




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































303 mstruction Format & Cycle Timing

Instruction

ADDA
ADDA
ADDA
ADDA
ADDA

ADDA
ADDA
ADDA
ADDA
ADDA
ADDA
ADDI
ADDI
ADDI
ADDI
ADDI
ADDI
ADDI
ADDQ
ADDQ
ADDQ
ADDQ
ADDQ
ADDQ
ADDQ
ADDQ

Am,An
(Am),An
(Am)+,An
-(Am),An
d(Am),An

d{Am,Dn/An),An
Abs.W,An
Abs.L,An
d(PC),An
d(PC,Dn/An),An
#|mm,An
#|{mm,Dn
'Imin,(An)
#Imm,(An)+
#Imm,-(An)
#1mm,d(An)
#Imm,d(An,Dn/An)
#Imm,Abs.W
*|mm,Dn
#|mm,An
#Imm,(An)
#Imm,{(An)+
#|mm,-(An)
#1mm,d(An)
#Imm,d(An,Dn/An)
#Imm,Abs. W

| Byte/R Wl Long R W
| Word e r | er
| a il a i
| Cycle d t | Cycle d t
|_Time e |_Time e
08 1 0 08 10
12 2 0 14 30
12 2 0 14 30
14 2 0 16 30
16 30 18 4 0
18 30 20 4 0
14 3 0 18 4 0
20 40 22 50
14 3 0 18 4 0
18 30 20 4 0
12 20 14 30
08 2 0 16 3 0
16 31 28 9 2
16 31 28 3 2
18 31 30 9 2
20 4 1 32 6 2
22 41 34 6 2
20 4 1 32 6 2
04 1 0 08 10
08 1 0 08 10
12 21 20 3 2
12 21 20 3 2
14 21 22 3 2
16 31 24 4 2
18 3 1 26 4 2
16 31 24 42



304  Programming the 68000

Instruction

ADDQ *Imm,Abs.L
ADDX Dm,Dn

ADDX -(Am),-(An)
AND Dm,Dn

AND {Am),Dn
AND  (Am)+.Dn
AND  -(Am).,Dn

AND d(Am),Dn
AND  d(Am,Dn/An),Dn
AND Abs_W,Dn

AND Abs.L,Dn

AND d{PC),Dn

AND  d(PC,Dn/An),Dn
AND #Imm,Dn

AND . Dm,(An)

AND Dm,(An)+

AND Dm,-{An)

AND Dm,d{An)

AND Dm,d(Am,Dn/An)
AND Dm,Abs. W

AND Dm,Abs.L

ANDI  *Imm,Dn

ANDI  *Imm,(An)
ANDI  *Imm,{An)+
ANDI  *Imm,-(An)
ANDI  *Imm,d(An)

| Byte/R W| Long R W
| Word e r | e r
I a il a i
| Cycle d t | Cycle d t
|_Time e |_Time e
20 4 1 28 5 2
04 1 08 10
18 31 30 5 2
04 1 0 08 10
08 20 14 30
08 20 14 30
10 20 16 30
12 30 18 40
14 30 20 4 0
12 30 18 40
16 4 0 22 50
12 3 0 18 4 0
14 30 20 4 0
08 20 14 30
12 21 20 3 2
12 21 20 3 2
14 21 22 3 2
16 31 24 4 2
18 31 26 4 2
16 31 24 4 2
20 4 1 28 5 2
08 20 16 30
16 31 28 5 2
16 31 28 5 2
18 31 30 5 2
20 4 1 32 6 2
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Instruction Format & Cycle Timing

| Byte/R W| Long R W
| Word e r | e r
| a il a i
| Cycle d t | Cycle d t
Instruction |_Time e |_Time e
ANDI  *imm,d{An,Dn/An) ‘22 4 1 34 6 2
ANDI *Imm,Abs.W 20 4 1 32 2
ANDI  *Imm,Abs.L 24 51 36 2
ANDI  #Imm,CCR 20 30
ANDI  *Imm,SR 20 30
ASL Dm,Dn 6+2n n 0 8+2n n
ASL *Imm,Dn -6+2n n 0 8+2n n
ASL (An) 12 2 1
ASL {(An)+ 12 21
ASL -(An) 14 21
ASL  d(An) 16 31
ASL d(Am,Dn/An) 18 31
ASL Abs.W 16 31
ASL Abs.L 20 41
ASR Dm,Dn 6+2n n 0 8+2n n O
ASR  *Iimm,Dn 6+2nn 0 8+2n n O
ASR (An) 12 21
ASR (An)+ 12 21
ASR -(An) 14 21
ASR d(An) 16 31
ASR  d{Am,Dn/An) 18 31
ASR Abs. W 16 31
ASR Abs.L 20 4 1
A Bcc byte Bce word
Bce Label(branch not taken)08 1 0 12 20
Bee Label{(branch taken) 10 20 10 20
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Instruction

BCHG
BCHG
BCHG
BCHG
BCHG
BCHG
BCHG
BCHG
BCHG
BCHG
BCHG
BCHG
BCHG
BCHG
BCHG
BCHG
BCLR
BCLR
BCLR
BCLR
BCLR
BCLR
BCLR
BCLR
BCLR
BCLR

Dm,Dn
Dm,{An)
Dm,(An)+
Dm,-(An)
Dm,d{An)
Dm,d{An,Dn/An)
Dm,Abs.W
Dm,Abs. L
#Imm,Dn
#Imm,{An)
#Imm,(An)+
#*Imm,-(An)

#*|mm,d{An)

#1mm,d{An,Dn/An)

*Imm,Abs. ¥
*Imm,Abs.L
Dm,Dn
Dm,(An)
Dm,(An)+
Dm,-(An)
Dm,d{An)
Dm,d{An,Dn/An)
Dm,Abs.W
Dm,Abs.L
*|mm,Dn

*Imm,{An)

| Byte/R
| Word e
| a
| Cycle d
|_Time

oo ® A0

© ~ — =

08
12
12
14
16
18
16
20
12
16
16
18
20
22
20
24
10
12
14
14
16
18
16
20
14
16

N B B A W W W N B WWW N NN -

W N A W W W NN N
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Instruction Format & Cycle Timing

BCLR
BCLR
BCLR
BCLR
BCLR
BCLR
BRA

BSET
BSET
BSET
BSET
BSET
BSET
BSET
BSET
BSET
BSET
BSET
BSET
BSET
BSET
BSET
BSET
BSR

BTST
BTST

Instruction

*Imm,(An)+
#*Imm,-(An)
#Imm,d{An)

#*|mm,d(An,Dn/An)

*Imm,Abs. W
*Imm,Abs.L
Label

Dm,Dn
Dm,(An)
Dm,{An)+
Dm,-(An)
Dm,d{An)
Dm,d{Am,Dn/An)
Dm,Abs.W
Dm,Abs.L
*Imm,Dn
#|mm,{An)
#Imm,(An)+
#*Imm,-(An)

*Imm,d{An)

#*Imm,d(Am,Dn/An)

#Imm,Abs.W
*|Imm,Abs.L
Label

Dm,Dn
Dm,(An)

Cycle d
Time

16
18
20
22
20
24
10
08
12
12
14
16
18
16
20
12
16
16
18
20
22
20
24
18
06
08

N A B DWW

-—
o o

N O A& A A W W WN A W W NN

N =
S O N

-—
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Instruction

BTST
BTST
BTST
BTST
BTST
BTST
BTST
BTST
BTST
BTST
BTST
BTST
BTST
BTST
BTST
BTST
BTST
BTST

CHK
CHK
CHK
CHK
CHK
CHK
CHK

Dm,(An)+
Dm,-(An)

Dm, d{(An)
Dm,d{An,Dn/An)
Dm,Abs.W
Dm,Abs.L
Dm,d(PC)
Dm,d{PC,Dn/An)
*Imm,Dn
#Imm,{An)
#Imm,(An)+
#1mm,-(An)
#|mm,d(An)
#|mm,d{Am,Dn/An)
#|imm,Abs.W
*Imm,Abs.L
#|mm,d(PC)
#mm,d(PC,Dn/An)

Dm,Dn

(Am),Dn
(Am)+,Dn
-(Am),Dn
d(Am),Dn
d(Am,Dn/An),Dn
Abs.W,Dn

Byte/R W| Long
word e r |

a il
Cycle
Time

e | Time

d t | Cycle

W
r
i
t
e

08
10
12
14
12
16
12
14
10
12
12
14
16
18
16
20
16
18

H B N A B DWW WN W W DA W W WAWNNDN
O © O & & o0 o0 o0 O O 0 O o © ©o O

0

08
12
12
14
16
18
16

0 40
44
44
46
48
50
50

W W W N NN -
©C O 0 © © O

CHK not taken CHK taken

~N N N0 N
W W W W W W W
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Instruction Format & Cycle Timing

Instruction

CHK Abs.L,Dn

CHK  d(PC),Dn

CHK  d(PC,Dn/An),Dn
CHK *Imm,Dn

CLR Dn

CLR  (An)

CLR  (An)+

CLR -(An)

CLR d(An)

CLR  d(An,Dn/An)
CLR Abs. W

CLR Abs.L

CMP  Dm,Dn

CcMP Am,Dn

CMP  (Am),Dn

CMP (Am)+,Dn

cMP -(Am),Dn

CMP  d(Am),Dn

CMP  d(Am,Dn/An),Dn
CMP Abs.¥W,Dn

CMP Abs.L,Dn

CMP d(PC),Dn

cMP d(PC,Dn/An),Dn
cMP *|mm,Dn

CMPA Dm,An

| Byte/R W| Long R W
| word e r | e r
I a il a i
| Cycle d t | Cycle d t
|_Time e | _Time e
20 40 52 83
16 3 0 50 73
18 3 0 50 73
12 20 44 6 3
04 1 0 06 10
12 21 20 3 2
12 21 2 3 2
14 21 24 3 2
16 31 26 4 2
18 31 28 4 2
16 31 26 4 2
20 41 28 5 2
04 1 0 06 10
04 10 06 10
08 20 14 30
08 20 14 30
10 2 0 16 3 0
12 30 18 4 0
14 3 0 20 4 0
12 30 18 4 0
16 4 0 22 50
12 30 18 40
14 3 0 20 4 0
08 2 0 14 30
06 1 0 06 10
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| Byte/R W| Long R W |

| Word e r | e r |

I a il a i |

| Cycle d t | Cycle d t |
Instruction |_Time e |_Time e |
CMPA Am,An 06 1 0 06 10
CMPA (Am),An 10 20 14 30
CMPA (Am)+,An 10 20 14 30
CMPA -(Am),An 12 20 16 30
CMPA d(Am),An 14 3 0 18 4 0
CMPA d(Am,Dn/An),An 16 30 20 4 0
CMPA Abs.W,An 14 3 0 18 4 0
CMPA Abs.L,An 18 4 0 22 50
CMPA d(PC),An 14 3 0 18 4 0
CMPA d(PC,Dn/An),An 16 30 2 4 0
CMPA *Iimm,An 10 20 14 30
CMPI *Imm,Dn 08 20 14 3 0
CMPI  *imm,(An) 12 30 2 50
CMPI  *Imm,(An)+ 12 3 0 2 50
CMPI  *Imm,-(An) 14 3 0 22 50
CMPI  *imm,d(An) 16 4 0 24 6 0
CMPI  *Imm,d{An,Dn/An) 18 4 0 26 6 0
CMPI  *Imm,Abs.W 16 4 0 24 6 0
CMPI  *Imm,Abs.L 20 50 28 70
CMPM {(Am)+,(An)+ 12 30 2 50
DBcc Dn,Label A 12 2 0 (cc true, branch not)
DBcc Dn,Label 14 3 0 (cc false, branch not)
DBcc Dn,Label 10 2 0 (cc false, branch)
DIVS Dm,Dn 158 1 0 (DIVS, DIVU are max
DIVS (Am),Dn 162 2 0 values)

DIVS  (Am)+,Dn 162 2 0
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Instruction Format & Cycle Timing

Instruction

DIVS -(Am),Dn

DIVS d{(Am),Dn

DIVS d{(Am,Dn/An),Dn
DIVS Abs.W,Dn

DIVS Abs.L,Dn

DIVS d{PC),Dn

DIVS d(PC,Dn/An),Dn
DIVS *Imm,Dn

DIVU Dm,Dn

DIVU (Am),Dn

DIVU  (Am)+,Dn

DIVU  -(Am),Dn

DIVU d(Am),Dn

DIVU d{(Am,Dn/An),Dn
DIVU Abs.W,Dn

DIVU Abs.L,Dn

DIVU  d(PC),Dn

DIVU d(PC,Dn/An),Dn
DIVU *imm,Dn

EOR Dm,Dn

EOR Dm,(An)

EOR Dm,(An)+

EOR Dm,-(An)

EOR Dm,d{An)

EOR Dm,d(An,Dn/An)
EOR Dm,Abs.W

=
k
I~

£
e
]
=3

| Cycle

E

)
3
D

ycle

|_Time
164
166
168
166
170
166
168
162
140
144
144
146
148
150
148
152
148
150
144
04
12
12
14
18
20
18

N W W A W W W NN = N W W & W W W N

W W N NN

©C O O O 0 0 &0 0 0 0 O 0 0 0 &0 &0 &0 0 © O ®~—xg

08
20
20
22
24
26
24

H HD D W W W

N N N N NN O
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Instruction

EOR Dm,Abs.L
EORI *Imm,Dn
EORI  *Imm,(An)
EORI  *Imm,(An)+
EORI  *Imm,-(An)
EORI  *Imm,d{(An)
EORI  *Imm,d(An,Dn/An)
EORI  *Imm,Abs.W
EORI  *Imm,Abs.L
EORI  *Imm,CCR
EORI  *Imm,SR
EXG DA.Dn/An
EXT  Dn

ILLEGAL

JMP  (An)

JMP  d(An)

JMP  d(An,Dn/An)
JMP  Abs.W

JMP  AbslL

JMP  d(PC)

JMP  d(PC,Dn/An)
JSR  (An)

JSR  d(An)

JSR  d{An,Dn/An)
JSR  Abs.W

JSR  Absl

| Byte/ R
| Word e
| a
| Cycle d
|_Time

ao ® 0

Cycle
Time

tD.-—-ﬁﬂz

20
08
16
16
18
20
22
20
24
20
20
06
04
34
08
10
14
10
12
10
14
16
18
22
18
20

W W b & H W W W -

W N N NN W N W N NN L

N NN NN O O O © O O O W o © O© O

28
16
23
28
30
32
34
32
36

~N OO OO O WA
N N N NN M N ON
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Instruction Format & Cycle Timing

Instruction

JSR d(PC)

JSR d(PC,Dn/An)
LEA  (An)

LEA  d{An)

LEA  d(An,Dn/An)
LEA Abs.W

LEA Abs.L

LEA d(PC)

LEA d(PC,Dn/An)
LINK  An,*displace
LSL Dm,Dn

LSL *Imm,Dn
Lst  (An)

LSL (An)+

LSL -(An)

LSL d{An)

LSL d(An,Dn/An)
LSL Abs W

LSL Abs L

LSR Dm,Dn

LSR *|mm,Dn
LSR  (An)

LSR (An)+

LSR -(An)

LSR d(An)

LSR  d(An,Dn/An)

6+2n
12
12
12
14
16
18
16
20
6+2n
12
12
12
14
16
18

N

W W NN NNS-AWWWNNDNNDNNNWNNN

8+2n

0
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Instruction

LSR

LSR

MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE

Abs.W

Abs.L

Dm,Dn

Dm,(An)
Dm,(An)+
Dm,-(An)
Dm,d{An)
Dm,d{An,Dn/An)
Dm,Abs. W
Dm,Abs.L

Am,Dn

Am,(An)
Am,(An)+
Am,-(An)
Am,d(An)
Am,d(An,Dn/An)
Am,Abs.W
Am,Abs.L
(Am),Dn
(Am),(An)
(Am),(An)+
(Am),-(An)
(Am),d(An)
(Am),d(An,Dn/An)
{(Am),Abs.W
{(Am),Abs.L

| Byte/R W| Long R W
| Word e r | e r
| a il a i
| Cycle d t | Cycle d t
|_Time e |_Time e
16 31
20 1
04 0 04 10
08 11 12 1 2
08 11 12 1 2
08 11 14 1 2
12 21 16 2 2
14 21 18 2 2
12 21 16 2 2
16 31 20 3 2
04 10 04 10
08 11 12 1 2
08 11 12 1 2
08 11 14 1 2
12 21 16 2 2
14 21 18 2 2
12 21 16 2 2
16 31 20 3 2
08 20 12 30
12 21 20 3 2
12 21 20 3 2
12 21 20 3 2
16 31 24 4 2
18 31 26 4 2
16 31 24 4 2
20 4 1 28 5 2
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Instruction Format & Cycle Timing

Instruction

MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE

(Am)+,Dn
(Am)+,(An)
(Am)+,(An)+
(Am)+,-(An)
{(Am)+,d(An)
(Am)+,d(An,Dn/An)
(Am)+,Abs.W
(Am)+,Abs.L
-(Am),Dn
-(Am),(An)
-(Am),(An)+
-{Am),-(An)
-{Am),d(An)
-(Am),d(An,Dn/An)
-(Am),Abs.W |
-{Am),Abs.L
d(Am),Dn
d{Am),(An)
d(Am),(An)+
d(Am),-(An)
d{Am),d(An)
d{Am),d(An,Dn/An)
d(Am),Abs. W
d(Am),Abs.L
d{Am,Dn/An),Dn
d{(Am,Dn/An),(An)

| Byte/R W| Long R W
| Word e r | e r
' a il a i
| Cycle d t | Cycle d t
|_Time e |_Time e
08 20 12 30
12 21 20 3 2
12 21 20 3 2
12 21 20 3 2
16 31 24 4 2
18 31 26 4 2
16 31 24 4 2
20 4 1 28 5 2
10 20 14 30
14 21 22 3 2
14 21 22 3 2
14 21 22 3 2
18 31 26 4 2
20 31 28 4 2
18 31 26 4 2
22 41 30 5 2
12 3 0 16 4 0
16 31 24 4 2
16 3 1 24 4 2
16 31 24 4 2
20 4 1 28 5 2
22 41 30 5 2
20 4 1 28 5 2
24 5 1 32 6 2
14 3 0 18 4 0
18 31 26 4 2



316  Programming the 68000

| Byte/R W| Long R W
| Word e r | e r
I a il a i
| Cycle d t | Cycle d t
Instruction |_Time e |_Time e
MOVE d{Am,Dn/An),(An)+ 18 31 26 4 2
MOVE .d(Am,Dn/An),-(An) 18 1 26 2
MOVE d{Am,Dn/An),d{An) 22 1 30 S5 2
MOVE d(Am,Dn/An),d(An,Dn/An)
24 41 32 5 2
MOVE d(Am,Dn/An),Abs.W 22 41 30 S 2
MOVE d(Am,DhIAn),Ahs.L 26 51 34 6 2
MOVE Abs.W,Dn 12 30 16 40
MOVE Abs.W,(An) 16 31 24 4 2
MOVE Abs.W,(An)+ 16 31 24 4 2
MOVE Abs.W,-(An) 16 31 24 4 2
MOVE Abs.W,d(An) 20 4 1 28 9 2
MOVE Abs.W,d{An,Dn/An) 22 41 30 S 2
MOVE Abs.W,Abs. W 20 4 1 28 9 2
MOVE Abs.W,Abs.L 249 5 1 32 6 2
MOVE Abs.L,Dn 16 4 0 20 50
HOVE Abs.L,(An) 20 41 28 S 2
MOVE Abs.L,(An)+ 20 41 28 52
MOVE Abs.L,-(An) 20 4 1 28 9 2
MOVE Abs.L,d(An) 24 51 32 6 2
MOVE Abs.L,d(An,Dn/An) 26 91 34 6 2
MOVE Abs.L,Abs.W 24 S 1 32 6 2
MOVE Abs.L,Abs.L 28 6 1 36 7 2
MOVE d(PC),Dn 12 3 0 16 4 0
MOVE d(PC),(An) 16 31 24 4 2
MOVE d(PC),(An)+ 16 31 24 4 2
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Instruction Format & Cycle Timing

| Byte/R W| Long R W
| Word e r | e r
| a il a i
| Cycle d t | Cycle d t
Instruction |_Time e |_Time e
MOVE d(PC),-(An) 16 31 24 4 2
MOVE d{(PC),d(An) 20 4 1 28 5 2
MOVE d(PC),d(An,Dn/An) 22 4 1 30 5 2
MOVE d{PC),Abs.W 20 41 28 9 2
MOVE d{PC),Abs.L 24 5 1 32 6 2
MOVE d(PC,Dn/An),Dn 14 3 0 18 4 0
MOVE d{(PC,Dn/An),{An) 18 31 26 4 2
MOVE d{PC,Dn/An),(An)+ 18 31 26 4 2
MOVE d{(PC,Dn/An),-(An) 18 31 26 4 2
MOVE d{(PC,Dn/An),d(An) 22 4 1 30 S 2
MOVE d{PC,Dn/An),d(An,Dn/An)
24 41 32 5 2
MOVE d{(PC,Dn/An),Abs.W 22 4 1 30 S5 2
MOVE d{(PC,Dn/An),Abs.L 26 51 34 6 2
MOVE *Iimm.,Dn 08 20 12 30
MOVE  #*Imm,(An) 12 21 20 3 2
MOVE *Imm,(An)+ 12 21 20 3 2
MOVE *Iimm,-(An) 12 21 20 3 2
MOVE *Imm,d(An) 16 31 24 4 2
MOVE *imm,d{(An,Dn/An) 18 31 26 4 2
MOVE *Iimm,Abs.W 16 31 24 4 2
MOVE *Imm,Abs.L 20 4 1 28 5 2
MOVE Dn,CCR 12 20
MOVE (An),CCR 16 30
MOVE (An)+,CCR 16 30
MOVE -(An),CCR 18 30
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Instruction

MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE

d(An),CCR
d(An,Dn/An),CCR
Abs.W,CCR
Abs.L,CCR
*Imm,CCR
Dn,SR

(An),SR
(An)+,SR
-(An),SR
d(An),SR
d(An,Dn/An),SR
Abs.W,SR
Abs.L,SR
d(PC),SR
d(PC,Dn/An),SR
*|mm,SR

SR,Dn

SR,(An)
SR,(An)+
SR,-(An)
SR,d(An)
SR,d{(An,Dn/An)
SR,Abs. W
SR,Abs.L
USP.,An

An,USP

A W W W N NN = W &a & Ut b b &b W W WN WO & & O
o O O O O O & © 0 0 o o ¢ o o © ©
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Instruction Format & Cycle Timing

| Byte/R W| Long R W
| Word e r | er
| a il a i
| Cycle d t | Cycle d t
Instruction |_Time e_|_Time e
MOVEA Dn,An 04 10
MOVEA Am,An 04 10
MOVEA (Am),An 08 20
MOVEA (Am)+,An 08 20
MOVEA -(Am),An 10 20
MOVEA d{Am),An 12 3 0
MOVEA d(Am,Dn/An),An 14 30
MOVEA Abs.W,An 12 30
MOVEA Abs.L,An 16 4 0
MOVEA d(PC),An 12 3 0
MOVEA d(PC,Dn/An),An 14 3 0
MOVEA *Imm,An 08 20
MOVEM RegList,(An) 8+5n 2 n8+10n 2 2n
MOVEM ReglList,-(An) 8+5n 2 n8+10n 2 2n
MOVEM RegList,d(An) 1245n 2 n 12+10n 2 2n
MOVEM RegList,d(An,Dn/An) 14+5n 2 n 14+10n 2 2n
MOVEM ReglList,Abs.W 1245n 2 n 12+10n 2 2n
MOVEM RegList,Abs.L‘ 16+#5n 2 n 16+10n 2 2n
MOVEM (An),RegList 12+4n 3+n 0 12+8n 3+2n0
MOVEM (An)+,RegList 12+4n 3+n 0 12+8n 3+2n0
MOVEM d{An),RegList 16+4n 4+n 0 16+8n 4+2n0
MOVEM Abs.¥W,Reglist 16+4n 4+n 0 16+8n 4+2n0
MOVEM Abs.L,ReglList 20+4n 5+n 0 20+8n 5+2n0
MOVEM d(PC),RegList 16+4n 4+n 0 16+8n 4+2n0
MOVEM d(PC,Dn/An),RegList 18+4n 4+n 0 18+8n 4+2n0
MOVEP Dm,d{An) 16 2 2 24 2 4



320 Programming the 68000

Instruction
MOVEP d{Am),Dn
MOVEQ *Imm,Dn

MULS
MULS
MULS
MULS
MULS
MULS
MULS
MULS
MULS
MULS
MULS
MULU
MULU
MULU
MULU
MULU
MULU
MULU
MULU
MULU
MULU
MULU
NBCD
NBCD

Dm.,Dn

{(An),Dn
(An)+,Dn
-(An),Dn
d(An),Dn
d{An,Dn/An),Dn
Abs.W,Dn
Abs.L,Dn
d(PC),Dn
d(PC,Dn/An),Dn
*Imm,Dn
Dm,Dn

(An),Dn
(An)+,Dn
-(An),Dn
d(An),Dn
d(An,Dn/An),Dn
Abs.W.,Dn
Abs.L,Dn
d(PC),Dn
d(PC,Dn/An),Dn
*Imm,Dn

Dm

(An)

Long

Cycle
Time

N W W A W W NN N = NN W W W W W AN NN -
©C O O © ©O O & & O 0 O O O 0 o0 o o ©o © o

-—

S o m."‘—"“ii

24 6

0 (MULS, MULU are max
0 values)
0

—
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Instruction

NBCD (An)+

NBCD -(An)

NBCD d(An)

NBCD d(An,Dn/An)
NBCD Abs.W

NBCD Abs.L

NEG Dn

NEG  (An)

NEG  (An)+

NEG -{An)

NEG d(An)

NEG d(An,Dn/An)
NEG Abs.W

NEG Abs.L

NEGX Dn

NEGX (An)

NEGX (An)+

NEGX -(An)

NEGX d(An)

NEGX d{(An,Dn/An)
NEGX Abs.W

NEGX Abs.L

NOP

NOT Dn

NOT (An)

NOT (An)+

| Byte/R W| Long R W
| Word e r | e r
I a8 il a i
| Cycle d t | Cycle d t
|_Time e |_Time e
12 21
14 21
16 3 1
18 3 1
16 31
20 4 1
04 1 0 06 10
12 21 2 3 2
12 21 20 3 2
14 21 22 3 2
16 31 24 4 2
18 31 26 4 2
16 31 24 4 2
20 4 1 28 9 2
04 1 0 06 10
12 21 20 3 2
12 21 20 3 2
14 21 22 3 2
16 3 1 24 4 2
18 31 26 4 2
16 31 24 4 2
20 41 28 52
04 10 |
04 1 0 06 1
12 1 20
12 1 20
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Instruction

NOT -(An)

NOT d(An)

NOT d(An,Dn/An)
NOT Abs W

NOT Abs.L

OR Dm,Dn

OR (An),Dn

OR (An)+,Dn

OR -(An),Dn

OR d(An),Dn

OR d(An,Dn/An),Dn
OR Abs W,Dn

OR Abs.L,Dn

OR d(PC),Dn

OR d(PC,Dn/An),Dn
OR Dm,(An)

OR Dm,(An)+

OR Dm,-(An)

OR Dm,d{An)

OR Dm,d{Am,Dn/An)
OR Dm,Abs. W

OR Dm,Abs L

ORI *Imm,Dn

ORI #Imm,(An)

ORI #Imm,{An)+
ORI #Imm,-(An)

| Byte/R w| Long R W
| Word e r | e r
I a il a i
| Cycle d t | Cycle d t
|_Time e |_Time e
14 21 22 3 2
16 31 24 4 2
18 31 26 4 2
16 31 24 4 2
20 41 28 9 2
04 10 08 10
08 2 0 14 3 0
08 20 14 30
10 20 16 30
12 3 0 18 4 0
14 30 20 40
12 3 0 18 4 0
16 4 0 22 50
12 3 0 18 4 0
14 30 2 4 0
12 21 20 31
12 21 20 31
14 21 22 31
16 31 24 4 1
18 31 26 41
16 31 24 41
20 4 1 28 31
08 2 0 16 30
16 3 1 28 S 2
16 3 1 28 S 2
14 21 22 31
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Instruction

ORI #*|mm,d(An)
ORI *Imm,d{(Am,Dn/An)
ORI *|mm, Abs.W
ORI  *Imm,Abs.L
ORI *Imm,CCR
ORI *Imm,SR
PEA  (An)

PEA  d(An)

PEA d(Am,Dn/An)
PEA Abs.W

PEA  Absl

PEA  d(PC)

PEA d(PC,Dn/An)
RESET

ROL Dm,Dn

ROL *Imm,Dn
ROL (An)

ROL (An)+

ROL  -{An)

ROL d(An)

ROL d(An,Dn/An)
ROL Abs W

ROL Abs.L

ROR Dm,Dn

ROR *Imm,Dn
ROR (An)

| Byte/R W| Long R W |
| Word e r | e r |
I a il a i |
| Cycle d t | Cycle d t |
|_Time e |_Time e |
20 4 1 32 6 2
22 4 1 34 6 2
20 41 32 6 2
24 51 36 7 2
20 30
20 3 0
12 1 2
16 2 2
20 2 2
16 2 2
20 3 2
16 2 2
20 2 2
132 1 0
6+2n 1 0 8+2n 1
6+2n 1 0 8+2n 1
12 21 16 31
12 21 16 31
14 21 18 31
16 31 20 4 1
18 31 22 4 1
16 31 20 4 1
20 4 1 24 5 1
6+2n 1 0 8+2n 1 O
6+2n 1 0 8+2n 1 O
12 21 16 31
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Instruction

ROR  (An)+

ROR -{An)

ROR d{An)

ROR  d(An,Dn/An)
ROR Abs W

ROR Abs.L

ROXL Dm,Dn

ROXL *imm,Dn
ROXL (An)

ROXL (An)+

ROXL -(An)

ROXL d{An)

ROXL d{An,Dn/An)
ROXL Abs.Ww

ROXL Abs.L

ROXR Dm,Dn

ROXR *Imm.,Dn
ROXR (An)

ROXR (An)+

ROXR -(An)

ROXR d(An)

ROXR d{An,Dn/An)
ROXR Abs.W

ROXR Abs.L

RTE

RTR

| Byte/R W| Long R W
| Word e r | e r
| a il a i
| Cycle d t | Cycle d t
|_Time e |_Time e
12 21 16 3 1
14 21 18 31
16 21 2 4 1
18 31 22 4 1
16 31 2 4 1
20 4 1 24 51
6+2n 1 0 @8+2n 1 O
6+#2n 1 0 8+2n 1 O
12 21 16 3 1
12 2 1 16 31
14 21 18 31
16 21 20 4 1
18 31 22 4 1
16 31 20 4 1
20 4 1 24 51
6+42n 1 0 8+2n 1 0
6+42n 1 0 8+2n 1 0
12 21 16 31
12 21 16 31
14 21 18 3 1
16 21 20 4 1
18 31 22 4 1
16 31 20 4 1
20 4 1 24 9 1
20 5
20 S
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Instruction

RTS

SBCD Dm,Dn

SBCD -(Am),-(An)
Scc Dn

Scc  (An)

Scc  (An)+

Scc  -(An)

Scc  d{(An)

Scc d(An,Dn/An)
Scc  Abs.W

Scc Abs.L

STOP

suB Dm,Dn

SUB Am,Dn

SuB - (Am),Dn

suB (Am)+,Dn

suB -(Am),Dn

SuB d(Am),Dn

suB  d{Am,Dn/An),Dn
suB Abs.W.,Dn

SuB Abs.L,Dn

suB d(PC),Dn

suB d{PC,Dn/An),Dn
suB #Imm,Dn

SUB  Dm,(An)

| Byte/R w| Long R W
| Word e r | er
| a il a i
| Cycle d t | Cycle d t
|_Time e |_Time e
16 4 0
06 10
18 31
Scc False  Scc True
4 10 6 10
12 21
12 21
14 21
16 31
18 31
16 31
20 41
04 00
04 1 0 08 10
04 1 0 08 10
08 20 14 30
08 20 14 30
10 20 16 30
12 3 0 18 40
14 3 0 20 40
12 3 0 18 4 0
16 4 0 22 50
12 3 0 18 4 0
14 3 0 20 4 0
08 20 14 30
12 21 20 3 2
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Instruction

suB
suB
SuB
suB
suB
suB
SuUBA
SUBA
SUBA
SUBA
SUBA
SUBA
SUBA
SUBA
SUBA
SUBA
SUBA
suBl
suBl
sSuBl
susl
SuBI
SuBI
SuBl
suBI
suBQ

Dm,(An)+
Dm,-(An)
Dm,d{An)
Dm,d(An,Dn/An)
Dm,Abs.W
Dm,Abs.L
Dm,An

(Am),An
(Am)+,An
-(Am),An
d(Am),An
d{Am,Dn/An),An
Abs.W,An
Abs.L,An
d(PC),An
d(PC,Dn/An),An
*Imm,An
#Imm,Dn
#Imm,{An)
#Imm,(An)+
*Imm,-{An)
#Imm,d{An)

#mm,d(An,Dn/An)

*Imm,Abs.W
*Imm,Abs.L

*Imm,Dn

| Byte/R W| Long R W
| wWord e r | e r
| a il a i
| Cycle d t | Cycle d t
|_Time e |_Time e
12 21 20 3 2
14 21 22 3.2
16 31 24 4 2
18 31 26 4 2
16 31 24 4 2
20 4 1 28 5 2
08 1 0 08 10
12 20 14 3 0
12 20 14 30
14 20 16 30
16 3 0 18 4 0
18 30 20 4 0
16 30 18 4 0
20 4 0 22 50
16 30 18 4 0
18 30 20 4 0
12 2 0 14 30
08 2 0 16 30
16 31 28 S 2
16 31 28 5 2
18 31 30 5 2
20 4 1 32 6 2
22 4 1 34 6 2
20 4 1 32 6 2
24 51 36 7 2
04 1 0 08 10



327  Instruction Format & Cycle Timing

| Byte/R w| Long R W |
| Word e r | e r |
I a il a i |
| Cycle d t | Cycle d t |
Instruction |_Time e |_Time e |
SUBQ *Imm,An 08 1 0 08 10
SuBQ *Imm,(An) 12 21 20 3 2
SUBQ *imm,(An)+ 12 21 20 3 2
suBQ *Imm,-(An) 14 21 22 3 2
SUBQ *Imm,d(An) 16 31 24 4 2
SUBQ  *Imm,d(An,Dn/An) 18 31 26 4 2
sSuBQ *imm,Abs W 16 31 24 4 2
SUBQ *imm,Abs L 20 4 1 28 S5 2
SUBX Dm,Dn 04 10 08 10
suBX -(Am),-(An) 18 31 30 S 2
SWAP Dn 04 10
TAS Dn 04 10
TAS (An) 14 2 1
TAS (An)+ 14 21
TAS -(An) 16 21
TAS d(An) 18 31
TAS d(An,Dn/An) 20 31
TAS Abs. W 18 31
TAS Abs.L 22 4 1
TRAP 34 4 3
TRAPV taken TRAPY not taken
TRAPY 34 5 3 04 10
TST Dn 04 10 04 10
TST (An) 08 2 0 12 30
TST (An)+ 08 20 12 30
TST -(An) 10 20 14 30
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Instruction

TST  d(An)

TST  d(An,Dn/An)
TST  Abs.W

TST  Absl

UNLK

| Byte/R W| Long R W

| Word e r | e r

| a il a i

| Cycle d t | Cycle d t

|_Time e |_Time e
12 3 0 16 4 0
14 30 18 4 0
12 3 0 16 4 0
16 4 0 20 S 0
12 30
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Condition Codes

This appendix describes how each instruction affects the 5 condition
code bits. These are abbreviated X for the extend flag, N for the negative
flag, Z for the zero flag, V for the overflow flag, and C for the carry flag. X is
the fifth or $10 bit, N is the fourth or $08 bit, Z is the third or $04 bit, V is the
second or $02 bit, and C is the first or $01 bit of the condition codes.

Key

UNDEF = undefined (may be anything after this instruction)
NOCHG = unchanged by operation
NONCHG = no condition code changed by this operation
NORM = flag changed based on result the way you would expect as
follows:

X = same as carry

N = if the result is negative (highest bit on) then this bit is set; if
the result is not negative, this bit is cleared '

Z = if the result is zero then this bit is set; if there is a non-zero
result it is cleared

V = if an overflow occurs, this bit is set; it is cleared if no overflow
occurs

C = if a carry (or borrow) is generated, this bit is set; it is cleared if
no carry (or borrow) occurs (for ABCD and NBCD this will be a decimal
carry)
CLEARED = bit always cleared by operation
SET = bit always set by operation
* = see description below
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C

NORM
NORM
NORM
NORM
NORM

CLEARED
CLEARED

Co Code X N z %
ABCD NORM UNDEF * UNDEF
* = if result non-zero, Z is cleared. No change if = 0.
ADD NORM NORM NORM NORM
ADDA NONCHG
ADDI NORM NORM NORM NORM
ADDQ, NORM NORM NORM NORM
ADDX NORM NORM * NORM
* = if result non-zero, Z is cleared. No change if = 0.
AND NOCHG NORM NORM CLEARED
ANDI NOCHG NORM NORM CLEARED
ANDI CCR cleared if appropriate bit of immediate operand is zero; no change if
immediate operand bit is one.
ANDI SR cleared if appropriate bit of immediate operand is zero; no change if
immediate operand bit is one.
ASL * NORM NORM >

XKk

* = same as last bit shifted out. No change if shift count is zero.
** = set if most significant bit changed at any time in this operation and

cleared if no change in most significant bit

*** = same as last bit shifted out of operand. Cleared for a shift count of

Zero.
ASR same as ASL
Bcc NONCHG
BCHG NOCHG NOCHG * NOCHG

* = gset if bit tested is zero; cleared if bit not zero.
BCLR same as BCHG
BRA NONCHG
BSET same as BCHG
BSR NONCHG
BTST same as BCHG
CHK NOCHG * UNDEF UNDEF

* = set if Dn<0. clear if Dn > operand. UNDEF otherwise
CLR NOCHG CLEARED SET CLEARED
CMP NORM NORM NORM NORM
CMPA NOCHG NORM NORM NORM
CMPI NOCHG NORM NORM NORM
CMPM NOCHG NORM NORM NORM
DBcc NONCHG
DIVS NOCHG * ** i

* = if quotient is negative, set; cleared if not.

undefined if overflow.

** = if quotient is zero, set; cleared if not.

undefined if overlow.

*** = get if division overflows. cleared if no overflow.

NOCHG

UNDEF

CLEARED
NORM
NORM
NORM
NORM

CLEARED
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Co Code X N Z A"

DIVU same as DIVS

EOR NOCHG NORM NORM CLEARED
EORI NOCHG NORM NORM CLEARED

EORI CCR changed if corresponding bit of immediate operand is a one. No

change if corresponding bit is zero.
EORI SR same as EORI CCR.

CLEARED,
CLEARED

CLEARED

CLEARED

CLEARED
CLEARED
CLEARED
NORM

*%

CLEARED
CLEARED
CLEARED

EXG NONCHG
EXT NOCHG NORM NORM CLEARED
ILLEGAL NONCHG
JMP NONCHG
JSR NONCHG
LEA NONCHG
LINK NONCHG
LSL same as ASL except that V is always cleared.
LSR same as LSL
MOVE NOCHG NORM NORM CLEARED
MOVE CCR corresponding bits set the same as the source operand
MOVE TO SR
corresponding bits set the same as the source operand

MOVE FROM SR NONCHG
MOVE USP NONCHG
MOVEA NONCHG
MOVEM NONCHG
MOVEP NONCHG
MOVEQ NOCHG NORM NORM CLEARED
MULS NOCHG NORM NORM CLEARED
MULU NOCHG NORM NORM CLEARED
NBCD NORM UNDEF * UNDEF

* = cleared if result non-zero. No change if result zero
NEG NORM NORM NORM NORM

* = cleared if zero result; set if non-zero result.
NEGX NORM NORM * NORM

* = cleared if result non-zero. No change if result zero.

** = set if borrow. cleared if no borrow.
NOP NONCHG
NOT NOCHG NORM NORM CLEARED
OR NOCHG NORM NORM CLEARED
ORI NOCHG NORM NORM CLEARED
ORI CCR set if corresponding bit is one. No change if bit zero.
ORI SR set if corresponding bit is one. No change if bit zero.
PEA NONCHG

RESET NONCHG
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Co Code X N VA \Y o}

ROL NOCHG NORM NORM CLEARED *
* = set according to last bit shifted out. Cleared if shift count is zero.
ROR same as ROL .
ROXL * NORM NORM CLEARED **
* = same as last bit shifted out of operand. No change if shift count is zero.
** = set according to last bit shifted out. Same as extend bit if shift count is

Zero.
RTE set according to status register pulled from stack
RTR set according to status register pulled from stack
RTS NONCHG
SBCD NORM UNDEF * UNDEF NORM
* = if result non-zero, Z is cleared. No change if = 0.
Scc NONCHG
STOP set according to immediate operand.
SUB NORM NORM NORM NORM NORM
SUBA NONCHG
SUBI NORM NORM NORM NORM NORM
SUBQ NORM NORM NORM NORM NORM
SUBX NORM NORM * NORM NORM
* = if result non-zero, Z is cleared. No change if = 0.
SWAP NOCHG NORM NORM CLEARED CLEARED
TAS NOCHG NORM NORM CLEARED CLEARED
TRAP NONCHG
TRAPV NONCHG
TST NOCHG NORM NORM CLEARED CLEARED

UNLK NONCHG



APPENDIX

Error Messages

This MDS assembler file, from Apple Computer, gives all the error
messages. The errors with positive numbers are what you see when there
is a “bomb” alert box; the error number is in the lower right hand corner of
the alert box as “ID=xx" where xx is the error number. Some errors are
mildly misleading; for example, error 25, out of memory, sometimes means
that a resource file was not found. After a while, you associate each system
error with a particular type of error in your program. Using the same
example, you will find that out of memory often occurs when you have a
resource file that you should have unlocked when you were done with it.

; File: SysErr.Txt (26 Apr 85) Version 1.1

; System Error Equates -- This file defines the equates for the Macintosh

; return error codes This is divided into two pieces for assembly

, space and speed considerations. The wholeErrors flag is used to include
; the less common equates which realizes a complete set.

; Copyright 1984, Apple Computer, Inc.
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; General System Errors (VBL Mgr, Queueing, Etc.)

nokErr EQU O ; 0 for success

qErr EQU -1 ; queue element not found during deletion
vTypErr EQU -2 ;invalid queue element

corkrr EQU -3 ;core routine number out of range

unimpErr EQU -4  ;unimplemented core routine
; 170 System Errors

controlErr  EQU -17

statuskrr EQU -18

readerr EQU -19

writerr EQU -20

badUnitErr  EQU -21

unitEmptykrr EQU  -22

openErr EQU -23

closkrr EQU -24

dRemovErr  EQU -25‘ ; tried to remove an open driver
dinstErr | EQU -26 ;Drvrinstall couldn't find driver in resources
abortErr EQU -27 ;10 call aborted by Kil110

notOpenErr EQU -28 ; Couldn't rd/wr/ctl/sts cause driver not
opened

; File System error codes:

dirFulErr EQU -33 ;Directory full
dskFulErr EQU -34 ;disk full
nsvErr EQU -35 ;no such volume

ioErr EQU -36 ;1/0 error (bummers)
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bdNamErr
system!
fnOpnErr
eofErr
posErr
tmfokrr
fnfErr

wPrErr
fLckdErr
vLckdErr
fBsyErr
dupFNErr
opwWrErr
paramErr
rfNumerr
gfpErr
volOffLinErr
permErr
volOnLinErr
nsDrvErr
noMacDskErr
extFSErr
fSRnErr

badMDBErr

wrPermErr

EQU

EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU

-37 , there may be no bad names in the final

-38 ;Filenot open

-39 ; End of file

-40 ;tried to position to before start of file (r/w)
-42 ; too many files open

-43 ;File not found

-44 ; diskette is write protected

-45 ;fileis locked

-46 ; volume is locked

-47 ;File is busy (delete)

-48 ; duplicate filename (rename)

-49 ;file already open with with write permission
-50 ;errorin user parameter list

-51 ; refnum error

-52 ; get file position error

-53 ; volume not on line error (was Ejected)

-54 ; permissions error (on file open)

-55 ; drive volume already on-line at MountVol

-56 ; no such drive (tried to mount a bad drive num)
-57 ; not a mac diskette (sig bytes are wrong)

-58 ; volume in question belongs to an external fs
-59 ;file system internal error

; during rename the old entry was deleted but could

; not be restored . ..

-60 ; bad master directory block

-61 ; write permissions error
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; Disk, Serial Ports, Clock Specific Errors

firstDskErr EQU -84
lastDskErr EQU -64

noDrivekrr EQU -64 ;drive not installed

offLinErr EQU -65 ;r/w requested for an off-line drive

noNybErr EQU -66 ;couldn't find 5 nybbles in 200 tries
noAdrMkErr  EQU  -67 ; couldn’t find valid addr mark
dataVerErr EQU -68 ;read verify compare failed
badCkSmErr EQU -69 ; addr mark checksum didn't check
badBtSIpErr EQU -70 ; bad addr mark bit slip nibbles
noDtaMkErr EQU  -71 ;couldn't find a data mark header
badDCkSum EQU -72 ; bad data mark checksum

badDBtS1p EQU -73 ;bad data mark bit slip nibbl_es

wrUnderRun EQU -74 ; write underrun occurred

cantStepErr EQU -75 ; step handshake failed

tkoBadErr  EQU -76 ; track O detect doesn’t change
initIWwMErr  EQU  -77 ; unable to initialize IWM

twoSideErr EQU -78 ;tried to read 2nd side on a 1-sided drive
spdadjErr  EQU  -79 ; unable to correctly adjust disk speed
seekErr EQU -80 ; track number wrong on address mark
sectNFErr EQU -81 ; sector number never found on a track
CIKRdErT EQU -85 ;unable to read same clock value twice
CIKWrErr EQU -86 ;time written did not verify

prwrerr EQU -87 ; parameter ram written didn't read-verify
prinitErr EQU -88 ; InitUtil  found the parameter

uninitialized

ram
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revrerr
breakRecd

EQU
EQU

-89 ; SCC receiver error (framing, parity, OR)
-90 ; Break received {SCC)

; AppleTalk error codes

ddpSktErr  EQU
ddpLenErr EQU
noBridgeErr EQU
lapProtErr  EQU
excessCollsnsEQU
portinUse EQU
portNotCf

EQU

-91 ;errorin socket number

-92 ; data length too big

-93 , no network bridge for non-local send

-94 ;errorin attaching/detaching protoéol

-95 ; excessive collisions on write

-97 ; driver Open error code (port is in use)

-98 ; driver Open error code (parameter RAM not

; configured for this connection)

; Storage allocator error codes

memFullErr

EQU

nilHandleErr EQU

memwZErr  EQU
memPurErr  EQU
block;

memAdrErr  EQU
memAZErr  EQU
memPCErr  EQU
memBCErr  EQU
memSCErr  EQU
memLockedErrEQU

-108 ; Not enough room in heap zone
-109 ; Handle was NIL'in HandleZone or other;
-111 ; WhichZone failed (applied to free block);

-112 ; trying to purge a locked or non-purgeable

-110 ; address was odd, or out of range;

-113 ; Address in zone check failed;

-114 ; Pointer Check failed;

-115 ; Block Check failed;

-116 ; Size Check failed;

-117 ; trying to move a locked block (MoveHHi)
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; Resource Manager error codes (other than /0 errors)

resNotFound EQU -192 ; Resource not found
resFNotFound EQU -193 ; Resource file not found
addResFailed EQU -194 ; AddResource failed

rmvResFailed EQU -196 ; RmveResource failed
; Scrap Manager error codes

noScrapErr  EQU  -100 ; No scrap exists error

noTypeErr  EQU -102 ; No object of that type in scrap
; some miscellaneous result codes

evtNotEnb EQU 1 ; event not enabled at PostEvent

; System Error Alert ID definitions. These are just for reference because

; one cannot intercept the calls and do anything programmatically...

dsSyskrr EQU 32767 ; general system error
dsBusError EQU 1 ; bus error

dsAddresskErr EQU ; address error
dsiMinstErr EQU
dsZeroDivErr EQU
dsChkErr EQu

2

3 ; 111egal instruction error

4

5
dsOvFlowErr EQU 6 ; overflow trap error

7

8

9

; zero divide error

; check trap error

dsPrivErr EQU
dsTraceErr EQU
dsLineAErr  EQU

; privelege violation error
; trace mode error

; line 1010 trap error
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dsLineFErr
dsMiscErr
dsCoreErr

dslrgErr

dsl0CoreErr
dsLoadErr
dsFPErr

dsNoPackErr
dsNoPk 1
dsNoPk2
dsNoPk3
dsNoPk4
dsNoPkS
dsNoPk6
dsNoPk7

dsMemFullErr
dsBadLaunch

dsFSErr
dsStknHeap

dsReinsert

dsNotThel

EQU
EQU
EQU
EQU

EQU
EQU
EQU

EQU
EQU
EQU
EQU
EQu
EQU
EQu
EQU

EQu
EQU

EQU
EQu
EQU
EQU

10
11
12
13

21
22
23
24

25
26

27
28
30

31

;line 1111 trap error
, miscellaneous hardware exception error
; unimplemented core routine error

; uninstalled interrupt error

, 10 Core Error
; Segment Loader Error

; Floating point error

; package 0 not present
; package 1 not present
, package 2 not present
; package 3 not present
; package 4 not present
; package S not present
, package 6 not present

; package 7 not present

; out of memory!

; can't launch file

; file system map has been trashed
; stack has moved into application heap

; request user to reinsert off-line volume

; not the disk | wanted
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Using the Lisa
WorkShop

This appendix shows how to create an assembly language program in
the Lisa WorkShop. The assembly language is linked to a dummy Pascal
program. You can easily expand this example to create assembly language
procedures to augment a real Pascal program. It even shows how to define
variables that are accessible both in Assembly language and Pascal. An
exec file to run through all the steps of the process is also included.

The Lisa Exec File, SimpleCalcExec

The SimpleCalcExec file will create a Macintosh program on the Lisa
WorkShop. This one file will assemble SimpleCalc, compile the small, top
Pascal program, run the Linker, run the Resource Compiler, and finally run
the MacCom program to make a Macintosh disk. You can easily change the
program names to create other applications. To use this exec file, you need
the short Pascal program, SimplePAS, which shows below.

SEXEC

$ {This is SimpleCalcExec, the exec file to assembly & link SimpleCaic}
$Writeln(‘SimpleCalcExec is now creating SimpleCalc’)
A{ssemble}SimpleCalcASM {Assemble Lisa version of SimpleCalc}

{this blank line is for the listing file}

SimpleCalcA  {Output Assembler file}

P {ascal}$M+ {Compile the dummy Pascal program to Macintosh format}
SimplePAS

{this blank line is for the listing file}

SimpleCalcP  {Pascal output file}

L{ink}? {Link the programs and system libraries}

+X {Link in Macintosh format}

341
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SimpleCalcA {Assembled object}
SimpleCalcP  {Compiled Pascal object}
obj/quickDraw

obj/tooltraps

obj/ostraps

obj/prlink

obj/packtraps

obj/sanelibasm

obj/PasLib

obj/PasLibasm

obj/Paslnit

obj/RTLib

{No more files}

{this blank line is for the listing file}
SimpleCalcL.0BJ  {Linked object file}

$

R {un}RMaker.obj  {Start the Resource compiler}
SimpleCalcR {Resource source file}

$

R{un}MacCom.obj {Start MacCom which writes a Macintosh disk}
FYLSimpleCalc.RSRC {Copy from file on Lisa disk}
SimpleCalc.RSRC {Copy to file on Macintosh disk}

APPL {set type to APPL}
CALC {set creator to CALC}
Y{es bundle bit}E{ject}Q{uit}

$SENDEXEC

The Dummy Pascal Program, SimplePAS

This is the dummy Pascal program, SimplePas. When executed, it does
nothing but call the SimpleCalc routines in Assembly language. SimplePas
reserves global space for the assembly language procedure, SimpleCalc.
The global space allocated by Pascal is addressed with register A5, just as
though it were defined with a DS command. The dummy program defines
DeskName which will correspond to DeskName in SimpleCalcAsm. It also
reserves another 512 bytes for SimpleCalc with a Pascal array. When
SimplePAS executes, it just calls SimpleCalc.

{8X-}

program SimplePAS;
var
{DeskName variable matches assembly language}
DeskName :String[15];
{Reserve 512 bytes for Assembler Globals}
HalfK: ARRAY [1..256] OF INTEGER;
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procedure SimpleCalc; external;

begin
SimpleCalc
end.

Lisa Version of the SimpleCalc, SimpleCalcASM

You have to modify the Macintosh Assembler version of SimpleCalcASM to
use it in the Lisa WorkShop. These changes make SimpleCalc a procedure
called from Pascal with data areas provided by a Pascal program.

; Make these chandes to the SimpleCalcASM file to assemble the
; program under the Lisa Workshop.

Make SimpleCalc a procedure called from Pascal
; .PROC SimpleCal

; Place the rest of SimpleCalc here.
; Then make the changes shown below

; Change the Include files to Lisa Workshop names :
INCLUDE
.INCLUDE tlasm/SysEqu.Text
.INCLUDE tlasm/SysTraps.Text
.INCLUDE tlasm/QuickEqu.Text
.INCLUDE tlasm/QuickTraps.Text
.INCLUDE tlasm/ToolEqu.Text
.INCLUDE tlasm/ToolTraps.Text

; GLOBALDATA

; Assign the global data from the area reserved by Pascal
-; System uses the first 4 bytes

FirstData EQU -4

; Desk accessory’s name

DeskName EQU  FirstData—16

; Storage for window

WindowStorage DS.B DeskName-—WindowSize
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; Use .ASCII, .BLOCK, .WORD and .LONG to define data areas
OperTable

;4 bytes per entry

. byte 1=ASCIl value of key

; byte 2 not used

; bytes 3&4 offset

ASCH '+
.WORD AddOper— OperTable
ASClIE =
.WORD SubOper-OperTable
ASCH
.WORD MulOper—OperTable
ASCll
.WORD DivOper— OperTable
ASCIL =

.WORD EqOper—OperTable

.WORD $0300 ;[Enter] key

.WORD Enter—OperTable

.WORD $0800 ;[BackSpace] key
.WORD Clear— OperTable .

.WORD $1B00 ;[Clear] on 10-key pad
.WORD Clear— OperTable

.LONG 0 ; End of table

: Data Storage
CurrentEvent ; Event record

What .WORD 0 ; Type of Event
Message .LONG e 0 ; Info about event
When .LONG 0 ; Tick when it happened
Where ; Mouse location when it happened
WhereV .WORD 0 ; Vertical coordinate
WhereH .WORD 0 ; Horizontal coordinate
Modify .WORD 0 ; Control keys down when it happened
EvtWind .LONG 0 ; Window with event
Menu .WORD 0 :; Menu that item is in
Menultem .WORD 0 ; Menu item selected
WindPntr .LONG 0 ; Pointer to spread sheet window
DragLimit ; Boundary rectangle for draging window

.WORD 30 ; top '

.WORD 5 ; left

.WORD 350 ; bottom

.WORD 500 : right
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CellRect .BLOCK 8,0 ; Rectangle enclosing selected cell
TxtPnt ; Point in cell where text starts
.LONG 0
.END

Lisa Version of the SimpleCalcR File

Use this version of SimpleCalcR in the Lisa WorkShop. The resource
compiler in the WorkShop has the type CODE, which puts the linked
object file into the same resource file as the resource data. This is similar
to the INCLUDE statement in the Macintosh resource file. When you use
this version, SimpleCalcASM does not have to open a separate resource
file. You can see this change in the Lisa version of SimpleCalcASM shown
above.

*

* Resource file for SimpleCalc, Lisa version
* Resource file to be created.
SimpleCalc.RSRC

* Menu definitions

Type MENU

* Apple Menu is always ID 1. Desk accessories are added by-the program
]

\14

About SimpleCalc...

(_

* File Menu

,302
File

Quit .
* Edit Menu. This is not the standard edit menu
,303
Edit

Cut/X

Copy/C

Paste/V

Clear

Negate/N

(_

Program/P
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* Dialog for the About box
Type DLOG
,301
* Qutside corners of the box, relative to the desk top
100 100 200 400
* Type 1 window with reference number 0
Visible 1 NoGoAway 0
301

* Item list for the About box dialog

Type DITL .
,301

* Number of items in list

4 .

* First item, the default item, is a rounded corner button

Btnltem Enabled

* Outside corners of the button relative to the edges of the dialog box
70 220 90 280

* Inside of button reads ‘‘Try it!”

Try it \21

* Second item is the ‘‘Quit”’ button
Btnitem Enabled

70 20 90 80

Quit

* Information to display in a rectangle

StatText Disabled

* Use as many text lines as needed in this rectangle
15 50 35 280

* Text to display with no extra spaces

Simple Calc was written for fun

* More text

StatText Disabled

35 20 55 280

by Harland Harrison & Ed Rosenzweig

* Template for the window
Type WIND
,301
* Title the window ‘‘Simple Calc”
Simple Calc
* Outside corners of the window, relative to the desk top
64 32 320 480
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Visible NoGoAway
0
0

* File reference
Type FREF
128
APPL 0

Type BNDL
,128
CALC 0
2
ICN# 1
0128
FREF 1
0128

Type ICN#

* lcon list for the program icon
,128

* There are two icons in the list. One to display and one for a mask
2

* This is the SimpleCalc icon. There are 32 lines of icon data

00000000

00000000

00000000

1FFFFFFC

10000004

17FFFFF4

14081014

14C997D4

152A5054

14285094

14499114

14885214

150A5214

15E99214

14081014

17FFFFF4

14081FF4
15E89834

15099834

15089834

1589834

14289834
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14289834
15C9D834
14081FF4
17FFFFF4
10000004
1FFFFFFC
00000000
00000000
00000000
00000000
* This is the mask for the SimpleCalc icon. There are 32 lines of data.
00000000
00000000
00000000
1FFFFFFC
1FFFFFFC
1FFFFFFC
1FFFFFFC
1FFFFFFC
1FFFFFFC
1FFFFFFC
1FFFFFFC
1FFFFFFC
1FFFFFFC
1FFFFFFC
1FFFFFFC
1FFFFFFC
1FFFFFFC
1FFFFFFC
1FFFFFFC
1FFFFFFC
1FFFFFFC
1FFFFFFC
1FFFFFFC
1FFFFFFC
1FFFFFFC
1FFFFFFC
1FFFFFFC
1FFFFFFC
00000000
00000000
00000000
00000000
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* Signature for desktop file

Type CALC=STR

,0

SimpleCalc version 1.0, a fun spread sheet program

* Include the linked object file
Type CODE
SimpleCalcL,0



APPENDIX
=|F

Samples of Trap Calls
into the ROM

Rules for Parameters in Pascal Definitions

1) If Pascal defines the parameter as a variable parameter using the word
“VAR,” pass a pointer to the address of the data to be modified.

2) Ifthe data is longer than four bytes, always pass a pointer to the address
of the data.

3) If the data is four bytes or less and the parameter is not a VAR, then pass
the data itself on the stack.

4) Pass a two-byte integer for a CHAR, with the LSB holding the character
value, and the MSB set to zero.

§) Pass a two-byte integer for a BOOLEAN, with the MSB holding 1 for
“true” Pass $0100 for “true” Pass zero for “false” When receiving a
Boolean value, test only the MSB. The low order byte might not be zero.

6) Pass a four-byte address for a pointer.
7) Pass a four-byte zero for NIL.
8) Pass a pointer to a subroutine for a ProcPtr, or a formal procedure.

9) Pass a pointer to the first, lowest-addressed byte of a record. Records
must start on word boundaries.

The Most Common Pascal Types Used as Parameters

- INTEGER parameter
MOVE.W #-5,—(SP);two’s complement negative 5

351
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LONGINT parameter
MOVE.L #—8,—(SP) ;two’s complement negative 8
CHAR parameter

MOVEQ # ‘A',DO letter “A”
MOVE.W DO, -(SP)

Boolean parameter

MOVE.B #1,—(SP) ;Pass TRUE as a parameter.

CLR.W —(SP) ;Pass FALSE as a parameter.
BTST #0,(SP)+ ;Test a function result. The
BNE TrueResult ;other bits are undefined!

Handle parameter

LEA Data,A0 ;Load pointer to data in AO.
;Load the handle, a pointer to the
. ;pointer, into A1.
LEA DataPntr(A5),A1
MOVE.L A0, (A1) ;Set up the data pointer.
MOVE.L A1,—(SP) ;Pass the handle parameter.

DataPntr DS.B 4 ;four bytes to hold address
Data DC ‘Pass with handle’
ProcPtr pararheter
PEA SubRout ;Push entry point of procedure
;The procedure starts here. It may

;have parameters on the stack.
SubRout NOP

NIL parameter

CLR.L —(SP)
String[n] or Str255 parameter

PEA ‘String Literal’

PEA String

ALIGN 2
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String DC.B
DC.B
.ALIGN

Point parameter
MOVE.L

Where

WhereVert DC.W

WhereHoriz DC.W

OSType parameter

MOVE.L # ‘TEXT’,—(SP)

RECORD TYPE

Samples of Trap Calls into the ROM

6 ;number of ASCIl characters
‘String’

2

Where, — (SP)

300 :Vertical coordinate=300
400 ;Horizontal coordinate=400

;byte

The Structure of Common Record Types
DESCRIPTION

;four ASCIl chars without a lengt

PREDEFINE OFFSETS

QuickDraw Record Structures

Point
DSW 1
DSW 1
Rectangle
DSW 1
DSW 1
DSW 1
DS.W 1
BitMap
DS.L 1
DS.W 1
DSW 4
Cursor
DSW 16
DSW 16
DS.W 2

;Vertical coordinate
;Horizontal coordinate

;Top coordinate
;Left coordinate
;Bottom coordinate
;Right coordinate

;Pointer to bit image
;Number of bytes/row
;Enclosing rectangle

Visible bits (16 by 16)
;Covered bits (16 by 16)
;Point of relative origin

Event Manager Record Structures

Event record

DS.w 1
DS.L 1
DS.L 1
DS.w 1

;Type of event
;Information about event
;Time when it happened
;(ticks)

;Mouse point when it
;happened

;Mouse vertical

v
h

top,topleft
left
bottom,botright

right -
baseAddr

rowBytes
bounds

data
mask
hotSpot

evtNum
evtMessage

evtTicks

evtMouse
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DS.W 1 ;Mouse horizontal
DS.B 1 ;Control keys held down evtMeta
DS.B 1 ;Mouse down & deactivate evtMBut

Some Common Calls Expanded

Window Manager
function FrontWindow:WindowPtr
CLR.L —(SP)

__FrontWindow
MOVE.L (SP)+ ,theWindow(A5)

;Return a pointer to the top window
;Clear space for the window pointer

;Pointer to the top window

procedure SelectWindow (theWindow:WindowPtr);

MOVE.L theWindow(A5),—(SP)
__SelectWindow

function GetNewWindow

;Set the top, active window.

(windowlID:integer;wStorage:Ptr;behind: WindowPtr):WindowPtr;

wStorage

CLR.L —(SP)

MOVE #300,—(SP)

PEA wStorage

MOVE.L #-1,—(SP)
__GetNewWindow

MOVE.L (SP) + ,theWindow(A5)
DS.B WindowSize

;Start up a new window, using window
;template 300.

;Clear space for the result

;Resource ID number of WIND

;Push the address of the window’s
;storage area. You can push NIL instead
;to have the system allocate space for
;the Window Record

;Put this window over all the other
;windows. You can push zero

;instead to place this window behind all
;the others. You can use the

;pointer to another window to put the
;new window between

;that window and all of the windows
;below.

;Get The Window

;Storage area for the new window.
;156 bytes
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procedure

Samples of Trap Calls into the ROM

DragWindow (theWindow:WindowPtr;startPt:Point;boundsRect:Rect);

startPt

boundsrect

MOVE.L
MOVE.L

PEA
—DragWindow

DS.W
DS.W

DC.W
DC.W
DC.W
DC.W

;The Mouse went down in the Drag area.

;Let the operator move the window

;around the desktop. If the window is

;moved, update events will be

;generated for all windows whose

;appearance is affected
theWindow(A5),— (SP)  ;Point to window record area
startPt(A5), — (SP) ;Point where mouse went down
boundsRect ;Limits on operator’s motion

;Mouse location of start of drag in global
;coordinates

1 ;vertical location

1 ;horizontal location

;Limits of window motion in global
;coordinates

30 ;top

5 Jleft
330 ;bottom
508 ;right

function FindWindow
(thePt:Point; VAR whichWindow: WindowPtr): integer;

CLR

MOVE.L

PEA
—FindWindow
MOVE

;ldentify the window and region that
;contain a certain point.

—(SP) ;Clear space for result

Where(A5), — (SP) ;Point in Global Coordinates
whichWindow(A5) ;Area for pointer to window
(SP)+,D0 ;Integer code for the region

;D0 tells where the point is in the
;window as follows:
;If DO is: The point is:

;0 in the Desk area and not in
any application window.

B in the Menu Bar area.

12 in a System window and not in
any application window.

3 in the Content region of an

application window.
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" & File “Edit View Special

=——————— Book EZ4 =in the drag_region of an application=
. | 11 items 314K in disk 89K available |

Eay [ 8 S

Empty Folder SimpleCalc.Job Demo.ASM SimpleCale.ASM Demo.Link SimpleCale Li

[3 = in the content region of an application |

SimpleCale R

Figure F-1 Window Areas

4 in the Drag region of an
application window.

5 in the Grow region of an
application window.

;6 in the Go Away region of an

application window.

Menu Manager

function GetMenu (menulD:integer): MenuHandle;

;Set up a new menu in memory.

CLR.L —(SP) ;Clear space for MenuHandle
;Load the ID of the menu resource, 257.
;The Apple menu should be
;ID number 1. All the other application
;menus should have ID numbers
;greater than 256.

MOVE.W #257,—(SP)

__GetRMenu

MOVE.L (SP)+,MenuHand(A5); Handle to new menu data

procedure InsertMenu (menu:MenuHandle;before ID: integer);

;Add a menu to the list of active menus,
;but don’t draw the Menu Bar yet.
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KeyChr

MOVE.L MenuHand(AS5), — (SP) ;Load handle to the menu date
;Put this menu to the left of menu #257
;in the Menu bar. To put it after
;all other menus, you would use a zero
;here instead.

MOVE.W #257,— (SP)

—InsertMenu ;Insert the menu in the Menu List.

procedure AddResMenu
(theMenu: MenuHandle; theType: ResType);
;Add all resources of a certain type to a

;menu
MOVE.L AppleHandle(A5), — (SP) ;Handle for the Apple menu
MOVE.L # ‘DRVR’,—(SP) ;Add the desk accessories.

__AddResMenu

function MenuKey (KeyChr:CHAR): Longint;
;ldentify the menu and menu item
;corresponding to a command key

CLR.L —(SP) ;Make space for menu selection.
MOVE.W KeyChr(A5),— (SP) ;Push the character.
—_MenuKey

MOVE.W (SP)+,MenulD(A5) ;Get the ID of the chosen menu

;If a zero is returned for the Menu 1D,
;the key does not correspond to an
;enabled menu item.

BEQ NullEvent ;No menu item. Exit.
MOVE.W (SP) + ,Menultem(A5) ;Get the chosen item.
DC.B 0, ‘A’ ;Key character in lower byte

function MenuSelect (MDownPt:Point):Longint;
;The mouse has gone down in the Menu
;Bar. Track it until it
;is released. Then return the Menu and
;the item selected

CLR.L —(SP) ;Space for menu choice
MOVE.L MDownPt, — (SP) ;Where mouse went down in Menu Bar
——MenuSelect

i—MenuSelect will show the menu until
;the mouse button is released.
MOVE.W (SP)+ ,MenulD(AS5) ;Get the ID of the chosen menu
;If a zero is returned for the Menu ID
;ignore the result. Either the item
;belonged to a Desk accessory or the
;operator did not release the mouse in
;an enabled menu item.
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BEQ NullEvent ;No menu item. Exit
MOVE.W (SP)+ ,Menultem(A5) ;Get the chosen item

procedure HilLiteMenu (menulD: integer);
:Mark a menu by darkening its title in
;the Menu Bar. Only one
;menu can be highlighted at a time. Use
;zero for the menu ID to
;unhighlight the menu bar.

MOVE.W #menulD, — (SP)

—HiLiteMenu

procedure Getltem

(menu: MenuHandle;item: integer; VAR itemString: Str255);
;Put the text of a menu item into a
;Pascal string

MOVE.L MenuHand(A5), — (SP) :Menu handle

MOVE.W Item, — (SP) ;Number of item

PEA itemString ;Pointer to area for Pascal string
—Getltem

;Although the string must be 255 bytes
;long in Pascal, only as many
;bytes as are actually used by the name
;of the item will be clobbered.

itemString DS.B 40
Event Manager
procedure FlushEvents (eventMask,stopMask: integer);
;Remove events that match eventMask
;from the Event Queue. Keep
;checking and removing events until an
. ;event matches stopMask.
MOVE.W #StopMask,DO ;Event types to stop
SWAP DO
MOVE.W #EventMask,D0 ;Event types to remove
—FlushEvents
;to remove all events in the queue use:
StopMaskEQU 0 ;No event can stop it
EventMask EQU $FFFF ;Remove all events

function GetNextEvent

(eventMask: integer; VAR Event: EventRecord):Boolean;

;Take the next event from the queue
CLR.W —(SP) :Space for true/false result

;Pass negative one to accept any type of

;event.
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Event

MOVE.W #-1,—(SP)
PEA Event(A5)
—GetNextEvent

BTST #0,(SP) +
BEQ - NullEvent
DS.W 8

Desk Manager

Samples of Trap Calls into the ROM

;Event mask
;Pointer to storage area for the event.

;Was an event returned?
;No. Return to the main program.

;Storage for event record.

function OpenDeskAcc (theAcc: Str255):integer;

CLR.W —(SP)

PEA ‘Clock’
—OpenDeskAcc

MOVE.W (SP) + ,RefNo(A5)

function SystemEdit (editCmd:integer): Boolean;

CLR.W —(SP)
MOVE.W editCmd(A5),D0
MOVE.W DO, - (SP)
—_SyskEdit

BTST #0,(SP)+
BNE TRUE

BEQ FALSE

;Start a desk accessory. The reference
;number returned could be used

;to close the desk accessory if that is
;ever necessary.

;Clear space for the reference number.
;Pass a Pascal string.

;Reference number of accessory

;Let a desk accessory try to perform an
;edit action, if any is selected.

;Return True if the action was performed.
;Return False if the command

;is for the application.

:Space for result

;Get the action to perform

;The Edit Commands passed to the
;system are as follows:

;if DO is: the command is:

2 Cut.  Delete the selected data, but
save it on the Clipboard.

] Copy. Copy the selected data to the
Clipboard.

4 Paste. Copy the Clipboard data to
the selected area.

5 Clear. Delete the selected data, but
don't alter the Clipboard.

0 Undo. Reverse the previous Cut,

Copy or Paste.
;Load the action.

;Check the result.

;The desk accessory performed the
;action.

;The command is for the application.
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DStorage

Dialog Manager

procedure InitDialogs (restart:ProcPtr);
:Initialize the Dialog Manager. The restart
;procedure will be called in
;case of a serious system error, such as
;running out of memory. If you
;do not want a restart procedure, pass

;NIL instead.
CLR.L —(SP) ;There is no Restart subroutine.
—InitDialogs
function GetNewDialog

(dialoglID: integer, dStorage: Ptr; behind: WindowPtr);DialogPtr;
;Start a dialog box using the DLOG
;template #300.

CLR.L —(SP) :Space for the new dialog pointer.

MOVE #300, - (SP) ;1D of DLOG in resource file
;Load a pointer to the space for the
:dialog record. Pass NIL to have the
;system allocate space for the dialog
;record.

PEA DStorage ;Storage Area
;Pass-1 to make this dialog the top
;window. You can pass the pointer
;of another window or dialog instead, to
;create the new dialog below.

MOVEQ #-1,D0 ;Put dialog on top of all other windows.
MOVE.L D0, - (SP) ;Pointer of window above the dialog
—_GetNewDialog

MOVE.L (SP) + ,DiaPtr(A5) ;new Dialog Pointer

;Storage area for the new dialog.
DS.B dWindLen ;170 bytes

procedure ModalDialog

(filterProc: ProcPtr; VAR itemHit: integer);
;Lock the Operator into a dialog box until
;he selects something or
;types a character into an Edit Field.
;Pass NIL to indicate that there is not
;filter routine. If you have a filter
;routine, pass its address instead.

CLR.L —(SP)
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PEA ltemHit ;Pointer to a word for the chosen item
—ModalDialog

ItemHit
;Number of the chosen dialog item
DC.W 1 ;First item for default

Resource Manager

function OpenResFile (fileName: str255):integer;
;0pen a resource file. Resources will be
;taken from this file
;before any others.

CLR =~ —(SP) ;Clear space for ref num result
;Push a pointer to the file name in a
;Pascal string. The file name
;can have a volume name and folder

;names also.
PEA ‘SimpleCalc.Rsrc’
—O0penReskFile
MOVE.W  (SP)+,RefNo(A5) ;Save the reference number
QuickDraw

procedure InitGraf (globalPtr:Ptr);
PEA —4(A5)
__InitGraf

procedure SetPort (gp:GrafPort);
;Make theWindow the current port. A
;grafport starts the window record
MOVE.L  theWindow(A5), - (SP)
—SetPort

procedure SetOrigin (h,v:integer);
;Set the top left corner of the current
;window

MOVE.W h(A5),—(SP)

MOVE.W  v(A5),—(SP)

—SetOrigin

procedure ClipRect (r:Rect);
PEA LimitBox
—ClipRect
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LimitBox

DC.W 50

DC.W 100
DC.W 300
DC.W 400

procedure PenSize(width,height: integer);

MOVE.W #1,—(SP)
MOVE.W #3,—(SP)
__PenSize

procedure PenMode(mode: integer);

MOVE.W  #patCopy,— (SP)
—PenMode

procedure PenPat(pat: Pattern);

MOVE.L  GrafGlobals(A5),A0
PEA DkGray(A0)
—_PenPat

procedure PeénNormal;

—_PenNormal
procedure BackPat (pat:Pattern);
MOVE.L  GrafGlobals(A5),A0

PEA
__BackPat

LtGray(AO)

Cursor Routines
procedure InitCursor;

—InitCursor

;All drawing calls will only affect what is
;inside this rectangle.

;top

;left

;bottom

;right

;Set the pen shape to a rectangle, three
;pixels tall and one pixel wide.

;Pen width

;Pen height

;Set the transfer mode for graphic
;drawing to ‘‘copy” mode.
;Both black & white will cover

;Set the pen pattern for graphic drawing
;to dark gray.

;Pointer to QuickDraw globals
;Dark-gray standard pattern

;Set the pen to the default state, black,
;copy mode, and one pixel square.

;Set the background pattern to light gray.
;Get the pointer to the QuickDraw globals

;Pass a pointer to the light-gray standard

;pattern.
;Pointer to pattern

;Set the cursor to an arrow
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procedure HideCursor;
;Make the cursor invisible
—_HideCursor

procedure ShowCursor;
:Make the cursor visible
__ShowCursor

procedure SetCursor(crsr:Cursor);
;Set the cursor to a hand pointing to the

;right.
PEA crsr
—SetCursor

crsr ;A cursor showing a hand pointing to the

;right.

;The first 16 words are the data
DC.W $0000 blnary 0000000000000000
DC.W $00C0 ; 0000000011000000
DC.W $0320 ; 0000001100100000
DC.W $0C20 ; 0000110000100000
DC.W $1840 ; 0001100001000000
DC.W $60FF ; 0110000011111111
DC.W $4181 ; 0100000110000001
DC.W $82FF ; 1000001011111111
DC.W $8510 ; 1000010100010000
DC.W $81F0 ; 1000000111110000
DC.W $8110 ; 1000000100010000
DC.W $81F0 ; 1000000111110000
DC.W $8110 ; 1000000100010000
DC.W $81F0 ; 1000000111110000
DC.W $C100 ; 1100000100000000
DC.W $7F00 X 0111111100000000

;The next 16 words are the mask
DC.W $0000 blnary 0000000000000000
DC.W $00C0 ; 0000000011000000
DC.W $03E0 ; 0000001111100000
DC.W $OFEO ; 0000111111100000
DC.W $1FCO ; 0001111111000000
DC.W $7FFF ; 0111111111111 11
DC.W $7FFF ; 0111111111111 11
DC.W SFFFF ; ARRRARRARRERRARERE
DC.W $FFFO ; 1111111111110000
DC.W $FFFO ; 1111111111110000
DC.W $FFFO ; 1111111111110000
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DC.W $FFFO ; 1111111111110000

DC.W $FFFO ; 1111111111110000

DC.W $FFFO ; 1111111111110000

DC.W $FFO0 ; 1111111100000000

DC.W $7F00 ; 0111111100000000
;The last two words are the hot-spot
;point

DC.W $0007 ;vertical coordinate

DC.W $0015 ;horizontal coordinate

Line Routines

procedure MoveTo (h,v: integer);
* ;Move the pen to the point, (400,300).

MOVE.W #400,— (SP) ;Load horizontal coordinate
MOVE.W #300,— (SP) ;Load vertical coordinate
—MoveTo

procedure Move (dh,dv: integer);
;Move the pen 40 pixels right and 30

;pixels down
MOVE.W #40,— (SP) ;Load horizontal offset
MOVE.W #30,—(SP) ;Load vertical offset

—_Move

procedure LineTo (h,v: integer);
;Draw a line from current location to the
;point, (100,200).

MOVE.W #100,—(SP) ;Load horizontal coordinate
MOVE.W #200,—(SP) ;Load vertical coordinate
__LineTo

procedure Line (dh,dv: integer);
;Draw a line left 20 and down 30

MOVE.W #—20,—(SP) ;Load horizontal offset
MOVE.W #30,— (SP) ;Load vertical offset
—Line

Text Routines

procedure TextFont (font: integer);

MOVE.W #Cairo,— (SP) ;Font with pictures
—TextFont

procedure TextFace (face: Style);
;Set the bits in DO for bold and italic
;text.
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ch

ch

CLR.W DO

BSET #boldBit,D0 ;Set $01 for bold.
BSET #italicBit,D0 ;Set $02 for italics.
MOVE.W D0, - (SP) ;Bold & Italic
__TextFace

procedure TextMode(mode: integer);
;Set the mode for text drawing. Graphics
;drawing is not affected.

MOVE.W #srcXor,— (SP)

—TextMode

procedure TextSize (size: integer);

MOVE.W #12,—(SP) ;Character height in pixels
—_TextSize

procedure DrawChar(ch:char);

;Draw one character on the screen.
MOVE.W ch,—(SP) ;Push character on the stack.
—DrawChar

;The character is in the second byte of

;the word.
DC.B 0, ‘A ;Character ‘A’ in lower byte.
procedure DrawString (s: Str255);
PEA ‘Hello from Assembly language’
—DrawString
function CharWidth(ch: CHAR): integer;
CLR.W —(SP) ;Clear space for result
MOVE.W ch,—(SP) ;Character to measure
—CharWidth
;Return the width of ““A”’ in pixels in
;DO0.
MOVE.W (SP)+,D0
BC.B 0, ‘A’ ;Character in lower byte.
function StringWidth (s: Str255): integer;
CLR.W —(SP) ;Clear space for result
PEA ‘Hello from Assembly language’

—_StringWidth
;Return the width of the string in DO.
MOVE.W (SP)+,D0
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Coordinate System Conversions

procedure GlobalToLocal (VAR pt:Point);
;Convert the screen coordinates of a
;point to coordinates based on the
;current window.

PEA pt(A5) ;Pointer to input and output

__GlobalToLocal ;Global to local

procedure LocalToGlobal (VAR pt: Point);
;Convert the coordinates of a point in the
;current window to
:global coordinates.
PEA pt(A5) ;Pointer to input and output
—LocalToGlobal ;Local to global

Cut %H : i
Copy %C == Drowing Window ===

Paste 36U

This drawing program allows you to
use many different styles of pen,
ink, and pad.

Figure F-2 Global versus Local Coordinates

Rectangle Routines

procedure FrameRect (r: Rect);
PEA Box
__FrameRect
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Box

DC.W 50 ;top
DC.W 100 ;left
DC.W 300 ;bottom
DC.W 400 ;right
procedure PaintRect (r: Rect);

PEA r(A5)

___PaintRect

" & File Edit QuickDraw

Drawing Window ===

Figure F-3 Frame Rectangle

procedure EraseRect (r: Rect);

PEA r(A5)

__EraseRect

procedure InvertRect (r: Rect);

PEA r(A5)

—_InverRect

procedure FillRect (r: Rect; pat: Pattern);

PEA r(A5)

MOVE.L GrafGlobals(A5),A0 ;Pointer to QuickDraw globals
PEA Black(A0) ;Pointer to standard black pattern

___FillRect ;Solid, black rectangle
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Oval Routines

procedure FrameOval (r: Rect);
PEA r(A5)
__FrameOval

" & File Edit IR

Drawing Window =

QuickPraw Frame®©val

Figure F-4 Frame Oval

procedure PaintOval (r: Rect);

PEA r(A5)

___PaintOval

procedure EraseOval (r: Rect);

PEA r(A5)

___EraseQval

procedure InvertOval (r: Rect);

PEA r(A5)

__InvertOval

procedure FillOval (r: Rect; pat: Pattern);

PEA r(A5)

MOVE.L GrafGlobals(A5),A0 ;Pointer to QuickDraw globals
PEA Black(AO0) ;Pointer to standard black pattern

__FillOval; Draw a solid black ellipse
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Round Rectangle Routines

procedure FrameRoundRect (r: Rect;ovWd,ovHt: integer);

PEA r(A5) ;Dimensions of smooth sides

MOVE.W ovWd(A5), — (SP) ;Width or corner ellipse

MOVE.W ovHt(A5), — (SP) ;Height of corner ellipse
__FrameRoundRect ;Outline a rectangle with rounded corners

N BT d OuickDraw

Drawing Window

@mﬂ[k@w FrameRoundReeck

Figure F-5 Frame Round Rect

procedure PaintRoundRect (r:Rect; ovWd,ovHt: integer);
PEA r(A5) ;Dimensions of smooth sides
MOVE.W  ovWd(A5),— (SP) ;Width of corner ellipse
MOVE.W  ovHt(A5),— (SP) ;Height of corner ellipse

___PaintRoundRect

procedure EraseRoundRect (r: Rect; ovWd,ovHt,ovHt: integer);

PEA r(A5) ;Dimensions of smooth sides
MOVE.W ovWd(A5),— (SP) ;Width of corner ellipse
MOVE.W  ovHt(A5),— (SP) ;Height of corner ellipse
__EraseRoundRect

procedure InvertRoundRect (r: Rect; ovWd,ovHt: integer);

PEA r(A5) ;Dimensions of smooth sides
MOVE.W  ovWd(A5),— (SP) ;Width of corner ellipse
MOVE.W  ovHt(A5),— (SP) ;Height of corner ellipse

__InverRoundRect
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procedure FillRoundRect
(r:Rect; ovWd,ovHt: integer; pat: Pattern);

PEA r(A5) ;Dimensions of smooth sides

MOVE.W  ovWd(A5),— (SP) ;Width of corner ellipse

MOVE.W  ovHt(A5), — (SP) ;Height of corner ellipse

MOVE.L  GrafGlobals(A5),A0 ;Pointer to QuickDraw globals

PEA Black(A0) ;Pointer to standard black pattern
__FillRoundRect ;Solid, black, rounded-corner rectangle

Arc Routines

procedure FrameArc (r: Rect; startAngle,arcAngle: integer);
PEA r(A5)
;The angles are measured from the
;vertical. Positive angles are clockwise.
MOVE.W startangle(A5), — (SP) ;Start angle
MOVE.W arcangle(A5),— (SP) ;:Degrees moved
—_FrameArc

& File Edit IR

Drawing Window S

QuickPraw FrameAre (O-48 deg.

Figure F-6 Frame Arc

procedure PaintArc (r; Rect; startAngle,arcAngle: integer);
PEA r(A5)
MOVE.W startangle(A5), — (SP)
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MOVE.W arcangle(A5),— (SP)
___PaintArc

procedure EraseArc (r: Rect; startAngle,arcAngle: integer);
PEA r(A5)

MOVE.W startangle(A5), — (SP)

MOVE.W arcangle(A5), — (SP)

— EraseArc

procedure InvertArc (r: Rect; startAngle,arcAngle: integer);
PEA r(A5)

MOVE.W  startangle(A5), — (SP)

MOVE.W arcangle(A5),— (SP)

—_lnvertArc

procedure FillArc

r: Rect; startAngle,arcAngle: integer;pat:Patern);

PEA r(A5)

MOVE.W startangle(A5), — (SP)

MOVE.W arcangle(A5),— (SP)

MOVE.L  GrafGlobals(A5),A0 ;Pointer to QuickDraw globals
PEA Black(A0) ;Pointer to standard black pattern
—FillArc

" & rile Edit IO

Drawing Window

QuickPraw Frama@val

Figure F-7 Frame Oval
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Most Common QuickDraw Data Definitions

Source Copy Modes

Use the Source copying modes for drawing text or transfering bit images.
The effect of the operation is described using “Source” and “Dest,” where
Source means a data bit from the input of the call and Dest means a data
bit that is already on the screen when the call is made.

NAME NUMBER OPERATION

srcCopy 0 Source

srcOr 1 Source OR Dest

srcXor 2 Source XOR Dest

srcBic 3 (NOT Source) AND Dest
notSrcCopy 4 NOT Source

notSrcOr 5 (NOT Source) OR Dest
notSrcXor 6 (NOT Source) XOR Dest
notSrcBic 7 Source AND Dest
Pattern Copy Modes

Use pattern copying modes for setting the pen pattern. The effect of the
operation is described using “Source” and “Dest,” where Source means a
data bit from the input of the call and Dest means a data bit that is already
on the screen when the call is made.

NAME NUMBER OPERATION

patCopy 8 Source

patOr 9 Source OR Dest

patXor 10 Source XOR Dest
patBic 11 (NOT Source) AND Dest
notPatCopy 12 NOT Source

notPatOr 13 (NOT Source) OR Dest
notPatXor 14 (NOT Source) XOR Dest
notPatBic 15 Source AND Dest
Style Word

Use the number given under “Value” to set the corresponding text style.
Zero means plain text. Add the values together for combinations of text
style. The symbols can be used with the BSET instruction.
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SYMBOL BIT NUMBER VALUE STYLE
boldBit 0 $01  bold
italicBit 1 $02 italicized
ulineBit 2 $04  underlined
outlineBit 3 $08  outlined
shadowBit 4 $10 shadowed
condenseBit 5 $20 condensed
extendBit 6 $40  expanded
Font Numbers

NAME NUMBER COMMENT

sysFont 0 Code for current system font
applFont 1 Code for current application font
NewYork 2

Geneva 3 Default application font
Monaco 4 Monospaced

Venice 5

London 6 Old English

Athens 7

SanFran 8 Kidnapper's font

Toronto 9

Cairo 11 Hieroglyphics. All pictures
LosAngel 12

Offsets to QuickDraw Global Variables

NAME OFFSET TYPE
thePort $0 GrafPtr
white $FFFFFFF8 Pattern
black $FFFFFFF0 Pattern
gray $FFFFFFE8 Pattern
ItGray $FFFFFFEO Pattern
dkGray $FFFFFFD8 Pattern
arrow $FFFFFF94 Cursor
screenBits  $FFFFFF86 BitMap
randSeed $FFFFFF82 long integer
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Event Types

NAME NUMBER CAUSE

nullEvt 0 null event or no events happened
mButDwnEvt 1 mouse button pushed down
mButUpEvt 2 mouse button released
keyDwnEvt 3 key pushed down

keyUpEvt 4 key released

autoKeyEvt 5 key held down to repeat
updatEvt 6 a window needs to be redrawn
diskInsertEvt 7 a disk was inserted

activateEvt 8 activate/deactive event

abortEvt 9 abort event

netWorkEvt 10 network event

ioDrvrEvt 11 a driver-defined event

app1Evt 12 an application-defined event
app2Evt 13 an application-defined event
app3Evt 14 an application-defined event
app4Evt 15 an application-defined event
Bits of the Modifier Word

SYMBOL BIT NUMBER VALUE MEANING

activeFlag 0 $0001 activate

changeFlag 1 $0002 change to system window
btnState 7 $0080 mouse button up!
cmdKey 8 $0100 command key down
shiftKey 9 $0200 shift key down
alphaLock 10 $0400 alpha lock down
optionKey 11 $0800 option key down




APPENDIX
=|G

SimpleCalcProgram
Code

Assembler File, SimpleCalc.ASM

SimpleCale - A Simplified SpreadSheet Example by Harland Harrison
; and Ed Rosenzweig
Other files needed are

’
’
’
’
’
’
’

SimpleCalc.R Resource source
SimpleCale.Job Exec file
SimpleCale.Link Linkage list file
; INCLUDE
Include MacTraps.D ; Include equates and traps files
Include ToolEqu.D
Include QuickEqu.D
Include SysEqu.D
; LOCAL DATA

’

DataSize EQU 4110 ;
Clip EQU 4102 ;
| temHi t EQU 4104 ; Dialog item chosen
AppleHand EQU ' 4106 ; Handle for Apple menu
AccCel | EQU 127 ; Cell number of accumulator
; Stored spread sheet program format

;30 bytes for each cell

;  $80 bit means select a cell. Otherwise arithmetic operation
; $00 means end of program

Space needed for variables
Clipboard for editing cells

06 Program byte counter
D? Cell to draw or calculate

Prg EQU 2 ; Offset to start of program in cell
ProgLast EQU 29 ; Maximum entries. Last byte must be O
; Flag bits stored in Flag register, DS

FrontFlag EQU 2 ; Bit set if our window selected
Redraw EQU 1 ; Redraw cell bit. = overflow in SR
QuitFlag EQU 0 ; Exit program bit. = carry in SR

; GLOBAL DATA

DeskName DS 16 ; Desk accessory's name

WindowS torage DS.B WindowSize ; Storage for window

; REGISTER USAGE

; MainProgram Inititalization

; D4 Selected Cell Menu 1D

; bS Flag register Menu handle

;

375
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A3 Selected Cell

A4 Cell being calculated

AS Global Variables

R6 VUariable Base/ Accumulator

B R R

MAIN PROGRAM

LINK  R6,#-DataSize ; Make space for spread sheet

’
LEA -DataSize(A6),R6 ; Rddress memory from low end
BSR InitMain ; Initialize
MainLoop
BSR Calculate ; Calculate values

BSR GetEvent
BCS MainExit
BUC MainLoop
BSR DrawSelect
BRA MainLoop

Carry Set is signal to quit
Overflow is signal to redraw

-

~.

MainExit
LER DataSize(R6),A6 ; Point to top of memory
UNLK A6 ; Return memory to stack space
RTS
; INITIALIZE
InitMain ; Main initialization
; Clear data area
MOVE.L R6,R0 ; Point to start of area
MOVE.W  #DataSize,DO ; Byte count to clear
BRA Ini tChk ; DBRA counts to -1
InitLoop
CLR.B (RO>+ ; Clear one byte of memory
Ini tChk

DBRA DO, Ini tLoop
;Initialize Managers
PER -4(AS) ; System QD port

Repeat DataSize times

’
—Ini tGraf ; Init Quickdraw, * Grafport
—InitFonts ; Init Font Manager
_TEInit ; Init Text Editor
—Ini tlindows ; Init Window Manager
CLR.L -(SP> ; No restart procedure
—InitDialogs ; Init Dialog Manager
~InitMenus ; Init Menu Manager
;0pen the Resource File
CLR -(SP) ; Clear space for reference number result
PEA ‘SimpleCalc.Rsrc’ ; [Volume: IResource Name
_OpenResFile ; File-name string -> Reference Number

MOVE (SP)>+,00
;Set Up Apple Menu
MOVEQ #1,04
JSR MakeMenu
MOVE.L  DS,AppleHdnd(RG) ; Save Apple menu handle
;Set Up File Menu
MOVE.W  #303,04
JSR MakeMenu
;Set Up Edit Menu
MOVE.W  #302,D4
JSR MakeMenu
;Add Desk Rccessories To Apple Menu
MOVE.L  AppleHand(RG),~-(SP); Apple menu handle
MOVE.L  #'DRUR',-(SP) ; Recessory resource type
—AddResMenu ; MenuHandle, Type
;0raw the completed Menu Bar
DrawMenuBar

Get rid of the Ref Num

Resource ID 1

-

Resource 1D 303

Resource 1D 302
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;Initialize the Window

SimpleCalc Program Code

e

Make space for the window-pointer result
Resource |D #301

Push address for window-data storage
Put window on top of any other windows
ID,* Storage, * window above -> " window

; Save the window pointer in memory

Make it the top window

; Empty event queue of old kegstrokes and mouse clicks

CLR.L -(SP>

MOVE #301,-(SP)>

PEA WindowStorage(AS)
MOVE.L  #-1,-(SP)
LGetNewlindow

LEA WindowPointer,AD
MOVE.L  (SP)+,(RO)>

BSR Selunndow

CLR.L uu]

MOVE.W  #$FFFF,D0

_FlushEvents
—InitCursor
; Clear registers

CLR.L D6
CLR.L D?
CLR.L DS
CLR.L D4
; Draw spread sheet in window and
BRA Drawinside
MakeMenu
;Install Menu
; Input D4 = Menu 1D
; Output DS = Menu Handle
; D4 = Menu ID
CLR.L -(SP>
MOVE D4,-(SP>
GetRMenu
MOVE.L  (SP),DS
CLR.U -(SP)
—InsertMenu
RTS
;
GetEvent
_SystemTask
CLR -(SP)
MOVE #-1,-(SP)
PEA CurrentEvent
GetNextEvent
BTST  #0,(SP)+
BEQ Nul IEvent
BSR DoEvent
BRA GetEvent
DoEvent
MOVE What,DO0
CMPI  #mButDunEvt,DO
BEQ MouseDown
CMPI  ®keyDwnEvt,DO
BEQ KeyDown
CMPI  #autoKeyEvt,DO
BEQ KeyDown
CMPI  #updatEvt,DO
BEQ UpDate
CMPI  #activateEvt,DO
BEQ Activate
CMPI  #9,D0
BEQ Quit
Nul |Event
MOVE DS,CCR
RTS

USER

I
;
’
’

]
’

’

No type of event stops flush
Flush any type of event

; Stop, Event in DO

Initialize the cursor into an arrow

; No Rccumulator program
; Start update from cell O
; Clear flags

; Select cell O
exlt InitMain

; Draw sheet of zeros

; Clear space for menu handle

’

INTERFACE

R e nimr et e

-

RS

’

; Resource ID input in D4

MenuiD -> MenuHandle

Return in DS & leave on stack
Put menu after all others
MehuHandle,BeforelD

Get next event

Update desk accessories

Clear space for result

Mask to accept all events

Pointer to event record

Mask, * event record -> TRUE if any events
Event returned?

No event. Return to main program

Respond to event ¢

Check for more events in queue

Process event

Type of event

mouse button down is event 1

key down is event 3
auto-repeated key is event S
update display is event 6
activate/deactive is event 8
abort is event 9

no event. check quit flag & exit

Set carry if $01 set by
quit command
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; EVENT TYPES

Activate
BSR WindChk ; Is it our window?
BNE Nul IEvent ; No. lgnore event
BTST  #0,Modi fy+1 ; Activate or Deactivate event flag
BEQ Deactive ; Activate if $01 set, else Defctivate
BSET #FrontFlag,DS ; Remember window is active
BRA DrawSelect ; Highlight selected cell
Deactive
BCLR  #FrontFlag,DS ; Remember window is inactive
BRA DrawSelect ; Un Highlight selected cell
Update ; Our VISible ReGioN changed
BSR WindChk ; Is it our window?
BNE Nul [Event ; No. lgnore event
MOVE.L WindowPointer,-(SP) ; Pointer. to window being updated
-BeginUpDate ; Start drawing in Update Region
BSR Drawinside ; Only part needing update actual ly drawn
MOVE.L WindowPointer,-(SP) ; Pointer to window whose update is finished
-EndUpdate ; Return to normal mode drawing
RTS
KeyDown ; User pressed a key
MOVE Modify,D0 ; Modifier word maps shift keys
BTST #8,00 ; |f the Command key is doun
BNE CommandKey , it is a menu event
BRA KeyStroke ; Spread-Sheet data
CommandKey ; Command key event. Short-cut menu choice
CLR.L -(SP) ; Get space for menu choice
MOVE Message+2,-(SP)> ; Put message byte on stack
_MenuKey ;ldentify Key. ASCII -> MenulD,Menul tem
BRA MenuCommand ; Menu ID & Item now on stack
MouseDouwn ; Find where mouse clicked
CLR -(SP) ; Clear space for integer result
MOVE.L Where,-(SP> ; Mouse at time of GetNextEvent
PER Evtlind ; Window the event was in
FindWindouw , elick point, * window -> window part code
MOVE  (SP)+,D0 ; Result = section of window
ASL.W #1,00 ; Window Part * 2 Bytes/Entry
MOVE HWindowTable(D®),D0 ; Get offset from table
JMP WindowTable(D0> ; Call subroutine
WindowTable
DC.W  Nul |IEvent-WindowTable ; In Desk
DC.W  InMenu-WindowTable ; In Menu Bar
DC.U  SystemEvent-WindowTable ; System Window
DC.U  Content-WindowTable ; In Content
DC.H  Drag-WindowTable ; In Drag
DC.U  Nul |lEvent-WindowTable ; In Grow
DC.H  NullEvent-WindowTable ; In Go Rway
InMenu
CLR.L -(SP) ; Get space for menu choice
MOVE.L Where,-(SP> ; Mouse at time of event
JMenuSelect ; Click Point => MenulD,Menul tem
BRA MenuCommand ; Menu choice now on stack
SystemEvent ; Retion for desk accessory
PER CurrentEvent , Pointer to event record
MOVE.L Evtlind,-(SP) ; Load window pointer onto stack
SystemClick ; System takes care of own click

RTS
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Content ; Click inside a window
MOVE.L EvtWind,RO Event Window
CMP.L MWindowPointer,RO Is it our Window?
BNE Nul |Event No. Ignore this event
BTST  #FrontFlag,DS Is our window top dog?
BEQ Sellindow No. Just select window for first click
BRA SelCell Yes. Change cell in top window

E

Drag ; Let user move the window
MOVE.L EvtHind,-(SP) Window pointer
MOVE.L Where,-(SP> Current mouse location
PER DragLimit Boundary rectangle
_Draglindow * Window,Start point,Bounds rect
RTS

.emive e

WindChk
MOVE.L Message,RO
CMP.L WindowPointer,AO

Find event window
Is it our window?

;
BNE 10 I not ignore it
BSR SelPort ; Select our port
CMP 0O,00 ; Return Z set
€10 RTS
Sellindow

MOVE.L WindowPointer,-(SP)
SelectNindow

Window Pointer
Put the winQow in front

P

Sel|Port
MOVE.L WindowPointer,-(SP)
~SetPort ; Set the drawing port to the window
RTS

; MENU EVENTS

Menucommand

; Choose selections from Menu Bar
; Input (SP) = Menu ID
; 2(SP) = Menu |tem

’

LER  Menu,RO ; Point to menu variable
MOVE.L (SP)+, (RO) ; Save menu and item
BSR Chooseltenu
CLR -(SP) ; Menu 0 means unhighlight
HiLiteMenu ; menu highlighted now
RTS
ChooseMenu ; Find menu & item
MOVE. W Menu, DO ; Menu resource 1D
CMPI  #1,D0 ; Is it menu 12
’

BEQ AppleCmd Apple menu command

Is it menu 302?
File menu command

CMPI  #302,00
BEQ FileCmd

.o

CMPI  #303,00 Is it menu 3037

-

BEQ EditCmd ; Edit menu command
RTS ; No item selected
FileCmd ; Only item is quit

Exit tn finder
Set quit bit in flag register

Quit
BSET  #QuitFlag,DS
RTS

-
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Edi tCmd

CLR.L -(SP)

MOVE  Menultem,DO

ADDQ  #1,D0

CMPI  #6,00

BCC 210

MOVE DO, (SP>
€10 _SysEdit

BTST  #0, (SP)+

BNE Nul|Event

MOVE Menultem,DO

CMPI  #2,00

BEQ Copy

BCS Cut

CMPI  #4,D0

BEQ ClearCmd

BCS Paste

CMPI  #7,D0

BEQ Program

BRA Invert
AppleCmd

MOVE Menul tem,DO

CMP #1,00

BEQ About

P R

P

Could be for SimpleCalc or desk accessory
Space for TRUE/FALSE result & item

Retion for system to try

Adjust to desk accessory standard order
Make NEGATE = 0 for UNDO

Edit commands 2..5

Menu Item -> TRUE if accessory used event

Check result. If system used the menu
item event we are all done

; ltem 27

- R

...

-

; Desk accesory. The name in the

About

MOVE.L AppleHand(RB),-(SP)

MOVE.W DO,-(SP>

PER DeskName(AS>
Letltem

CLR -(SP)

PER DeskName(AS )
~OpenDeskAce ~

MOVE  (SP>+,D0
BRA SelPort
CLR.L -(SP)

MOVE  #301,-(SP)
CLR.L -¢SP)

MOVE.L #-1,-(SP>
GetNewDialog

B N R

L R

Item 1?

| tem 42
| tem 37

I tem 7?
Must be item 5

Check item number
|tem 1?7
Yes. Do Rbout...

menu is the same as the program file name

; Apple-Menu handle

Number of chosen item
Pointer to place for name
Get string for item

Space for reference number
Open desk acc

Name -> Reference number
Discard result

Restore our graph port

Display "about" box

Clear space for dialog pointer

Dialog resource 1D 301

Let Dialog Mgr provide storage area
Place Dialog box above all other windows

; DialoglD, * Storage, * Window above->Dialog pointer

;
’
?
;
)

CLR.L -(SP)
PEA | temHi t¢R6)
ModalDialog
DisposDialog
CMPI.W #2, | temHi t(AB)
BEQ Quit
RTS

SelCel |
PER Where
Global ToLocal
BSR DrawCel |
BSR CalcNum
MOVE.W D2,D4
BSR ProgSel -
BRA DrawSelect

L N

SPRERDSHEET FUNCT IONS

No filter procedure

; * Rrea for |tem Hit
; filter procedure,

-

item chosen
Dialog pointer still on stack

; End program if button 2 chosen

User clicked to select a cell

Rdjust Mouse location to window coordinates
pointer to the point for input and output
Un Highlight current selection

Which cell to select

Save the selected cell

Record the action

Outline cell darkly
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KeyStroke ; User pressed a key
BSET  #Redraw,DS ; Redraw selected cell| when done
MOVE.L Message,D2 ; Get Character record
; Vector to operation or put digit in cell value
CMPI.B #'0°,D2
BCS NotDigit ; Not a digit
CMP1.B #'9',D2
BLS DigiKey
NotDigit
; Check table for operation
BSR OperVect ; Check cperation table for key
BEQ BadKey ; lgnore keystrcke if not in table
; Save address of operation. Store operation in program. Then perform it.
PEA (RO ; Push address on stack
BRA ProgOper ; Save operation in accumulator program
BadKey
; Not in table so ignore key
RTS
DigiKey

; Digit typed in D2. Rdd it onto end of number in ¢A3)
MOVEQ #$0F,D0
AND.L DO,D2 ; Clear upper nibble & junk
MOVEQ #10,D1 ; humber base
MULS (A3),D1 ; Current value times 10
BPL DigiAdd ; Is the cell number negative?

NEG.L D2 then increment is negative too
DigifRdd

ARDD.L D2,D1 ; Plus key stroke

MOVE D1,<A3> ; Save value

; how check for overflow
; bits 15 through 30 must be the same

LSR.L DO,D1 ; shift down 15 bits
ADDQ.W #1,D1
BEQ DigiOK ; OK negative number
SUBQ.W #1,D1
BEQ DigiOK ; OK positive number
; overflow. clear to zero and start over
CLR.W <(A3)> \
DigiOK ; New cell value in range
; fall through to CellConst
CellConst ; Cell set to constant value
BSET  ®#Redraw,DS ; Redraw selected cell after editing
CLR.B Prg(A3) ; No program for cell
RTS )
OperVect

Return vector to operation from table
INPUT D2 = Character to match
QUTPUT A0 = Vector address

D2 = Character matched
Z flag -> character not found

LEA Opertable,RO

OpVeclLoop
CMP.B (R0>,D2 ; Compare key stroke to table
BNE NextEntry

; Found It
MOVE.W 2¢R0>,D0 ; Vector to operation

LER Opertable¢D0),R0 ; Actually LEA Optable—*(PC,D0>
RTS ; Return N2
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NextEntry
; Check for end of table & advance pointer

TST.L <CRO)X+

BNE OpVecloop

RTS ; Not found. Return Z flag set
OperTable

; 4 bytes per entry

byte 1 = ascii value of key
; byte 2 not used
s bytes 3%4 offset

1] '+
Dc AddOper-OperTable
oc -
oc SubOper-OperTable
oc Tk
Dc MulOper-OperTable
Dc R
oc DivOper-OperTable
oc =
bc EqOper-OperTable
Dc $0300 ; [Enter] key
oc Enter-OperTable
oc $0800 ; [BackSpace] key
bc ClearCmd-OperTable
Dc $1B800 ; [Clear] on 10-key pad
DC ClearCmd-OperTable
pc.L o ; End of table
AddOper

; Add the selected cell into the accumulator
MOVE.W ¢(A3>,00
ADD.W DO, ¢AG>
RTS

SubOper

; Subtract the selected cell from the accumulator
MOVE.W ¢A3),00
SUB.W DO, ¢AG)
RTS

MulOper
; Multiply the accumulator by the selected cell
MOVE.W (A3>,00
MULS (AR6),D0
MOVE.W DO, ¢AG>
RTS

DivCOper
; Divide the accumulator by the selected cell
MOVE.W (A6>,D1

EXT.L Dt
MOVE.W (A3),D00
BEQ DivErr
pDIvs  DO,D1
MOVE.W D1, <R6>
RTS
DivErr ; Divide by zero
SWRP DI ; Return largest magnitude possible

EORI.W #$7FFF,D1
MOVE.W D1, (A6)
RTS



383  simpleCalc Program Code

Enter
; Set the accumulator to the value in the selected cell
MOVE.W (A3, (A6 ; Set value
, RTs
EQOper

; Set the selected cell to the value of the accumulator
; Clear the program in the cell
; delete the “="from the accumulator program
CLR Prg(A3>
MOVE.W ¢RAB), CA3>
SUBQ.W #1,06 ; Delete the = operator
RTS

; User can select these Edit Menu items

Cut ; CUT /£ X
MOVE.W ¢A3),Clip¢AB) ; ClipBoard = Cell
CLR.W (A3)> ; Cell =0
BRA Cel IConst

Copy ; COPY / C
MOVE.N ¢A3),Clip¢AG) ; ClipBoard = Cell
RTS

Paste ; PASTE / V

~-

MOUVE.W Clip(R6), (A3)
BRA CeliConst

Cell = ClipBoard

ClearCmd ; CLEAR or Clear key
CLR (A3> ; Cell =0
CLR (RG> ; accumulator =0
CLR D6 ; Clear accumulator equation
BSR ProgSel ; Accumulator equation = select
BRA Cel |Const
Inhvert ; NEGATE / N
NEG (A3> ; cell = —cell
BRA CellConst
Program ; PROGRAM / P
; Copy the accumulator program into the selected cell
LER Prg(A3>,A1 ; Point to cell program area
LEA Prg(RB>,A0 ; Point to accumulator program area
MOVE D6,00 ; Count of valid bytes
CopyPLoop
MOVE.B (ROX+,(A1)+
DBRA DO, CopyPLoop ; Move DO+1 bytes
CLR.B -(A1> ; Program ends with O
RTS
; DRAWING ROUTINES
;
DrowCel |

; Put numbers into selected cell. Erase existing numbers
PEA Cel IRect

_ERASERECT
BSR FrameCel | ; Draw gray box
; Go to start of cell
MOVE.L TxtPnt,-(SP> ; X,¥ of start of cell
_MOVETO ; horiz, vertical
; Set up to draw a value
CLR.L DO
MOVE .M (A3)>,00 ; First integer is value

BPL DrawValue
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; Precede negative number with a minus sign

BEQ DrawDigi t
BSR DrawValue

No more digits. Draw them all now
Calculate next higher digit

MOVE.W #$2D,-(SP) ; minus sign

_DRAWCHAR ; Draw the -

CLR.L DO

MOVE  <A3),00 ; Get value again

NEG.W DO ; and make it positive
DrawValue

DIVU  #10,00 ; DOraw in base 10

SWAP DO ; Get remainder

ORI.B #'0',D0 ; Make digit a character by oring in zero

MOVE.W DO,-(SP> ; Save digit to draw

SWAP DO ; Restore quotient

EXT.L DO ; Leading digits?

;

DrawDigi t
_DRAWCHAR ; Draw a byte from stack
RTS ; Return to draw next byte or exit
MarkCel |
; Draw Selected cell border Dark so we know it is selected
BTST  #FrontFlag,DS ; Is our window active?
BEQ FrameCel | ; No. Don't highlight
_PENNORMAL ; Normal Width,Mode,Black Color
MOVE.L #$00030003,-¢SP> ; Width,Height=3
-PENSIZE
PER Cel IRect ; pointer to separating rectangle
—FRAMERECT ; Draws box INSIDE Cel |Rect
#10 RTS
FrameCel |
Outline cell with light border
_PENNORMAL ; Normal Width,Mode,Biack Color
MOVE.L GRAFGLOBALSCAS),R0 ; Pointer to QD globals
PEA GRAY(RO> , Standard pattern
—PENPAT
PEA Cel IRect ; pointer to separating rectangle
_FRAMERECT ; Draws box INSIDE Cel |Rect
RTS
Drawinside
; Draw the entire spreadsheet
MOVE D?,-(SP> ; Save cell to recalculate
MOVEQ #$7F,D? ; Highest number cell
InsidelLoop
MOVE D7,D2
BSR CalcCel IRect
BSR DrawCel | ; Draw numbers
DBRAR D7, Insideloop
MOVE  (SP)+,D7 , Restore cell to recalculate

; Draw the selected cell and Accumulator. Restore pointers
; Fall through to DrawSelect

DrawSelect
; Draw the selected cell and Rec. Exit with pointers set up for selected cell
BCLR  #Redraw,DS ; Clear update needed flag
; Redraw accumulator
MOVEQ #RccCel |,D2 ; Cell num of accumulator
BSR CalcCel IRect
BSR DrauCel |
BSR MarkCel | ; Mark accumulator
; Redraw Selected cell
MOVE D4,D2 ; Selected cell

BSR CalcCel IRect
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BSR DrawCel |
BRA MarkCel | ; Highlight cell
; SPREAD SHEET UPDATING
Calculate
MOVE (A6)>,D0 ; Save accumulator
MOVEM.L DO/D&/HS/H4 -(A?) ; Save registers
ADDQ.B #1,07 ; Next cell to update
BPL CalcNext
CLR D? ; Start with cell 0
CalcNext

MOVE.W D?,D2
BSR CalcPntr Point to cell data

BEQ CalcExit ; No need to calc accumulator
TST.B Prg¢A3)> ; Rny program ?

BEQ CalcExit
MOVE.L A3,R4

-

Pointer to update cell

~--

CLR b6 , Start of program
CLR.W <R6> ; Start with clear acc
CalcLoop

MOVE.B Prg(R4,D06>,02 ; Get Code byte
BEQ CalcDone
ADDQ *#1,06 , Point to next byte
BCLR #7,D2 ; Is it Select or arithmetic?
BEQ CalcCheck
; select cell for input to caleculator
BSR CalcPntr
BRA Calcloop

CalcCheck

; Find operation in table
MOVE.B D2,D0
BSR OperVect

BEQ CalcOper ; Found it
; Not in table. Impossible !!
STOP  #$2000 ; No privilege violation
CalcOper
JSR CRO> , Execute operation
BRA CalclLoop
CalcDone
; end of prog. assign value. Redraw cell if it changed
MOVE  (R6),D0 , Get result
CMP. U (H4) DO ; Compare to old value
BEQ CaIcExit ; No change
MOVE.W DO, CR4> ; Rssign new value

; new value. redraw cell

CMP D?,D4 ; Caleulating selected cell?
BNE CalcUpdate
BSET  #ReDraw,DS ; Set flag to do later

BRA CalcExit
; .
Redraw the re calculated cell

CalcUpdate ;
MOVE 07,02
BSR CalcCel IRect
BSR DrawCel |
MOVE D4,D2 ; Selected cell
BSR CalcCel IRect
CalcExit
MOVEM.L ¢A?)>+,00/D6/A3/R4 ; Restore saved registers
MOVE DO, (RG> ; Restore accumulator

RTS
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; SPREAD SHEET SUBROUTINES

CalcNum

; Calculate the cell number that contains a point
; Input  Where = point in local coordinates

; Output D2 = cell number

CLR.L DO

MOVE.W WhereH,DO .

DIVU 56,00 ; Horiz pixels/cell

MOVE.W WhereV,D2

LSR.U #4,02 ; 16 Uert pixels/cell
ASL.W #3,D2 ; 8 cells Horiz per line
ADD.W DO,D2 ; Cell number = 8 * y + x
RTS

CalcCel IRect
Calculate a cell Rectangle from a cell number

; lnput D2 = cell number

5 Output D2 = cell number

; A3 = pointer to cell data

; TxtPnt .= first text pixel of cell

; Cel |IRect = rectangle separating cell
MOVE.W D2,D1
EXT.L D1 ; Divide always 32 bits
DIuwu  #g,D1 ; 8 columns per row
MOVE.L D1,D0
SWRP DO Remainder in upper word
LEA Cel IRect,AO Point to cell rectangle
LEA TxtPnt,A1 Point to start of text
MULU  #56,D00 56 pixels per column
MOVE DO, left(RO> Left separator

’
RDDQ #4,00 ; Margin before text
MOVE.W DO,h¢A1> ; First text location
ADD.W #52,00 . ; Rdvance to next column
MOVE.W DO,right(ROD ; Right separator
ASL.W  %4,D1 . ; 16 pixels per row
MOVE.W D1, top(ROD ; Top separator
ADD.W  #12,D1 ; Ascent of text + top margin
MOVE.N D1,v(A1) ; First text location
ADDQ #4,D1 ; Rdvance to next row

MOVE.W D1,bottom(RO) ; Bottom separator
; Fall through to calculate cell data pointer

CalcPntp
; Calculate the pointer to a cell value

Input D2 = cell number
; Output D2 = cell number
A3 = pointer to cell data
; 2 flag => cell number is accumulator

MOVEQ ®RAccCell,DO ; Make accumulator = cell number 127

EOR.W D2,D0 ; Cale relative location

~.

ASL  #5,D0 32 bytes / cell

LEA 0¢R6,D0.W>,A3 ; Does not affect Condition codes

RTS
ProgSel ; Store selection operation in program
; Put selected cell, D4, into program with $80 flag

MOVE D4,D2

BSET #7,D2

; Fall thru to ProgOper to put byte into program
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ProgOper ; Store arithmetic operation in program
, Put byte in D2 into accumulator program
MOVE.B D2,Prg¢fA6,06.W)> , Store byte in program list

CMPI.B #ProglLast,D6 ; More program space?
BEQ ProgOUF
ADCQ.B #1,D6 ; Rdvance program pointer
RTS

ProgOUF , Program too big
RTS

; Data Storage

CurrentEvent ; Event record

What bC 0 5 Type of event

Message DC.L O ;  Info about event

When pDc.L 0 ; Tick when it happened

Where ; Mouse location when it happened
WhereV Dc 0 ; Vertical coordinate

WhereH bc 0 ;  Horizontal coordinate

Modi fy oc 0 ; Control keys down when it happened
Evtlind pC.L O ; Window with event

Menu bc 0 ; Menu that item is in

Menul tem oc 0 ; Menu item selected
WindowPointer ocC.L O , Pointer to spread sheet window

DragLimit ; Boundary rectangle for dragging window

o 30 * top

oc S ; left

pc 350 ; bottom

bc 500 , right
Cel IRect DcB.W 4,0 , Rectangle enclosing selected cell
TxtPnt pC.L O ; Point in cell where text starts
END

R.Maker File, SimpleCalc.R

* Resource file for SimpleCalc

*

* Compiled object file name

SimpleCalc

*

* Type and signature

APPLCALC

*

* Linked object file name

INCLUDE SimpleCalcLinked

*

* You can also create a separate resource file without code,
* by omitting all of the lines above and adding the compiled
* resource file name shown on the next comment line below.
*SimpleCalc.Rsrc
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*
*

* Signature for desktop file

Type CALC = GNRL

,0

P

SimpleCalc version 1.0, a fun spread sheet program

Type MENU
A
N4
About Simple Calc...
(_

,302
File
Quit

,303

Edit
Cut/X
Copy/C
Paste/V
Clear
Negate/N
(_
Program/P

Type DLOG
,301
100 100 200 400
Visible NoGoAway
1
0
301

Type DITL
,301
4

Button
70 220 90 280
Try it \21
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Button
70 20 90 80
Quit

StaticText
15 50 35 280
Simple Calc was written for fun

StaticText
35 20 55 280
by Harland Harrison & Ed Rosenzweig

Type WIND

,301
Simple Calc
64 32 320 480
Visible NoGoAway
0
0

* File reference
Type FREF

,128

APPL 0

Type BNDL
,128
CALCO
ICN#

0 128
FREF
0 128

Type ICN* = GNRL

* |con list for the program icon

* There are two icons in the list. One to display and one for a mask.
,128
H

* This is the SimpleCalc icon. There are 32 lines of icon data

00000000 :

00000000

00000000

|FFFFFFC

10000004
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17FFFFF4
14081014
14C997D4
152A5054
14285094
14499114
14885214
15045214
15E99214
14081014
17FFFFF4
14081FF4
15E89834
15099834
15089834
15C89834
14289834
14289834
15C9D0834
14081FF4
17FFFFF4
10000004
1FFFFFFC
00000000
00000000
00000000
00000000
* This is the mask for the SimpleCalc icon. There are 32 lines of data.
00000000
00000000
00000000
1FFFFFFC
1FFFFFFC
1FFFFFFC
1FFFFFFC

1FFFFFFC
1FFFFFFC
1FFFFFFC
1FFFFFFC
1FFFFFFC
1FFFFFFC
1FFFFFFC
1FFFFFFC
1FFFFFFC



391 SimpleCalc Program Code

1FFFFFFC
1FFFFFFC
1FFFFFFC
IFFFFFFC
1FFFFFFC
IFFFFFFC
1FFFFFFC
1FFFFFFC
1FFFFFFC
1FFFFFFC
1FFFFFFC
1FFFFFFC
00000000
00000000
00000000
00000000

Linker File, SimpleCalc.LINK

/0utput SimpleCalcLinked ; Output file
SimpleCalc.Rel ; Input file
$

Exec File, SimpleCalc.Job

Asm SimpleCalc.Asm Exec Edit
Link SimpleCalc.Link Exec Edit
RMaker SimpleCalc.R Edit Edit
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1010 emulation mode, 92, 94-95, 101
6522 Versatile Interface Adapter; 129
6800 interface lines, 128-129
8530 Serial Communications
Controller, 129
68000 (microcompressor), 13-22,
121-129
addressing modes. See Addressing
modes, 68000
block diagram, 121, 122
electrical connections,
programmer’s view; 124

machine language, 21-22
program counter (PC), 16, 123
registers, 13, 121, 123

A5, 132, 133, 190-191, 342

A6, 190

A7 (stack pointer), 13; see also

Stack

changing, debugger, 172

data cf. address, 13

preserving, 48-49

status, 19-20, 96-99, 123; see also

Condition codes
status, bit analysis, 97

-$A. See Toolbox routines; Trap(s)

Absolute long mode, 29

Absolute short mode, 27-28

Addition, 61-63, 75-77

sample code, 119-120

Address bus, 121, 123, 125

Addressing, memory, 12-13

words start on even numbers, 125

Addressing modes, 68000, 23-43

absolute long, 29

absolute short, 27-28

addressing register indirect, 30

address register direct, 26-27

data register direct, 26

effective address, 41-42, 61-63

immediate, 25

inherent, 23-25

postincrement register indirect,
35-36

393

predecrement register indirect,
36-37
program-counter relative, 114-115,
140-142, 223
with displacement, 37-39
with index and displacement,
40-42
register indirect
with displacement, 30-32
with index and displacement,
33-34
sign-extended bytes, 27
Addressing register indirect mode,
30
Address register direct mode, 26-27
Address strobe line, 126-127
Alert box, 186
bomb, 93-95
error codes, listed, 333-339
resource type, 161-163
Alignment, data, 133, 136-137,
202-203
Apple menu, 182, 187, 240
SimpleCalc, 229-230
Applications as resources, 155, 187
Arcs, 209
sample call, 370-371
Arithmetic
addition, 61-63
double precision division, 280-281
flags, 50-53
floating point, 63
instruction set, 74-81
modular; 86
sample code, 119-120
SimpleCalc, 246
speed of various operators, 257
Arrays, 61
of records, 33-34
ASCII codes, 170
cf. key codes, 242
Assembler directives, 143-149
Lisa, 146-148
IF (conditional assembly),
147-148
INCLUDE, 146

Macintosh, 143-146
.DUMP, 144
IF (conditional assembly),
145-146
INCLUDE, 143-144
.MACRO, 148-149
See also Data directives; Segment
directives
Assembly, conditional, 11, 145-148
Assembly language, 6
advantages, 1-2, 6
conventions, 9-11
source-destination, 53

Base conversion, 105-
285-286, 296
BASIC, 1,17
FOR-NEXT loops, 57
GOSUB..RETURN, 9, 16, 70, 150
GOTQ, 9
IF..THEN, 74
ON...GOSUB, ON...GOTO, 30, 113,
141
PRINT, 281
relation to assembler; 2
REM, 11
Binary coded decimal, 77-78
conversion to, sample program,
105-112
Binary number system, 293-300
conversion to decimal, 285-286
conversion to hexadecimal, 296
Bit(s)
flipping, 84
image, 204
manipulation, 85-92, 108, 111
mask, 82-85
Bomb alert box, 93-95
error codes, listed, 333-339
Boolean variables, 198, 202
Boot code, 128
Branching
addressing techniques, 141-143
instructions, 50-59
summary, 57

, 250, 252,
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Branching (cont'd.)
cf. jumps, 72-73
sample code, 113-115
See also Loops
Breakpoints, 170-171
Bus control lines, 125-127
Bus error line, 127

C (language), 1
case statement, 30, 70, 113
for loop, 57
local variables, 65
pointers, 30
relation to assembler, 2
C flag, 20, 51, 75
Circles, 209
Clipboard, 219
Clock, system, 195-196, 272, 280-281
adjusting to 8-bit devices, 128-129
Code, 6, 153
relocatable, 37-38, 72-73
resource type, 163, 187
source, object, executable, 6
Comments, 11
conventions, 221
Compilers, 7, 69
cf. interpreters, 2, 5-6
See also Resource compiler
Conditional assembly, 11
Condition codes, 19-20, 46-47, 244,
250
instructions, effects of, listed,
329-332
cf. status register, moving, 97
See also Flags; Status register
Constants, allocating, 189
Control lines, 127,
Controls, resource type, 160
Converging calculation, 219-220
Coordinates, QuickDraw, 204-205,
252-253, 258
common calls, expanded, 366
Cursor
changing shape, sample code,
270-271
common calls, expanded, 362-364
hot spot, 268
image and mask, 268-269, 363
initializing, 229-230
mouse, 186
setting, 268-270
sample code, 269-270

Data, 153
alignment, 133, 136-137, 202-203

Data acknowledge input, 127
Data bus, 123-124
Data directives
Lisa, 135
ASCII, 136
BLOCK, 136
BYTE, 135
EQU, 136
.LONG, 135-136
WORD, 135
Macintosh, 132-135
DC, 11, 132
DCB, 132
DS, 133, 342
EQU, 135
SET, 135
STRING_FORMAT, 134
Data path, 121
Data register direct mode, 26
Debugger, 7, 166-173
advantages, 166-167
disassembling, 169
formatting display, 170
strings, 170
symbolic, 169
versions, 167-168, 169, 173
Debugger commands
An, 172
Ax and Hx, 173
BR, 170-171
CL, 171
Cv, 173
DM, 170
Dn, 172
F, 173
G, 171
IL, 169-170
PC, 172
S, 171
SM, 172
SR, 172
ST, 171-172
T, 171
Debugging
conditional assembly, 147-148
use of STOP, 256
Decimal number system, 293-294
conversion from binary, 285-286
Decimal records, 285
Desk accessories, 187-188, 235, 240
blinking, 273
Desk Manager, common calls,
expanded, 359
Devices, 8-bit, 128-129
Dialog box, 186
events, 184-186
printing, 281

resource type, 155, 160-161, 187,
267-268, 346
SimpleCalc, 240
variable text, 265-268
See also Alert box
Dialog Manager, 186, 188
common calls, expanded, 360-361
Disassembling, 21, 169
Disk volume, 143
Dispatch Table, 194
Division, 79-80
double precision, 280-281
sample code, 119-120
DMA, 95-96
lines, 68000, 127
Dollar sign, hexadecimal, 6

Editing
making items blink, 272-273
standard operations, 278-280
Edit menu, 187
Editor; assembler; 7-9
cf. MacWrite, 8-9
Effective address, 41-42, 61-63
E flag, 20, 75
Ellipses, 209
Environment, preserving, 48-49
Errors .
addressing, record areas, 41
codes, listed, 333-339
linker, 152
numbers, 93, 94
source, destination conventions,
53
Spurious Interrupt, 127
Event-driven programs, 181
Event Manager, 181
common calls, expanded, 358-359
record structures, 353-354
Event queue, 181, 219
emptying on program loading, 229
Events, 181-184 ’
keyboard, 242
menu-selection, 182
mouse, 182-184
SimpleCalc, 231-237
types, 374
window, 182
EXEC files, 173-174
Lisa Workshop, 341-345
Executive function (EXEC), 9
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File(s)
external code, 143-144
forks, 153-155
resource types, 165, 347
signature, 157, 165-166
symbol table, 144
Flags
branching instructions, 50-52
and CMP instructions, 59
condition codes, 19-20
extend cf. carry, 75
impact of MOVE, 75
SimpleCalc, 225, 244
See also Condition codes; Status
register
Floating point calculations, 63, 74-75
sample code, 290-291
See also Standard Apple Numeric
Environment (SANE)
Fonts, 214-216
numbers, 373
system, 276
Forth, relation to assembler; 2
FORTRAN, DO loops, 57

Global Data Area, 131-132, 133,
142-143

Halt line, 127
Handles, 198-199
dereferencing, 200
Heap. See Memory
Hexadecimal number system, 6, 12,
293-300
conversion
from, 105-112
to, 296
High-level languages, 1
interpreted cf. compiled, 2, 5-6
relation to assembler; 2-6
See also specific languages

Icons
resource type, 165-166, 347-349
SimpleCalc, 220
Immediate mode, 25
Inherent mode, 23-25
Instruction set
ABCD, 75, 77-78, 108
ADD, ADDI, ADDQ, ADDA, 75-77
ADDX, 75-77, 280
AND, 82-83
ANDJ, ORI, EORI, and MOVE to SR,
99-100
ANDI to CCR, 97-98

Index

ASL, 88-90, 257

ASR, 88-90

BCC, 52-53

BCHG, 87

BCLR, 87

BCS, 53

BEQ, 47, 53-54

BGE, BLT, BLE, BM]I, 56

BGT, 55-56

BHI, 54-55

BLS, 55

BNE, 20, 54

BPL, 56-57

BSET, 86-87

BSR, 70-74

BTST, 85-86, 230

BVC, 57

BVS, 57

CHK, 92, 94, 194

CLR, 81

CMP, 20, 22, 50, 59-61

CMPA, 59

CMP], 59, 114

CMPM, 60

condition codes in, 46

DBcc group, 57-59

DBEQ, 46-47

DBRA, 32, 226

DIVS, DIVU, 79-80

DIVU, 250, 281

effects on condition codes, listed,
329-332

EOR, 84

EORI to CCR, 98

EXG, 63-64

EXT, 80-81, 250

format and cycle timing, listed,
301-328

JMP, 9, 70-74, 140, 142

JSR, 9, 16, 140, 142, 150, 194

LEA, 32, 42, 61-63, 140, 225, 244

LINK and UNLK, 65-69, 190, 225

LSL, 30

LSR, 90, 257

MOVE, 11, 45-50, 75

MOVEA, 46-48

MOVE from SSR, 99

MOVEM, 48-49, 254

MOVEP, 48

MOVEQ, 50

MOVE to CCR, 98-99, 231

MOVE USP, 100

MSR, 257

MULU, 78-79, 257

NEG, NEGX, 81

NOP, 23-24

NOT, 84-85

OR, 83-84

ORI to CCR, 98

PEA, 61, 63, 140, 191-192

RESET, 100

ROL, ROR, 90-91

ROXL, ROXR, 91-92

RTE, 23-24, 100

RTR, 23-24, 70-74

RTS, 16, 19, 23-24, 225

samples, 9-10

Scc, 70-74

STOP, 100-101, 256

SUB, 78

SUBX, 280

suffixes, 10-11

SWAP, 64-65, 108, 250

TAS, 95-96

TRAP, 94-95, 194

TRAPV, 92, 95

TST, 81

unimplemented, 101

USP, 47, 123
Interpreted cf. compiled languages,

2, 5-6

Interrupt(s), 16

lines, 127

mask, 97

vectors, 92-94

Jump table, 142-143, 153, 188-189

Keyboard events, 183, 242
sample code, 115-118
SimpleCalc, 233

Key codes, cf. character codes, 242

Labels, 9-10

Line drawing, 207-208
sample code, 364

Linker, 2, 6, 7, 9, 137, 139, 149-155
advantages, 6
errors, 152
jump table, 150-153

Lisa Workshop, 341-349
assembler subroutines, 138
SimpleCalc, 221-222

Literals, string, 133-134, 191

Local variables, 65-69

Logical operations, 81-85
drawing in gray, using XOR,

277-278
Logical values, use of 0 and 1, 20
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Loops, 54-55, 57-59
SimpleCalc, 255
vs. straight-line programming, 106
See also Branching

Lower data strobe, 126-127

Machine language, 21-22
Macintosh Development System
(MDS), 1, 7-9
hardware requirements, 7
integration, 8
linker file, 152
Macintosh environment, 175-192
program guidelines, 175-176
Macintosh, unique features, 140-143
avoid JPM and JSR instructions, 73
avoid TRAP, TRAPV, and TAS
instructions, 95-96
USP not used, 47
Macintosh XL, never use TAS
instruction, 96; see also Lisa
Workshop
Macros, 11, 63
MacWrite, 8-9
Masks, 82-85
Memory, 7
alignment, 202-203
allocation, 188, 189-192
changing, debugger; 172
direct access (DMA), 95-96
fragmentation and compaction,
199-200
hexadecimal characters in, 297
K, meaning of, 297
management, 198-203
-mapped IO, 123
monitoring, debugger, 173
relocatable cf. nonrelocatable
blocks, 264
SimpleCalc, 223-224
Memory Manager; 188, 200, 263-265
Menu(s)
Apple, 182, 187
Edit, 187
resource type, 345
selection events, 182
marking, disabling, and changing
items, sample code, 275-277
mouse-down events, 235
as resources, 155
SimpleCalc, 228-229, 237-241
Menu Manager
common calls, 356-358
drawing in gray, 277-278
Micro-code, 129
Mode, program, 175-176, 186
Mode, program, 175-176, 186

Modulo, 86
Mouse
cursor; 186
dragging selections, 273-275
events, 182-184
SimpleCalc, 233-237
sample code, 113-115
Multiplication, 78-79
sample code, 119-120
Multitasking, 97, 99-101

Negative numbers, 298
N flag, 19-20, 50

O flag, 19-20

One's complement, 84

Operating system cf. Toolbox calls,
196

Ovals, 368

PackSyms utility, 144
Paging in and out, 27-28, 153

Parentheses, indirect addressing, 30

Pascal, 1, 7

Case statement, 30, 70, 113, 141

comments, 11

debuggers, 169

For loop, 57

if..then, 74

incorporting assembler routines,
Lisa Workshop, 138, 341-345

local variables, 65

pointers, 30, 197

procedures, 9, 16, 70

definitions in Toolbox calls, 221

records, 201-203
relation to assembler, 2
strings, 285
literals, 133-134
-style records (GNRL resource
type), 160, 164-166
trap macros, 194
type constraints, 176, 197
-type string, drawing, 206-207
types used in trap calls, 351-354
windows, 176
Pen, 206
characteristics, 212-214
SimpleCalc, 253
Peripherals
8-bit, 128-129
output to, 123, 127
Pixel, 203
Playing computer, 105
PL/I, local variables, 65

Pointers, 30, 197, 221, 259
SANE, 289
Point, QuickDraw, 205
Ports, (memory-mapped V0), 123
Postincrement register indirect
mode, 35-36
Predecrement register indirect
mode, 36-37
Printing, 281-284
Privileged instructions, 97, 99-101
Program(s)
event-driven, 181
mode, 175-176, 186
structure, event loops, 176-177
Program control instructions, 70-74
branch cf. jump, 72-73
Program counter; 16, 21
and debugger, 169-170, 172
Program counter relative
addressing, 114-115, 140-142
with displacement mode, 37-39
with index and displacement
mode, 40-42
SimpleCalc, 223

QuickDraw;, 176, 203-216
bit image, 204
circles, ellipses, arcs, 209
sample calls, 370-371
common calls, expanded, 361-371
coordinate system, 204-205,
252-253, 258
sample calls, 366
cursor, sample calls, 362-364
data definitions, 372-374
definition, 144
drawing in gray, 277-278
erasing, 211-212
event types, 374
fonts, 214-216, 276, 373
globals, 213-214
global variables, offsets, 373
initializing, 213-214
line drawing, 207-208
sample calls, 364
modifier word, 374
ovals, sample calls, 368
patterns, 213-214, 372
pen, 206
characteristics, 212-214
pixel, 203
points, 205
record structures, 353
rectangles, 205-206, 208-211
rounded, 210, 369-370
sample calls, 366-370
squares, 209-210
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QuickDraw (cont'd.)
SimpleCalc routines, 249-253
solids, 211
text, 206-207

fonts, size, face, 214-216
sample calls, 364-365

types of drawing, 206
See also Toolbox

Read/write line, 126
Records
addressing, 31-34
errors, 41
decimal, 285
indexing, 34
Pascal-type, Toolbox calls, 201-203
‘Rectangles, 205-206, 208-211
common calls, 366-367
rounded, 210, 369-370
squares, 209-210
Recursive algorithms, 251
Register indirect with displacement
mode, 30-32
Register indirect with index and
displacement mode, 33-34
Registers, preserving, 48-49; see also
68000 (microprocessor)
Relocatable code, 37-38, 72-73, 188,
264
Reset line, 128
Resource(s), 153, 155-166
editor, 156 :
file, SimpleCalc, 228, 387-391
fork, 187
ID numbers, 158
menus, 156-157
sample file, 156-160
Mac cf. Lisa, 157
system, 187
Resource compiler, 6, 7, 9, 166, 181,
187
simpleCalc, 221-222
Lisa version, 345-349
Resource Manager, common calls,
361
Resource types, 155, 158, 160
ALRT, 161
BNDL, 165, 347
CNTL, 160
CODE, 187
DITL, 160, 187, 346
DLOG, 160-161, 187, 267-268
FREF, 165, 347
GNRL, 160
ICN N R, 165-166, 347-349
MENU, 345

original, defining, 166

Index

PROC, 163-164

STR , 160, 163

WIND, 159, 187, 346
Reverse Polish notation, 218
RMaker. See Resource compiler
ROM. See Toolbox
Rounding, 288

Sample code
adding two numbers, BASIC,
Pascal, assembler, 18-19
branching, 20
concatenate strings, 67-68
cursor
changing shape, 270-271
setting, 269-270
dialog box, variable text, 265-268
double precision division, 280-281
dragging selections with mouse,
273-275
hexadecimal to decimal
conversion, 105-112
Lisa Workshop, 341-349
making items blink, 272-273
Memory Manager; 263-265
menus, marking, disabling, and
changing items, 275-277
Pascal routine calling assembler
program, 342-343
printing, 281-284
SANE, 284-291
floating point arithmetic, 290-291
numeric to string conversion,
285-288
type conversion, 288-290
string comparison, 60, 103-105
Undo command, 278-280
See also SimpleCalc (sample
program)
Segment directives
Lisa, 138-140
.DEF, 139-140
.END, 140
FUNC, 139
PROC, 138-139
REF, 140
SEG, 139
Macintosh, 137-138
DC, 189-192
END, 138
XDEF, 137, 150-152
XREF, 137-138
Semicolon (comments), 11, 221
Sign-extended notation, 27, 31, 80-81

SimpleCalc (sample program),
217-261
accumulator; 218-219
AddOper; SubOper, MulOper,
DivOper, 119-120

Apple menu, 240

comments, conventions in, 221

converging calculations, 219-220

Desk Accessories, 235, 240

dialog box, 240-241

DoEvent, 113

drawing routines, 249-253

flag usage, 225, 244

icons, 220

initialization, 226-230

keyboard events, 233

KeyStroke, 115-116

limitations, 218

linker, 221

Lisa version, 343-345
resource file, 345-349

listing, 375-391
data storage, 387
declarations, 375-376
drawing routines, 383-385
event types, 378-379
initialization, 376-377
main program, 376
menu events, 379-380
resource file, 387-391
spreadsheet functions, 380-383
spreadsheet subroutines, 386-387
spreadsheet updating, 385
user interface, 377

main program, 221-225

memory usage, 223

menus, 228-229, 237-241

mouse events, 113-115, 233-237
tables, 234-235

OperVect, 116-118

program outline, 220-221

QuickDraw in, 252-253

register usage, 222

resource compiler;, 221

resource files, 228

screen, 217

speed considerations, 257

spreadsheet functions, 241-249
arithmetic, 246

spreadsheet updating, 254-260

termination, 225

user interface, 230-241

using, 218-219

WindowTable, 113-115

window events, 231-237

See also Sample code
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Speed considerations, 108-112
division, 257
loops vs. straight-line, 106
Square root, calculating, 219-220
Squares, 209-210
Stack, 13-17
addressing modes, 37
-based interface, Toolbox, 193
local variables, 65-69
pointer (A7 register), 13-17, 121
user’s, 100, 123
subroutines, 19, 71-72
variable allocation, 189
Standard Apple Numeric
Environment (SANE), 74-75,
284-291
pointers, 289
rounding, 288
sample code, 284-291

floating point arithmetic, 290-291

numeric to string conversion,
285-288
type conversion, 288-290
State lines, 128
Status register
bit analysis, 97
changing, debugger, 172
cf. condition codes, moving, 97
instructions, 96-99
See also Condition codes; Flags
String(s)
conversion to, sample code,
285-288
drawing, 206-207
literals, 133-134, 191
resource types, 158-159
Structured languages, 65, 70
Subroutines
addressing, 30
nested, 19, 72-73
stack considerations, 16, 71-72
Subtraction, 78
sample code, 119-120
Supervisor mode, 97, 99-101
Switch, 11
Symbol table files, 144
System control instructions, 92-101
System font, 276
System resource file, 187

Tables
addressing techniques, 141-143
indexing, 34
Jump, 142-143, 188-189
mouse-down events, 234-235

Programming the 68000

Text
common calls, 364-365
drawing, 198, 206-207
in gray, 277-278
Toolbox
definitions, 192
handles, 198-199
initializing, 226
memory management, 198-203
monitoring, debugger; 173
cf. operating system calls, 196
packed include files, 144
parameter passing, 194-198
sample calls
function, 195-196
procedure, 194-195
record-based, 201-203
stack-based interface, 192
trap naming conventions,
assembler and Pascal, 194
See also QuickDraw
Toolbox routines, 63
AddResMenu, 182, 229, 240, 357
Alert, 186
BackPat, 211-212, 362
BeginUpdate, 232
Button, 273-275
CautionAlert, 186
CharWwidth, 207, 365
ClipRect, 361-362
DialogSelect, 185-186
Disableltem, 186, 276,
DisposDialog, 241, 267
DisposePtr;, 264
DisposHandle, 265
DragWindow, 236, 355
DrawChar, 198, 250, 251, 275, 365
DrawDialog, 267
DrawString, 206, 277, 283, 365
DrawText, 207
Enableltem, 186, 276
EndUpdate, 232
Erase.., 211
EraseArc, 371
EraseOval, 368
EraseRect, 367
EraseRoundRect, 369
Fill.., 212
FillArc, 371
FillOval, 368
FillRect, 212, 367
FindWindow, 114, 233, 355
FlushEvents, 229, 358
FrameArc, 370
FrameOval, 368
FrameRect, 272, 277, 366-367

FrameRoundRect, 210, 369
FrontWindow, 365
GetCursor, 270, 271
GetDITem, 266
GetIndString, 159
Getltem, 240, 358
GetMHandle, 276
GetMouse, 271, 274
GetNewControl, 160
GetNewDialog, 240-241, 266, 360
GetNewWindow, 240, 354-355
GetNextEvent, 230, 271, 272-273,
358

GetPort, 282
GetRMenu, 158-159, 228, 356
GlobalToLocal, 241, 366
HideCursor; 363
HiLiteMenu, 195, 237, 358
HLock, 265
HUnlock, 265
InitCursor; 186, 195, 271, 362-363
InitDialogs, 360
InitGraf, 213, 253, 361
InitMenus, 157
InsertMenu, 228, 357
InverRect, 367
InverRoundRect, 369-370
Invert..., 212

InvertArc, 371

InvertOval, 368
IsDialogEvent, 185-186
Line, 207-208, 364
LineTo, 207-208, 283, 364
LocalToGlobal, 366
MenuKey, 182, 233, 357
MenusSelect, 182, 235, 357
ModalDialog, 185, 241, 267, 361
Move, 207-208, 364
MoveTo, 207-208, 249, 273, 274-275,

277, 283, 364

NewHandle, 264-265
NewpPtr, 264
NoteAlert, 186
OpenDeskAcc, 240, 359
OpenResFile, 152, 187, 228, 361
PaintArc, 370-371
PaintOval, 272, 368
PaintRect, 277, 367
PaintRoundRect, 369
parameters, rules, 351
ParamText, 266
Pascal types, 351-352
PenMode, 213, 272, 277, 362
PenNormal, 253, 272, 277, 362
PenPat, 214, 253, 277, 362
PenSize, 212, 253, 362
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Toolbox routines (cont'd.)
PtInRect, 271
record types, 354-355
SelectWindow, 182, 354
SetCursor, 186, 270, 271, 363
SetHandleSize, 265
Setltem, 277
SetlIText, 266-267
SetitmMark, 276
SetOrigin, 361
SetPort, 284, 361
SetPtrSize, 264
ShowCursor, 363
StopAlert, 186
StringWidth, 207, 365
SysEdit (SystemEdit), 188, 240, 359
SystemTask, 230, 271, 273
TextFace, 364-365
TextFont, 215, 364
TextMode, 213, 275, 277, 365
TextSize, 215, 277, 365
TextWidth, 207
TickCount, 195-196, 272, 281
UnLoadSegment, 188

Index

Trap(s), 101, 193-194
AS$ nybble, 92, 94-95, 101
debugger, 171

Window Manager, 182, 183, 188
common calls, 354-356
Windows, 176, 178-181

Dispatcher, 194 dragging, 236
generating instructions, 94-95 events, 183-184
Two's complement, 31, 50, 195, SimpleCalc, 231-237
290-291 initializing, 229
Type records, 176

constraints, Pascal, 176, 197

conversion, 80-81, 105-112, 250,
252, 288-290

in trap calls, 351-354

resource type, 155, 159, 187, 346
sample code, 113-115

system, 235

tables, 234-2.35/

Undo command, 278-280
Unimplemented instructions, 101
Upper data strobe, 126-127

X flag, 51-52

Z flag, 19-20, 51

Variables
allocating, 11, 189-192
local, 65-69

V flag, 52

Volume name, 143
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Macintosh Assembly Language

A prime resource for programmers who want to
use assembly language programs to get the most
out of the Mac. Programming the 68000 builds
on your awareness of assembly language and
experience with high-level languages like BASIC,
Pascal, or C. This book fully covers and carefully
examines the power of the Motorola 68000
MiCroprocessor.

The authors detail the assembly language
process of coding, editing, compiling, linking, and
resource compiling, with

first step for learning to examine and analyze
assembly language programs to create the fastest,
most efficient code possible.

The text explains the advantages of the Mac-
intosh programming environment, its user inter-
face toolbox, and specialized ROM calls. As an intro-
duction to writing worthwhile programs, the book
shows how to code a simple electronic spreadsheet
called SimpleCalc, a medium-size Macintosh
assembly language program. The book provides

not only a conceptual

thorough explanations of
the 68000 instruction set
and addressing modes.
Also featured are many
example routines that
show the mechanics of
68000 code and provide a
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