ->
JMAP

111,112,113,114,115,116, 117
- @ MAR ALU G+Q -> MAR

S JIMP

S JMP

S

[ B}
oo

131,132,133

S

a ALl
8 ALU

ALU
MD

HMAR
ALU

TOoOo®

ALU
MD
MAR
MD
MAR
ALU

MD
IR4

IR

ALU
ALU
IR4

IR

ALU
ALU
ALU
ALU
IR4

T->S8TK, MD ->
IMAP

IR+G -> RO

T -> MD, STK ->
RB -> MAR

JMAP

IR+G -> R@

T -> MD, STK ->
R3 + 1 -> MAR

T ->MD, STK ->
R@ -> MAR

JMAP

,134,135,136,137
B MD ALU T -> MD, STK ->
- B MAR ALU G+Q -> MAR

- S JMP - B ALU IR4 JMAP
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4 3 2 1 0

63
4F
2E

oF

EB
28

ac
a7

68
28

01
oF

Informatik ETH Zuerich

LABEL
TRAPS
MaP

Lsva

.MAP
LSW1

.MAP
SSwe

MAP
SSv1

.MAP
LSV

.MAP
LSD

.MAP
LSb@

148

141,142,143,144,145,146,

160

161,162,163, 164,165, 166,

2008

201

282

K DST FCT RS C

1- + AQO
8 TRAPS C
1B OR DZ8
1

Q OR DZ@o

B + DZ1
TRAP(5) 2
B= OR DZ @
- -+ ZA®
Q OR DZO

e O e

1B+

TRAP(5)
B+ OR DZ
- OR ZA
0 OR DZ

DO @

Ll il e V]
OO

B + DA
TRAP(5)

- OR A
B OR DZ
0 OR DZ

e
00O O®

B + DA
TRAP(5)

Bx + ZA
TRAPS

B+ OR DZ
- OR ZA
Bx OR DZ

L = -~ I SN TSN
OO

el i
(==
[ e
P2 ]
N O
> N
OO0

T

- 1

T

[ R |

—

F—®

0

[ B |

- —

Micro-Code-Assembler

SHFT

3

SP PC

S

S

171,17

JMP

IMP

JuP

151,15

JMP

JuP

JMP

JMP

JMP

IMP

JuP

JMP

S

2

(%]

2

7 I |

E BD

2 ALY

BS

MD

'MIA!

COMMENT

MD -> R@ IDUMMY"
TRAP(5)

8 MAR ALU T -> MAR, T+1 -> T

8 ALU

MD

TRAP IF NIL
MD -> T

@ ALU IR4 JIMAP

,1563,154,155,156,157
8 MAR ALU T+Q -> MAR

8 ALU
8 ALU

8 POP

8 MD

8 MAR
8 ALU

MD
IR4

ALU
ALU
IR4

TRAP IF OVERFLOV
MD -> T
JMAP

STK + 1 -> RO
TRAP IF NIL
T->MD, STK -> T
RG - 1 -> MAR
JMAP

,173,174,175,176,177

8 POP
8 MD

8 MAR
8 ALU

8 ALY
MAR

ALU
ALU

[svI vl oS

@ ALU
8 MAR

ALU
MAR
ALU
ALU

oo

[

MAR

ALU
MAR
ALU
ALU

o0

ALU
ALU
IR4
IR
ALU
MD
IR4
IR
ALU

MD
ALU

IR4

ALY

MD
ALU

IR4

STK + 0 -> RO
TRAP IF OVERFLOVW
T->MD, STK -> T
RB -> MAR

JMAP

IR+T -> RO

TRAP IF OVERFLOW
R -> MAR

MD ->T

JMAP

IR+T -> RO

TRAP IF OVERFLOY

RB -> MAR, R@+1 ->R@
TRAP IF OVERFLOW

MD -> T

RB -> MAR

T->8TK, MD -> T
JMAP

T -> MAR, T+1 -> RO
TRAP IF OVERFLOW

MD ->T

R@ -> MAR

T->8TK, MD -> T
JMAP
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Y
DD

DF

4 3 2108

Informatik ETH Zuerich

LABEL

.MAP 203
LXFW

MAP 284
LSTA

.MAP 285
LXB

#LXB1

.MAP 206

LXW

MAP 287
LXD

K DST FCT RS

e e

R -

[y

e O O

N N~ T

[ S SN S
@

BOR +

TRAPS
B OR

#L.XB1
B* OR
B &
g OR

+
TRAPS
B OR
g OR

B +
TRAP(5)
B +
TRAPS
B OR
- +
TRAPS
Bx OR
Q OR

DA

Dz
Dz

AB

OO0 ®

oo O® OO TOOTOOX® [solas I U RS ) N o=

OPOFRPOIOOO®

1

oo

[

[ R

-

1 T O, ®

00 ®

Micro-Code-Assembler

SHFT SP PC S E BD BS

- - S JMP

- -8 I

- JWP

- JMP

- JMP

- - S JMP

LI ]

OO0 Q®

o

ALU
ALU

MAR
ALU
ALU
ALU

MAR
ALU
ALU
377
ALY
MAR

ALU
ALU

MAR

ALU
MAR

ALU
ALU

MD
IR4

ALU
IR

IR4

ALU

MD

ALU

IR4

ALY

MD
IR4

ALU

MD
ALU

MD
IR4

'MIA'

COMMENT

STK -> @

[8,0] * 2 -> [R9,0]
[R8,Q] * 2 -> [R8,0]
T+0->R1

R8 + C -> R -> BNK
R1 -> MAR

RB - 4
TRAP IF BNK = 4

MD ->T
JMAP

2 ->Ro

G + RB -> MAR

T -> 87K, IR -> R8
MD + RB -> T

JHAP

[1,01/2 -> [T,0]
STK + T -> MAR
TRAP IF OVERFLOW
MD -> R1

0

IF ODD(INDEX)
R1718 -> R1
377 & R1L > T
JMAP

STK + T -> MAR
TRAP IF OVERFLOW
MD -> T

JMAP

T+T->T7

TRAP IF OVERFLOV

STK + T -> MAR -> R@
TRAP IF OVERFLOVW

MD -> T

R@ + 1 -> MAR

TRAP IF OVERFLOW
T->8TK, MD ->T
JMAP
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Informatik ETH Zuerich

LABEL K DST FCTRS C A

\MAP 218

DADD 18
18
1B
1 -
10

.MAP 211

DSUB 18
18
1B
1 -
10

. MAP 212 DMUL
. MAP 213 DDIV
. MAP 216 DSHL
. MAP 217 DSHR
MAP 214,215

OR
+
+
OR
OR

OR

OR
OR

o
>
o

| s

>
O
[ S I

1o 1l

Micro-Code-Assembler

SHFT SP PC S E BD BS

LU IR4

TO BE FOUND ON PAGE 36

NOT USED

'MIA®

COMMENT

STK -> R1 IYH"
STK+T -> T 1z
STK+R1 -> R1
R1 -> STK {ZH"
JMAP

STK -> R1 IVYH"
STK-T -> T tzL"
STK-R1 -> Ri

R1 -> STK {ZH"
JMAP

Page 11
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168
161
182
163
104
185

186
187
168
189
10A
108
1aC
18D
16E
10F

118
1
112
113
114
115
116
117

118
119
11A
118
11C
11D

11E
11F

128
121
122
123

124
125
126
127
128
129

Informatik ETH Zuerich

LABEL

MAP 220
SSv

MAP 221
SSD

MAP 222
SSDa

.MAP 223
SXFW

MAP 224
TS

K

L N -~ I e SN o~ I STNRSE S

b e R e (D)

e e

O -

e Y

e

DST FCT RS
B OR DZ
B + DA
TRAP(5)
Bx OR DZ
- R ZA
Q OR DZ
B OR DZ
B OR DZ
B + DA
TRAP(5)
- OR zA
Be + ZA
TRAP(5)
Bx OR DZ
- OR ZA
Q OR DZ
B OR DZ
B + DZ
TRAP(5)
- OR zA
- e ZA
Bx OR DZ
- OR ZA
0 OR DZ
B OR DZ
0 + DZ
BOL + DZ
BOL +  ZA
B + AQ
B o+ ZA
- -+ DA
TRAP(5)
Bx OR DZ
- OR zA
- OR ZA
0R DZ
B OR ZA
B OR DZ
B OR DZ
- OR ZA
- OR ZA
OR DZ

OO0 ®

OO FPIOCDD®

N - OO0 ® OO ONFR®

00O

OO0 ®

IO

TwnN - N NWN

@

NWNN W

[ B e ]

Micro-Code-Assembler

SHFT SP PC S E BD BS

S 8 POP -

w

ww
OO ®

o000 ®

4]

8
8
g

0o

ALU

MD
MAR
ALU

POP
POP
ALU

MD
MAR

MD
MAR
ALU

@ POP

©

== OO O®

o0

IO —=O®

PopP

MD
MAR
MD
MAR
ALU

poP
PoP

MD

BNK
MAR
ALU

MAR

ALU

M&R
ALU

IR

ALU
ALU
IR4

IR

ALU
ALU

ALU
ALU
IR4

ALU
ALU
ALU
ALU
IrR4

ALU
ALU
ALU
IR4

ALU

MD

ALU
ALU
IR4

'MIA!

COMMENT

STK -> R@

RB + IR -> RO
TRAP IF OVERFLOV
T->MD, STK -> T
R@ -> MAR

JMAP

STK -> R1

STK -> R

IR+R@ -> R

TRAP IF OVERFLOVW
R1 -> MD

R@ -> MAR, RB + 1 -> R@

TRAP IF OVERFLOW
T->MD, STK -> T
R@ -> MAR

JIMAP

STK -> R1

STK + 1 -> R®
TRAP IF NIL

R1 -> MD

RG - 1 -> MAR
T->MD, STK -> T
R@ -> MAR

JIMAP

STK -> R3

STK -> 0

[0,0] * 2 -> [R2,0]
[R2,Q] = 2 -> [R2,0]
R3 + 0 ->R3

R2 + C -> R2

R2 - 4
TRAP IF OVERFLOW

T->MD, STK -> T
R2 -> BNK

R3 -> MAR

JIMAP

T ->R@ -> MAR
1 -»R1

MD -> T

R1 -> MD

R@ -> MAR

JMAP

DO O~

O -

NWNNO W O D= S > O -

ro

O WN —

O == ®
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USED REGS

Lo an o)




124
12B
12C
12D

12F
130

132
133
134
135
136
137

138
139
13A
138
13C
13D

13E
13F
148
141
142
143
144
145
146
147
148

Informatik ETH Zuerich

LABEL

.MAP 225
SXB

#3SXB1

MAP 226
SXv

.MAP 227
SXD

K DST FCT RS C

O

PR ER RO O

BQR + DZ
B + DA
TRAPS
B OR DZ
B OR DZ
B & AB
-+ 0
#SXB1
Bx OR DZ
B» OR DZ
B -2 AB
- OR 4B
Bx OR DZ
Q OR DZ
B OR DZ
B + DA
TRAP(5)
B+ OR DZ
- OR ZA
Q OR DZ
B OR DZ
B OR DZ
B + AB
TRAP(5)
B + DA
TRAP(5)
- OR ZA
- -+ ZA
Bx OR DZ
- OR ZA
OR DZ

OO0 ®

OO0 ®

OO0 ®

OO FRLRODO®

I OFRN-ANTTE N

[an]

IO —A®

o

=N =N -

oo

—

(s~ o g

Micro-Code-Assembler

SHFT SP PC S E BD BS

v wm

B POP -

0

OO XD O ®

oo

oo

DIDO®

MAR

ALU
377

ALU
ALU
MD

MAR
ALU

POP
POP
MD

MAR
ALU

PoP
PCP
POP

MD
MAR

MAR
ALU

ALU

MD

ALU
ALU
ALU
ALU
IR4

ALU
ALU
IR4

ALU
ALU
ALU
ALU
IR4

'MIA'

COMMENT

[STK,01/2 -> [R®,Q]
STK+R@ -> RB -> MAR
TRAP IF OVERFLOVW

MD -> R1

377 -> R2

R2Z&T ->T

Q

IF LOW-BYTE

R2118 -> R2

Tt18 -> T

-R2 & R1 -> R1
TORRL ->MD

RB -> MAR, STK -> T
JHAP

STK -> R@

R@ + STK -> RO
TRAP IF OVERFLOW
T->MD, STK -> T
R@ -> MAR

JIMAP

STK -> R1

STK -> R8

R + RB -> RO
TRAP IF OVERFLOV
RB+STK+1 -> R@
TRAP IF OVERFLOV
R1 -> MD

R2 - 1 -> MAR
T->MD, STK -> T
RB -> MAR

JIMAP

Page 13

USED REGS

(]
L)

[s9]

O @D = =N O NN -

< DS - oo —H [solNay]

O — ==

— - N




149
14A
148
14C
14D

14E
14F
150
151

152
183
154
185

4 32 109

BF
BF
74
77

7A

6F
76
2E
oF

BF
7A
2E

oF

7C

D8
B8
68
g8
D8

87
87
87
87
87

20
20
20
20
28

BF
oF
oF
BF
BF

Informatik ETH Zuerich

LABEL
.MAP
MAP
MAP
.MAP

MAP

.MAP
FABS

MAP
FNEG

MAP

239
231
232
233
234

235

236

237

Micro-Code-Assembler

KDSTFCTRSC A B SHFT SPPC S EBD BS

8 FADD
B FSUB
8 FMUL
8 FDIV

0 FCMP

e
Low i s> Rwe)

el ==
a1 oD

8 FFCT

OR DZ @

OR ZA @
OR Dz @

OR Dz @
XOR DA @
OR ZA®
0R Dz @

T

[

[ |

- JMP
- MR
- JMP
- JMP

- IMP

- -SSP

- JMP

A7 BN,
I, ®

[ R ¥ }
O,

POP -

1
PSH -
ALU IR4

POP -

1
PSH -
ALU IR4

'MIA!

COMMENT

STK -> R1
“(111) & R1 -> R1
R1 -> STK

JMAP

STK -> R1
(1t1) XOR R1 -> R1
R1 -> STK

JMAP

Page 14

USED REGS

o B

O




157
158
1589
15A
15B

15C
15D
15E
15F
16@

161
162
163
164

165

166
167
168
169
16A
168
16C

16D
16E

16F
170
171
172

173
174

175
176
177
178
179
17A

178
17C

17D
17E
17F
180
181
182

6F
46
2F
4F
oF

Informatik ETH Zuerich

LABEL

.MAP 248
READ

MAP 241
WRITE

MAP 242
DSKR

#DR

.MAP 243
DSKV

#DV

.MAP 244
SETRK

O - - i el

e

[EEPY

© e

[SEEN

K DST FCT RS C
B OR DZ#@
#GET T
- OR ZA G
B OR DZ @
Q OR DZo
B OR ZA®
B OR DZ@
B OR DZO
#PUT T
Q OR Dze
#CLRADDR T
B OR DZ@
B OR DZ#@
- OR ZA D
- OR 208
- OR Z00
- OR Z0@
- OR Z08
- OR Z0 @
B + Z41
B -+ ZA8
#DR -Z
B OR DZ@
Q OR DZ@
#INITWRIT T
B OR DZ@
B OR DZ O
- OR ZA O
B + ZA1
- OR Z0 O
- OR Z0 @
- OR Z0 8
- OR Z0 8
- OR 708
B -+ ZA®
#DW -Z
B OR DzZ@
Q OR DZ@
- OR ZA@
B OR ZA G
#SETTRACK T
B OR DZ @
B OR DZ@
Q OR Dzo

~— 0

- o

12

— 0

Micro-Code-Assembler

SHFT SP PC

MIA'
S EBD BS COMMENT
S8POP- STK->R5
GET(R5,R6)
-8 M) ALU R6 -> MD
@ MAR ALU T -> MAR, STK -> T
- 8 ALU TR4 JMAP
-8- - T->R6
S@POP- STK->R5
SBPOP - STK->T
PUT(R5,R6)
- 8 ALU TR4  JMAP
CLRADDR
- 1 208 128 -> R1
-110 8 -> R8
- @ I0A ALU R@ -> I0-ADDRESS
- 8- - I0-DATA -> DUMMY
+10D WHEN HARDVARE READY
-8 - 10D I0-DATA -> DUMMY
-8 MD IOD I0-DATA -> MD
- 8- 10D IO-DATA -> DUMMY
-8 - 10D I0-DATA -> DUMMY
- B MAR ALU T -> MAR, T+1 > T
-8- - RL-1->R1
IF> 8
SBPOP- STK->T
- 0 ALU IR4 JMAP
INITWRIT
- 1 208 128 -> R1
- 110 10 -> R5
- 8 I0A ALU R5 -> I0-ADDRESS
- @ MAR ALU T -> MAR, T+1 => T
-@- MD MD -> IO-DATA
+10D WHEN HARDVARE READY
-2 I0D MD D -> I0-DATA
-8 I0D MD MD -> IO-DATA
-8 I0DMD MD -> IO-DATA
-8 I0DMD MD -> I0-DATA
-8- - RL-1->R1
IF > 8
SePOP- STK->T
- B ALU IR4  IMAP
S@PSH- P ->STK
-8- - T->R12
SETTRACK(T)
SBPOP - STK->P
S@POP- STK->T
- B ALU IR4 JMAP

Page 15
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Informatik ETH Zuerich Micro-Code-Assembler 'MIA' Page 16

4 3 2 1 8 LABEL KDSTFCTRSC A B SHFT SP PC S E BD BS  COMMENT USED REGS |
\
MAP 245 |
183 6E 7E 4C 68 FF  UCHK 1B OR 246 T7 2 - --- -8- - T->R2 IHI" 27
184 €F E@ 2C 48 FF 18 ORDZB - 1 - --- S8POP- STK -> R1 1LOW" 1
185 6&F E1 EC 48 FF 1B OR DZB - T - --- S@POP- STK -> 7 X T
186 28 DE 2C 68 FF t- - MB1T7T1---- -8B- - T-R1 17T
187 3E ©6A 87 208 OF @ TRAP(4) -C - JMP TRAP IF X < LOW
188 28 C5 EC 68 FF 1- - M1 27 - --- -8- - R2 - T 2T
189 3E 0A @7 20 ©F 8 TRAP(4) -C - JMP TRAP IF HI < X
18A ©@F E@ @F EB @3 10 OR DZ®B - - - -8 JMP - @ ALU IR4 JMAP 0
MAP 247
188 6F EB 6C 66 B4  SYS 18 ORDZB - B - --- -BAWUIR IR->R8 g
18C 4E Al @7 29 6F @ BOOT Zz - JMP IF IR=8
18D 66 60 8C 68 FF i8 -+ Z2A8 8880 - --- -8- - R3 - 1 ->R8e @
18E 19 69 @7 28 oF 8 >1 -Z - JMP IF IROL
18F 2E 72 6C 48 ©F 1- OR ZAB8 M - - --- SO@PSH- M -> STK M
198 2E 74 @C 48 oF 1- OR zAB8 P - - --- SBPSH- P -> STK P
191 4B A8 83 26 GF @ DUMP T - JSR DUMP
192 6F E1 4C 40 FF 18 O DZB - P - --- S8POP- STK -> R3 P
193 6F E1 2C 40 FF 1B OR DZB - M - --- S8P0OP- STK -> R@ M
194 ©@F E@ ©F EB @3 10 O DZ@B - - - -S JIMP - 8 ALU IR4 JMAP 0
195 66 68 8C 68 FF  >1 iB -+ ZAB 8 0 - --- -8- - RB - 1 ->R8 |5
196 19 AQ 07 20 oF 8 >2 -Z - JMP IF IR<2
197 2E 7E ©C 40 @F 1- OR 2886 T - - --- 8 PSH - T -> STK T
198 6E 75 EC 68 FF 1B O zZa@ P - --- 8- - P->7 PT
199 ©F E@ OF EB 83 10 OR DZB - - - -SJMP - 8 ALU IR4 JMAP Q
184 66 68 8C 68 FF  >2 i -+ ZAB B B - --~- -8B- - R3 - 1 ->R8 8
198 1A 19 @7 26 oF 8 >3 -Z - JMP IF IR
19C 66 DF 6C 70 18 itB -+ DA1 T H - --- -1238 T-38->H HT
19D 6F E@ 8C 78 @85 1B OR DZB - 8 - --~- ~-15 5 -> R8 8
19E 4F FF EC 40 10 1B« OR DZB T T - --- @ MD ALU T ->MD, STK -> T T
19F 28 E1 4C 60 30 1- + AMBB B P - --- -BMARAU RB+P ->MR B P
1A8 ©F EB OF E@ 03 1Q OR DZB - - - -SJMP - 8 ALU IR4A JMAP Q
1A1 66 6@ @C 68 FF >3 i -+ ZABBB - --- -8B- - RB - 1 -> R0 ]
142 3F 99 87 28 oF 8 >4 -Z - JMP IF IR4
1A3 @2 F6 eC 70 18 1Q + DABH - - --- -1238 H+ 30 ->0Q HQ
1A4 4D 7F EC 48 ©F 1B« OR 208 T - -~-- SBPSH- T->8K, 0->T TQ
1A5 BF E@ OF EB B3 190 O DZB - - - - S JMP -8 ALU IR4 JMAP 0




1A6
147
1A8
1A8
1AA

1AB
1AC
1AD

1aE
1AF
166
1B1

1B2
1B3
1B4
1B5
1B6

187
1B8
1B9
1BA
1BB
1BC
1BD

1BE
1BF
1Co
1C1

1C2
1C3
1C4
1C5

1C6
1C7
1C8
1C9

1CA
1CB
1ccC
1CD

Informatik ETH Zuerich

LABEL

.MAP
ENTP

ENTP1
ENTP2

.MAP
EXP

.MAP

ULSS

.MAP
ULEQ

.MAP
UGTR

.MAP
UGEQ

260

251

252

253

254

255

K

O O e ® e

e O e L e e

O

DST FCT RS C
B OR DZO
- -+ DA1
ENTP1 z
- OR ZA®
B OR DZ©
- - M1
ENTP2 c
TRAP(2) T
B - ABO
B OR DZB
- R ZA®
-+ MBO
- OR ZA®
B OR ZA B
B OR DA
- OR ZA@
QO OR Dz@
B OR DZO
- + Mo
B OR DZ@
- R ZA®
B OR DZ®
- OR AB O
Q OR Dz
- - DAl
#PUSHL  -C
B & z08
Q OR DZ®O
- - pA®
#PUSHR  C
B OR DZ®O
0 OR DZB
- - pA®@
#PUSHL
B & 200
Q OR DZ®
- - DAl
#PUSHB  -C
B OR Dz
Q OR DZ®

X 1

[ S ]

[~ I T o~ I B o~ I |

| T e~

[ <4

I TOIXIre

Micro-Code-Assembler

SHFT SP PC
IMP

MR - - -
Mp
JMP

- IMP

S

E BD BS

(’]
1

8
1

8

R,

DO

DD

ALU
20

SR
a

MD
MAR

MAR
ALU
INM
ALU

MAR
ALU
MAR
ALU
INM
ALU

POP
ALU
POP
ALU
POP
ALU
PoP

ALU

IR

ALU

ALU
ALU

ALU

MD
ALU
IR4

IR4

IR4

IR4

IR4

'MIA'

Page 17
COMMENT USED REGS
IR -> R1 1
R1 - 16 1
IF R1 =16
R1 -> SR 1
MSK(8,SR) -> R1 1
R1-M 1M
IFRL >=M
TRAP(2)
-1 ->R1 1
3 ->Re 8
M -> MD M
RB + L -> MAR 8L
R@ -> MAR !DEV.STATUS" @
R1 -> M 1M
MD OR R1 -> Ri 1
R1 -> INM 1
JMAP 2
3 ->R8e ]
R@ + L -> MAR aL
MD -> M M
R8 -> MAR !DEV.STATUS" @
MD -> R@ )
RB OR M -> INM 8 M
IMAP 0
STK-T T
IF STK K T
e ->T TQ
JIMAP Q
STK-T-1 T
IFSTK>T
1->T7 T
JIMAP ]
STK-T-1 T
IFSTK>T
8->T TQ
JIMAP Q
STK-T T
IF STK < T
1->7 T
JMAP Q




1CE
1CF
108
1D1
b2

1D3
1D4
1D5
1D6
107
1D8
103
1DA
10B

Informatik ETH Zuerich

LABEL

.MAP 256
TRA

.MAP 257
RDS
#RDS

K DST FCT RS C

1B OR DZB
18 OR DZ@B
1B OR ZA®
1B OR DZzo
@ TRANSFER T

*
+
~N
>

A D R
0
(e}
w
J
%2}

QPP I D
]
+
~N
>

[on R en]
=0

© s

1

— =N W

(o B B S s v

—

Micro-Code-Assembler

SHFT SP PC S E

(72 B ¥ |
[ ReviNas]

00T ®

fas o]

BD
AL
PoP

POP

ALU
ALU
ALU

MAR

PoP
ALU

BS

IR

'MIA'

COMMENT

IR -> R3

STK -> R2

T -> Rt

STK -> T
TRANSFER(R3,R1,R2)

IR -> R

(IRt18) -> R1

IR OR R1 -> R1

R1 -> MD

T->MAR, T+1 => T
Re-1 -> RO

JMP #RDS IF >= 8
STK -> T

JMAP

Page 18

USED REGS
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1bC

10D
1DE
1DF

1E8
1E1
1E2

1E3
1E4
1E5
1E6

1E7
1E8
1E9

1EB

1EC
1ED
1EE
1EF
1F@
1F1
1F2
1F3
1F4

1F5
1F6
1F7
1F8
1F9

1FA
1FB

1FC
1FD

4 3 2108

ec
oF

8C
oF

Informatik ETH Zuerich

LABEL

.MAP 260
$T-
LODFW
$T+

.MAP 261
LODFD

.MAP 262
STORE

.MAP 263
STOFV

.MAP 264
ST0T

.MAP 265
COPT

.MAP 266
DECS

$

K
1
8
1
1

[N

e

I I S

-

-

DST FCT RS C
Q OR ZAB
#RESTRSTK T
Bx OR 208
Q OR DZB
Q OR ZA8
B OR DZ®
B OR DZ@
#RESTRSTK T
Bx OR 20 8
- OR ZA®
Q OR DZ8B
B -+ DA1
- - M1
TRAP(3)  -C
#SAVESTK T
Q OR DZO
0 OR ZA8
B OR DZ®
B -+ DAL
- - M1
TRAP(3) -C
#SAVESTK T
- OR 200
Bx + ZA1
Q OR DZ®
B« OR DZ @
Bx + ZA1
- - M1
TRAP(3)  C
Q OR DZ®
- OR ZA®
Q OR DZ®
B -+ ZA8
Q OR DZB

@It —

[7- IR I ]

u;m-

Micro-Code-Assembler

SHFT SP PC S E BD BS

- JSR
S JMP

- JSR
S IMP
- JMP

- JSR
S IMP

- JMP
- IS8R

S IMP

- JMP
S IMP

w

JIMP

S IMP

S 8 POP -

ww

[ sl 2s ]

oo

> OO ®

DL, O®

oo™

o®

PSH
ALU

POP
POP

PSH
PSH
ALU

21
ALU

PopP
21

MD
MAR
ALU

MD >
MAR

ALU

PSH
ALU

ALU

IR4

IR4

ALU
ALU
IR4

ALU
ALU
IR4

IR4

IR4

'MIA®

COMMENT

T -> 0, STK -> DUMMY

LOAD EXPR STACK
T->8TK, Q->7
JMAP

T->0
STK -> R1
STK -> T

LOAD EXPR STACK
T->8K, 0->T
R1 -> STK

JMAP

H-17 -> RO

RB - S

IFRB LS

STORE EXPR STACK
JMAP

T->0

STK -> T

H- 17 -> R

RO - S

IFRICS

STORE EXPR STACK

0 -> MD

S -> MAR, S+1 -> S
IMAP

T ->MD, STK -> T
S -> MAR, S+1 -> S
S - H

TRAP(3) IF S >= H
JMAP

T -> 81K
JMAP

S-1 -» 8
JMAP

Page 19
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1FE
1FF
208

282
203
204
285

206
207

2088
289
204
20B
28C

28D
20E

4 321080

6F

Informatik ETH Zuerich

LABEL K DST FCT RS
.MAP 267
pPCoP Dz
ZA

AB

[}
+ 00
A

0 +
TRAP(3)
- - A0
TRAP(3)

B OR DZ

i ks e i

- OR ZA
PCOP2

©® -

PCOP1 1B« + ZA
1- OR ZQ
1B + ZA
1B -+ ZA
8 PCOP1

PCOP2 18 OR DZ
10 OR DZ

c

@
8
8

C
1
-C
8

8
z

i

uwew;a

—_ e

-

-~

—

Micro-Code-Assenbler

SHFT SP PC S £ BD BS

- --- -B8AUIR

- --- -8M AU

- - - - - BMARALU

- e - - -9 - -
- JMP

- e - - -8 - -
- JupP

- --- SBPOP-

- - - - -8 - -
- JMP

- - - - - BMAR AU

- --- -8HMD MD

- - - - - BMAR ALU

- - - - -8 - -
- JMP

- - - 8 POP -

- - S JIMP - 0 ALU IR4

'MIA'

COMMENT

IR -> R@

S ->M

R + L -> MAR
S+T->0

IF OVERFLOV
H-0
IFH<CQ

STK -> R1

T
IF T=8

R1 -> MAR, R1+1 -> R1
MD -> MD

S -> MAR, S+1 -> 8
T-1->T7

IFO B8

STK -> T
JMAP

Page 28
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oo
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28F
218
211

212
213
214

215
216
217
218
219
21A

21B
21C
21D
21E
21F
228

221
222
223
224
225
226

227
228
229

224
228
22C
22D
22E

22F
2308
231
232

62

Informatik ETH Zuerich

LABEL K DST FCT RS C

MAP 278

UADD 18 + DA®
@ TRAP(7) C
10 OR DZ®

MAP 271

usuB 1B - DA1
9 TRAP(7)  -C
10 OR DZ®

MAP 272

UMUL 10 OR DZ®
@ #MULIE T
1- OR ZA8
@ TRAP(7)  -Z
1B OR 208
10 OR DzB

MAP 273

uDIvV 1- OR ZAB
8 TRAP(7) 2
1Q OR DZ®
@ #DIVIDE
1B OR 208
10 OR DZB

MAP 274

UMOD 1- OR ZAB
@ TRAP(7) 2
10 OR DZ®
@ #DIVIDE
1B OR ZA®
10 OR DZB

MAP 275

ROR 1B= OR DZ B
1B OR DZB
10 OR DZB

MAP 276 SHL(X,N MOD 16)

SHL 18+ OR DZ B
1B -& DAB
1- - ZA1
1B OR DZ O
10 OR DZB

MAP 277 SHR(X,N MOD 16)

SHR 1B+ OR DZB
10 -¥RDZ®
1B+ & DQB
10 OR DZ®

- PN -

PO -0 -

= -

- —

- O™

- -

Micro-Code-Assembler 'MIA’ Page 21
SHFT SP PC S E BD BS  COMMENT USED REGS
- --- S@POP - T+«STK -> T T
- JSR IF OVERFLOV
- - 8 JMP - @ ALU IR4 JMAP g
- --- SBPOP- STK-T -> T T
- JSR IF OVERFLOW
- - S JMP - 8 ALU IR4 JMAP Q
- --- SB8POP - STK -> Q ]
- ISR T =0 ->[R2,0]
- --=- -B- - R2 2
- JSR IF OVERFLOW
- --- -8- - Q->T TQ
- - S JMP - 8 ALU IR4 JMAP Q
- === -B8- - T T
- JSR IF ZERODIVIDE
- - -~ SB8PIP - STK -> 0 Q
- JSR QDIVT ->Q
- -=-=- -8- - Q->T TQ
- - S JOMP - @ ALU IR4 JMAP 0
- -=-=- -8- - T T
- JSR IF ZEROMOD
- --- SBPOP- STK -> @ Q
- J8R QMOD T ->R2
- -=-=- -08- - R2 ->T 2T
- - S JMP - @ ALU IR4 JMAP Q
- -=-- SBSR AU T->8R,STK->T T
RR - - - -8 ALU ALU (T®SR) -> T T
- - S JMP - 8 ALU IR4 JMAP Q
- --- SBSR AU T->SR, STK -> RB 8T
MR--- -18 “MSK(B,SR) & R -> RB @
- --- -B88R AU -T->SR T
RR - - - - 8 ALU ALU (R8SR) -> T 8T
- - S JOMP - 8 ALU IR4 JMAP Q
- --- SBSR AU T->8R, STK->T T
MR--- -18 “M(8,SR) -> Q Q
RR--- -8ALUALU (T*SR) & Q -> T TQ
- - S JMP - 8 ALU IR4 JMAP g




233
234
235
236
237
238
239

23B
23C
23D

23E
23F
240
241
242
243
244
245
246

247
248
249
244

24B
24C
24D
24E
24F
260
251
252
253
254
255
256
257
258
259
254
25B
25C

25D
25E
25F
269
261
262

263
264

Informatik ETH Zuerich

LABEL

.MAP 300
FOR1

#UP1

#EXIT

.MAP 381
FOR2

#P0OS

#UP2

#TERM

K DST FCT RS C

[ S S e e e

e e N e~ I S e e

S N U e e el s Ml e

e S e S S =

IO 1 O m

c
o
-

OR

*
m
>x<
—
—

B=

;RAPES)

Bx
Bx

OR
OR
OR

+

OR

+

OR

-+
OR
OR

o)
o
w

DZ @
DZ 8
DZ @
Dz ©
DA B
AB 1
ZA 0

201

N
>
R OOFRFPLPO®

o
N
O ®

N
>
(s v

!
p

o
~N
P <O ®

FPRNN v — NP P, 1 womN

w

Nt Wil SN !

N &

T WOWWeE N [a v e

w

F=NNWOFP,®

S P,POWION N PN

©

Micro-Code-Assembler

SHFT

SP PC S E BD BS

[ N7

[ ISRV R G R S

OO, O®

[N

OO0 ®

[eS I y]

POP
POP
ALU
ALU
ALU

MD
MAR

MAR

MD
MAR

8 ALU

OO D - [ax i an] O ®

[a vl uv]

o9

[

ALU

PC
ALU

MAR
ALU

377
ALU
MAR
ALU
ALU
ALU
MAR
ALU

ALU
ALU
ALU
ALU

ALU
ALU
IR4

PC
ALU
IR4

ALU
IR

ALU
ALU
PC

ALU
IR4

IR4

'MIA'

COMMENT

STK -> R@

STK -> R1

IR -> R3

IRt18 -> R2

IR OR R2 -> R2
RB-T->0

R3

GOTO UP1 IF R3=08
-0 >0

0
GOTO EXIT IF Q>8

RO -> MD
R1 -> MAR

R1 -> MD

S -> MAR, S+1 -> S
S -H

TRAP(3) IF S >= H

T->MD, STK -> T

S -> MAR, S+1 -> S
JMAP

PC + R2 -> R2

R2 - 2 ->R2

R2 -> PC, STK -> T
JMAP

S-1 -> R4 -> MAR
IR -> R2

GOTO POS IF -H
(37711@) OR R2 -> R2
MD -> R@

R4 - 1 -> MAR
IR*18 -> R3

IR OR R3 -> R3

MD -> R1

R1 -> MAR

MD + R2 -> R4

IF OVERFLOV

R4 - R® -> RO

R2

GOTO UP2 IF R2>=8
-R8 -> RO

R@

GOTO TERM IF R8>8

R4 -> MD

R1 -> MAR

PC + R3 -> R3
R3 -2 ->R3
R3 -> PC

JIMAP

$-2->3
JMAP
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4 3 2 1 8 LABEL KDSTFCTRSC A B SHFT SP PC S E BD BS  COMMENT USED REGS
.MAP 382
265 6F E@ B8C 68 B2 ENTC 1B OR DZB - 8 - --- ~-BAUPC PC->R8 8
266 62 EQ 84 68 64 1B + DAB 8 8 R18-- -8 AUIR 1IRMB +R3 ->Re 8
267 62 E@ 8C 60 04 18 + DAB B8 8 - --- -8BAUIR IR+R8->R6 8
268 2E 68 6C 60 28 1- O ZAB 8 - - --- -8PC AU RB ->PC B
269 G6F E@ 04 68 B4 1B OR DZB - 8 R18-- -8AWIR IRtB ->RO (%)
26A 6E E@ 8C 60 04 1B OR DAG 8 B8 - --- -8AUIR IRORRG ->R8 8
26B 6F EQ 24 68 04 18 OR DZB - 1 R18-- -08AUIR IR0 ->R1 1
26C BE E2 2C 68 84 18 ORDAB 1 1 - --- =-BAUIR IRORRL->R1 1
26D ©8 C2 @C 68 FF 19 - M1 180 - --- -8- - R1 - R8 ->0Q 810
26E 63 60 4C 78 82 i + DQB - 2 - --~- -12 Q+2->R2 20
26F 6@ E4 4C 60 FF i8 + MG 2 2 - --- -8- - R2 + R2 -> R2 2
278 62 E4 4C 60 82 18 + DAB 2 2 - --- =-BAUPC PC+R2->R2 2
271 2E 654 6C 60 18 1- O 2z2A8 2 - - --- -8BMD ALU R2 -> MD 2
272 42 59 8C 60 30 1B + ZA1 S S - --- -8B MARALU S -> MAR, S+1 -> S S
273 28 D9 6C 68 FF 1- - M1 SH - --- -8- - S-H HS
274 3D E2 B7 28 OF 8 TRAP(3) C - JMP TRAP(3) IF S >=H
275 68 DE @C €8 FF i - M1 T8 - --- -8B- - T-RB ->R0 BT
276 27 DB 27 28 oF 8 #ENTC1 S - JIMP IF T<RB
277 28 DE 2C 6@ FF t- - 171 - --~- -8- - T-R1 17
278 27 D9 27 28 oF B #ENTC1 -8z - JMP IFT>RL
279 62 48 ©C 68 FF i + Z241 0806 - --- -8- - RB + 1 -> RO 2
277 00 EB BC 60 FF iB + MBE B B - --- -8B- - R8 + R@ -> RO (%
278 62 E@ BC 60 82 18 + DAD B B - --- -BAWUPC PC+RO->RB 8
27C 2E 60 oC 60 28 1- O ZAB8 B8 - - --- -BPC AU R8 ->PC 0
27D 6F E@ 8C 68 82  #ENTC1 1B OR DZB - B - --- -BALUPC PC->RB 8
27E 62 EO 04 68 04 i8 + DABG O 8 R18-- -8 ALUIR IRt + RO -> RO 8
27F 62 EB 6C 60 04 i8 + DAB B8 B8 - --- -BAWUWIR IR+RO ->R8 7]
280 4F E1 EC 40 28 1B« OR DZB 8 T - --- SBPC AU RB ->PC, STK -> T 8T
281 BF E@ OF E@ @3 10 OR DZB - - - -SJMP - 8 ALU IR4 JMAP Q
.MAP 383
282 66 79 8C 68 38 EXC i -+ 2886 S § - --- -BMARALU S-1->8 ->MAR S
283 2D 6@ oC 60 21 t1- OR 086 - - - --- -8PC MD MD->PC 0
284 ©F E@ OF E@ 83 10 OR DZB - - - -8 JIMP - B ALU IR4 JMAP 0




285
286
287

28A
288
28C
28D
28E
28F
290
291

292
293
294
295
296

297
298
299

Informatik ETH Zuerich

LABEL
.MAP 384
TRAP
.NOP
.NOP

.MAP 385
CHK

.MAP 386
CHKZ

#CHKOK

.MAP 387
CHKS

K DST FCT RS
18 & DA
1B OR DZ
2 TRAP(R®)
1B OR ZA
1B OR DZ
1B OR DZ
1- - M
@ TRAP(4)
1- - M
@ TRAP(4)
10 OR DZ
18 OR ZA
18 + DZ
1- - B
@ TRAP(4)
10 OR DZ
1- OR ZA
8 #CHKOK

8 TRAP(4)

OVFUVUFROOOO® —0®

e

C

[a]

F

N

—

— N

Micro-Code-Assembler

SHFT

SP PCSEBD BS

- JMP

[ N7 B
00O ®

117
8 POP

POP
PoP

8 ALU

POP

oo ®

B ALU

'MIA'

COMMENT

T MOD 16 -> R@
STK -> T
TRAP(RB)

T -> R2 IHI"
STK -> R1 !LOW"
STK -> T IX"
T-R1

IF X < LOW
R2-T

IF HI < X

JIMAP

T -> R2 IHI"
STK -> T IX®
R2 - T

IF HI < X
IMAP

IF >= 0
TRAP(4)
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294
29B
29C
29D

29E
29F
240

2A1
2A2
2A3
2A04

2A5
2h8
2h7
2h8

249
204
2AB
2AC

2AD
2AE
2AF
2B0

281
2B2

2B3
2B4
2B5

s

Informatik ETH Zuerich

LABEL

.MAP 318
EQL

#PUSHB

MAP 311
NEQ

MAP 312
LSS

.MAP 313
LEQ

MAP 314
GTR

#PUSH1

.MAP 315
GEQ

M4P 316
ABS

.MAP 317
NEG

#NG
$

- ® e e D - D R - D

D =

©

K DST FCT RS C
- - DAl
#PUSH1 z
B & 200
Q OR DZ@
B - DAL
#PUSH1 -Z
0 OR DZO
- - DAl
#PUSH1 s
B & 208
Q OR DZO
- - DAl
#PUSH1 sz
B & 7200
Q OR DZO
- - pAa1
#PUSH sz
B OR Dz
Q OR DZO
- - DAl
#PUSHB S
B OR DZ 8
Q OR DZ@
- OR ZA O
NG -F
B - ZA1
TRAP(18) Y
Q OR DZO

1

Micro-Code-Assembler

SHFT sSP PC S E BD BS

S

P
JHP
JMP

JMP

JIMP
JHP

IMP
JMP

JSR
JIMP

S @ POP -

-8
-9

ALU

POP

ALU

POP

ALU

PoP

ALU

PoP
1

ALU
PapP

1
ALU

ALU

IR4

IR4

IR4

IR4

IR4

IR4

'MIA'

COMMENT

IF STK < T

STK-T

IF STK <= T
1->7

JMAP

STK-T

Ir STK < T
1->7
JMAP

T
IMP IF D=8

T T
IF OVERFLOW
IMAP
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2B6
2B7

2B8
2B9

2BA
2BB

2BC
2BD

2BE
2BF
2Ce
2C1
2C2
2C3

2C4
2C5

2C6
2C7
2C8

2C9
2CA

4 32108

6E
oF

7A

72
oF

7E
BF

5C
ar

2E
BF
BF

7A
oF

FF
E8

FF
E8

FF
E@

EC
oF

EC
oF

EC
oF

48 FF
Ed @3

49 FF
EQ 83

48 FF
E@ 83

Informatik ETH Zuerich

LABEL
.MAP 3208
OR

MAP 321
XOR

.MAP 322
AND

.MAP 323
COM

MAP 324
IN

MAP 325
LINIL

MAP 326
MSK

\MAP 327
NOT

$

K DST FCT RS
18 OR DA
10 OR DZ
1B XOR DA
10 OR DZ
18 & DA
10 OR DZ
1B -XR ZA
10 OR DZ
1B + DZ
1- -+ DA
@ #PUSHG

18 & DA
@ #PUSH1

1¢ OR DZ
1B -XR AB
10 OR DZ
1- OR ZA
18 OR DZ
10 OR DZ
1B XOR DA
10 OR DZ

o®

OO

]

Micro-Code-Assembler

SHFT

SPPCSEBD BS

-- S@POP-
JMP - @ ALU TR4

w
1
(o]

-~ SBPOP-
S IMP - 8 ALU IR4

- - SB8POP-
S IMP - B8 ALU IR4

S IMP - B ALU IR4

- - S8BSR AU
121

- JMP

- IMP

S IMP - 8 ALU IR4

- - S @PSH-
S JMP - @ ALU IR4

SR ALU

!
(S e
s3]

S JMP - B8 ALU IR4

S IMP - 8 ALU IR4

'MIA'

COMMENT

STKORT -> 7T
JMAP

STKXOR T -> T
JMAP

STK & T ->T
JMAP

(B XORT) ->T
IMAP

STK+1 -> R8 -> SR
RO - 21

IF R@ > 16

(11SRYy 8 T -> T
GOTO PUSHL IF #@
IMAP

T->8TK, -1->T7
JMAP

T-> SR
MSK(SR) -> T
JMAP

1XORT ->T
JMAP
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2CB
2CC
2CD

2CE
2CF
2D8

2D1
2D2

2D3
2D4
2D5
2D6
207
208
209

2DA
20B
2DC
20D
2DE
2DF
2E@
2E1
282
2E3
2E4

2E5
2EB

2E7
2E8

2EA
2EB
2EC
2ED
2EE
2EF
2re
2F1
2F2

2F3
2F4
2F5
2FB
2F7

Informatik ETH Zuerich
LABEL K DST FCT RS

MAP 330
ADD B + DA
TRAP(10)

g OR Dz

S

.MAP 331
SuB B - DA
TRAP(18)

g OR DZ

[N I

.MAP 332
MUL

—

g OR DZ
B XOR AQ

[

- OR ZQ
QPOs

¢ - 20
- OR ZA
TPGS

B -
#MUL 16

QPas
ZA

DR, O P

TPOS

- OR ZA
NO-0V
TRAP(18)
NO.OVER

- OR 20
TRAP(10)

- OR ZA
RESPOS

g - 20
B OR 20
Q OR DZ

NO-QV

NO.GOVER

RESPOS

PR PRP RO, OO ® R

.MAP 333
DIV

-

g OR DZ
B XOR AQ

[

1- O0R 20
@ D.QPOS
10 - 20
D.QPOS 1 - OR ZA
@ TRAP(18)
@ D.TPOS
18 - ZA
1- OR 20
@ D.TPOS
1- -+ ZA
@ TRAP(18)
D.TPOS @ #DIVIDE
1- OR ZA
@ D.RESPOS
10 - 20
D.RESPOS 1
1
$

B OR Z0
g OR DZ

c

(2
\
8

1
v
8

8
8

8
-F
1
8
-F
1

T -ANO®

1
-n

0@

8
8

8
-F
1
8
z
-F
1
8
-F

[s] ——N®

D=

—

—

Micro-Code-Assembler

SHFT SP PC S E BD BS

- S8 FPOP -
- JSR
S IMP - 8 ALU IR4

- S B POP -
- JSR
S IMP - B ALU IR4

- --- S@PP-
- - - - -y - -
- - - - - @ - -
- JMP
- e = - _@... -
- e e _8_ -
- P
- . e - _g_ -
- JSR
- e - - _B_ -
- JMP
- 3SR
- WP
- - - - ..8.. -
- ISR
- e - - - -
- JMP
- - - - -@_ -
- e o -g_ -
- - S JMP - 9 ALU IR4
- --- SBPOP-
e - R
- -
- P
- . - - _.@.. -
- e - ..B.. -
- ISR
- P
B I
- - - -8 - -
- P
- - = - _@.. -
- JSR
- J5R
- - - - —8- -
- JMP
- . - _8_ -
- - - - _@- -
- - S JIMP - @ ALU IR4

'MIA’

COMMENT

T+8TK -> T
IF OVERFLOW
JIMAP

STK-T -> T
IF OVERFLOW
JMAP

STK -> Q
T XOR 0 -> R3

Q
IF >=

_Q -
T

IF >=
-T >
Q=T ->[R2,0]

— O

R2

IF R2=8

IF OVERFLOW
IF MASKED

Q
IF OVERFLOW

STK -> Q
T XOR Q -> R3

0

JMP IF >=8
-0->0

T

IF ZERODIVIDE

IF > 0

T T

¢

GOTO #D3 IF >=0
T-1

IF OV IMININT DIV -1
QDIVT ->Q

R3

JMP IF >=8
-0->0
Q->T
JMAP
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2r8
2F9

2FA

2FB
2FC
2FD
2FE
2FF
360

3081
302

303
304
385
306
387
308

309
306A
308
368C

38D
38E

36F
310
311
312
313
314
315
316

317
318

4 3 2 1 0

68
70

EQ

40
81

@3

Informatik ETH Zuerich

LABEL

. MAP 334 NOT USED

.MAP 335
BIT

.MAP 336

MAP 337
MOVF

MOVF1

MOVF2

K DST FCT RS
1- + ZA
1B OR DZ
NOP

10 OR DZ
1B OR DZ
10 + D2
1BOL + DZ
1B0L + ZA
1B + AQ
1B+ ZA
1- -+ DA
@ TRAP(5)
1B OR DZ
10 + DZ
1B0L + DZ
1BQL + 2ZA
1B + AQ
1B + ZA
1- + M
1B+ ZA
1- -+ DA
@ TRAP(5)
1- OR ZA
0 MOVF2

1- OR ZA
1Bs + ZA
1B + 2ZA
1B + A
1Bs + ZA
1- -+ ZA
1B -+ ZA
@ MOVF1

18 OR DZ
10 OR DZ

N® OFRrO® OO0 ® N = OO

OO ORPR®

o

D@

NWN L

&N W

A WNWOR,®

(sl e~ I B I

NWNN T W

S

I NWD-

—

Micro-Code-Assembler

SHFT SP PC S E BD BS

RR

1

[ a]

-

OO, O®

[N

O, OO®

[sea]

ORI E®

ALU

PoP

POP

BNK
MAR

MD
BNK
MAR

POP
ALU

ALU

IR4

ALU
ALU
MD

ALU
ALU

IR4

'MIA’

COMMENT

T+1 -> SR
(1tSR) -> T

JIMAP

STK -> R1 !FROM OFFS
STK -> 0 'FROM FP"
[8,0]=2 -> [R8,0]
[R8,0]+2 -> [R@,{]

R1 + Q -> R1 !FROM ADDR
R8 + C -> RB !FROM BNK"

RB - 4
IF BNK = 4

STK -> R3 'TO OFFS"
STK -> Q 'T0 FP"
(9,0)%2 -> (R2,0)
(R2,0)#2 -> (R2,Q)

R3 + Q -> R3 !TO ADDR"
R2 + C -> R2 !TO BNK"

R3 + T
R2 + C -> R4
R4 - 4
IF OVERFLOW

IF 7=8

R8 -> BNK

R1 -> MAR, R1 + 1 -> R1
RG + C -> RO

MD -> MD, R3 + 1 -> R3
R2 -> BNK, R2 + C -> R2
R3 - 1 -> MAR
T-1->T7

IF <O 8

STK -> T
JMAP

NWNNO W [sn] DO OO

5N W

- WN WD O

<« —
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319
31A
318
31C
31D

31E
31F

320
321
322
323
324

325
326

327
328
329
324

32B
32C

32D
32E
32F
338
331
332
333

334
335
336

337
338

30
11
30

oF

FF
23

Informatik ETH Zuerich

LABEL

.MAP 348
MoV

MOV1

MOV2

MAP 341
CcMP

CMP1

CMP2

CMP3

K DST FCT RS C

1B + DZ
@ TRAP(5)
1B + &B
1B + DA
@ TRAP(5)
1- OR ZA
9 MOV2

1- - M
1- OR 20
1- - M8
1B -+ ZA
@ Mov1

18 OR DZ
10 OR DZ
1B + DA
8 TRAP(5)
1B + DA
8 TRAP(5)
1- OR ZA
9 CMP3

1- - M
1B OR DZ
1- - B
1- - DA
@ CMP2

1B -+ ZA
9 CMP1

1B OR DZ
1B OR ZA
10 OR DZ
1- OR ZA
10 OR DZ

8

-— — -

—_ N

© = 1N

— 1 -

—

- —

Micro-Code-Assembler

SHFT SP PC S E BD BS

- --- S@POP-
- JMP
- - - -B - -
- --- SB@PP-
- M
- - - -8 - -
- P
- - == -0 MAR ALU
- --- -BM M
- - - - - @ MAR ALU
- - - -8 - -
- P
- --- SBPOP-
- - SJMP - B ALU IR4
- --- SBPOP-
- amp
- --- SB@PoP-
- P
- . - - _.e_ -
- P
- - - - -0 MAR ALU
- - - - -BAUM
- - - - -0 MAR ALU
- - - - -BAUM
- v
- - -9 - -
- aMp
- - - - SBAUM
- - - - -8 - -
- - S JMP - B ALU IR4
- --- SOPSH-

S IMP - 8 ALU IR4

'MIA'

COMMENT

STK + 1 -> R2 ISRC"
IF NIL

T+ R2->R2

STK + T -> R1 IDST"
IF OVERFLOW

T ISIZE"
IF 7=0

R2 -T-1->MAR
MD -> MD

RL - T -> MAR
T-1->T7

IFO @

STK -> T
JMAP

STK + T -> R2
IF OVERFLOV
STK + T ->R1
IF OVERFLOW

ISRC1"

ISRC2"

T ISTZE"
IF T=8

R2 - T -> MAR
MD -> RO

R1 - T -> MAR
MD - RB

IF MD <> RO
T-1->T7
IFH B8

MD -> T -> STK
RO -> T
JMAP

T -> STK
JIMAP
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4 3 2 1 8 LABEL KDSTFCTRSC A B SHFT SPPC S EBD BS COMMENT USED REGS

.MAP 342
339 4F A8 87 28 oF 8 DDT T - JMP

.MAP 343
33A 68 F8 87 28 OF 8 REPL T - JMP

MAP 344
33B 5D 28 87 28 @F @ BBLT T - JMP

.MAP 345
33C 51 F8 87 20 OF 8 DCH T - JMP

.MAP 346
33D 67 E@ BC 48 48  UNPACK 18 -+ DZ8 - 8 - - S8 SR AU -STK-1 -> R8 -> SR 8
33E 4F FF F4 60 88 1B OR DZB T T RR - - @ ALUALU TSR > T T
33F 22 E@ @C 48 48 1- + DAB B - - - SB@SR AU STK + R -> SR (%]
348 76 FF FC 70 @@ 1B -& DAB T T MR - -1 ] "MSK(B,SR) & T -> T T
341 ©F EO OF EB 63 10 OR DZB - - - JMP - 8 ALU IR4 JMAP 0

.MAP 347
342 63 C@ 6C 48 FF  PACK 1B + DZ - 3 - - SO8FPOP- STK + 1 -> R3 3
343 2A C6 @C 40 40 1- - DA1 - - - S 8SR ALU STK - R3 -> SR 3
344 ©F E@ 4C 48 38 1 OR DZB - - - S @ MAR ALU STK -> R2 -> MAR 2
345 6F E@ 1C 78 08 1 OR Dz B - MR - -18 MSK(8,SR) -> RB ]
346 2E 66 6C 66 40 1- O Z288 3 - - - -~ B8R ALU R3 -> SR 3
347 4F EO 14 60 00 1B OR DZB @ RR - - @ ALU ALU (R@BSR) -> R9 ]
348 72 E@ 2C 66 61 1B & DAB B 1 - - -BALUMD MD&RG ->R1 21
349 4F FF F4 60 08 1B OR DZB® T T RR - - BALUALU (T*SR) -> T T
34A 74 E1 EC 68 FF 1B -& ABB 8 T - - -8- - "RE&T ->T 6T
34B 2C E3 EC 6@ 18 1- O MBB 1 T - - -8MD ALU R1IORT ->MD 17
34C 4F ES5 EC 40 30 1B+ OR DZO 2 T - - @ MAR ALU R2 -> MAR, STK -> T 2T
34D ©F E@ OF EB 83 10 OR DZB - - - JMP - @ ALU IR4 JIMAP Q
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4 3 2 1 8 LABEL KDSTFCTRSC A B SHFT SP PC S E BD BS  COMMENT USED REGS

.MAP 350

34E 4F FE ©C 48 84 GB 1B« OR DZB T 8 ~ --- SBAUIR T->8TK, IR ->R8 8T

34F 2E 7C BC €8 30 1- O ZAB L - - --- -BMARAU L ->MAR L

366 35 28 97 26 oF @ #GB T - JMP GOTO GB

351 2E 7E @C 6@ 38  #GBREP 1- O ZAB T - - --- -BMARALU T -> MAR T

352 O6F E1 EC 6B B1  #GB 1B O DZB - T - --- -BGALUMD MD->T T

353 66 6@ BC 60 FF 1B -+ ZAB B B - --- -8B- - R3 - 1 -> R8 (2]

354 35 19 @7 20 oF 8 #GBREP -Z - JIMP IF # 8

355 ©F E@ 6F EB 83 10 OR DZB - - - -SJMP -8B ALU IR4 JMAP Q
MAP 351

356 2E 7C @C 68 38 GBi 1- OR zZAB L - - --- -8MARRALU L -> MAR L

357 4F FF EC 48 01 1B OR DZB T - - - - BALUMD T ->S8TK, MD ->T T

358 OF E@ OF EB 63 10 O DZB - - - -8 JMP - 8 ALU IR4 JMAP 0
.MAP 352

359 BE 7E 2C 68 FF  ALLOC i OR zaB8 T 1 - --- -B8- - T->R1 17T

354 BE 79 EC 6@ FF 18 OR 24286 8T - --- -8B- - S->T ST

358 60 E3 8C 6@ FF iB + MO 1S - --- -8B- - S+R1 -> S 18

35C 36 62 @7 28 eF 6 TRAP3 C - JMP IF OVERFLOW

35D 28 D7 8C 68 FF 1- - MBtTHS - --- -8- - H-S HS

35E 36 6A 87 28 OF @ TRAP3 -C - JMP IFHLCS

35F ©F EO BF E6 63 10 OR DZB - - - -8 JIMP - @ ALU IR4 JMAP 0
MAP 353

360 6F E@ 2C 68 B4 ENTR 18 ORDZEB - 1 - --- -BAWIR IR->R! 1

361 ©@ E3 8C 68 FF i + MB 1S - --~- -8B- - S+R1 -> 8 18

362 36 62 87 28 @F 8 TRAP3 C - JMP IF OVERFLOW

363 28 D7 8C 68 FF 1- - MB1 HS - --- -8- - H-S HS

364 36 64 87 28 6F 8 TRAP3 -C - JMP IFHCS

365 ©F E@ OF EB 03 10 O DZB - - - -8 JMP - @ ALU IR4 JMAP 0

366 64 C3 8C 68 FF  TRAP3 18 -+ 118 - --- -8- - S-R1L->S 18

367 3D E8 87 28 OF 8 TRAP(3) T - JMP TRAP(3)




368
369
364
36B
36C
36D
36E
36F
378
371
372
373
374

375
376

377
378
379
374
378
37C
37D
37E
37F
386
381

382
383
384
385
386
387
388
389
38A
388

38C
38D
38E

38F
390
391
392
393

4 3 21 ¢80

26
6F
72
72
37

Informatik ETH Zuerich

LABEL K DST FCT RS
.MAP 354
RTN OR ZA
+ ZA

OR DZ

[ =~ #CDCD@CDU’
o
(@]
+
~N
>

#L0C

R s e (D R R R b s

O T
o
sl
~N
>

.MAP 355
CX

-
D m
o
2
o
N

#MARKG

O T el N S
w)
Q
=
jw)
>

e o e S S S
[ e - B I = -]
[an] o
) =
N o
o N

Q1 D@
o
2ol
o
>

MAP 356
cI

O~ -
(s=]
o
2
o
N

.MAP 357
CF

O
TP @
Qo
o
>

OO ORO~L,®

oo

OROR OO0 RRPRO®

00 OO

—— 000

P

FTNN T O,

PV OEDd T LD

== N @

WWw ! m

N =T =W

FPHwo il 7 T T 7, B R S S s I L S | N W

= =N

WN W I

Micro-Code-Assembler

SHFT SP PC S E BD BS

MAR ALU
ALU MD
MAR ALU
ALU MD

]

i

!

i

1
SO0 ®

MAR ALU
ALU MD

MAR ALU
F ™MD

1

PC ALU
ALU IR4

1
1
1
I
]
OO0 FR,POOOOO®

ALU IR
ALU IR=

1

I

!

i

]
o

MD ALU

MAR ALU

i
1
1
i
i
OO0 RLP IO
>
[
[
-
(]

MAR ALU

i
!
1
1
1
OO0
o
(@]

- --- SB8M ALU
- --- -8ALUIR»

MAR ALU
377

ALU MD
ALU MD

P> I}

i

'

]

1
QDD

10 -

'MIA'

COMMENT

L->8

S+1 -> R1 -> MAR
MD -> L

R1+1 -> R1 -> MAR
MD -> R2

IF >= 8

S -> MAR

MD -> G

G -> MAR

MD -> F

1t1 XOR R2 -> R2
R2 -> PC

JMAP

IR -> R3
IR -> R2

D

1 -> MAR

D, S+1 -> 8

AR, S+1 -> S8
11 -> R4

PC OR R4 -> R4

R4 -> MD

S -> MAR, S+1 -> S
F->M

S -> MAR, S+1 -> 8§
R1 ->L

48 -> RO

RB+R3 -> MAR
MD -> G

G -> MAR

MD -> F

R2 + R2 -> PC
IR*18 -> R1

IR OR R1 -> Rl
R1 -> PC

JMAP

T ->MD, STK -> T
IR -> R2
MARK(IR)

S-1->MAR

377 -> R3

MD & R3 -> R2
ROT(MD,18) & R3 -> R3
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394
395
396

397
398

399
394
398
39C
39D
39E
39F

340
3A1
342
3A3
3A4

Informatik ETH Zuerich

2

= =N | ¥ T B B 7 I 7 I

Micro-Code-Assembler

[ - I |

[y
[ R I |

LABEL K DST FCT RS C A B SHFT
.MAP 368
CL 1- O ZAB L

1B OR DZB -

B #MARK T
.MAP 361,362,363,364,365,366,367,370
CL1 1- OR ZAB L

1B OR 208 -
#MARK 1B OR ZAG S

1B + ZB1 L

1B + ZA1 S

1- OR 208 -

1- OR ZAB S

18 + DAB S

1B OR za08 1

1- + ABB 2

18 O DZ@ -

1B OR DAG 1

1- OR ZAB 1

10 OR DZB -

SP PCSEBD BS

IMP

"MIA'

COMMENT

-8 MD ALU L ->MD
- B ALU IR=

IR -> R2
MARK(IR)

371,372,373,374,375,376,377

8 MD
g -

8 ALU

ALU

ALU
ALU
ALU
PC

ALU

ALU
IR

IR=
ALY
IR4

L ->MD
0 ->R2
MARK(0)

S -> R1 -> MAR

L ->MD, S+1 -> 8§
S -> MAR, S+1 -> 8
PC -> MD

S -> MAR
S+2->8

R1 -> L

R2 + R2 -> PC
IR+18 -> R1
IRORRL ->R1
R1 -> PC

JMAP
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3A5
3A6
347
348
3A9
3AA
34AB
3AC
3AD
3AE
3AF
380
3B1
3B2
383
3B4
3B5
3B6
3B7
3B8
389
3BA
388
3BC
38D
3BE
3BF
3C8

3C2
3C3
3C4
3C5
3C6

3C7
3C8

3C9
3CA
3CB
3CC
3CD
3CE
3CF
308
301
3D2
303
304
3D5
306
307
308
309

Informatik ETH Zuerich

LABEL

#DIVIDE
#DIVIDE+1

#DIV1

FMUL16

K

T Ul e e e e e S T e e e e N el e e ==

- e

R R R R R R R RS b e e e e O

1

DST

DIV

FCTRSC A

B

Micro-Code-Assembler

SHFT SP PC S E BD BS

T->0,QMDT ->R2
&

BOL o -
B -+ AB1 T
BOL + AB B T
B -+ MB1 T
BOL + AB® T
B -+ MB1 T
BOL + ABB T
B -+ AB1 T
BQL + ABB T
B -+ MB1 T
BOL+ ABB T
B -+ AB1 T
BOL + AB B T
B -+ AB1 T
BOL+ ABB T
B -+ AB1 T
BOL+ ABB T
B -+ MB1 T
BOL+ AB B T
B -+ AB1 T
BQL + ABB T
B -+ AB1 T
BOL+ ABB T
B -+ AB1 T
BOL + AB B T
B -+ AB1 T
BL+ AB @ T
B -+ AB1 T
BOL+ 4B B T
B -+ AB1 T
BOL + ABB T
B -+ AB1 T
#DIV1 §

BOQL + AB @ T
B + ABB T
BQL+ ABB T
« T -> [R2,0]

B & z8 -
BR+ AB® T
BOR+ MBS T
BR+ ABB T
BR+ ABO T
BOR+ AB@ T
BOR+ ABB T
BR+ AB® T
BQR+ AB® T
BOR+ ABB T
BOR+ AB B T
BOR+ ABB T
BR+ ABB T
BOR+ ABB T
BR+ AB® T
BR+ 4ABB T
BR+ ABB T

NNNMNMNDNNNNNNRNNNNNPDNNRNNNNDNNNNDNNODNNDNNNDNNDN

=

SN

NNNNNNNNNNNNDNNNDNND N

(N STEPS)

i
OO ONTDNTIITINONIORIIO ODONTOODDT @

1
DO IDOD®

MDS
MDS
MDS
MDS
MDS
MDS
MDS
MDS
MDS
MDS
MDS
MDS
MDS
MDS
MDS
MDS

'MIA®

COMMENT

[8,0]+2 -> [R2,Q]
R2-T -> R2

DIV

R2-T -> R2

DIV

R2-T -> R2

DIV

R2-T -> R2

DIV

R2-T -> R2

DIV

R2-T -> R2

DIV

R2-T -> R2

DIV

R2-T -> R2

DIV

R2-T -> R2

DIV

R2-T -> R2

DIV

R2-T -> R2

DIV

R2-T -> R2

DIV

R2-T -> R2

DIV

R2-T -> R2

DIV

R2-T -> R2

DIV

R2-T -> RZ
GOTO DIV IF C

DIV

CHANGING R2"
T+ R2 ->R2, RIN
DIV STEP IR2 UNCHANGED"

STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP

STEP

STEP

8 -> R2

MUL
MUL
MUL
MUL
MUL
MUL
MUL
MUL
MUL
MUL
MUL
MUL
MuL
MUL
MUL
MUL

STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
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3DA
308
3DC
30D
3DE
3DF
3E8
3E1
3E2
3E3
3E4
3ES
3E6
3E7
3E8

3ES
3EA
3EB
3EC
3ED
3EE

3EF
3F@
3F1

3F2
3F3
3F4
3F5
3F6
3F7
3F8

3F9
3FA
3FB

3FC
3FD

ac

E4

EC

FF

00

a1

Informatik ETH Zuerich

LABEL
TRAP(1)
TRAP(2)
TRAP(3)
TRAP(4)
TRAP(5)
TRAP(B)
TRAP(7)
TRAP(18)

TRAP(N)

TRAP(R®)

#LOOP

>4

Micro-Code-Assembler

K DST FCTRS C A B SHFT
1B OR DZB - B8 - -
@ TRAP(R®) T

18 OR DZB - 8 - -
8 TRAP(RB) T

1B OR DZB - B8 - -
8 TRAP(R®) T

1B OR DZB - B - -
8 TRAP(R®) T

1B OR DZB - 8 - -
@ TRAP(R®) T

1B OR DZB - B - -
@ TRAP(R®) T

18 OR DZB - @8 - -
8 TRAP(N) T

1B OR DZB - @ - -
@ TRAP(N) T

MASKABLE TRAPS:

1B OR DZB - 5 - -
1- + MBB 5P - -
1- - 7818 - - -
1B OR DZB - 5 RR -
g0 F

a0 T

NOT MASKABLE TRAPS:

1- OR ZAB B - - -
18 OR DZB - 1 - -
1- + M8 1P - -
18 OR DZB - 2 - -
1- OR ZA® - - -
18 OR DZB - 1 - -
18 OR DZB - 3 R 10
1- & DAB 3 - - -
@ INTERRUPT Z

@ #L00P T

EXTENSION TO

1B -+ ZA
8 ILL.INSTR
1B OR DZ

VERSION CODE
18 OR DA
10 OR DZ

THE SYS INSTRUCTION:

8 8 8 -
-Z
8 T TR

OF 13.2: 1
8 T1TT
9 - - -

18

SP PC

w

JMP

IMP

JHP
JiP

P

JMP

IMP

JHP

RTN
PopP

IMP

JMP

S

£ BD

11

MAR

DO
w
=

ALU

MD

[ ]
(=]

MAR

MAR

D@
~

ALU

8 ALU

BS

ALU
ALU
MD

ALU

ALU

ALU

MD

IR4

'MIA'

COMMENT

1->Re
TRAP(R8)
2 ->Re
TRAP(R®)
3 -> RO
TRAP(R®)
4 ->R9
TRAP(R®)
5 -> RO
TRAP(R®)

TRAP(N)

7 -> R5 ITRAP MSK"
R5 + P -> MAR

-R® -> SR

(MD*SR) -> R5

RTN IF N IN RS
ADJUST 2911-STACK

RO -> MD ITRAP NR"
6 -> R1
R1 + P -> MAR

3 -> R2

R2 -> MAR

7 ->R1

(1t18) -> R3

MD & R3

IF NOT 7 IN M[3]
LOOP END

R - 1 ->R@
IF IROS
T -> 8STK, (8+18) -> T

1O0RT->T
JIMAP
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488

481
482
483
404

485
486
487
428
489
484
488

48C
48D
40E
40F

410
411
412
413
414

4 3 2108

3D

A8

a7

28

BF

Informatik ETH Zuerich

LABEL

.ORG 2800

ILLEGAL INSTRUCTIONS:

Micro-Code-Assembler

KDSTFCTRSC A B SHFT SPPC S EBD BS

MAP 214,215
MAP 21,334

ILL.INSTR @ TRAP(1) T

MAP 212
DMUL

MAP 213
DDIV

MAP 216
DSHL

MAP 217
DSHR

P

IR Y

Q OR DZO
#MULIE T
B« OR 20 @
Q OR DZO
- OR ZA 0
TRAP(7) 2
0 OR DzB
BQL OR DZ @
#DIVIDE+1

B« OR 20 8
Q OR DZ @
B OR DZ O
B B @
-+ MC
0 OR DZB
8 OR DZ O
Q0 OR ZA @
BOR + ZA @
Bx OR 20 @
Q OR DZB

PN~

PN~

FPNN

FN N

=N TN

JuP

[ 7 B I ]

OO

[svas]

OO R

POP

PSH
ALU

POP
POP

PSH
ALU
POP
PSH
ALU

POP

PSH
ALU

IR4

'MIA'

Page 36
COMMENT USED REGS
TRAP(1)
STK -> 0 Q
T=Q ->[R2,0]
g ->T, R2 ->STK 274
JMAP 0
T T
IF ZERODIVIDE
STK -> 0 0
[STK,Q]+2 -> [R2,0] 2Q
[STK,Q] DIV T -> [R2,T]
Q->T, R2 -> STK 2740
JHAP Q
STK -> R2 2
T+T->T T
R2 + R2 + C -> 8TK 2
JMAP 0
STK -> R2 2
T->Q TQ
[R2,0] DIV 2 -> [R2,0] 2@
g ->T, R2 -> 8TK 270
IMAP Q




415
416

417
418

419
41A

418
41C

41D
41E

41F
428

421
422

423

70
20

79
20

78

78

0E
oF

)
BF

ac
oF

8B
BF

BA
oF

89

08

Informatik ETH Zuerich

LABEL
#LINE15

#LINE14
#DISK
#CLOCK
#LINE11
#LINE1O
#LINEQ

#LINES

3

K DST FCT RS C

B OR DZ
INTERRUPT

® =
-

B OR DZ
INTERRUPT

(oo
- ®

B OR DZ
INTERRUPT

® ==
- ®

B OR DZ
INTERRUPT

© -
—_®

B OR Dz
INTERRUPT

(S
—®

B OR DZ
INTERRUPT

O -
—®

B OR DZ
INTERRUPT

- ®

1
0
B OR DZ
INTERRUPT

—\®

1
(%

Micro-Code-Assembler

SHFT

SP PC

JIMP

JMP

IMP

JMP

IMP

IMP

JIMP

IMP

S

E BD BS

1

17

16

15

14

13

12

11

18

'MIAY

COMMENT

17 -> R1
GOTO INTERRUPT

16 -> R1
GOTO INTERRUPT

15 -> Rt
GOTO INTERRUPT

14 -> R1
GOTO INTERRUPT

13 -> Rt
GOTO INTERRUPT

12 ->R1
GOTO INTERRUPT

11 -> R1
GOTO INTERRUPT

18 -> R1
GOTO INTERRUPT
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424
425
426

427
428
429
424
42B
42C
42D
42E

42F
430
431
432
433
434
435
436
437
438
439
43A
43B
43C
43D

4 3 218

60

6F

E2

%]

2C

6C

6@

78

FF

81

Informatik ETH Zuerich

LABEL

INTERRUPT

TRANSFER

#SAVEREGS

K

© =

O R e e (D

i el = N ST ]

DST FCT RS C
B + ABO
B + Za1
B OR DZ#@
TRANSFER T
- OR ZA®
B OR DZ9
#SAVEREGS

- OR ZA B
- OR ZA B
B OR ZA®
#RESTREGS

Q OR DZ@
#SAVESTK T
- OR ZA @
B + ZA1
- OR ZA @
B + ZA 1
- OR Z08
B + ZA1
- OR ZA®
B + ZA1
- OR ZA O
B + ZA1
B + DAG
- OR ZA @
- OR ZA ®
B -+ DA1

A
1

I AR NTD— e

TUIIXTOTWLWIODXTVT I T O

WN -

I ZTTO+« O+ O O O

Micro-Code-Assenbler

SHFT

SP PC

oo

O

P OOFRPOOONOOEREDO®

MAR
ALU

MD
MAR

ALU

BS

ALU
MD

ALU
AlLU

IR4

ALU
ALU
ALU
ALU
PC

ALU
ALU
ALU
ALU
ALY

ALU
ALU

'MIA'

COMMENT

R1 + R1 -> Rl
R1+1->R2

1->R3
TRANSFER(TRUE,R1,R2)
R1 -> MAR

MD -> R1

SAVE

P ->MD

R2 -> MAR

R1 ->P

RESTORE
JIMAP

SAVE EXPR STACK

P -> MAR, P+1 -> P

P -> MAR, P+1 -> P
-> MAR, P+1 -> P
-> MAR, P+1 > P

-> MAR, P+1 -> P
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43E
43F
448
441
442
443
444
445
446
447

448
449
44
44
44c
44D

44E
44F
450
451
452
453

454
455
456

457
458
459
454
45B

45C
45D

45€
45F
460
461

462
463

4 3 2 18

30

Informatik ETH Zuerich

LABEL

#RESTREGS

#REST

#RESTRSTK

#RSTK

#SAVESTK

#3STK

#SAVED
$

K DST FCT RS C
1B + ZA1
1B OR DzZo
1- OR ZA B
1- OR Z0 8@
1B« + ZA1
1B OR DZ@B
1B + ZA1
1- OR Z08
1- OR ZA D
8 #REST z
1- OR ZA O
1B OR DZ#o
1B OR DZ 9
1- OR ZA®
18 OR DZ@
1- OR MBSO
18 + ZA1
1B OR DZ@
1- + ZA1
18 -+ DAL
1B OR DZ@
18 -+ DA1
8 #RESTRSTK T
1B -+ ZA8
1B OR Dz@
00 z
1B -+ ZA O
1B OR DZ 8
1B -+ ZA B
8 #RSTK -Z
00 T
1B OR DZB
8 #SAVED E
18+« OR DZ @
1B + ZA1
1B + ZA1
B #SSTK -E
1- OR ZA®
1B + ZA1

I+ VT T L T I | [ 2 s o N e & B > I B © B > 9

o —Ww

S wm -

I DT o®

I oo

I ITT I VT T X0 1

oW

-0

(s P R |

Micro-Code-Assembler

SHFT

SP PC

S E

1
OO

i
OO =@

i
PO, OIO®

i
o0

BD

MAR
ALU
MAR
F
MAR
ALU
MAR
PC

MAR

ALU
MAR
ALU
INH

MAR
ALU
MAR

ALU
38

MAR
ALU

MAR
ALU

MD
MAR

MD
MAR

BS

ALU
MD
ALU
MD
ALU
MD
ALU
MD

ALU

MD
ALU

ALU
ALU
ALU

MD

ALU
MD

ALU

ALU
ALU

ALU
ALU

‘MIAY

COMMENT

P->MAR, P+1->P

MD -> G
G -> MAR
MD -> F

P->MAR, P+1->P

MD -> L

P->MAR, P+1->P

MD -> PC
R3
GOTO REST IF R3=8

P -> MAR

3 ->R1

MD -> M

R1 -> MAR

MD -> R1

R1 GR M -> INM

P+1->P->MAR
MD -> S

P+1->MR
P-4->P
MD -> H
H-38 ->H

RESTORE EXPR STACK

S-1 -> 8 -> MAR
MD -> RB
IF =0

S-1 -> S -> MAR
T->8TK, MD -> T
RE-1 -> RO

IFRG >0

RETURN

B ->R8
IF STK EMPTY

T->M, STK -> T
S -> MAR, S+1 -> 8
RB + 1 ->R0

IF NOT STK EMPTY

RB -> MD
S -> MAR, S+1 -> 8
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464
465
466
467
468
489

464

46F

479
471
472
473
474

475
475
477
478
479
474
478

47C
47D
47E

4 3 2 18

70
6@
60

20

Informatik ETH Zuerich
LABEL K DST FCT RS

. DISK INPUT/CUTPUT

#GET 1 - OR ZA
1- OR ZQ
1- OR ZQ
1B OR DZ
1- OR Z0
1 - OR Z0
#PUT 1- OR ZA
1- OR 2zA
1- OR ZA
1- OR ZA
1- OR ZA
1- OR ZA
#WAIT 1B OR DZ
1 - OR ZA
#W 18 & DA
28
8 #v
#RESETDSK 1 B OR DZ
18 OR DZ
@ #PUT
18 OR DZ
ERRESET @ #PUT
18 OR DZ
B #WAIT
#CLRADGR 1B OR DZ
1B OR DZ
8 #PUT

OO

OO

O ®

IO HO® —

——o®

(o) M=) No) e Ne)Nd)]

ww,m

(=08

Micro-Code-Assembler

SHFT SP PC S E BD BS

LWWLIWLW

|
[
LWL LwWw

OO

DO ®

10A
I0D
10D
10D
10D
IoD

111

o®

>
[&,

I0A
ALU

200

ALU
I0D
I0D
10D
10D
10D

ALU
ALU
ALY
ALU
ALU
ALU

ALU
I0D

'MIAY

COMMENT

RS -> I0-ADDRESS
I0-DATA -> DUMMY
I0-DATA -> DUMMY
I0-DATA -> R6

I0-DATA -> DUMMY
I0-DATA -> DUMMY, RTN

R5 -> I0-ADDRESS
R6 -> I0-DATA

R6 -> I0-DATA

R6 -> I0-DATA

RG -> I0-DATA

R6 -> I0-DATA, RTN

11 -> RS

RS -> I0-ADDRESS
I0-DATA & R3 -> R6
RTN IF R3 IN IO-DATA
GOTO W

11 -> R5

6 -> RS
PUT(DISK,FAULTRESET)
7 -> RG

PUT(DISK,R6)

208 -> R3
VAIT(RDYSRV)

11 ->R5
5 -> R6
PUT(STATUS, CLR)
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USED REGS
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47F
488
481
482
483
484
485

486
487
488

489
48A
48B
48C
48D
48E
48F

490
491
492
493
494

495
496
497

498
489
494
49B
49C
43D

Informatik ETH Zuerich
L ABEL K DST FCT RS
#INITYRIT 8 #CLRADDR

B OR DZ
B OR DZ
B & ZA
#PUT

B -+ ZA
#IV

#IV

O e ®

B OR DZ
B OR DA
#PUT

[N

#READCH
#RCH

B OR DZ
#GET
- & DA
#RCH

B OR DZ
#GET

B & DA

PO, O O

#SETTRACK 1B & DA
Bx OR DZ
#SETRK

B XOR DA

R

#SETRK B OR AB
B OR DZ

#VAIT

S =

B OR DZ
B OR DZ
#PUT

B OR ZA
#PUT

OO
w
+
N
>

c

T
0
(%

-0 ® (o] [Se o] O ONO-H® -0 ®

— 0O, 40 ®

12
12

[« 04, o

Micro-Code-Assembler

SHFT SP PC S E BD BS
- JSR

- -=-=- -13

- -=-=~- -110

- - - - ..e -
- JSR

- - - - _B_ -
- JMP

- - == -1246

R18 - - -8 ALU ALU
- JMP

- --=- -11
- JSR

- --=- -11
- JMP

- -=-=- =-12
- JSR

- - =-RIN - 1377

M 6-- -10

M 6 - - -10

R 1-- -8AUALU
- JMP

R 7-- -1181

- - - - _e_ -

- --=- =1
- JSR

- --=- -112

R18 - - -8 ALU ALU
- JSR

- - - - _8_ -

- .- - - _@_ -
- JMP

'MIA'

COMMENT us

CLRADDR
3 -> R1

18 -> R5

8 -> R6
PUT(DISK,8)
RL - 1 -> Rt
IF>0

ABH -> RG
R6710 OR R6 -> R6
PUT(DISK,SYNC)

1->R5
GET(KBSTATUS,R6)

RG & 1

IF NOT 15 IN R6

2 ->R5
GET(KBDATA,R6)

R6 & 377 -> RB, RIN

MSK(®,6) & R12 -> R3
“MSK(@,6) & R12 -> R4

(R4+1) -> R4

IF >='8

(18117) XOR R4 -> R4
R3 OR R4 -> R4

4 -> R3
WAIT(RDYSEEK)

12 -> RS

(R4118) -> R6
PUT(TRACKH,R4 DIV 188H)
R5 + 1 -> R5

R4 -> RE

PUT(TRACKL ,R4 MOD 108H)
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49E
49F
440
4A1
472
4A3
444
4A5
476

4A7
4A8
459
4AA
4AB
4AC

4AD
4AE
4AF
438
481
482
4B3

4B4
4B5
4B6
487
488
4B9

4BA
4BB
4BC
4BD
4BE
ABF

4Co
4C1

4C2
4C3

4C4
4C5
4C6
4C7
4C8
4C9

4CA
4CB

4CC
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LABEL
. SECTOR(Q):
#SECTOR 1
]
1
)
1
1
0
1
8
#SECTL 1
#SECT2 1
#SECT48 1
B
1
8
B
1
8
1
1
8
1
8
#GETWORD 1
1
8
1
)
1
DUMP 1
1
1
1
1
1
DUMPVORD 1
1
#PUTWORD 1
8
1
1
]
1
1
]
1
8
1

KDSTFCTRSC A B

Q=100 <=> PUT;

B -+ DA1 1111
#SECT1 Fz

- -+ DALl 11 -
#SECT2 -Z

B -+ DZ1 - 11
B + ZA1 1212
#SETTRACK T

B O DzB - 3
#WAIT T

B DAe 11 11
B + AQB 116
B OR DZB - &
#PUT T

B OR DZB - 3
#UAIT T
AD SECTOR HANDLING:
- & DAB 6 -
#CLRADDR  Z

B OR DZB - §
B OR DZB - 6
ERRESET T

B + DQB - 6
#SECT48 T

B + ZA1 10 10
B & DAB 18 18
#SECTOR Zz

B O Dz@B - 5§
#GET T

B OR 2A8 6 7
B & ZA® 10 10
B OR DZB - 11
B OR DZB - 12
B OR DZB - 2
Q OR DZB - -
B OR DZB - 8
- OR ZAB B -
- OR ZAB 2 -
- OR ZAB 18 -
#INITURIT 2Z

B OR DZB - §
B OR DZB - 6
#PUT T

B + ZA1 18 10
B & DAD 18 10
#SECTOR JA

B + 281 2 2
DUMPWORD  -C

B + ZA1 8 0

Micro-Code-Assembler

SHFT SP PC S E BD BS

Q=208 <{=> GET

1]

JIMP

IMP

JSR

JSR

JSR

JSR
IMP
JSR

JMP

JSR
JSR
RTHN

1

e

[,

[ss]

e e ©
R, 0w

[se N an]

D

=

177

10

20

BNK

MAR

18

ALU

177

ALU
ALU

MD

'MIA'

COMMENT

R11 - &4 -> R11
GOTO SECTL IF <= 8
R11 - 3

GOTO #SECT2 IF #8
-477 -> R11

R12 + 1 -> R12
SETTRACK(R12)

288 -> R3
WAIT(RDYSRW)

R11 + 47 -> R11

R11 + § -> R6

14 -> RS

PUT(SECTOR,RB)

181 -> R3

WAIT(XFERCOMPL OR
BADSECTOR)

R6 & 1

GOTO CLRADDR IF Z
11 -> RS

4 ->RE

ERRESET

482 + Q -> R6
GOTO SECT48

R10 + 1 -> R18
R10 & 177 -> R18
SECTOR(GET) IF =9
18 -> R5
GET(DISK,R6)

R6 -> R7, RN

8 -> R19
57 -> R11
3 -> R12
8 -> R2
108 -> ¢
8 -> Ra

R@ -> BNK
R2 -> MAR

R18
INITWRIT IF =8

18 -> RS

MD -> R6
PUT(DISK,R6)

R18 + 1 -> R18
R18 & 177 -> Ri@
SECTOR(PUT) IF =B

R2 + 1 ->R2
IF R2 <= FFFF

RB + 1 ->R@
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4 3 2 1 @ LABEL KDSTFCTRSC A B SHFT SPPC S EBD BS  COMMENT USED REGS
4CD 26 C@ 8C 78 82 1- -+ DAl B - - --- =-12 R@-2 8
4CE 4C @9 87 20 OF @ DUMPWORD  -Z - JMP IFRE O 2
4CF ©0 @8 @1 28 oF 08 T - RTN RETURN




4D8
4D1
4D2
4D3

4D4
4p5

4DB
4D7
4D8
4D9

4DA

4DB
4DC

4DD
4DE
4DF
AED
4E1
4E2
4E3
4E4
4ES
4EB
4E7
4E8
4E9

4EA
4EB
AEC
4ED
AEE

AEF
4F8
4F1
4F2
4F3

4F4
4F5
4F6
4F7
4F8

4F9

4 3 2 180
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LABEL

K DST FCT RS C

. BOOTSTRAP SEQUENCE:

START

NODUMP

BOOT1

BOOT2

BOOT

BLOCK

DATA

]
1
1
1

CLEAR KEYBOARD DATA REGISTER:

1
(5

OO

#SAVEREGS
B OR DZ
- OR ZA
- OR ZA

B OR Dz
#GET

#RESETDSK
#READCH
- - DA
NODUMP
DUMP

#RESETDSK
#READCH

B+ & ZA
- -+ ZA
BOOT1

B OR DZ
BOOT
- -+ DA
BOOT2

B OR DZ
BOOT

-+ DA

B OR DZ
B + DA

OR DZ
OR DZ
-+ ZA
OR DZ
OR Dz

O @wE

#GETWORD
B -+ ZA
#RESTART
#GETWORD
B OR 2zA

#GETWORD

- OR ZA
B + ZA
B -+ ZA
DATA

BLOCK

T
8
8
8

8

- OO0 ® o

[a B R |

U
N

T

® 0

[N

5

-

Micro-Code-Assembler

SHFT SP PC S E BD BS

JSR

JSR

JSR
JSR

N
JSR

JSR
JSR

JMP

JIMP
IMP

i !
PR NN

'
PN~ N~

5
MD
MAR

PSH

32

177
57

PoP
268

MD
MAR

ALY
ALU

ALU
ALY

'MIAY

COMMENT

SAVE REG'S IN CASE OF
RESET

5 ->R8
P -> MD
RO -> MAR

KBDATA -> RS
GET(KBDATA, DUMMY )

RESETDSK
READCH(RS)

R6 - 4 (CTRL D)
IF R3 <> CTRL D

DUMP

RESETDSK
READCH(RG)

T->STK, 8 ->T
R6 - 1 ICTRL A"
IF R6 <> CTRL A
32 ->T

BOOT(32)

R1 - 6 ICTRL F"
IF R6 <> CTRL F
460008 -> T
BCOT(42003)

R6 - 23 (CTRL "
IF R6 <> CTRL S
498328 -> T
BOOT(46032)

177 -> R18
57 -> R11
T-1->R12
ST ->T

288 ->

GETWORD(SIZE)
R7 - 1 -> R@
RTN IF < @
GETWORD(ADDR)
R7 -> R1

GETWORD(R7)
R7 -> MD

R1 -> MAR, R1+1 -> R1

RO - 1->R8
IF SIZE <> @8

GOTO BLOCK

Page 44
USED REGS

® T

o —

—

O—-TX®

-




4 3210

L

Informatik ETH Zuerich Micro-Code-Assembler 'MIA' Page 45
LABEL KDSTFCTRSC A B SHFT SPPC S E BD BS  COMMENT USED REGS
» MODULE DISPLAYHANDLER;

= EXPORT BBLT,REPL,DCH,DDT;

x

* (* PARAMETERS FOR THE BITHANDLING MACROINSTRUCTIONS ON THE EXPRESSION STACK:
*

«  BBLT: I I

® =mma= R ettt +

* I SRCBMD I REPL : I I

* e ———————— + I r==== o + 1
* I DESTBLD I I IDESTBLD I I
% tmmm + 1 L ittt + I
® I SRCBLD I I I SOURCE T I
* e ——— + T o e e e + I
x I DESTBMD I I I BMD I I
x trmmmccmee- + bemmccmnee- +

* I MODE I I MODE I

x oo + brmmccncane +

®

&

* DCH I I DDT I I

* ==== - — + mssomo e ——————— +

* I CH I I Y I

*® o ———— + I e ————— +

* I DESTBLD I I I X I

* B + I D ettt +

* I FONTADDR I I I BMD I

® o ———— + I o ———— +

® I BMD I I MODE I

% D + D ettt + m)
*

E 3

*®

= TYPE

»  BMDESCR = RECORD

® ADDR,

* WIDTH,HEIGHT : CARDINAL;

® WORD4 : PACKED RECORD

® INVERT . BOOLEAN;

x WPRIM . [0..63];

x HPRIM . [@..5117;

® END;

= . END;

*®

»  BLOCKDESCR = RECORD

* XY,

x WIDTH,HEIGHT : CARDINAL;

= END;

*®

= PATTERN = RECORD

* COUNT : CARDINAL;

* DOTS : ARRAY [1..COUNT] OF BITSET;

= END;

®

#  FONT = RECORD

* HEIGHT . CARDINAL;

® CHAR : ARRAY [@..255] OF POINTER TO CHARACTER; (» SELF RELATIV x)
® PSEUDOCHAR : ARRAY [256..MAXCHAR] OF POINTER TO CHARACTER;
« END;

®

x  CHARACTER = RECORD
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LABEL

€2 % % B B R OB X % B B % £ B B X »

DOTS

Micro-Code-Assembler 'MIA’

KDSTFCTRSC A B SHFT SPPC S E BD BS  COMMENT

: ARRAY [1..HEIGHT] OF BITSET;

CASE EXTENDED OF

FALSE
TRUE
END;

: VIDTH : CARDINAL;
: PSEUDOCHR : INTEGER; (* -INDEX TO THE ARRAY PSEUDOCHAR =)

SKIP,HEIGHT : 8..285;

END;
VAR

SRCBMD,DESTBMD,

BMD

: BMDESCR;

DESTBLD, SRCBLD : BLOCKDESCR;

SOURCE
FONTADDR

: PATTERN;
: POINTER TO FONT;
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4 3 2 1 8 LABEL KDST FCTRSC A B SHFT SPPC S E BD BS  COMMENT USED REGS
x PROCEDURE DDT; (= NV 7.88
* ESEEmEmmEEEEsEs *)
4FA 6F E@ @C 48 FF DDT 1B OR DZ® - 8 - --~- S@POP- STK->RO X" @
4FB 6F E@ 2C 48 38 1B OR DZB - 1 - --- SB@MARALU STK -> Rl -> MAR IBMD* 1
4FC 6F EQ 6C 60 01 1B OR DZB - 3 - --- -@AUMD MD->R3 3
4FD 72 E6 8C 70 83 1B & DAB 3 4 - --- -13 38R3 ->»RA  IBANK" 3 4
4FE 76 E6 6C 78 83 1B -2 DAB 3 3 - --- -13 "3 &R3->R3  IBMA" 3
4FF 62 42 2C 60 38 1B + ZA1 1 1 - --- -8 MARALU RI+1 -> R1 -> MAR 1
508 ©F E@ 8C 60 81 10 OR DZB - - - --- -BAUM MD->0Q W0
501 6D 6@ 4C 68 FF 1B OR 208 - 2 - --- -B- -. (->R2 20
562 4F E4 44 6C 00 1B+ OR DZB 2 R14 - - -8 ALU ALU (R2t14) -> R2 2
503 28 CO 4C 6@ FF 1- - &1 2 - --- -8- - RI-R2 2
584 3E 62 87 28 OF @ TRAP(4) C - aMp TRAP(4) IF 16+W<=R@
565 22 42 BC 6@ 30 1- + ZA1 1 - - --- -BMARAU RL+1->MA 1
506 63 CB 2C 68 81 1B + DZ1 - 1 - --- -@AUM MD+1 -> R1 tHe1' 1
567 68 C3 EC 6@ FF 1B - M1 1T - --- -8- - RIL-T=>T IHel-y" 17
508 22 5E @C 68 FF 1- + ZA1 T - - --- -@8- - T=+1 T
569 3E 01 47 20 OF @ TRAP(4)  FZ - Jup TRAP(4) IF H<=Y
564 3C 98 @83 20 OF @ #MUL16 T - ISR Q=T ->[R2,0] !..«W"
50B 6@ 66 6C 68 FF 1B + AQ® 3 3 - --~- -B- - Q+R3->R3 !..+BMA" 30
50C 4F EG 24 64 00 1B= OR DZB 8 1 R 4-- -0ALUALU Ret4 -> Rl IXDIV 16" 81
50D 76 E2 2C 74 08 1B -8 DAG 1 1 M 4-- -108 “MSK(@,4) & R1 -> R1 1
50E 2F 68 @C 68 DO 1- OR ZAB 4 - - - -- - @BNKALU R4 -> BNK 4
56F 60 E2 6C 60 30 1B + ABB 1 3 - --- -0 MARALU RI+R3 -> R3 -> MAR 13
[(He1-Y)*W + BMA + X/16"

510 22 40 ©C 60 48 1- + ZM1 8 - - --- -0BSR AU RB+1->SCR !(X+1)MOID16" @
511 6F EB 4C 66 81 1B OR DZB - 2 - --- -BAUM MD->R2 2
512 6F E@ 34 70 01 1B OR DZB - 1 RR--- ~-11 11SR -> R1 1
513 6F E@ 0C 4B FF 1B OR DZB - 8 - --- S@PP- STK->R0 M* @
514 26 C@ 8C 78 82 1- -+ DA1 B - - --- -12 RO - 2 )
515 51 91 07 28 OF 8 #INV z - P IF R@=2
516 51 B@ 27 28 OF 0 #SET S - MP IF RO<2
517 34 E2 4C 68 18  #CLR 1- -8 BB 1 2 - --- -8M) AU “R1&R2->MD 12
518 51 C8 @7 20 6F @ #DD T - IMP
519 38 E2 4C 6@ 18  #INV 1- XORABB 1 2 - --- -@M ALU RL1 XOR R2 -> MD 12
514 51 C8 @87 20 oF 0 #DD T - WP
518 2C E2 4C 68 18  #SET 1- OR ABB 1 2 - --- -@MD AU R1ORR2->MD 12
51C 2F 68 @C 68 DB #DD 1- OR ZAB 4 - - - -- - @BNKALU R4 -> BNK 4
51D 4F E7 EC 48 30 1B« OR DZB 3 - - - - SOMRALU R3->MAR, STK -> T 3T
51E ©OF EQ OF EO 83 10 OR DZ®@ - - - -SJMP -8 ALU IR4 JMAP Q




51F
520
521
522
523
524

526
526
527
528
529
524

528
52C
52D
52E
52F
530
531
532

533
534
535
536
537
538
539
53A
538
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LABEL

#* X OB X X N N ¥ X

DCH

% % ® * X = # % % ® »

* % ® *

K

Micro-Code-Assembler

DSTFCTRSC A B SHFT SPPC S EBD BS

PROCEDURE DCH; (= W 27.3.79

© e el e el e

[ S N T I I I G TP

POP(CH);
POP(DESTBLD);
POP(FONTADDR) ;
POP(BMD);

DX := DESTBLD.X;
PUSH(M) ;

DY := DESTBLD.Y;

OR DZB - - - - -
Dz 8 -
OR DZB -
OR DZ B -
+ 01 - - - --
B OR DZ@B8 M 11 - - -

P PO
o
e
[l ]
|
i
1

BMA := BMD.ADDR;

PUSH(H);

BMVIDTH := BMD.WIDTH;
PUSH(S);

BMHEIGHT := BMD.HEIGHT + 1

- OR ZA @
B= OR DZ @
B + ZA1
B« OR DZ @
-+ ZA1
B + DZ1

NHETIT DT
(s~ I I => BN d ) N
1
]

!

BLOCKWIDTH :
PUSH(G);
PUSH(L);
DWORD := BMHEIGHT - DY;
CH := CH MOD 377;

DWORD := BMWIDTH * DWORD;

2;

Bx &
B= OR
B -

= wm
-
[
v
[

- +
0 OR
B &
B

#

[N N

NONNID>NN
D>D>D>I> OO >
A 000 FOOX®
(=) B e o B i ep )

[

1

1

1

—
1
1
'

OR
MUL16

DVWORD := DWORD + BMA + (DX
BITADDR := DX MOD 16;
FBANK := FONTADDR MOD 4;
BANK := BMA MOD 4;

B OR DZ @
B -8 DA @
B + AQ@
B & DA®@
B -& DA @
B
B
B
B

[s9)

P WD WOIN = =
I
|
i

*

OR DZ @
& DA ®
-& DA O
+ ABBO

NWWWA W

8 MAR
8 POP
a Pop
8 ALU
- B MAR
ALU

(7 IV ]

w
[an]

MAR
ALU
MAR
AL
MAR
ALU

[ 7 T B 7 |
OO ®

[¥2]

PSH
PSH

[ B 7 I N Vs I ]

DO ®
R
(2]
=

377

i

16);

1
DR PO, OO
w

ALU

MD
ALU
MD

ALU

ALU
MD

MD

ALY

ALU

'MIA'

COMMENT

: CH

: DESTBLD
. FONTADDR
. BMD

1 DX

O W — %

MDY

STK -> 0 -> MAR

STK -> R3

STK -> R4

MD -> R18

0+1 -> MAR

M -> STK, MD -> Ri1

5 . BMA
6 : BMWIDTH
8 : BMHEIGHT

R4 -> MAR

P -> STK, MD -> RS
R4+1 -> R4 -> MAR

H -> STK, MD -> R6
R4+1 -> MAR

S -> STK, MD+1 -> R@

S : BLOCKWIDTH

. DWORD

T & 377 -> R1t
R6 -> T
Q=T ->0 (-2)

: DWORD

: BITADDR
: FBANK

. BANK

NI © -

R18%4 -> R1
-MSK(8,4) & R1 -> R1

R1 + Q -> Rt

3 & R5 -> R2

~3 & R5 -> RS

(R3t16) -> R3

3 &R3 -> H

“3 & R3 -> R3

R1 + R5 -> R1

Page 48
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4 3 210

53C 72 F@8 BC 76 @F
530 6E 71 EC 6@ FF

53E
53F
548
541
542
543
544
545
546
547
548

549
544
54B

54C
54D
54E
54F
550

552
553

FF

Informatik ETH Zuerich

LABEL

* OB OB X X B OB O ¥ R X ®

TRAPDCH

EXITDCH

Micro-Code-Assembler

KDSTFCTRS C A B SHFT

1
1

B
B

CONVERT(CH) ;
POP(L);
POP(G);
DESTBLD. X
DESTBLD. V
POP(S);
POP(F);
POP(H);
POP(P);
POP(M);
POP(T);

END DCH;

[avIaS )

i =

e e S S e =]
[e=]

#CONVERT

B OR ZA
B + DA
- OR ZA

-+ ZA
EXITDCH
@ OR DZ

1
+
N
>

O - PP PP

8
EXITDCH
TRAP(4)

- -

PP OODoODoTow
o
=
o
~N
OO0 ®

DESTBLD.X
DESTBLD.V¥

NOUOWONNO W

& DAB 188
OR ZAa@ 18T

P I ON

X 0DITULUOHIT®

+

SP PC S E BD
-- -117
- - -9 -
BLOCKWIDTH;
BLOCKWIDTH;
- JSR
- - - 0B MAR
- - ~-BAU
-~ -@M
- - - B MAR
-~ - B MAR
- - - BALU
-- -@M
- - - 0@ MAR
- JSR

JMP - B ALU
- POP
- JSR
- JMP
- - §S6P0OP
-- S@ePpop
-- SB8POP
- - SB8POP
-~ S8 POP
- - SBPoP
- - S8POP
- RTN S 8 POP

BS

ALU
MD
ALU
ALU
ALU
M
ALU
ALU

IR4

'MIA'

Page 49
COMMENT USED REGS
R12 & 17 -> R8® 68
R18 -> T 87T
CONVERT(R11)
L -> MAR -> R2 2L
MD + S -> RO 83
RG -> MD 0
R2 -> MAR, R2 + 1 -> R2 2
R2 + 1 => MAR 2
MD - S -> RO 8s
RB -> MD (%]
R2 «+ 1 -> MAR 2
RESTORE REGS
JMAP 1]
FIX 2911 STACK
RESTORE REGS
TRAP(4)
STK -> DUMMY g
STK -> L L
STK -> G G
STK -> 8 S
STK -> H H
STK -> P P
STK -> M H
STK -> T T
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4 3 2 1 8 LABEL KDSTFCTRSC A B SHFT SP PC S E BD BS  COMMENT USED REGS

* PROCEDURE CONVERT (CH:CHARACTER);

e

* CHAR := FONTADDR + CH; g : CHAR

* CHARPTR := CHAR + M[CHAR]; 9 : CHARPTR

* PSEUDOCHAR := 8; G : PSEUDGCHAR

* VIDTH := CHARPTR+.WIDTH; 7 . WIDTH
554 2F 76 BC 68 DB #CONVERT 1 - OR ZAB H - - - -- -8 BNKALU H ->BNK H
555 68 E7 2C 68 30 1B + ABB 3 11 - --- -BMARALU R3+R11 ->Ri1 ->MAR 3 M
556 62 F3 2C 68 81 1B + DABG 1111- --- -BALUMD MD+ R11 -> R11 M
557 2E 76 ©C 68 D@ 1- OR ZA®@ H - - --- -@BNKALU H ->BNK H
558 52 73 AC 6@ 30 1B« & ZA@ 1115- - - - -8 MAR ALU R1i1 -> MAR, B8 -> G MG
550 6F E@ EC 66 81 1B OR DZB - 7 - --- -BALUMD MD ->R7 7

* IF WIDTH < @ THEN (+ CHARACTER VIDER THAN 16 BITS x)

* PSEUDGCHAR := COMPL(VIDTH);

* VIDTH := 16;

* END;
55A 55 D8 47 28 @F B8 #CNV1 -F - JMP GOTO #CNV1 IF >=B
558 BA B6F AC 6@ FF i - ZA8 7 G - - - - -8 - - “R7 -> G 7G
55C 6F E@ EC 70 10 1B OR DZB - 7 - --- -128 16 -> R7 7

* BLOCKWIDTH := BLOCKWIDTH + WIDTH; S . BLOCKWIDTH

* HEIGHT := CHARPTRt.HEIGHT; Q : HEIGHT

* NEXTBITADDR := BITADDR + WIDTH; 7 : NEXTBITADDR
55D 68 EF EC 68 FF  #CNV1 i + M6 7T - --- -8- - R7 + T ->T 77
55E 54 92 87 208 OF 8 TRAPDCH C - JMP TRAP IF OVERFLOW
55F 4F EC A4 6C @8 1B+« OR DZB® 6 5 R14 - - -8 ALU ALU (RBt14) -> RS 56
568 28 CB EC 68 FF 1- - 157 - --- -8- - R&E - T 5T
561 54 OA @7 20 @F 8 TRAPDCH -C - JMP TRAP IF 16«BMW < T
562 66 EF 8C 68 FF 1 + AMBB 7 - --=- -B- - R7 + 8 ->8 7S
563 2E 76 ©C 608 D@ 1- OR ZA@ H - - -~ - -0 BNKALU H -> BNK H
564 22 52 @C 68 30 1 - + A1 11 - - - -~ - 8 MAR ALU R11+1 -> MAR M
565 40 E@ EC 60 40 1B+ + ABO 7 - --- -8BSR ALU RO -> SR, R@+R7 -> R7 87
566 6F E1 @C 60 91 18 OR DZB - 18- - - - - @ ALUMD MD -> R19 8
567 12 F@ 6C 78 FF 10 & DAB 18- - --- -1377 R18 & 377 -> 0 8 Q

® IF HEIGHT = @

* THEN

* IF NEXTBITADDR >= 16 THEN

* NEXTBITADDR := NEXTBITADDR - 16;

* INC(DWORD);

* END;
568 56 C9 87 20 OF 8 #CNV10 -Z - IMP GOTO #CNV1Q IF #8
569 26 CE 8C 70 10 1- -+ DALl 7 - - - - - - 1208 R7? - 16 7
564 5A 808 27 20 oF @ #CNVG S - JMP GOTO CNV6 IF <@
56B 59 E8 87 28 OF @ #CNV5Q T - JMP GOTO CNVE@

* ELSE

* CURRENTWORDADDR := DWORD; 4 : CURRENTWORDADDR

* SKIP := CHARPTRt.SKIP; 8 @ SKIP
56C 6E 62 8C 68 FF  #Chvig@ 1B OR Z2A86 1 4 - --- -8- - R1 -> R4 14
56D 4F F1 @4 68 00 1B OR DZ©@ 18 18R 10 - - - 8 ALU ALU R18t18 -> R18 8

* WHILE SKIP > 8 DO




56E

56F
570
571
572
573
574

575
576

577
578
579

574
578
57C
57D

57E
57F
580
581
582
583
584
585
586
587
588

584
588
58C
58D

4 3 218

6D
60
26

58

ac

B4
5C

Informatik ETH Zuerich

LABEL

® % B

#CNV2

* % % ® »

#CNV3

* ® X X ® %

#CNV4

#CNVS

Micro-Code-Assembler

KDSTFCTRSC A B SHFT SP PC S E BD BS
CURRENTWORDADDR := CURRENTWORDADDR-
BMWIDTH;
DEC(SKIP);
END;
1B & DAG 181B8- --- ~-1377
1B OR DZB - § - --- SBPOP -
1- OR 208 5 - - --- SBPSH-
18 -+ AB1 185 - --- -8- -
2 TRAPDCH -C - JMP
1- - M1 5 - - --- -8B8- -
@ TRAPDCH -C - JMP
1- OR 2006 8- - --- -8- -
8 #CNV3 Z - JMP
iB -+ M1 6 4 - --- -8- -
1B -+ ZA8 18186- -~-- -86- -~
8 #CNv2 -Z - IMP
CURRENTWORDADDR := CURRENTWORDADDR+
BMWIDTH;
IF NEXTBITADDR < 16
THEN (» NO WRAP AROUND =)
18 OR 208 - 8- --- -8- -
18 + MO 6 4 - --- -0- -
1- -+ DALl 7 - - --- -129
B8 #CNV5 -S - JMP
FOR I := HEIGHT DOWN TO 1 DO
RS := ROT(CHARPTRt.DOTS[I],BITADDR);
CURRENTWORDADDR := CURRENTWCRDADDR-
BMWIDTH;
M[CURRENTWORDADDR] := M[C.W.A] OR R5;
END;
1- OR ZA@ H - - --- - 8BNKALU
18 -+ ZAOG 1111 - - - - -8 MAR ALU
1B OR DZB - 5 RR--- -8AUM
1- OR ZAG 2 - - - -- -8 BNKALU
1B -+ &B1 6 4 - --- -8 MARALU
1B OR DAG 5 5 - --- -8BAUM
1- OR 2400 5 - - --- -8BMD ALU
1- OR ZA@ 2 - - --- -8 BNKALU
1- 0OR ZAB 4 - - - - - -8 MAR ALU
i -+ 240 818- --- -8- -
8 #CNV4 -Z - JMP
8 #CNVB T - JMP
ELSE (* WRAP AROUND =)
FOR I := HEIGHT DOWNTO 1 DO
1- OR Z2AB H - - --- -8 BNKALU
18 -+ ZAB 1111 - --- -8 MAR ALU
1B OR DZB® - 5 RR~--- -8 ALUMD
1B -XRDZ@ - 12MR--- ~18

‘MIA

COMMENT

R18 & 377 -> R18

STK -> RS

RS -» 87K

RS - R18 -> RS
TRAP IF R5<R18
RS - 0

TRAP IF R5<Q

R10
GOTO #CNV3 IF =8

R4 - R6 -> R4
R18-1 -> R18
GOTO #CNv2 IF #0

8 : HEIGHT

Q ->R18

R4 + R6 -> R4

R7 - 16

GOTO #CNVS IF >=0

I

8
5 :R5

H -> BNK

R11-1 -> R11 -> MAR
MD*SR -> RS

R2 -> BNK

R4 - R -> R4 -> MAR
MD OR RS -> RS

RS -> MD

R2 -> BNK

R4 -> MAR

R1B-1 -> Ri8

GOTO #CNv4 IF #@

GOTO #CNV6

H -> BNK
R11-1 -> R11 -> MAR
MDTSR -> R5
-MSK(B,SR) -> R12

Page 51
USED REGS

oo, (o]

w
Len]

NI BNOIT T

TOXx T




58E
58F
590
591
592

594

595
596
897
598
589
594
5398
58C
59D

59E
59F

518
5A1
5A2
5A3

66
62

CE
42

EC
2C

70
60

10
FF

Informatik ETH Zuerich

LABEL

* % B »

#CNV58

® % % % »

#CNV6

€& % * »

K DST FCT

&
OR
-+
OR
OR
- OR
OR

e el
[ e =i~ R R v -]

RS
C.
ML

END;

© e e
[ e} o
Q
ol

#CNVS

RS C

AB 0
Zh @
AB 1
DA @
ZA B
ZA B
ZA B

W.A.
c.v.

N
>
OFRP OO RLRO®

Micro-Code-Assembler

A B SHFT
5
2
6
1
1
2
4
ROT(CHARPTR+

;= C.W.A. -
A1 := M[C.V.

NEB_BNOO RN
I

| =

=

1 1

NEXTBITADDR := N.B.A.
INC(DWORD);

END;

1B -+
1B +

BITADD
END;

DA

ZA

e

R :

]

77 - -
11

NEXTBITADDR;

CH := PSEUDOCHAR;
IF CH # @ THEN CONVERT(CH); END;

END CONVER

CONVERT

T;

B OR zZA8 7 B8 - -
B OR ZzA@0 G 11 - -
#
(%

-Z
T

SP PC S

E BD

NK

=

B MAR

BS

ALU

ALU

.DOTS[I7],BITADDR);
BMVIDTH;

'MIA' Page 82

COMMENT USED REGS
R5 & R12 -> R12

RZ -> BNK

R4 - R6 -> R4 -> MAR
MD OR R12 -> R12

R12 -> MD

R2 -> BNK

R4 -> MAR

p
6

2N TOTHAHENDM

5§ : RS

A.] OR (R5 MOD 2==BITADDR});

- JMP
- RTN

o>
[andi= s -

P EOOXID>IO®
> =
a X

[as B lcs lov oy L IS R

[seian]

ALU
ALU
MD

ALU
ALU
ALU

MSK(B,SR) & RS -> RS
R2 -> BNK

R4 + 1 -> MAR

MD OR R5 -> RS

R& -> MD

R2 -> BNK

R4 + 1 -> MAR

R16 - 1 -> R19

GOTO #CNVS IF #@

RN =N

R7 - 16 -> R7 7
R1+1->R1 1

B : BITADDR

R7 -> RO

G -> R11

JMP CONVERT IF #@
RETURN

=T
o ~d
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4 3 2 1 8 LABEL KDSTFCTRSC A B SHFT SPPC S E BD BS  COMMENT USED REGS

* PROCEDURE INIT; (= WW 29.2.78

* 000 emmmmmmmem—— e *)

* POP(DESTBLD); T : DESTBLD

* POP(SRCBLD); P : SRCBLD

* [REPL: POP(SOURCE); P : SOURCE]

* POP(BMD); Q : BMD

* POP(MODE) ; 8 : MODE

* PUSH(M);
5A4 ©F E@ 6C 40 FF  #INIT 18 ORDZB - 3 - --- S@6POP- STK -> R3 3
SA5 ©@F E@ BC 48 FF 1Q OR DZB - - - --- SBPOP- STK -> @ 1]
5A6 6F E@ @C 48 FF 1B OR DZ@B - 8 - --~- S@POP- STK -> R@ 8
5A7 2E 72 ©C 48 oF 1- OR ZAB8 M - - --- SBPSH- M -> STK M

* PUSH(L);

* DX := DESTBLD.X; 6 : DX

* PUSH(G);

* DY := DESTBLD.Y; 8 : DY

* PUSH(H);

* DW := DESTBLD.WIDTH; H . DW

* PUSH(P);

* DH := DESTBLD.HEIGHT; M : DH

* T : BMD
5A8 42 5F EC 66 3@ 1B« + 7201 T T - --- -@MARALU T ->MAR, T+1 -> T T
5A8 4F FC CC 48 01 1B« OR DZB8 L 6 - -~-- SQAWUMD L ->STK, MD -> RB 6L
5AA 42 5F EC 60 38 1B + ZA1 T T - --- -@MARALU T ->MAR, T+1 -> T T
5AB 4F FB BC 48 01 1B« OR DZB G 18- --- SOBAUM G ->STK, M -> R1D 8 G
5AC 42 5F EC 60 38 1B + ZA1 T T - --- ~BMARALU T ->MAR, T+1 -> T T
5AD 4F F7 6C 46 @1 1B OR DZ® H H - --- SBAUM H->STK, M ->H H
5AE 4D 7F EC 68 38 1B+ OR 2008 T T - --- ~BMARAWW T->MAR,Q->T TQ
5AF 4F F5 2C 4@ 81 1B OR DZB P 11 - --- SBAUM P ->STK, MD -> R11 MP

* PUSH(S);

* BMA := BMD.ADDR; S . BMA

* BMWIDTH := BMD.WIDTH; 4 : BMVIDTH

* BMHEIGHT := BMD.HEIGHT + 2 2 : BMHEIGHT

* IF (DX+DW >= 2xx16)

* OR (DX+DW > 16«BMWIDTH)

* OR (DY+DH >= 2x=16)

* OR (DY+DH > BMHEIGHT)

* THEN TRAP END;

* SX := SRCBLD.X 5 : SX

* [REPL: LENGTH := SOURCE.COUNT; 5 : LENGTH]

* END INIT; Q : 'FFF'
5BB 42 5F EC 60 38 1B + ZA1 T T - -~-- -@MARALU T ->MAR, T+1 -> T T
5B1 4F F9 8C 48 61 1B~ OR DZB8 S § - --~- SBAUMD S ->S8TK, M -> 3 S
5B2 42 5F EC 60 3@ 1B + ZA1 T T - --- -O@MARALU T ->MAR, T+1 -> T T
5B3 6F E@ 8C 6@ 61 1B OR DZB - 4 - --- -BAUM MD->R4 4
584 2E 7E ©C 68 38 1- OR z288 T - - --- - 8MARALU T -> MAR T
585 ©F E@ 4C 68 01 1B OR DZB - 2 - --- ~-B@BAWUMD MD->R2 2
5B6 62 E4 4C 70 @2 18 + DAB 2 2 - --~- -12 2 + R2 -> R2 2
5B7 6E 6C AC 6@ FF 18 OR z2A86 6 § - --~- -8- - R6 -> RS 56
5B8 68 F6 AC 68 FF 18 + ABO H - -=-=- -8- - H+ R5 -> RS 5H
5B9 5C 52 87 26 @F 8 TRAPBB C - J¥P TRAP IF OVERFLOYW
5BA 4F E9 44 6C 08 1B OR DZB 4 P R14 - - -8 ALU ALU (R4t14) -> P 4P
5BB 28 D4 AC 6@ FF 1i- - M1 PS5---- -8- - P - RS 5P
5BC 5C 5A 87 28 oF 8 TRAPBB -C - JMP TRAP IF P<R5




5BD
5BE
5BF
5C8
5C1

5C2
5C3
5C4

5C5
5C6
5C7

5C8
5C9

5CA
5CB
5CC
5CD
5CE
5CF
508
5D1

4 3 2 10

Informatik ETH Zuerich

LABEL

TRAPBB

EXITBBLT

EXITREPL

K DST FCT RS
18 OR ZA
18 + M8
@ TRAPBB

1- - M
@ TRAPBB
1Bx + ZA
1B OR DZ
10 -XRDZ
98

8 EXITREPL

8 TRAP(4)
1- OR DZ
1- OR DZ
1B OR DZ
1B OR DZ
1B OR DZ
1B OR DZ
1B OR DZ
1B OR DZ
1B OR DZ
1Q OR DZ

—— — O @ - ,POO0O®

[axlan]

OO ®

P HXZCOOITI0W

Micro-Code-Assembler 'MIA'

SHFT SP PC S E BD BS

JIMP
P

RTN

PGP
JSR
JMP

o
=
o

Page 54
COMMENT USED REGS
-8- - R18 -> RS 58
-8- - M+ R5->RSE 5 M
TRAP IF OVERFLOW
-8- - R2 - RS 25
TRAP IF R2<RS
- B MAR ALU R3 -> MAR, R3+1 -> R12 3P
- @ ALUMD MD -> RS 5
-18 “MsSK(@,4) ~> Q, RTN Q

FIX 2911 STACK

RESTORE REGS
TRAP(4)

S @POP -  STK -> DUMMY

S @POP -  STK -> DUMMY

SOPP - STK->S s
SBPOP- STK->P P
S@POP- STK->H H
S@POP- STK->G G
S@PP - STK->L L
SOPOP - STK->M M
S@PP - STK->T T
- 9 ALU IR4 IMAP Q




502
503
5D4
5D5
5D6
507
508
509

5DA
5B
5DC
50D
5DE
SDF
5E8

5E1
5E2

4 3 2 18

66
50

F2
F3

EC
ac

68
60

FF
FF

Informatik ETH Zuerich

LABEL

*® % % B OB B B

BBLT

* % H % ¥ O X B

% X #* ® »

#UP

USED REGS

*)

*)

Micro-Code-Assembler 'MIA’
KDSTFCTRSC A B SHFT SP PC S E BD BS  COMMENT
PROCEDURE BBLT; (= BLOCK TO BLOCK TRANSFER
PR *)
POP(SBMD); 1 : SBMD
INIT;
DBMW := DBMWIDTH; 3 : DBMW
SY := SRCBLD.Y; 7 . 8Y
SBMW := SBMD.V¥; P : SBMY
1B OR 2486 T 1 - --- -0- - T->R1
1B OR DZ@ - - --- SBPOP- STK -> 7
8 #INIT T - JSR INIT
1- OR 2A8 12 - - - - - -0 MAR ALY R12 -> MAR
1B OR ZAB8 4 3 - --- -86- - R4 -> R3
i8 OR DZO - 7 - --- -QBAUMD WMD->R7
1B + ZA1 1 1 - --- -8B MARALU R1+1->MAR ->R1
1B OR DZB - 12- --- -BAUWMD WD ->RI2
(= COMPUTE MASKS, INCREMENT-STEPS AND BITPOSITION (FOR ALIGNEMENT) =)
IF SY > DY
THEN (» DOWN MOVE, THE TRANSFER STARTS WITH THE BOTTOM
LINE OF THE BLOCK, ..= (BMW < 8)
DBMY = -DBMW;
SBMW := -SBMV;
SRCY := 8Y + 1; 7 . SRCY
DSTY := DY + 1; 8 : DSTY
1- - a1 7 B8- --- -8- - R7-R18
8 #UP S - JMP GOTO UP IF <@
i - z281 33 - --- -8- - -R3 -> R3
i3 - 2ot 1212- --- -8- - -R12 -> R12
iB + ZA1 7 - - - - -8 - - R7+1 -> R7
18 + A1 818- --- -8- - R18+1 -> R18
8 #HORIZ T - JMP GOTO HORIZ
ELSE (= UP MOVE, START WITH THE TOP LINE OF THE BLOCK
(BMW > B)
SRCY := SY + DH; 7 : SRCY
DSTY := DY + DH; 8 : DSTY
END;
i + MMB 117 - --- -8- - R11+R7 -> R7
i + MMB 11139- --- -8- - R11+R18 -> R19

Page 85
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4 3 2 1 @8 LABEL KDST FCTRSC A B SHFT SP PC S E BD BS  COMMENT USED REGS

* SBMHEIGHT := SBMD.H + 2

* SBMH := SBMHEIGHT - SRCY; T: SBMH

* DBMH := DBMHEIGHT - DSTY; 8: DBMH
5E3 22 42 BC 68 38  #HORIZ 1- + z281 1 - - --- -BMARALU R1 +1->MAR 1
5E4 2E 66 BC 48 ©F 1- OR 208 3 - - --- SBPSH- R3->SKK 3
5E5 2E 74 BC 48 °oF 1- OR Z2A8 12- - --- SBPSH- R12->STK P
5E6 6F E1 EC 60 @1 18 OR DZB - T - --- -BAUMD MD->T T
5E7 62 FF EC 70 82 i + DAB T T - --- -12 T+2->7 T
5E8 64 CF EC 60 FF 18 -+ 8177 - --- -8- - T-RI->T 77T
5E9 68 C5 @C 68 FF 18 - a1 2 18- --- -8- - R2-R1B->R10 28

* IF SX < DX

* THEN (» RIGHT MOVE, THE LINES ARE TRANSFERED FROM RIGHT

* TO LEFT (HORIZ = -1) *)

* HORIZ := -1; 3 1 HORIZ

* MASK3 := COMPL(MSK(@,DX MOD 16)); 7 . MASK3

* SBIT := SX + DV; 5 1 SBIT

* DBIT := DX + D¥; 6 : DBIT

* MASK1 := MSK(9,DBIT MOD 16); G : MASK1

* SR := (DBIT-SBIT) MOD 16;

* MASK2 := MSK(@,SR); L : MASK2

* WORDS := DBIT DIV 16 - DX DIV 16; H : WORDS
S5EA 28 CA CC 68 FF 1i- - M1 856 - --- -0- - R5-R6 56
SEB &F A8 27 28 ©oF 8 #LEFT -S - JvP GOTO LEFT IF >=8
5EC 67 CB BC 78 81 18 -+ D21 -3 - --- -11 -1 ->R3 3
SED 2E 6C 6C 68 40 1- OR 2886 6 - - --- =-8BSR AU R6->SR 6
S5EE 7F E@ FC 70 @8 1B -XRDZ® - 7 MR--- -18 “MSK(@,SR) -> R7 7
S5EF 6@ F6 AC 6@ FF 18 +«+ MBB HS - --- -8- -~ H+RS -> RS 5H
5F@ 60 F6 CC 60 48 18 + MBB HGBE - --- -BSR AU H+R6 ->R6 -> SR 8 H
5F1 6F E1 BC 70 @8 1B OR DZB - G MR--- ~-128 MSK(8,SR) -> G G
5F2 28 CC AC 60 4@ 1- - M1 6 5 - --- -8SR AU RG-R5 -> SR 56
5F3 6F E1 DC 70 @8 1B OR DZB - L MR--- -18 MSK(8,3R) -> L L
5F4 68 CD BC 68 FF i8 - A1 6H---- -8- - RE-H->H (DX 6 H
5F5 53 77 64 64 00 1B« & DQB H H R 4--~- -8AUAU (H4)&Q ->H HQ
5F6 53 6D 44 64 08 1B & DQB 612 R 4-- -8ALUALU (R6t4) & Q -> RI12 6PQ
5F7 68 D5 6C 6@ FF 1B - AB112 H - --- -86- - RIZ-H->H PH
5F8 66 6A AC 6@ FF 1B -+ ZAB 5§ 65 - --- -8B- -  DEC(RD) 5
5F9 68 78 97 20 OF 8 #ENDIF T - JMP GOTO ENDIF
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4 3 2 1 8 LABEL KDSTFCTRSC A B SHFT SP PC S E BD BS  COMMENT USED REGS

* ELSE (= LEFT MOVE, THE LEFTMOST WORD OF THE LINES IN THE

® BLOCK ARE TRANSFERED FIRST (HORIZ = 1) *)

® HORIZ := 1; 3 : HORIZ

* SBIT := SX; 5 : SBIT

* DBIT := DX; 6 : DBIT

* MASK3 := MSK(®,(DBIT+DW) MOD 16); 7 : MASK3

* IF MASK3 = 8 THEN MASK3 := FFFF;

* MASK1 := COMPL(MSK(®@,DBIT MOD 16)); G : MASK1

* SR := (DBIT-SBIT) MOD 16;

® MASK2 := COMPL(MSK(B,SR); L : MASK2

* WORDS := ((DW + (DBIT MOD 168) - 1)

* DIV 16); H : WORDS

* END;
5FA OF EB 6C 78 B1  #LEFT 1B OR DZB - 3 - --- ~-11 1 ->R3 3
5FB 2@ ED 6C 608 49 1- + MBB B H - --- -88R ALU RB+H -> SR 6 H
SFC ©F EB FC 78 @0 18 OR DZB - 7 MR--~- ~-189 MSK(8,SR) -> 7 7
5FD 5F FQ 87 28 ©@F 8 #L -Z - IMP IF7< 8
5FE 66 BE EC 68 FF 1B -+ ZAB8 7 7 - --- -8- - 7-1->7 7
5FF 2E 6C @C 68 48  #L 1- 0OR 2086 6 - - --- ~-8BS8SR ALU R6 -> SR 6
668 7F E1 BC 70 @8 1B -XRDZBQ - G MR--- -198 MSK(8,SR) -> G G
681 28 CC AC 68 48 1i- - AMB1 6 5 - --- -8SR ALU RB-R5 -» SR 56
662 7F E1 DC 78 @8 1B -XRDZ@ - L MR--- -18 MSK(B,SR ) -> L L
663 72 ED 4C 78 @oF 1B & bAB B 12- --- -117 17 & R6 -> R12 6P
564 68 F5 6C 68 FF i + MA@ 12H - --- -8- - R12 + H -> H PH
685 66 77 6C 68 FF 1B -+ ZAB HH - --- -8- -~ H-1->H H
686 53 77 64 64 00 1B« & DQO H H R 4-- -8AUAU (H*4) &Q ->H HQ

® SWORD := SBMA = SBIT DIV 156 + 1 : SWORD

* SBMH = SBMWIDTH;

® (* SOURCE-WORD-address, WHERE THE TRANSFER STARTS =)

* DWORD := DBMA + DBIT DIV 16 + 2 . DWGORD

® DBMH = DBMWIDTH;

® (» CORRESPONDING DESTINATION-WORD-ADDRESS =)

* SBANK := SBMA MOD 4; 4 . SBANK

® DBANK := DBMA MOD 4; T : DBANK
687 2E 62 BC 68 38  #ENDIF 1- OR ZA @ - - = - - - @ MAR ALU R1 -> MAR 1
688 OF EB 8C 68 81 19 OR DZOB - - - --- -BAUMD MD->Q 0
689 26 62 8C 68 30 1- -+ A8 1 - - - - - - B MAR ALU R1 - 1 -> MAR 1
68A 3C 908 83 28 @eF 8 #MUL16 T - JSR 0»7T->0 (-2-)
6B ©6F E1 4C 60 81 i ORDZB - P - - - - - @3 ALUMD MDD ->P P
68C 76 F4 2C 78 83 18 -& bAB P 1 - --- =-13 3&P ->R1 1P
68D @8 62 6C 68 FF 19 + M1 - - -=-- -808- - R1+0Q->0 10
GBE 76 EA AC 78 @F ip -& DAB 5§ 5 - -~~~ -117 “17 & RS -> R5 5
G8F 43 6A 24 64 @8 iB + DQB 65 1 4 - - -8 ALU ALU (R574) + Q -> R1 150
618 6E 71 EC 68 FF 1B OR ZAB 18T - -=~-- -8- - R1B -> T 87
611 9E 68 OC 68 FF 1 OR 2486 4 - - --- -8- - R4 -> Q 4 Q
612 3C 98 83 28 oF @ #MUL16 T - JSR Q=T->0 (-2-)
613 72 F9 EC 70 @3 iB & bAB ST - --- ~-13 3&S ->T ST
614 72 F4 8C 79 @3 i & DAB P 4 - --- -13 38&P->R4 4P
615 76 F9 8C 78 63 iB -& bAB S S - --- -13 38&8->8 S
616 B8 78 BC 68 FF 19 + AQO® S - - -=-- -B- - S+0Q->0 SQ
617 76 EC CC 78 ©F i -& bpAB B 6 - -~-- ~-117 “17 & R6 -> RG 6
618 43 6C 44 64 @0 1B« + DQB 6 2 4 - - -9 AU ALU (RB14)+Q -> R2 260




619
614
618
61C
61D
61E
B1F
620

621
622
623
624
625

626
627
628

629
624
628
62C
62D
62E

62F
630
631
632
633

4 3 210

)

BNK
MAR
ALU
PSH

NOT

BNK
MAR

ALU

AND
BNK
MAR
ALU

POP

ALU
ALU

MD

'MIA'

COMMENT

8 : W
P : SA
S : DA

R11-1 -> R11
JMP END IF < 8
T -> BNK

R2 -> S -> MAR
H -> R18

R1 -> R12

MD -> STK

8 -> STK

MASK2;

ALU
ALU

MD

LORG->Q

R12 -> MAR,

STK -> R6 (DUMMY)
R3+R12 -> R12
TL->Q

(MD1SR) & Q -> STK

6 : R6

MASK1; & : RS

ALU
ALU
MD

R4 -> BNK
R12 -> MAR
(MD*SR) -> RB
L&R6 -> Q
STK OR Q -> RS
G AND R5 -> R5

R@-2

JMP INVERT IF =8
JMP ERASE IF >0
RO

Informatik ETH Zuerich Micro-Code-Assembler
LABEL KDSTFCTRSC A B SHFT SP PC S EBD BS
* WHILE DH > @ DO (= LOOP FOR THE LINES OF THE BLOCK =)
* DEC(DH);
* ¥ := WORDS;
* SA := SWORD; (* SRC-ADDRESS x)
* DA := DWORD; (» DEST-ADDRESS =
* STK1 := M[DAJ;
#WHILEDH 1B -+ Z2A8 1111 - --- -8
@ #ENDBBLT F - JMP
1i- OR ZAB T - - --- -8
1B OR 240 2 § - --- -8
1B OR ZAB H 18- --- -8
18 OR 200 1 12- --- -8
1- ORDZB - - - --- S8
1- & 208 - - - --- 3828
* IF (MASK1 OR MASK2) <> MASK2
* THEN STK8 := ROT(M[SA],SR) AND
* SA := SA + HORIZ;
* ELSE STKB := 8 END;
10 OR BB L G - --~- -8
t1- - M1 L - - --- -8
@ #ELSE z - JMP
1- OR 240 4 - - --- -8
1B+ OR DZB 126 - --- S@
B + MO 3 12- --- -8
10 -XRz2AB L - - --- -8
1- & DQB - - RR- -~ a
* R6 := ROT(M[SA],SR);
* R5 := (STK@ OR (MASKZ AND RG))
#ELSE 1- OR 72886 4 - - -~-- -8
1- OR 288 12- - --- -8
1B OR DZ® - 6 RR--- -8
10 & AMBB L6 - --- -8
1B OR DB - 5 - --~- S8
1B & MO G 5 - -~-- -8
* CASE MODE OF
1- -+ pA1 B - - -~-- -1
8 #INVERT z - JMP
8 #ERASE -F - JMP
1- OR 2486 8 - - --- -8
@ #PAINT -Z - JMP

JMP PAINT IF #@
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USED REGS

=

= 0N —
vITw

o Len]

O w

OO DT
o




634
635
636

637
638

639
B34
6538
63C

63D
63E
63

6548
6541
642
643
644

645
646
647
648
649
64A
64B

4 3 210

Informatik ETH Zuerich

LABEL

* % B R =

#REPLACE

®* R % ¥ B %

*

#ENDLP@

Micro-Code-Assembler

K DST FCTRSC A B SHFT SP PC S E BD BS

© = [ S NS
PO

[E TN

(N

#END

REP

(ue]

PO

#END

8: (> REPLACE, DEST

;= SOURCE )

R5 := R5 OR (STK1 AND NOT MASK1);
WHILE W > 8 DO (= LOOP OVER THE WORDS OF A LINE =)

M[DA] :=RS;

DA := DA + HORIZ;
-XRzAB8 G - - --~- -6- -
& DQB - - - --- SBPOP-
OR AQ O 5§ - -=-- -8- -
OR 2A8 8- - --- -8- -~
LPO Z - JMP
OR 248 § - - --- -@6M ALU
OR zA@ T - - --- - B BNKALU
OR Z2A@8 S - - - -- - @ MAR ALU
+ ABO 3 - -=-- -8- -

SA := SA + HORIZ;

STK@ := R6 AND NOT MASK2;

R6 := ROT(M[SA],SR);

RS := STK@ OR (RG AND MASK2);

Wi=V-1;

END; (* WHILE =)

OR ZAB 4 - - --- - BBNKALU
+ M8 3 12- --- -8 MR ALU
-& O L 6 - --- 8 PSH -
OR DZ® - 6 RR- - - 8 ALU MD
& MO 6L - --- -8- -~
OR DB - 6§ - - - - 8 POP -
-+ ZA@ 1818- --- -8B- -
LACE -Z - JMP

M[DA] := (MASK3 AND R5) OR

& AB O
OR ZA 8
OR ZA @
-XR ZA B
5}
a
T

1
]

G N
i
I

& DQ
OR AB
CASE

[=) =]
I

(M[DA] AND

8- -
8 BNK ALU
8 MAR ALU
g - -

8 ALU MD
8 MD ALU

'MIA!

COMMENT

W
Qo
x
PV -CIAVe
[en ¥ oul an]
i
vV
o ) ]

Ri8
JMP ENDLP2 IF =8

RS -> MD
T -> BNK
S -> MAR
R3+8 -> S

R4 -> BNK
R3+R12 -> R12 -> MAR
"L & R6 -> STK
(MD*SR) -> R6

RE &L ->0Q

STK OR Q -> R5

R18-1 -> R18

GOTO REPLACE IF #8

NOT MASK3) /

7 & RS ->R5

T -> BNK

S -> MAR

“R7 ->Q

MD & Q ->R6
RS OR RG6 -> MD
GOTO ENDCASE
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USED REGS

=] MO D
Lon] Lon]

WwWw—W,

DT W &

(6 =) IENN I I N4, ]
(@) o o ws




64C
64D
B4E
64F
650
651
652
653

654
655
656
657
658
659
B5A
65B

65C
65D
65E

4 3 218

Informatik ETH Zuerich

LABEL

#* % B R B

#PAINT

#WHILE1

* % X R B »

*

#ENDLP1

Micro-Code-Assembler

KDSTFCTRSC A B SHFT SP PC S E BD

1
a
1
1
1
1
1
1

© e

#END!

PO 1 T

BS

1: (= PAINT, DEST := DEST OR SOURCE =)

OR
LP

OR

-&
OR

OR

-

VHILE W > 8 DO (=

M[DA] := STK1 OR RS;

DA

STK1

~N
>

OO NG®

1

OD>NNND
N®»>I>>D>

WHILE1

1= DA + HORIZ;
:= M[DAJ;
- - -=-- -8-
- JMP
§ - - --- S8M
T - - --- -08BNK
S - - - -- -0 MAR
T - - - -~ -8BNK
3 S - --- -8 MAR
- - - --- 88AU
;= NOT MASK2 AND R6;
= SA + HORIZ;
:= ROT(M[SA],SR);
= STKB OR (R6 AND MASK2);
V-1
* WHILE =)
4 - - - - - -8B BNK
3 12- - -- -0 MAR
L 6 - --- S8 PSH
- 6 RR--- -0ALU
6 L - --~- -8-
- § - --- S§0@POP
mim- --- -8 -
- JMP

M[DA] := STK1 OR (R5 AND MASK3)

#ENDCASE

5 - --- -8-
- S @ MD

- JMP

ALU
ALU
ALU
ALU
ALU
MD

ALU

'MIA'

COMMENT

LOOP OVER THE WORDS OF A LINE =)

R18

GOTO ENDLP1 IF =8
STK OR RS -> MD

T -> BNK

S -> MAR

T -> BNK

R3+S -> § -> MAR
MD -> STK

R4 -> BNK

R3+R12 -> R12 -> MAR
"L & R6 -> STK
(MD*SR) -> R6

RE &L ->0Q

STK OR Q -> RS

R18-1 -> R1@

GOTO WHILE1 IF #8

R?7 & RS -> RS
STK OR RS -> MD
GOTO ENDCASE
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USED REGS

w

W - —

OO W




B5F
660

661
662
663
664
665
666

667
668
669
66A
66B
66C
66D
66E

66F
678
671

4 3 2 1 8

70
34
68

FF
10
eF
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LABEL KDSTFCTRSC A B SHFT SP PC S E BD BS  COMMENT USED REGS

* 2: (= INVERT, DEST := DEST XOR SOURCE =)

* WHILE ¥ > 8 DO (= LOOP OVER THE WORDS OF A LINE x)

* M[DA] := STK1 XOR RS;

* DA := DA + HORIZ;

* STK1 := M[DA]J;

#INVERT 1- OR 248 18- - --- -8- - R18 8
8 #ENDLP2 z - JMP GOTO ENDLP2 IF =8

#WHILE2 1 - XORDAB 5 - - --- SBMD ALU STK XOR R5 -> MD 5
1- O ZAB T - - --- ~-BBNKALU T ->BhK T
1- OR ZAB S - - --- -~ BMARAU S ->MAR N
1- OR 248 T - - --- =-@BNKALU T ->BNK T
18 + ABB 3 - - - - -8B MAR ALU R3+S -> S -> MAR 38
1- ORDZB - - - --~- SBAUMD MD->STK

* SA := SA + HORIZ;

* STK@ := NOT MASKZ AND R6;

= R6 := ROT(M[SA],SR);

* R5 := STKB OR (RG AND MASK2);

* Wi=V-1

* END; (= WHILE =)
1- OR ZA9 4 - - --- -8 BNKALU R4 -> BNK 4
18 + ABB 3 12- - - - -8 MAR ALU R3+R12 -> R12 -> MAR 3P
1- -& B8 L 6 - --- S6PSH- L & R -> STK 6L
1B OR DZB® - 6 RR--- -0AUM (MD*SR) -> RG 6
10 & B8 6L - --- -8- - RE &L ->Q 6LQ
18 OR DOB - 5§ - --- §8POP - STK OR Q0 -> R5 50
1B -+ ZAB 818- --- -8- - R18-1 -> R10 8
0 #WHILE2 -Z - JMP GOTO WHILE2 IF #8

* M[DA] := STK1 XOR (RS AND MASK3) /

#ENDLP2 1B & MBO 7 85 - --- -B- - R7 & R5 -> RS 57
1- XOoRDAB 5 - - --- §BMD ALU STK XOR R5 -> MD 5
B8 #ENDCASE T - JMP GOTO ENDCASE




672
673

674
675
676
677
678
679
674

678
67C
67D
67E
67F
680
681
682

683
684
685

686
687
688
689
68A
688

68C

68D
68E

4 32 18

5C
oF

Informatik ETH Zuerich

LABEL

* # * B »

#ERASE

#WHILE3

% % B % % B

=

#ENDLP3

#* % B »

#ENDCASE

#ENDBBLT

Micro-Code-Assembler

KDSTFCTRSC A B SHFT SPPC S EBD BS

1

N

-
o W

> S b

]

[N

'MIA'

3: (= ERASE, DEST := NOT SOURCE AND DEST =)
WHILE ¥ > 8 DO (= LOOP OVER THE WORDS OF A LINE =)

OR

M[DA] := NOT RS AND STK1;
DA + HORIZ;

DA
ST

ZA

#ENDLP3

T DOP 1 T

B
B

B=x
B=»

OR
-&
OR
OR
OR

+

OR

OR
+
-&
OR
&
OR

-+

&
OR
-&

Dz
AQ
ZA
ZA
ZA
AB
Dz

SA

K1 :

8
z

]
8
]
]
]
)
)

W

STK@

R6
RS

ZA
AB
AB
DZ
AB
00
ZA

WHILE3

8
8
(%]
8
%}
5}
8
-Z

M[D

18 -

[ I N B () )
1

Als

SA + HORIZ;

:= NOT MASK2 AND R6;

ROT(M[SA],SR);
STKB OR (RB AND MASK2);

Wi=W-1;
END; (= WHILE

[ > B I & O
(»)]

10 10

(72}

w

OO E®

8
8
8
8
0
8
8

POP

BNK
MAR
BNK
MAR
ALU

BNK
MAR
PSH
ALU
PoP

ALU
ALU
ALU
ALU
ALU
MD

ALU
ALU
MD

M[DA] := NOT (MASK3 AND R5) AND STK1

AB
Dz

AQ

8 7
g -
8 5

5

END; (* CASE *);

SV
DV

ORD
ORD

)

SWORD
DWORD

END; (* WHILE DH

#WHILE .DH

EXITBBLT

Q

OR

Dz

POP(S);
POP(P);
POP(H);

— o000

© —

+ SBMV;
+ DBMV;
> 8 %)

i
1
i

IMP

JSR
IMP

ULy wmw

oo

OO

PoP
MD

BNK
MAR
POP
POP
PSH
PSH

ALU

ALU

IR4

Page 62
COMMENT USED REGS
R10 8
GOTO ENDLP3 IF =8
STK -> Q g
“RS & Q -> MD 5Q
T -> BNK T
S -> MAR S
T -> BNK T
R3+S -> S -> MAR 33
MD -> STK
R4 -> BNK 4
R3+R12 -> R12 -> MAR 3P
"L & R6 -> STK 6L
(MD*SR) -> RB 6
RE &L ->0 6LQ
STK OR @ -> R5 50
R18 - 1 -> R1B 8
GOTO WHILE3 IF #8
R7 & RS -> RS 57
STK -> 0 0
“R5 & Q -> MD 50
T -> BNK T
S -> MAR S
STK -> RS 5
STK -> R12 P
R12 -> STK, R12+R2 -> R 2 P
R6 -> STK, RS + RL -> R 15

END BIG WHILE

RESTORE REGS
JMAP

0




4 3 21 8

Informatik ETH Zuerich Micro-Code-Assembler

LABEL KDSTFCTRSC A B SHFT SP PC S E BD BS

POP(G);
POP(L);
POP(M);
POP(T);

END BBLT;

L= 2% 2N 2N IR 2NN 2N JEE JEE

'MIat

COMMENT

Page 63

USED REGS







68F
690
691
692
693
694
695
696

697
698

699
69A
698

69C
69D
BIE
69F
BAB

BA1
BAZ
6A3

6A4
BAS
5A6
BA7
6A8

4 3 218

Informatik ETH Zuerich

LABEL

#* ® ® ¥

®* B -

REPL

* % B B B ¥

Micro-Code-Assembler

KDSTFCTRSC A B SHFT SP PC S E BD BS

PROCEDURE REPL;

= e

O -

[N

L

INIT;
MASK3

TEMPORARY :
SR := DX MOD 16;
MASK1 := COMPL(MSK(8,SR));
#INIT T - ISR
- OR ZAB 5 - - -- -B8- -
#ENDREPL ~ Z - JMP
- + MG 6 H - -- -BSR AU
B OR DZB - 7 R--- -18
B & DAB 6 3 - -- -117
- OR ZAB 3 - - - - -BSR AU
B -XRDZ®B - G MR--- -168
WORDS := (DW + (DX MOD 16)) DIV 16;
DWORD := BMA + DX DIV 16 +
(BMHEIGHT-DH-DY) = BMWIDTH;
ENDWORD := DWORD + (DH-1)=*BMWIDTH;
CW := SOURCE.COUNT=*BMWIDTH;
DBANK := BMA MOD 4;
B + 4B 3 H - -- =-8- -
B & DQB H H - - -0 ALU ALY
B & DQ @ 6 4 - - -8 AUAY
Q -& DAB S - - -=- -13
B + 4008 1 - -=- -B8- -
B - AB1 2 10 - -- -B8- -
g - AB1 1811 - -- -0- -
B OR Z88 4 T - -- -8- -
#MUL 16 T - JSR
B + A0B 1 L - -~ -8~ -
Q -+ Z280 11 - - -- -8- -
#MUL16 T - JSR
B + AQG L 11 - -- -8~ -
Q0 OR ZAB 5§ - - -- -8~ -
#MUL16 T - J8R
B OR ZA D T - -- -8~ -
B OR 208 - 7 - ~=- -8- -
B & DAB S 2 - -- -13

(= PATTERN TO BLOCK TRANSFER

:= MSK(8, (DX+DV) MOD 16);

'MIAY

COMMENT

*)

T @ MASK3

7

3 : DX MOD 16(18)
G @ MASK1

INIT
RS

IF LENGTH = @
RE + H -> SR
MSK(@,SR) -> 7
R6 & 17 -> R3
R3 -> SR
“MSK(@,SR) -> G

H : WORDS
L : DWORD

9 : ENDVWORD
7 Q¥
2 . DBANK

R3 + H -> H
(H4) & Q -> H

(R6t4) & Q -> R1
388 ->0
0+ Rl ->RL

R2 - R18 -> Ri0
R18 - R11 -> Q
R4 -> T

Q=T ->0Q (-27)
R1+Q->L

1

+ R
O —
-

R ->
Q -0 (-27)
L -> R11
RS -> Q
Q*T->0 (-2)
R7 -> T

Q ->R7

388 ->R2
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USED REGS

=

DWW~
(=]

2l I w
Lom]

— X 0 OO D O
=]

= _ S ON
=] —
fen]

[4) B 4
—
L]

N ~N~
wuo - o]




BA9
6AA
6AB

BAC
BAD
BAE
BAF

6B0
6B1
6B2

6B3
684
6B5
6B6
6B7

6B8
689
6BA
6BB

6BC
68D
6BE
6BF
6C8
6C1

6C2
6C3
6C4

4 32108

42

6E

28

2E

BE
6E
aF

18
2E

55

7C

FE
78

4C

2C

cc
ac

60
68

68
69
60

30
FF

FF
30

Informatik ETH Zuerich

LABEL

&x
®
®

#FORI

* % X B OB #

#WHILE

* OB OB ¥ X X ® »

#REPLACE2

#WHILEA

#ENDWHL 4

Micro-Code-Assembler

KDSTFCTRSC A B SHFT SPPC S EBD BS

= e

-

OFRP OO~

el

'MIA'

COMMENT

Page 65
USED REGS

FOR I := 1 TO LENGTH DO (= LOOP GVER THE WORDS OF THE PATTERN =)
BITPAT := ROT(SOURCE.DCTS[I],SR); 3 : BITPAT
DWD := DWORD; 1 :DWD
B + ZA1 1212 - - - - -8 MAR ALU R12 -> MAR, R12+1 -> R1 P
B OR DZzB - 3 RR--- -8ALUMD (MD*SR) -> R3 3
B OR 248 L 1 - --- -8- - L ->R1 1L
WHILE DWD <= ENDWORD DO (= LOOP OVER THE LINES OF THE DEST BLOC
CORRESPONDING TO THE ACTUAL PATTERN WORD =
DA := DWD; S : DA
V := WORDS; gV
RG := BITPAT AND MASK1; 6 : RG
Q : M[DA]
- - M6 t 11- --- -8- - RL - R11 -1 1M
#ENDWHILE C - JMP GOTO ENDWHILE IF > @
- OR Z2A8 2 - - - -- -08BNKALU R2 -> BNK 2
B OR ZA®B 1 - - == - @ MAR ALU R1 -> S -> MAR 18
H -> R18
B OR 28 36 - --- -8- - R3 -> RB 36
B & MBB G6E - --- -8- - G & R -> R6 6 G
Q OR DZB - - - --- -BALUMD MD->Q 0
CASE MODE OF
- -+ DAl B - - -=-- -12 RG - 2 (4]
#INVERT2 Z - JMP GOTO INVERT2 IF =0
#ERASE2 -F - JMP GOTO ERASE2 IF >@
- OR z2A868 086 - - --- -8- -~ R@ (%]
#PAINT2 -Z - JMP GOTO PAINT2 IF #0
@: (*x REPLACE, DEST := PATTERN =)
R6 := R6 OR (NOT MASK1 AND M[DAT);
WHILE W > 8 DO (= LOOP OVER THE WORDS OF A LINE x)
M[DA] := R6; (= OF THE DEST BLOCK %)
DA := DA + 1;
R6 := BITPAT;
V=V -1
END;
g -& MQB G - - --- -8- - G&Q->0 GQ
B OR AQ@ 6 6 - -~-- -8- - RS OR Q -> RB 6 Q
B OR ZA@ H B- --- -8- - H -> R18 8 H
#ENDWVHLA  FZ - JMP GOTO ENDWHL4 IF <=8
- OR 248 6 - - --- -8B MD ALU RB -> MD 6
- OR ZAB 2 - - --- - DB BNKALU R2 -> BNK 2
B + ZA1 S S - --- -8B MARALU S -> MAR, S+1 -> 3 S
B OR ZzA8 3 6 - --- -8- -~ R3 -> RB 36
B -+ Z2AB8 181- --- -8- - Ri18 - 1 -> R18 8
#WHILE4 -2 - JMP GOTO WHILE4 IF #0
Q := MASK3 AND RG;
R6 := M[DA] & NOT MASK3;
M[DA] :=RBORQ /
Q & MO8 TG6 - --- -8- - T&RG ->Q 6TQ
- OR ZAB@ 2 - - --- - DB BNKALU R2 -> BNK 2
- OR Z2AB8 S - - - -- -8 MAR ALU S -> MAR S




6C8
6C6
6C7
6C8

6C9
BCA

6CB
BCC
6CD
6CE
BCF
6De
6D1
6D2
603

604
6D5
6D6

6D7
608

609
BDA
608
BDC
60D
BDE
6DF
6EG
BE1

BE2
BE3
BE4

79

6F

FE

28

cC

a7

60

20

FF

oF

Informatik ETH Zuerich

LABEL

® % % % X ¥ ®

#PAINT2

#WHILES

#ENDWHLS

# % R X ¥ 2 »

#INVERT2

#WHILED

#ENDWHLB

K

© = s

Micro-Code-Assembler ‘MIA’
DSTFCTRSC A B SHFT SP PC S E BD BS  COMMENT
B -XRZAB8 T 6 - --- -8- - "8 XOR T -> R6
B & DAB B 6 - --- -BALUMD MD&RG ->R6
- OR AJB 6 - - --- -BMD ALU REORQ ->MD
#ENDCAS T - JMP GOTO ENDCASE

1: (= PAINT, DEST :=
WHILE ¥ > 8 DO

DEST OR PATTERN =)

M[DA] := R6 OR M[DAT;
DA := DA +
R := BIT P 0 : M[DA]
Vo= Wo- 1
END;
B OR ZAB H 18- --- -8- - H->Ri8
#ENDVHLS ~ FZ - IMP GOTO ENDWHLS IF <=8
- OR AQ@® 6 - - --- -BMD ALU RBOROQ ->MD
- OR ZA@ 2 - - --- - @BNKALU R2 -> BNK
Bx + ZA1 S S - --- -BMARALU S -> MAR, S+1 -> §
- OR ZAB 2 - - --- -@BNKALU R2 -> BNK
- OR ZA® S - - --- -@MARAU S -> MAR
B OR ZAB 3 6 - --- -8- - R3->R6
Q ORDZB - - - --- -BAUM MD->0Q
B -+ ZAB 1818 - --- -8- - RiB-1->RI10
#WHILES  -Z - aMp GOTO WHILES IF #0
R6 := MASK3 AND R6;
M[DA] := R6 OR M[DA] /
B & M8 T 6 - --- -8- - T8&RE->RE
- OR AQ® 6 - - --- -@MD ALU R6 OR Q -> MD
#ENDCAS T - P GOTO ENDCASE
2: (* INVERT, DEST := DEST XOR PATTERN *)
WHILE ¥ > 8 DO
M[DA] := R6 XOR M[DAJ;
DA := DA + 1;
RG := BITPAT; 0 : M[DA]
Vo= Wo- 1
END;
B OR ZAB H 18- --- -8- - H->RI10
#ENDVHLE ~ FZ - P GOTO ENDVHLS IF <=8
- XORAQB 6 - - --- -@MD ALU RG XOR Q -> MD
- OR ZA@ 2 - - --- -@BNKALU R2 -> BNK
Bx + ZA1 S S - --- -@MARALU S ->MAR, S+1 -> S
- OR ZA® 2 - - --- - BBNKALU R2 -> BNK
- OR ZAB S - - --- -BMARALU S ->MAR
B OR ZAB8 3 - --- -8- - R3I->RG
Q OR DZB - - - --- -@BALUMD MD->0Q
B -+ ZAB 1818 - --- -8- - Ri8-1->RI1D
#VHILES  -Z - P GOTO VHILEG IF #@
R6 := MASK3 AND R6;
M[DA] := R6 XOR M[DA] /
B & MB T 6 - --- -8- - TB&RG->R6
- XORAQ® 6 - - --- -BMD ALU R6 XOR O -> MD
#ENDCAS T - IMP GOTO ENDCASE

Page 66
USED REGS
T

Q

[« Nw> ] w)]

DO WUNLNOD

DS WUNWLND




6ES
BEB

6E7
BEB
6EQ
BEA
6EB
6EC
6ED
BEE
BEF

6F9
BF1

6F2
6F3
BF4
BFS

6F6
6F7
6F8
6F9
BFA
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78
34

FE
6C

cc
ec

60
60

FF
18

Informatik ETH Zuerich

LABEL

* 3: (* ERASE, DEST

x WHILE ¥ > 8 DO

* M[DA] :=

® DA := DA

® R6 := BIT

* V=Y -

* END;

#ERASEZ 1B OR Z2A8 H 10 -
8 #ENDWHL? FZ

#WHILE? 1 - -& AQB 6 - -
1- OR ZAB 2 - -
1B + ZA1 S S -
1- OR Z48 2 - -
1- OR ZAB8 S - -
18 OR ZA® 3 6 -
1Q OR DZB - - -
1B -+ ZA @ 18 18 -
8 #WHILE? -Z

* R6

*

FENDWHL? 1 & MBB T 6 -
1- -& AQO@ 6 - -

® END; (= CASE =)

x DWD := CW + D

#ENDCAS 1 - OR 208 2 - -
1- OR ZAB8 S - -
18 + BB 7 1 -
B #WHILE -C

»

* DWORD

® END; (= FOR I ..=

#ENDWHILE 1B + AB O 4 L -
@ #ENDREPL C
1B -+ ZAQ 5 5 -
@ #FORI -2
B #ENDREPL T

Micro-Code-Assembler

NOT R6 AND M[DAT;

+ 1

1= MASK3 AND RG;
M[DA] := NOT RG AND M[DA]

WD

*)

IMP

JMP

JMP
JuP

- B MD

- B BNK
- B MAR
- B BNK
- 8 MAR

- 8 ALU

-8 M

- 8 BNK
- @ MAR
-8 -

END; (» WHILE DWD < EMDWORD =)
:= DWORD + BMVIDTH;

-9 -

-9 -

KDSTFCTRSC A B SHFT SP PC S EBD BS

ALU
ALY
ALU
ALU
ALY

MD

ALU

ALU
ALU

'MIAY

COMMENT us

:= NOT PATTERN AND DEST =)

Q : M[DA]

H -> R18
GOTO ENDWHL7 IF <=8

“R6 & Q -> MD

R2 -> BNK

S -> MAR, S+1 -> 8§
RZ -> BNK

S -> MAR

R3 -> R6

MD -> 0

R18 - 1 -> R18
GOTO WHILE7 IF #8

T&RB ->R6
“R6 & Q -> MD

R2 -> BNK

S -> MAR

R7 + R1 -> R1
GOTO WHILE

R4 + L -> 1L

GOTO ENDREPL IF OVERFLO
RS -1 ->RS

GOTO FORI IF #8

GOTO ENDREPL
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6FB
6FC

6FD
BFE
6FF
708
781
702
783
704
785
706
707
708
769
784
70B

78C
78D
79E
768F
718
711
712
713
714
715
716
717
718
719
71A

718
71C
71D
71E

71F

723

4 3 2 1 @

Informatik ETH Zuerich

LABEL

#A2

#A3

#44

#A5

#6

Micro-Code-Assembier

KDST FCTRSC A B SHFT SP PC S E BD BS

FLOATING POINT ROUTINES (NW 5.11.88)

L Sttt e +

ISI EXPO I MANTISSA I

tmm—mdmmmmm e L it +
8 1-8 g - 31

SIGN: @ = POSITIVE, 1 = NEGATIVE

EXPO: WEIGHT = 20068

MANT: LEADING ONE BIT IS OMITTED

8 OR DZB - 2 R 1-- -1 1

8 #A1 T JMP

1B & 288 2 2 - --- -8- -

18 OR DZB - 1 - - - - 8 POP -

1- OR BB T 1t - --- -8- -

8 #Y8 Z IMP

1B XRMBB 2 1 - --- -8B- -

1B XOoRDZB - § - --- SBPOP-

1B OR DZB - B - ~--- SO POP -

1- OR ABO 5§ - -=-- -8- -

8 #X8 z JHP

1B & DAB @ 2 R11-- -1 377

18 & DABG 1 3 R11-- -1 377

18 & DAB B 4 - --- -1 177

18 & DAB 1 6 - --- -1 177

1B OR DAB 4 4 R11-- -1 1

1B OR DAB 6 6 R11-- -1 1

XE,XH,XL IN R2,R4,R5

YE,YH,YL IN R3,R6,T

i -+ 132 - --- -8- -~

8 #A3 -F JMP

190 OR 2AB8 5 - - --- -8B- -

1BR+ A0 4 4 - --- -8- -

18 +«+ DAG 2 2 R11-- -1

B #A2 -2 IMP

1B OR 208 - § - -=-~- -8- -

8 #AS T IMP

8 #A5 z JMP

i3 + MO 23 - --- -8- -

19 OR 2406 T - - -=-- -8- -

1BQR+ ZAB 6 6 - --- -8- -

18 -+ DA1 2 2 R11-- -1

2 #A4 -Z JMP

18 OR 08 - T - --~- -8- -

1- OR 28 B8 - - --- -8- -

0 #A6 -F IMP

iB - 241 568§ - --- -8- -

18 - z2C 4 4 - --- -8- -~

1- O 2406 1 - - -=-~- -8- -

B #A7 -F IMP

t¢ - M1 5T - -=-- -8- -

i - #&8C 46 - --- =-8- -

8 #A8 T JMP

'MIA'

COMMENT

1t1 -> R2
GOTO Al

8 -> R2
STK -> Rl VH

T OR R1

IF =8 GOTO Y@

R2 XOR R1 -> Rl

STK -> RS XL

STK -> R XH

RO OR R5

IF =8 GOTO X@
(37719)8R8 -> R2 XE
(377+9)&R1 -> R3 YE
1778R3 -> R4 XH
1778R1 -> RS YH
(119) OR R4 -> R4
(119) OR R6 -> R6

R2-R3 -> R2 ZE
IF <@ THEN (XE<YE)
R5 -> 0
REP (R4,0)/2 X
R2+(119) -> R2
UNTIL R2=0
Q ->R5

ELSIF >8 THEN (XE>XY)

R3+R2 -> R3
T->0
REP (RG,Q)/2 Y
R2-(118) -> R2
UNTIL R2=0
Q->T
END
RB  SIGN(X)
IF <@ THEN
-R5 -> R5
-R4 -> R4
END
R1  SIGN(Y)
IF <@ THEN
R5-T -> Q
R4-R6 -> R6
ELSE
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724
725

726
727
728
729
724
728

72C
72D
72E
72F
738
731
732
733
734
735
736
737
738
739

73A
738

73C
73D
73E
73F

748
741
742
743

744
745

4 3 2 18

72
oF

EB
88

EC
ccC

60
60

FF
FF

Informatik ETH Zuerich

LABEL
#47

#A8

#A9

#A10

#Aa11

#A12

#A13

#Xa

#Y8

#ZERO

KDSTFCTRSC A B
10 + MBO S5 T
1B + AMABC 4 6

ZE,ZH,ZL IN R3,R6,0Q

1- OR AQB 6 -
@ #ZERD z

18 & DAG 6 B
9 #A9 -F

19 - 201t - -
1B - ZAC 6 6
1- -+ DALl 6 -
0 #A18 F
1BR+ ZA8 6 6
1B OR 208 - T
1B + DAB 3 3
@ #A13 -F

@ TRAP(B) T

18 OR 208 -
1- + 78

B #A12 H

1B -+ DALl 3 3
1B + MO T T
1B + MC 6 6
@ #A11 -H

1- OR ZAB 3 -
@ #ZERO F

1B & DAB 6 6
18 OR ABO 3 6
1- OR MBB B 6
10 OR DZB - -
1- OR 708 1 -
10 OR DZB - -
1B OR DZ@ -
10 OR DZB - -
1B & A0 8 T
10 OR DZB - -

Micro-Code-Assembler

SHFT

SP PC

- JWP

- JMP

- JMP
- JMP
- IMP
- JMP
- JMP
- JMP

S JMP

S Jup

S JMP

S JMP

S

o @

o ® = _,O®

[s~Rs~ e

[s3Ras]

BD

PSH
ALY

PSH
ALU
POP
ALU

PSH
ALU

BS

177

IR4

IR4

IR4

IR4

'MIA!

Page 69
COMMENT USED REGS
R5+T -> Q 5TQ
R4+R6 -> RG 46
END
R6 OR Q 6 Q
IF 7=08 GOTO ZERO
(1t1)8R6 -> R@ SIGN 86
IF Z<8 THEN
-0->0 Q
-R6 -> RB 6
END
R6 - 488 NORMALIZE 6
IF >=@ THEN
(R6,0)/2 60Q
Q->T TQ
R3+(119) -> R3 ZE 3
IF >=B OVERFLOW
ELSE
->T7 TQ
RO 6
IF -H THEN
REP R3-(1t9) -> R3 3
2=:T -> T T
2xR6 -> R6 6
UNTIL H
END
R3 ZE 3
IF <8 GOTO ZERD
END
1778R6 -> RB 6
R3 OR RG -> RG 36
R OR R6 -> STK ZH B 6
JMAP 0
R1 -> STK 1
IMAP 0
STK -> 7 T
JMAP 0
B ->T ~-> 38TK 8T
JMAP 0




746
747
748
749
744
74B
74C
74D

74E
74F
750
751
752
753
754

755
750
757
758

759
75A
758
75C
76D

75E
75F
760
761
762

763
764
765
766

767
768
769
764

768
76C
76D
76E
76F
778
771
772
773
774
775
776
777

4 3 2 180

Informatik ETH Zuerich

LABEL

FMUL

M1

K DST FCT
1B OR
1B OR
1B OR
18 OR
1- OR
@ #ZERO
1- OR
8 #ZERO
1 - XOR
1B &
18 &
1B &
18 &
1B OR
1B OR
XE, XH, XL
YE, YH, YL
1B+
10 OR
8 #MUL16
1B OR
10 OR
1B OR
8 #MUL16
1B«
18«
10 OR
18 OR
@ #MUL16
18+
18+
10 OR
18 OR
8 #MUL16
1B+
9 M1
18

18

1B -+
18 OR
1B -+
9 #ZERO
8 TRAP(6)
1B+ OR
1B+ OR
18 &
1B &
1B &
1B OR
1B OR
18 &
1- OR

RS C

POOON
PNNN >

pg
(s<]
NONOOOO®

AB B
DA B
DA B
DA B
DA @
DA B
DA 8

DD

b~ w

~J

DO WONOD

IN R2,R4,R5
IN R3,RB,R7

O >
>0
OO0

o
>N

o
DO TOFR,®

i

PO>>P>OO0O0ODO0O
PD>DOEID>>D>NN

2
5

2

WO

w

NN ONFEFROR~,®

W

W~

N A —HON—,®

Micro-Code-Assembler

VO OO®

o]

R s

,POe

>

SHFT SP PC S
- --- 3
- --- 8
- --- 8
- NP
- WP
R11- - -
R11- - -
R11- - -
R11-- -
SIGN IN STK
- ISR
- IR
- ISR
- ISR
- P
R11-- -
2-_ -
- P
- Jup
R18-- -0
R18-- -8
R18-- -1
- --- -1
- --- -1
- --- -8
- --- -8
-- -1
- --- S8

BD BS

POP
POP
POP

PSH -
377
377
177
177

POP

ALU ALU
ALU ALU
377
177
377

PSH -

'MIA'

COMMENT

T ->R7 YL
STK -> R6 YH
STK -> RS XL
STK -> R4 XH

R4 OR RS X
IF X=8 GOTO ZERO
R6 OR R7 Y

IF Y=8 GOTO ZERO

R4 XOR R6 -> STK
(37719)8R4 -> R2 XE
(37719)8R6 -> R3 YE
1778R4 -> R4

1778R5 -> R6

(119) OR R4 -> R4
(119) OR R6 -> R

R2+R3 -> R3 ZE

RS -> 0

XL=YL  Q«T -> (R2,Q)
R2 -> R1 ZL

RS -> 0

R6 -> T

XL*YH

R1+Q -> Rl ZL
R2+C -> R@ ZH

R4 -> Q

R?7 -> 7

XH=YL

R1+Q -> Rt ZL
R2+R@ -> R@ ZH

R4 -> 0

R6 -> T

XHx*YH

R@+Q -> R Z

s ug

IF -F THEN

2%R1 -> R1 NORMALIZE

2+R8 -> R
R3 - (119) -> R3

END

STK -> R7  SIGN

R3 - (28019) -> R3

IF <@ GOTO ZERO

IF >= 488 OVERFLOV

R*8 -> RO

R1t8 -> R1

(37718)8RA -> R2

1778R8 -> R

3778R1 -> T

RRORT ->T 2L

R3 OR R® -> RO

(1t1)8R7 -> R7

R7 OR RB -> STK ZH
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OO~
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778
779
774
778
77C
77D
77E
77F
780
781
782
783
784
785
785

787
788
789
784
78B
78C
78D
78E
78F
798

791
792
793
794
795
796
797
798
799
794
798
79C
79D

79F

7h0
7A1
7A2
7A3
7A4
7AS
7AB
7A7
748
749

7AA

4 3 2 10

Informatik ETH Zuerich

LABEL

#D1

#XDIV

#XD1

#X02

K DST FCT RS C

e

=
>POOO0OO
ONNNN

1
]
v
>
o

[on)
=

[ e N e S e R o N S e
[scie-iiuciocRusllus BN
~N
m
=
o o
DUOoDODO0 >
0TI AIAININOOFO®

DI>I>ID>D>>>m

OR

Y

DO

Micro-Code-Assembler

B SHFT

— O
i
1

WO ND
1
1

XE,XH,XL IN R2,R4,R5

YE,YH,YL IN R3,R6,T

1B - M1
1B -+ MB1
1B -+ MBC
8 #D1 S
1B OR DZO
1B + DAB
0 #D2 T
1B & ZA©
1B + ABB
1B + MBC
1B - DAl
8 #XDIV T
1B OR ZA©
1B & ZAB
8 #XDIV T
1B OR DZ®
1B -& DAB
1B + DAB
@ #ZERD S
@ TRAP(B) F
1B OR ABB
1B & DAB
1- OR ABB
1B OR ZAB
10 OR DZ®

2
T
6

wWw®

P, ONW

R2 DIVISION STEPS

R IN (R4,0),
+ AB
+ AB
+ B
-+ AB
-+ B

=<
jw)
—_

ZA

+

>
[
N

AB

(
1
1
1
1
1
]
1
8
1
1 AB

ORI PO TDE
O —"HFRPr NVOFRPROO®

1

(o2}
]
+

ZA

[+

(=0 I @]

[N

o —

WON
=
[
—

NN ®
i

SP PC

- JMP
- JMP

S

[V I 7 v B}
0D

Q IN R1, COUNT N IN

DR

®

e b e e b (D)

O

(SN

OO0 ®®

[as]

BD

ALU
FOP
PCP
POP

PopP

PSH -

ALU

2)

‘MIAY
BS  COMMENT

IRA JMAP
- STK->R6 VH
- STK->R5 XL
- STK->R4  XH
- RGORT
IF V=8 ZERD DIVIDE
- RAORRS
IF X=8 GOTO ZERO
- RA XOR R6 -> STK
377 (37710)2R4 -> R2 XE
377 (37713)8R6 -> R3 VE
177 1778R4 -> R4
177 1778R6 -> RB
1 (119) OR R4 -> R4
1 (119) OR R6 -> RG

- R2-R3 -> R3 QF
- R5-T ->R5 (R-Y ->R)
- FIRST DIV STEP
IF R >= Y THEN
1 1->RL (1->0)
1 R3+(119) -> R3
ELSE
- @ ->RL (8 ->0Q)
- R5+T -> RS (R+Y -> R)
- R4+R6 -> R4
END
18 8-R1 -> R2 (8-0 -> N)
N DIV STEPS FOR QH
- RL->R® SAVE QH
- B->R1
16 DIV STEPS FOR QL
STK -> R2  SIGN
1 -(119)2R8 -> R
1 R3 + (20919) -> R3 QF
IF QE<B GOTO ZERD
OVERFLOW
R3 OR R -> R@
1 (1t1)8R2 -> R2
R OR R2 -> STK QH
- RLT QoL
IR4 JMAP

i

REPEAT

- 2+R5 -> RS (2:R -> R)
- 24R4 -> R4
- 2xR1 -> R1 (2+Q -> Q)
- R5-T -> R5 (R-Y -> R)
- R4-R6 -> R4

IF R >= Y THEN
- R1+1 (0+1 -> Q)

ELSE
- R5+T -> (R+Y -> R)
- R4+R6 -> R4

END
- R2-1 -> R2

3 (o208 e X ws]

DO WN D>

BN
o — w

[,

B2V Oy DR oOoON® WweN S

[oN

SO
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748
74C
7AD
7AE
7AF
788
7B1
782
7B3
784
7B5
786

787
788
789
7BA
7BB
78C
78D
7BE

7BF
7Co
7C1
7C2

7C3
7C4

7C5
7C6

4 32 10

Informatik ETH Zuerich

LABEL

#C1

#C2

#LSS

#EQL

#GTR

K DST FCT RS C

#XDIV -Z
B OR DZ@
B OR ZA B
B OR DZO
B OR DZ@
B OR DZ#@
B & Za8@
- XOR AB @
#C1 -F
- OR ZA O
#LSS F
#GTR T

(S e )

o

1
>
[s~Ru-)

=)

1

>
A TON®TO

o
p=e)
>
(o)

(SR I, SN

w1
m
o
Q

o

2

~N

>

-
S
[p]
—
=

[
1
[
N
>
s

N
1
+
N
>
-

- 1

-

[ |

DHPOONN

Micro-Code-Assembler 'MIA'

SHFT

8P PC

- IMP
- RN

- JMP
- JMP

- JMP
- JIMP

- JMP

S JMP
S JMp

S JuP

S EBD

(I I 7 I ¥ IS B
DT ORDD -

[a~]

POP
poP
POP

PSH
ALU

PSH
ALU

PSH
ALU

BS  COMMENT

UNTIL R2=8
28 16 -> R2
- T->R7 YL
STK -> R6 YH
STK -> R§ XL
- STK -> R4 XH
- 8->T
- R4 XOR R6
JUMP IF SIGNS EQUAL
- R4

- R5-R7 -> R7

- R4-R6 -> R6
JUMP IF X < Y

- R6 OR R7

- R4

IR4 JIMAP

- 8 -> STK
IR4 JMAP

- 1 -> STK
IR4 JMAP
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7C7
7C8
7C9
7CA

7CB
7¢C
7CD
7CE
7CF
700
7D1
702

7D4
D5

706
D7

708
709

7DA
7DB

E@
AB
EB
Co

Informatik ETH Zuerich

LABEL

FFCT

* % »

x
FLOAT
FLOAT1

#F1

#F2

#F3

F1X

KDSTFCTRS C A
OR DZ 2 -

F
+ ABO B
LOAT1 F

PROCEDURE FLOAT(C:

PROCEDURE FLOAT1(D:
1- & ZA8 8
1B OR DZB -
1- OR ABO T
8 #F3 Z
18 + DZO@ -
1- OR ZAB 2
0 #F2 H
18 -+ DAl 1
18 + ABB T
18 + ABC 2
8 #F1 -H
1B & DAB 2
1B OR ABB 1
1- O zA@ 2
10 O DZB -
1B + ABB @
8 FIX1 F

Micro-Code-Assembler

B SHFT SP PC S E BD

8 R 2-

CARDINAL)
DOUBLE) :

NN

N —
1
1
1

NN
'
1
'

B ALU

PSH
POP

[s>Xs~TRus]

DO
1

g PSH
0 ALY

BS
IR

1

238

'MIA"

COMMENT
IRt2 -> RO

RO*2 -> RO

8 -> STK
STK -> R2  XH
T OR R2
IF # B THEN
(23819) -> R1
R2
IF -H THEN
REPEAT R1-(11G)
2«7 => T
2¢R2 -> R2
UNTIL H
END
177 & R2 -> R2
R1 OR R2 -> R2
END
R2 -> STK XH
JMAP

R@=2 -> RO

Page 73
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END DISPLAYHANDLER;

4 3 2 18 LABEL KDSTFCTRSC A B SHFT SPPC S EBD BS  COMMENT USED REGS

x PROCEDURE FIX(X: REAL): CARDINAL

x PROCEDURE FIX1(X:REAL; BIAS: CARDINAL): DOUBLE

=
70C 4F FF E4 58 98 FIX 1B+ OR DZ8 T T R11-- S1 238 T->STK, 2381a ->T T
70D ©F E@ 8C 48 FF  FIX1 10 OR DZB - - - --- S@BPP- STK->0 X 0
7DE GF E@ 4C 48 FF 18 OR DZB - 2 - --- SBPP- STK->R2 X 2
7DF 2C 64 8C 6@ FF 1- OR MO8 2 - - --- -8- - RZORO 20
768 7E A1 B7 28 OF 8 #FX2 z - MP IF #8 THEN
7E1 72 E4 24 79 FF 1B & DAB 2 1 R11-- -1 377  (37719)8R2 -> R1 12
7E2 72 E4 4C 78 TF 1B & DAB 2 2 - --- -1 177 177 & R2 ->R2 2
7E3 6F E4 44 79 @1 1B OR DAB 2 2 R11-- -1 1 (119) OR R2 -> R2 2
7E4 64 C3 EC 68 FF 1B -+ M1 1T - --- -8- - T-RL->T 17
7E5 3E 48 47 20 OF @ TRAP(B) F - P OUT OF RANGE
7E6 7E Al 87 20 OF 8 #FX2 z - Jup IF #8 THEN (NORM)
7E7 82 64 4C 60 FF  #FX1 1BR+ ZA8 2 2 - --- -8- - REPEAT (R2,0)/2 20
7E8 66 DF E4 79 @1 1B -+ DAL T T R11-- -1 T-(itg) >T T
769 7E 79 87 28 OF @ #FX1 -2 - WP UNTIL T=8

* END

* END
7EA 6D 61 EC 68 FF  #FX2 1B OR 208 - T - --- -8- - Q-=>T TQ
7EB 2F 6@ 8C 68 FF 1- OR ZA8 8 - - --- -8- - RO 8
7EC 7E F8 47 28 oF @ #FX3 -F - aMp
7ED 2F 64 @C 48 OF 1- OR ZAB 2 - - --- SBPSH- R2->STK HI 2
7EE ©F EB OF EO @3 10 OR DZB - - - -SJWP -0 ALUIRE JMAP 0
7EF 2F 64 @C 68 FF  #FX3 1- OR ZAB8 2 - - --- -B- - R2 2
7F8 3E 49 87 28 oF @ TRAP(B) -Z - Mp OVERFLOV
7F1 ©oF E@ OF E@ 3 10 OR DZB - - - -SJMP -8 ALU IRA JMAP 0
7F2 5C AB @3 28 BF  #ENDREPL @ EXITREPL T - JSR
7F3 ©OF ED OF EQ 83 10 OR DZB - - - -SJIMP - B ALU IRA JIMAP 0

x POP(S);

» POP(P);

. POP(H);

x POP(G);

. POP(L);

x POP(M);

x POP(T);

x END REPL;

x*

*

®

®

.ORG 6008
\MAP 246  ESCAPE-INSTRUCTION: JUMP TO THE BEGINNING OF THE 4-TH K
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Table of the MAP Entries

EERERRKKBREKKARKRRRK KRR KK

20
40

48
168

68
148

108

13E

149
14A
148
14C
14D
14E
162
156

Ag
240

187
15C
161
16F
170
183
Cos
188

1A6
1B7
1BE
1C2
1C6
1CA
1CE
1D3

1bC
1E8
1E7
1EC
1F§
1FA
1FC
1FE

20F
212
215
21B
221
227
224
22F

c8
300

233
243
265
282
285
28A
292
297

29A
29E
2A1
245
2A9
28D
2B1
283

2B6
2B8
2BA
2BC
2BE
2C4
2C6
2C9

2CB
2CE
2D1
2E5
400
2F8
2FA
2FB

Micro-Code-Assembler

EB
348

318
327
339
334
33B
33C
33D
342

34E
356
359
360
36

375
38C
38F

394

397
397
397
397
397
397
397

397
397
397
397
397
397
397
397




