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¥ Oprnd = Mem[SP + OprndSpec]
¥ Asmbb5 letter s
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The adl SP Instructior

¥ Instruction speciber0110 Oaaa
¥ Mnemonic:ADDSP

¥ Adds the operand to the stack pointg3P

SP!' SP+ Oprnd; N! r<0,Z! r=20,
V! {overlBow , C! {carry}
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he subtract SP Instructio

¥ Instruction speciber1000 laaa
¥ Mnemonic:SUBSP

¥ Subtracts the operanddm the stack
pointer, SP

SP! SP" Oprnd; N! r<0,Z! r=0,
VI {overlBow , C! {carry}
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Pep/8 execute option

¥ 'SP Mem[FFF8]
¥ PCA 0000




0003
0006
0009
000C
OOO0F
0012
0015
0018
001B
O01E
0021
0024
0027
002A
002D
0030
0033
0034

T,
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'B',i ;push B

F3FFFF STBYTEA -1,s

C0004D LDA 'M'i ;push M

F3FFFE STBYTEA -2,s

C00057 LDA 'W'i ;push W

F3FFFD STBYTEA -3,s

C00145 LDA  325,i ;push 325

E3FFFB STA -5;s

C00069 LDA M ;push |

F3FFFA STBYTEA -6,s

680006 SUBSP 6,i ;6 bytes on the run-time stack

530005 CHARO 5;s ;output B

530004 CHARO 4;s ;output M

530003 CHARO 3,s ;output W

3B0001 DECO 1,s ;output 325

530000 CHARO O,s ;output i

600006 ADDSP 6,i ;deallocate stack storage

00 STOP

.END

Output
BMW325i

Figue 6.1
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(a) Before the program executes. (b) After SUBSPexecutes.
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THIRD EDITION
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| ocal variables

¥ Allocate locals wittSUBSP

¥ Access locals with staclelative adiressing§)

¥ Deallocate locals withADDSP
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#include <iostream>
using namespace std;

int main () {
const int bonus = 5;
int exam1;
int exam2;
Int score;
cin >> examl >> exam2;
score = (examl + exam2) / 2 + bonus;
cout << "score =" << score << endl;
return O;
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Assembly Language

0000 040003 BR  main
bonus: .EQUATE 5 ;constant
examl: .EQUATE 4 ;local variable
exam2: .EQUATE 2 ;local variable
score: .EQUATEO :local variable

0003 680006 main: SUBSP 6,i -allocate locals
0006 330004 DECI examl,s 'cin >> examl
0009 330002 DECI exam2,s © >> exam2
000C C30004 LDA examl,s ;score = (examl
OOOF 730002 ADDA exam2,s ; +exam2)
0012 1E ASRA [ 2
0013 700005 ADDA bonus,i .+ bonus
0016 E30000 STA score,s
0019 410026 STRO msg,d ;cout << "score ="
001C 3B0000O DECO score,s ;<< score
001F 50000A CHARO '\n',i - << endl
0022 600006 ADDSP 6,i :deallcate locals
0025 00 STOP
0026 73636F msg: .ASCIl "score = \x00"

726520

3D2000
002F .END

Figue 6.4
(Continued)
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(a) Before3 5" 3 Bxecutes. (a)After 35" 3 Bxecutes.
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Branching instruction:

¥ BRLE
¥ BRLT

¥ BREQ

¥ BRNE
¥ BRGE
¥ BRGT
¥ BRV
¥ BRC

Branc
Branc
Branc
Branc
Branc
Branc
Branc
Branc

n on less than or equal to

N on less than

N on equal to

N on not equal to

N on geater than or equal to
N on geater than

N oV

non C
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Branching instruction:

¥BRLE N=1! Z=1" PC# Oprnc
¥BRLT. N=1! PC" Oprnc
¥BREQ Z=1! PC" Oprnc
¥BRNE Z=0! PC" Oprnc
¥BRGE N=0! PC" Oprnc
¥BRGT N=0! Z=0" PC#
¥BRV V=1= PC«— Oprnc
¥BRC C= 1= PC« Oprnc
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Figue 6.6

#include <iostream>
using namespace std;

int main () {
int number;
cin >> number;
if (number <0) {

number = -number;

}
cout << number;
return O;

}
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Assembly Language

0000 040003 BR  main
number: .EQUATE O ;local variable

0003 680002 main: SUBSP 2,i -allocate local
0006 330000 DECI number,s 'cin >> number
0009 C30000if: LDA number,s ;if (number <0)
000C OEO0016 BRGE endIf

OOOF C30000 LDA number,s ; number =-number
0012 1A NEGA

0013 E30000 STA number,s

0016 3BO0000 endlf: DECO number,s :cout << number
0019 600002 ADDSP 2,i :deallocate local
001C 00 STOP

001D .END

Figue 6.6
(Continued)
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S1 S1
IF (CD) | C1

S2 —
] S2
S3 S3 <—

(a) The structure at Level HOLG. (b) The structure at levé&lsmbt
for Figure 6.6.
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Optimizing compiler

¥ Eliminates unnecessainstructions in the
object code

¥AdvantageDbject code runs faster

¥DisadvantageTal<es longer to compile
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The compae Instructior

¥ Instruction speciber1011 raaa
¥ Mnemonic:CPr (CPACPX
¥ Compae r with operand

T! r" Oprnd; N! T<O0,Z! T=0,
V «— {overf3ow , C — {carry}
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#include <iostream>
using namespace std;

int main () {

const int limit = 100;

int num;

cin >> num;

if (num >= limit) {
cout << "high";

}

else {
cout << "low";

}

return O;
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Assembly Language

0000 040003 BR  main
limit: .EQUATE 100 ;constant
num: .EQUATEO ;local variable

0003 680002 main: SUBSP 2,i -allocate local
0006 330000 DECI num,s :cin >> num
0009 C30000if: LDA num,s JIf (num >= limit)
000C B00064 CPA limit,
OOOF 080018 BRLT else
0012 41001F STRO msgl,d ; cout << "high"
0015 04001B BR endlf else
0018 410024 else: STRO msg2,d ; cout << "low"
001B 600002 endlf: ADDSP 2, ‘deallocate local
001E 00 STOP
001F 686967 msgl: .ASCIl "high\x00"

6800
0024 6C6F77 msg2: .ASCIl "low\x00"

00
0028 .END

Figue 6.8
(Continued)
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SI
CI
-
S2
S3 .
} S3 <-—
S4 Sy -——

(a) The structure at Level HOLSG. (b) The structure at levé&ismbt
for Figure 6.8.
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Figue 6.10

#include <iostream>
using namespace std;

char letter;

int main () {
cin >> |etter;
while (letter !'="*") {
cout << letter;
cin >> letter;

}

return O;

}
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*

Assembly Language

0000 040004 BR  main
0003 00 letter: .BLOCK 1 ;global variable

0004 490003 main: CHARI letter,d ‘cin >> letter

0007 CO00000 LDA  0x0000,i

OO0OA D10003 while: LDBYTEA letter,d ;while (letter !="*")
000D BO0O02A CPA ™|

0010 OAO001C BREQ endWh

0013 510003 CHARO letter,d ;. cout << letter
0016 490003 CHARI letter,d © cin >> letter

0019 04000A BR  while

001C 00 endWh: STOP

001D .END

Figue 6.10
(Continued)
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S
WHILECI) [
S2

]
S3 S3 <-—

(a) The structure at level HOLSG. (b) The structure at lev
Asmbb5 for Figure 6.10
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Figue 6.12

#include <iostream>
using namespace std;

int cop;
int driver:;

int main () {
cop =0;
driver = 40;
do {
cop += 25;
driver += 20;
}
while (cop < driver);
cout << cop;
return O;
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Assembly Language

0000
0003
0005

0007
O00A
000D
0010
0013
0016
0019
001C
001F
0022
0025
0028
002B
002E
0031
0032

040007 BR main
0000 cop: .BLOCK 2
0000 driver: .BLOCK 2

C00000 main: LDA 0,
E10003 STA copd
C00028 LDA 40,
E10005 STA driver,d
C10003 do: LDA copd
700019 ADDA 25,
E10003 STA cop,d
C10005 LDA driver,d
700014 ADDA 20,
E10005 STA driver,d
C10003 while: LDA cop,d
B10005 CPA driver,d
080013 BRLT do
390003 DECO cop,d
00 STOP

.END

;global variable
;global variable

;cop=0
driver = 40

, cop +=25

driver += 20

;while (cop < driver)

;cout << cop

Figue 6.12
(Continued)
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SI
D Q[

S2
]
W H I LE]J)
S3

(a) The structure at level HOLSG. (b) The structure at lev
Asmbb5 forFigure6.12.
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Thefor

O N

loop

¥ Initialize the contol variable

¥ Test the contol varia

nle

¥ Eecute the loop boc

¥ Increment the contol

¥ Branch to the test

y
variable
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Figue 6.14

#include <iostream>
using namespace std;

int main () {
int I;
for(i=0;i<3;i++){
cout<<"i="<<i<<endl:
}
cout<<"i="<<i<<endl;
return O;

}
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Assembly Language

0000 040003 BR  main
I .EQUATE O :local variable

0003 680002 main: SUBSP 2,i -allocate local
0006 C00000 LDA 0O, for(i=0
0009 E30000 STA s
000C B00003 for: CPA 3, - <3
OOOF OEO0027 BRGE endFor
0012 410034 STRO msg,d , cout<<"i="
0015 3B0000 DECO i,s ; << i
0018 50000A CHARO '\n\,i ; << end|
001B C30000 LDA i,s i+4)
001E 700001 ADDA 1,
0021 E30000 STA i,s
0024 04000C BR for
0027 410034 endFor. STRO msg,d cout << " ="
002A 3B0000 DECO i,s - <<
002D 50000A CHARO '\n',i - << end|
0030 600002 ADDSP 2,i ‘deallocate local
0033 00 STOP
0034 69203D msg: .ASCII "i =\x00"

2000
0039 .END

Figue 6.14
(Continued)
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0003
0005
0007

0009
000C
OOOF
0012
0015
0018
001B
001E
0021
0024
0027
002A
002D
0030
0033
0036

040009

0000 ni:
0000 n2:
0000 n3:

310005 main:
310007
C10005
B10007
08002A
310003
C10003
B10007
080074
040065
E10007
310003 L1:
C10005
B10003
080053
390003

0039 390005

003C 390007 L2:

003F 00

Computer Systems
THIRD

BR main
.BLOCK 2
.BLOCK 2
.BLOCK 2

DECI n2,d
DECI n3,d
LDA n2,d
CPA n3,d
BRLT L1
DECI nl,d
LDA nl,d
CPA n3,d
BRLT L7
BR L6
STA n3,d

DECI nl,d
LDA n2,d
CPA nld
BRLT L5
DECO nl,d
DECO n2,d

DECO n3,d

STOP

EDITION

Figue 6.16




390005 L3:
0043 390007
0046 040081
0049 390003 LA4:
004C 390005
004F 00
0050 E10003
0053 C10007 L5:
0056 B10003
0059 080040
005C 390005
005F 390003
0062 04003C
0065 390007 L6:
0068 C10003
006B B10005
O06E 080049
0071 04007E
0074 390003 L7:
0077 390007
007A 390005
007D 00
007E 390005 LS8:
0081 390003 L9:

Computer Systems

T 1 K

DECO n2d
DECO n3,d
BR L9

DECO nl,d
DECO n2,d

STOP
STA nl,d

LDA n3,d
CPA nld
BRLT L3
DECO n2,d
DECO nl,d
BR L2

DECO n3,d
LDA nl,d
CPA n2d
BRLT L4
BR L8

DECO nl,d
DECO n3,d
DECO n2d

STOP
DECO n2,d
DECO nl,d

0084 00 STOP
0085 .END

EDILITION

Figue 6.16
(Continued)
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TATATITATA AAT AATP

(a) Structured flaov. (b) Spaghetti cod
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The Structued
Programming heorem

Any algrithm containing gto®,no matter
how compilcated or unstructued,can be

written with only nested If statements and
while loops.

Bohm and Jacopidi966
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The gpto controversy

...the quality of pogrammers is a deeasing
function of the density of@o statements in
the programs thg produce More recenty |

discovered why the use of the gto statement
has such disagius efécts,and | became
convinced that the gto statement should be

abolished fom allOhigher =IO pogramming
languages.

Dijkstra,1968
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The call suboutine
Instruction

¥ Instruction speciber0001 011a

¥ Mnemonic:CA

L

¥ Push eturn ad

ress onto run-time stack

SP! SP" 2; Mem[SP]! PC; PC! Oprnd
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The return from
subloutine instruction

¥ Instruction speciber0101 1nnn

¥ Mnemonic:RETn(RETO RET],...,RETY)

¥Pop storage or locals andeturn adiress ofl
of run-time stack

SP! SP+n:PC! MemSH: SP! SP+?2




Computer Systems Fique 6.18
THI KD _'EEBIisE 0N

#include <iostream>
using namespace std;

void printTri () {
cout << "*" << endl;
cout << "**" << endl;
cout << "***" << endl;

}

int main () {
printTri ();
printTri ();
printTri ();
return O;

}
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Assembly Language

0000 04001F BR main

Jexxkrx void printTri ()

0003 410016 printTri:STRO msgl,d ;cout << "+
0006 50000A CHARO "\n'i ;. << endl
0009 410018 STRO msg2,d ;Cout << "
000C 50000A CHARO "\n'|i << endl
OOOF 41001B STRO msg3,d ;Cout << "
0012 50000A CHARO "\n'i ;<< endl
0015 58 RETO
0016 2A00 msgl: .ASCIl "\x00"
0018 2A2A00 msg2: .ASCIl "**\x00"
001B 2A2A2A msg3: .ASCIl "***\x00"

00

kekkkkk nt main ()
001F 160003 main: CALL printTri  ;printTri ()
0022 160003 CALL printTri  ;printTri ()
0025 160003 CALL printTri  ;printTri ()
0028 00 STOP
0029 .END

Figue 6.18
(Continued)
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(a) Before gecution of theifst #!, ,. (b) After execution of theifst #!, ,.
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THIRD EDITION

(a) Before theifst execution ofRETO. (b) After the frst execution ofRETO.
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To call avoid function
N C++

N the actual parameters

N the eturn adlress

n storageof the local variables
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In assempl language

INg pushes actual parametersgextesSUBSH

INg pushesaturn adlress (eecutesCALL)
ed allocates local variables éemtesSUBSH

ed excutes Its body

ed deallocates local variables and patsm
ress (eecutesRETN)

ling pops actual parameters ¢exitesADDSP
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Call- _by-value with glob.
variables

¥ To push the actual parameteise LDA with
direct adlressing

¥ To access thedrmal parametetuse stack-
relative addressingg)
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Figue 6.21

#include <iostream>
using namespace std;

int numPts:
int value;
inti;

void printBar (int n) {
int j;
for j=1;j<=n;j++){
cout << ™
}

cout << endl;

}

int main () {
cin >> numPts;
for (i = 1; i <= numPts; i++) {
cin >> value;
printBar (value);

}

return O;

}
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Assembly Language

0000 04002B BR  main
0003 0000 numPts: .BLOCK 2 ;global variable
0005 0000 value: .BLOCK 2 ;global variable
0007 0000 i: .BLOCK 2 ;global variable
;Ferkkek yoid printBar (int n)
n: .EQUATE 4 ;formal parameter
J: .EQUATE O ;local variable
680002 printBar:SUBSP 2,i ;allocate local
C00001 LDA 1, for(j=1
E30000 STA ;s
B30004 forl: CPA n,s J<=n
100027 BRGT endForl
50002A CHARO "™ ; cout << '*
C30000 LDA |,;s )
700001 ADDA 1.
E30000 STA |;s
040012 BR  forl
50000A endForl: CHARO "\n',i ;cout << end|
5A RET2 ;deallocate local, pop retAddr

Figue 6.21
(Continued)
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THIRD EDITION (Continued)

Assembly Language

;******* maln ()
002B 310003 main: DECI numPts,d :cin >> numPts
002E C00001 LDA 1, for(i=1
0031 E10007 STA id
0034 B10003 for2: CPA numPts,d ‘I <= numPts
0037 100058 BRGT endFor2
003A 310005 DECI value,d . cin >> value
003D C10005 LDA value,d ; call by value
0040 E3FFFE STA -2,
0043 680002 SUBSP 2, ; push parameter
0046 160009 CALL printBar ; push retAddr
0049 600002 ADDSP 2, , pop parameter
004C C10007 LDA i,d Ji++)
004F 700001 ADDA 1,i
0052 E10007 STA id
0055 040034 BR for2
0058 00 endFor2: STOP
0059 .END
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T

(a)After CIN

SP e—

VALUE

RD ED

9%
YIS

N

(b) After allocation with 35"30n PRINT"AR
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CaII -y-value with loca
variables

¥ To push the actual parameteise LDA with
stack-elative adlressing

¥ To access thedrmal parametetuse stack-
relative addressingg)
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#include <iostream>
using namespace std;

void printBar (int n) {
int j;
for G =1;]<=n; j++) {
cout << ™

}

cout << endl;

}

int main () {

int numPts;

int value;

Int I;

cin >> numPts;

for (i=1; i <= numPts; i++) {
cin >> value;
printBar (value);

}

return O;

}
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THIRD EDITION (Continued)

Assembly Language

0000 040025 BR  main

Jexxkrx yoid printBar (int n)
n: .EQUATE 4 ;formal parameter
J: .EQUATE O ;local variable
0003 680002 printBar:SUBSP 2,i ;allocate local
0006 C00001 LDA 1, for(=1
0009 E30000 STA |5
000C B30004 forl: CPA n,s Jj<=n
O0OOF 100021 BRGT endForl
0012 50002A CHARO ™| ; cout << ™
0015 C30000 LDA |,;s )
0018 700001 ADDA 1,
001B E30000 STA ;s
001E 04000C BR forl
0021 50000A endForl: CHARO '\n'i ;cout << end|
0024 5A RET2 ;deallocate local, pop retAddr




Computer Systems
T H 1 K'D _'ErDErsERG. -

Assembly Language

;******* maln ()
numPts: .EQUATE 4 ;local variable
value: .EQUATE 2 ;local variable
I .EQUATE O ;local variable
0025 680006 main: SUBSP 6,i ;allocate locals
0028 330004 DECI numPts,s ;cin >>numPts
002B C00001 LDA 1, for(i=1
002E E30000 STA is
0031 B30004 for2: CPA numPts,s ;i <= numPts
0034 100055 BRGT endFor2
0037 330002 DECI value,s ©cin >> value
003A C30002 LDA value,s ; call by value
003D E3FFFE STA -2
0040 680002 SUBSP 2, ; push parameter
0043 160003 CALL printBar ; push retAddr
0046 600002 ADDSP 2, ,  pop parameter
0049 C30000 LDA i,s i)
004C 700001 ADDA 1,
004F E30000 STA is
0052 040031 BR  for2
0055 600006 endFor2: ADDSP 6,i ;deallocate locals
0058 00 STOP
0059 .END

Figue 6.23
(Continued)




Computer Systems Figue 6.24
THIRD EDITION

J

retAddr

N

I
VALUE VALUE

NUMOTS NUMOTS
/

(a) After CIN VALUE (b) After allocation with 35"30in PRINT"Z
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To call a nonvoid
function In C++

N storageof the returned value

N the actual parameters

N the eturn adlress

n storageof the local variables
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int binCoeff (int n, int k) {
intyl, y2;
it (k==0) [ (n==Kk)) {
return 1;
}
else {
y1 = binCoeff (n - 1, k); // ra2
y2 = binCoeff (n- 1, k- 1); // ra3
return yl + y2;
}
}

int main () {
cout << "binCoeff (3, 1) = " << binCoeff (3, 1); // ral
cout << endl;
return O;

}
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THIRD EDITION (Continued)

Assembly Language

0000 040065 BR  main

;xR int binomCoeff (int n, int k)
retVal. .EQUATE 10 ;returned value
n: .EQUATE 8 ;formal parameter
K: .EQUATE 6 ;formal parameter
yl: .EQUATE 2 ;local variable
y2. .EQUATEDO ;local variable
0003 680004 binCoeff:SUBSP 4,i ;allocate locals
0006 C30006if: LDA ks if (k == 0)
0009 0A0015 BREQ then
000C C30008 LDA n,s |l (n == Kk))
000F B30006 CPA ks
0012 0C001C BRNE else
0015 CO00001 then: LDA 1. ;return 1
0018 E3000A STA retVal,s
001B 5C RET4 ;deallocate locals, pop retAddr
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Assembly Language

001C
001F
0022
0025
0028
002B
002E
0031
0034
0037
003A
003D
0040
0043
0046
0049
004C
004F
0052
0055
0058
005B
O05E
0061
0064

C30008 else: LDA n,s ;pushn-1

800001 SUBA 1,

E3FFFC STA -4

C30006 LDA k,s ;push k

E3FFFA STA -6,s

680006 SUBSP 6,i ;push params and retVal
160003 CALL binCoeff  ;binomCoeff (n - 1, k)
600006 ra2: ADDSP 6,i ;pop params and retVal
C3FFFE LDA -2;s ;y1 = binomCoeff (n - 1, k)
E30002 STA vyls

C30008 LDA n,s ;pushn-1

800001 SUBA 1,

E3FFFC STA -4

C30006 LDA k,s ;push k - 1

800001 SUBA 1,

E3FFFA STA -6,s

680006 SUBSP 6,i ;push params and retVal
160003 CALL binCoeff  ;binomCoeff(n-1, k-1)
600006 ra3: ADDSP 6,i ;pop params and retVal
C3FFFE LDA -2, ;y2 = binomCoeff (n-1, k-1)
E30000 STA y2;s

C30002 LDA vyl return yl +y2

730000 ADDA vy2;s

E3000A STA retVals

5C endlf: RET4 ;deallocate locals, pop retAddr

Figue 6.25
(Continued)
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Assembly Language

rkkkkkkk maln ()

0065 410084 main: STRO msg,d ;cout << "binCoeff (3, 1) ="

0068 C00003 LDA 3, ;push 3
006B E3FFFC STA -4;s
006E C00001 LDA 1, ;push 1
0071 E3FFFA STA -6,s
0074 680006 SUBSP 6,i ;push params and retVal
0077 160003 CALL binCoeff  ;binomCoeff (3, 1)
007A 600006 ral: ADDSP 6,i ;pop params and retVal
007D 3BFFFE DECO -2;s ;<< binCoeff (3, 1)
0080 50000A CHARO '\n',i ;cout << endl
0083 00 STOP
0084 62696E msg: .ASCIl "binCoeff (3, 1) = \x00"

436F65

666620

28332C

203129

203D20

00
0097

Figue 6.25
(Continued)
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retAdd
K
N
retval

003t
007
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’&“—H‘J THIRD EDITION
Stack-elatine dekrred
adiressing

¥ Oprnd = Mem[Mem[SP + OprndSpec]]

¥ Asmb5 letters:sf
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CaII -by-reference with
global variables

¥ To push the actual parameteise LDA with
Immediate adressing

¥ To access thedrmal parametetuse stack-
relative dekrred adlressing f )
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#include <iostream>
using namespace std;

int a, b;

void swap (int& r, int& s) {
int temp;
temp =r;
r=s;
S = temp;

}

void order (int& x, int& y) {
if (x>y) {

swap (X, y);
} Il ra2

}




Computer Systems Figue 6.27
THIRD EDITION (Continued)

int main () {
cout << "Enter an integer: ";
cin >> a;
cout << "Enter an integer: ";
cin >> b;
order (a, b);
cout << "Ordered they are: "<<a<<","<<b<<endl| //ral
return O;
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THIRD EDITION (Continued)

Assembly Language

0000 04003C BR  main
0003 0000 a: .BLOCK 2 ;global variable
0005 0000 b: .BLOCK 2 ;global variable

JRrekek yoid swap (int&r, int& s)
r: .EQUATE 6 ;formal parameter
S: .EQUATE 4 ;formal parameter
temp: .EQUATEO ;local variable
0007 680002 swap: SUBSP 2, ;allocate local
000A C40006 LDA r,sf temp =r
000D E30000 STA temp,s
0010 C40004 LDA  s,sf r=s
0013 E40006 STA r,sf
0016 C30000 LDA temp,s 'S = temp

0019 E40004 STA s,sf
001C 5A RET2 ;deallocate local, pop retAddr
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Assembly Language

;Fexekkk yoid order (int& X, int& y)
X: .EQUATE 4 ;formal parameter
y: EQUATE 2 ;formal parameter
001D C40004 order: LDA  x,sf if (X >y)
0020 B40002 CPA y,sf
0023 06003B BRLE endIf
0026 C30004 LDA x,s ; push x
0029 E3FFFE STA -2
002C C30002 LDA vy,s ; pushy
002F E3FFFC STA -4;s
0032 680004 SUBSP 4, ; push params
0035 160007 CALL swap ;. swap (X, Y)
0038 600004 ADDSP 4, ,  pop params
003B 58 endlf: RETO ;pop retAddr

Figue 6.27
(Continued)
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THIRD EDITION (Continued)

Assembly Language

;******* maln ()
003C 41006D main: STRO msgl,d ;cout << "Enter an integer: "
003F 310003 DECI a,d :cin >> a
0042 41006D STRO msgl,d ;cout << "Enter an integer: "
0045 310005 DECI b,d ;cin>>Db
0048 CO00003 LDA a,i ;push the address of a
004B E3FFFE STA -2;s
004E CO00005 LDA Dbii ;push the address of b
0051 E3FFFC STA -4;s
0054 680004 SUBSP 4, ;push params
0057 16001D CALL order ;order (a, b)
OO5A 600004 ral: ADDSP 4, ;pOp params
005D 410080 STRO msg2,d ;cout << "Ordered they are: "
0060 390003 DECO a,d © <<a
0063 410093 STRO msg3,d Co<g "
0066 390005 DECO b,d © <<b
0069 50000A CHARO "\n'| << endl
006C 00 STOP
006D 456E74 msgl: .ASCIl "Enter an integer: \x00"

0080 4F7264 msg2: .ASCIl "Ordered they are: \x00"

0093 2C2000 msg3: .ASCII ", \x00"
0096 .END
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temp temp
retAddr retAddi
s S

r r

reAddr retAddi

/

(a) The run-time stack atel HOLG6. (b) The run-time stack atuel Asmb5.
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The move-SP-to-
accunulator instruction

¥ Instruction speciber0000 0010

¥ Mnemonic:MOVSPA

¥ Accunulator gets the stack pointer

A — SF
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CaII -by-reference with
local variables

¥ To push the actual parameteise unay
MOVSPAollowed by ADDAwith immediate
addressing

¥ To access thedrmal parametetuse stack-
relative dekrred adlressing f )
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#include <iostream>
using namespace std;

void rect (int& p, int w, int h) {
p=(w+h)*2;
}

int main () {
int perim, width, height;
cout << "Enter width: ";
cin >> width;
cout << "Enter height: ";
cin >> height;
rect (perim, width, height);
Il ral
cout << "perim =" << perim << endl;
return O;
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Assembly Language

0000 04000E BR  main

JFerekek yoid rect (int& p, int w, int h)
p: .EQUATE 6 ;formal parameter
W .EQUATE 4 ;formal parameter
h: .EQUATE 2 ;formal parameter
0003 C30004 rect: LDA w,s P=(W+h)*2
0006 730002 ADDA h,s
0009 1C ASLA
000A E40006 STA p,sf
000D 58 endlf: RETO ;pop retAddr

Figue 6.29
(Continued)
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Assembly Language

;******* maln ()

perim: .EQUATE 4 ;local variable

width: .EQUATE 2 ;local variable

height. .EQUATE O ;local variable
OOOE 680006 main: SUBSP 6,i ;allocate locals
0011 410046 STRO msgl,d ;cout << "Enter width: "
0014 330002 DECI width,s 'cin >> width

0017 410054 STRO msg2,d ;cout << "Enter height: "

001A 330000 DECI height,s ;cin >> height

001D 02 MOVSPA ;push the address of perim
OO1E 700004 ADDA perim,i

0021 E3FFFE STA -2

0024 C30002 LDA  width,s ;push the value of width
0027 E3FFFC STA -4;s

002A C30000 LDA height,s ;push the value of height
002D E3FFFA STA -6,s

0030 680006 SUBSP 6, ;push params

0033 160003 CALL rect ;rect (perim, width, height)
0036 600006 ral: ADDSP 6,i ;pOp params

0039 410063 STRO msg3,d ;cout << "perim ="
003C 3B0004 DECO perim,s ;<< perim

003F 50000A CHARO "\n',i - << endl

0042 600006 ADDSP 6, ;deallocate locals

0045 00 STOP

Figue 6.29
(Continued)
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0046 456E74 msgl: .ASCIl "Enter width: \x00"

0054 456E74 msg2: .ASCIl "Enter height: \x00"

0063 706572 msg3: .ASCIl "perim =\x00"

006C .END

Figue 6.29
(Continued)
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retAddr
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P

SP—> 0 FBC9 HEIGHT
2 FBCB WIDTH

4 FBCD PERIM
/

(a) Before the procedure call.

Figue 6.31
Stack at leel ASMB5

(b) After the procedure call.
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Boolean types

true: .EQUATE 1
false: . EQUATE O
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#include <iostream>
using namespace std;

const int LOWER = 21;
const int UPPER = 65;

bool inRange (int a) {
if (LOWER <= a) && (a <= UPPER)) {
return true;
}
else {
return false;

}
}

int main () {
int age;
cin >> age;
if (inRange (age)) {
cout << "Qualified\n";
}
else {
cout << "Unqualified\n";

}

return O;
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THIRD EDITION (Continued)

Assembly Language

0000 040023 BR  main
true: .EQUATE 1
false: .EQUATE O

LOWER: .EQUATE 21 ;const int
UPPER: .EQUATE 65 ;const int

;Fekkekk hool inRange (int a)
retVal.: .EQUATE 4 ;returned value
a .EQUATE 2 ;formal parameter
0003 CO00015 inRange: LDA LOWER,i Jif (LOWER <= a)
0006 B30002if: CPA a,s
0009 10001C BRGT else
000C C30002 LDA a,s ;. && (a <= UPPER))
OO0O0OF B00041 CPA UPPER,i
0012 10001C BRGT else
0015 CO00001 then: LDA true,i : return true
0018 E30004 STA retVal,s
001B 58 RETO
001C CO00000 else: LDA false,i . return false
001F E30004 STA retVal,s
0022 58 RETO
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THIRD EDITION (Continued)

Assembly Language

;******* maln ()

age: .EQUATEDO ;local variable
0023 680002 main: SUBSP 2,i ;allocate local
0026 330000 DECI age,s .cin >> age
0029 C30000if2: LDA age,s i (
002C E3FFFC STA -45s ;store the value of age
002F 680004 SUBSP 4,i ;push parameter and retVal
0032 160003 CALL inRange ; (inRange (age))
0035 600004 ADDSP 4, ;pop parameter and retVal
0038 C3FFFE LDA -2;s ;load retVal
003B 0A0044 BREQ else2 ;branch if retVal == false (i.e. 0)
OO3E 41004B then2: STRO msgl,d ; cout << "Quialified\n"
0041 040047 BR endif2
0044 410056 else2: STRO msg2.d ; cout << "Ungualified\n"
0047 600002 endif2: ADDSP 2 ;deallocate local
004A 00 STOP
004B 517561 msgl: .ASCIl "Qualified\n\x00"

0056 556E71 msg2: .ASCIl "Unqualified\n\x00"

0063 .END
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Addr essing Mode aaa Operand

Immediate 000 ' OprndSpec
Direct 001 Mem [OprndSpec]

Indirect 010 Mem [Mem [OprndSpec]]
Stack-relative 011 Mem [SP+ OprndSpec]
Stack-relative deferred 100 Mem [Mem [SP+ OprndSpec]]
Indexed 101 Mem [OprndSpec + X]
Stack-indexed 110 Mem [SP+ OprndSpec + X]
Stack-indexed deferred 111 Mem [ Mem [SP+ OprndSpec] + X
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Pentium adlressing
modes

Register ¥ Base + Displacement
mmediate ¥ Index + Displacement

¥ Scaled Index + Displacement

¥ Based Index

¥ Based Scaled Index

¥ Based Index + Displacement

¥ Based Scaled Index + Displacement
¥ PC Relatie
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Indeed adiressing

¥ Oprnd = Mem[OprndSpec + X]
¥ Asmb5 letter x
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i fu_LAEL_.L THIRD EDITION
Global arays

¥ Allocate total umber of kytes ofv
with .BLOCK

¥To access element[i] ,loadi Into index

registermultiply by number of lytes per
cell,use inderd adiressingX)
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Figue 6.34

#include <iostream>
using namespace std;

int vector[4];
inti;

int main () {
for I=0;1<4;i++){
cin >> vector|i];
}
for(i=3;1i>=0;i-){
cout << i <<''<<vector[i] << endl;

}

return O;
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THIRD EDITION (Continued)

0000 04000D BR  main

0003 000000 vector: .BLOCK 8 ;global variable
000000
0000

000B 0000 i: .BLOCK 2 ;global variable
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THIRD EDITION (Continued)

Assembly Language
Sk dkkkok main ()
000D C80000 main: LDX 0, for(i=0
0010 E9000B STX i,d
0013 B80004 forl: CPX 4, <4
0016 OE0029 BRGE endForl
0019 1D ASLX ; an integer is two bytes
001A 350003 DECI vector,x ; cin>> vector]i]
001D C9000B LDX i,d i)
0020 780001 ADDX 1,
0023 E9000B STX i,d
0026 040013 BR  forl
0029 C80003 endForl: LDX 3ii
002C E9000B STX id
002F B80000 for2: CPX O,i
0032 08004E BRLT endFor2
0035 39000B DECO i,d ;. cout <<
0038 500020 CHARO ' C << !
003B 1D ASLX ; an integer is two bytes
003C 3D0003 DECO vector,x ; <<vector[i]
003F 50000A CHARO "\n',i - << endl
0042 C9000B LDX id ;=)
0045 880001 SUBX 1.
0048 E9000B STX i,d
004B 04002F BR for2
O0O4E 00 endFor2: STOP
004F .END
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THIRD EDITION

VECTOF
VECTOF
VECTOF
VECTOF
I
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A Computer Systems

.ruu_m THIRD EDITION

Stack-indeed
acdressing

¥ Oprnd = Mem[SP + OprndSpec + X]

¥ Asmb5 letters:sx
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Local arays

¥ Allocate total umber of lytes ofv with

SUBSPand deallocate witiA\

DDSP

¥To access element[i] ,loadi Into index

registermultiply by number of lytes per
cell,use stack-indeed adlressing £x)




Computer Systems Fique 6.36
THI KD _'EEBIisE 0N

#include <iostream>
using namespace std;

int main () {
int vector[4];
inti;
for(i=0;i<4;i++){
cin >> vector]i];
}
for (1I=3;1>=0;i--) {
cout <<i <<''<<vector[i] << endl;

}

return O;
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Assembly Language

0000 040003 BR  main

;******* maln ()
vector: .EQUATE 2 ;local variable
I .EQUATE O ;local variable
0003 68000A main: SUBSP 10,i ;allocate locals
0006 C80000 LDX 0, for(i=0
0009 EBOOOO STX i
000C B80004 forl: CPX 4, <4
OOOF OE0022 BRGE endForl
0012 1D ASLX ; an integer is two bytes
0013 360002 DECI vector,sx ; cin >> vector]i]
0016 CBO000O LDX i,s ;i)
0019 780001 ADDX 1,
001C EBO0O0O0O STX 1is
001F 04000C BR forl

Figue 6.36
(Continued)
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THIRD EDITION (Continued)

Assembly Language

0022 C80003 endForl: LDX 3, for (i=3

0025 EBO00OO STX i,s

0028 B80000 for2: CPX 0, . i>=0

002B 080047 BRLT endFor2

002E 3B0000 DECO i,s ; cout <<|

0031 500020 CHARO '"'i L o<< !

0034 1D ASLX ; an integer is two bytes
0035 3E0002 DECO vector,sx ; << vector]i]
0038 50000A CHARO "\n'|i << endl

003B CBO0000 LDX i,s ;=)

003E 880001 SUBX 1.

0041 EBOOOO STX i,s

0044 040028 BR  for2

0047 60000A endFor2: ADDSP 10,i ;deallocate locals
004A 00 STOP

004B .END
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SP—> 0 FBCS5 i

2 FBCY vector [0]

FBCO9 vector [1]

A
6 FBCB vector [2]
8 FBCD vector [3]
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. Stack Indegd deérred
acdressing

¥ Oprnd = Mem [Mem[SP + OprndSpec] +

¥ Asmb5 letters:sxf
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'Hfu- ‘!;_-L THIRD EDITION
Passing a localray as
parameter

¥ Push the adress of the brst element of the
aray v with MOV SPAollowed by ADDA
with iImmediate adressing

¥To access elemeni] ,loadi into index
registermultiply by number of kytes per
cell,use stack-indeed deérred adalressing

(sxf )
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. .. : [
High-Order Language
#include <iostream>
using namespace std;

void getVect (int v[], int& n) {
int I;
cin >>n;
for(i=0;i<n;i++){
cin >> VJ[i];
}
}

void putVect (int v[], int n) {
inti;
for(iI=0;i<n;it+){
cout << V[i] <<
}

cout << endl;

}

int main () {
int vector[8];
int numltms;
getVect (vector, numltms);
putVect (vector, numltms);
return O;

}
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THIRD EDITION (Continued)

Assembly Language

0000 040049 BR  main
Jeekek getVect (int v[], int& n)
V. .EQUATE 6 ;formal parameter
n: .EQUATE 4 ;formal parameter
I; .EQUATE O .local variable
680002 getVect: SUBSP 2, ;allocate local
340004 DECI n,sf :cin >>n
C80000 LDX O, for(i=0
EBO0OO STX i,s
BC0004 forl: CPX n,sf ©i<n
OE0025 BRGE endForl
1D ASLX ; an integer is two bytes
370006 DECI v,sxf ;. cin >> V[i]
CBO0000 LDX i,s ;i)
780001 ADDX 1,
EBO00OO STX i,s
04000F BR forl
5A endForl: RET2 ;pop local and retAddr
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Assembly Language

ekt putVect (int v[], int n)
v2: .EQUATE®G ;formal parameter
n2: EQUATE 4 ;formal parameter
12: .EQUATE O ;local variable
0026 680002 putVect: SUBSP 2, ;allocate local
0029 C80000 LDX 0, for(i=0
002C EBO00O0O STX i2,s
002F BBO0004 for2: CPX n2,s ;1<n
0032 OEO0048 BRGE endFor2
0035 1D ASLX , an integer is two bytes
0036 3F0006 DECO v2,sxf ;cout << VJ[i]
0039 500020 CHARO '"'i L o<< !
003C CB0000 LDX i2,s ;i)
003F 780001 ADDX 1.
0042 EBO00OO STX i2,s
0045 04002F BR  for2
0048 5A endFor2: RET2 ;pop local and retAddr

Figue 6.38
(Continued)
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Assembly Language

;******* maln ()
vector: .EQUATE 2 :local variable
numitms: .EQUATE O ;local variable
0049 680012 main: SUBSP 18,i ;allocate locals
004C 02 MOVSPA ;push address of vector
004D 700002 ADDA vector,i
0050 E3FFFE STA -2;s
0053 02 MOVSPA ;push address of numltms
0054 700000 ADDA numltms,i
0057 E3FFFC STA -4;s
OO05A 680004 SUBSP 4,i ;push params
005D 160003 CALL getVect ;getVect (vector, numitms)
0060 600004 ADDSP 4, ;pop params
0063 02 MOVSPA ;push address of vector
0064 700002 ADDA vector,i
0067 E3FFFE STA -2
006A C30000 LDA numltms,s ;push value of numitms
006D E3FFFC STA -4;s
0070 680004 SUBSP 4,i ;push params
0073 160026 CALL putVect ;putVect (vector, numitms)
0076 600004 ADDSP 4, ;pop params
0079 600012 ADDSP 18,i ;deallocate locals
007C 00 STOP
007D .END

Figue 6.38
(Continued)
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I
retAddr

P4 FBB9 N
Fp FBBB Y

SPe—» (0 FBBD NUM)TMS
2 FBBF VECTOR;
4 FBC1 VECTOR;
6 FBC3 VECTOR;
8 FBC5 VECTOR;
10 FBC7 VECTOR;
12 FBC9 VECTOR;
14 FBCB VECTOR;

16 FBCD VECTOR; =
Z Z

NUM)TN
VECTOF
VECTOF
VECTOF
VECTOF
VECTOF
VECTOF
VECTOF
VECTOF

T
o
(9]
M

(a) Before calingGET6ECT (b) Aftercaling GET6ECT
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'Hfu- ‘!;_-L THIRD EDITION
Passing a globalray as
a parameter

¥ Push the adress of the brst element of the
_DAwith Immediate adressin

array v with

¥ To access e
registermultiply by number of kytes per
cell,use stack-indeed deérred adlressing

(sxf )

emei]

loac

| Into Index

(No example pgram)
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¥ Eery .ADDRSScommand rast be
followed by a symbol

¥ The code generatedyp ADDRSSis the

value of the symbol
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h The switch statemen

¥ Set up a jump table wittADDRSS

¥ UseLDXto load the index egister with the
switch value

¥ Execute ASLX once because an aliless
occupies tvo bytes

¥ Execute BRwith indeed adiressing
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#include <iostream>
using namespace std;

int main () {

int guess;

cout << "Pick a number 0..3: ";

cin >> guess;

switch (guess) {
case 0: cout << "Not close"; break;
case 1: cout << "Close"; break;
case 2: cout << "Right on"; break;
case 3: cout << "Too high";

}

cout << end];

return O;

}
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THIRD EDITION (Continued)

Assembly Language

0000 040003 BR  main

;******* maln ()

guess: .EQUATEO ;local variable
0003 680002 main: SUBSP 2, ;allocate local
0006 410037 STRO msgind ;cout << "Pick a number 0..3: "
0009 330000 DECI guess,s ;,cin >> Guess
000C CB0000 LDX guess,s ;switch (Guess)
OOOF 1D ASLX ;addresses occupy two bytes
0010 050013 BR  guessJT,x
0013 001B guessJT: . ADDRSS case0
0015 0021 ADDRSS casel
0017 0027 ADDRSS case?2
0019 002D ADDRSS case3
001B 41004C caseO0: STRO msg0,d ;cout << "Not close"
OO1E 040030 BR endCase ;break
0021 410056 casel: STRO msgl,d ;cout << "Close"
0024 040030 BR endCase ;break
0027 41005C case2: STRO msg2.d ;cout << "Right on"
002A 040030 BR endCase ;break
002D 410065 case3: STRO msg3.d ;cout << "Too high"
0030 50000A endCase: CHARO "\n',i :count << endl
0033 600002 ADDSP 2, ;deallocate local
0036 00 STOP
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Assembly Language

0037 506963 msgin: .ASCIl "Pick a number 0..3: \x00"
0046 4E6F74 msg0: .ASCIl "Not close\x00"

0056. 436C6F msgl: .ASCIl "Close\x00"

0056 526967 msg2: .ASCIl "Right on\x00"

0065. 546F6F msg3: .ASCIl "Too high\x00"

006E .END

Figue 6.40
(Continued)
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Global pointers

¥Allocate storagedr the pointer
with .BLOCK 2 because an anless
occupies tvo bytes

¥ Access the pointer with dect adiressing d)

¥ Access the cell to which the pointer points
with indirect addressingtr)
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' Operator new calling
protocol

¥ Put rumber of tytes to be allocated in
accunulator

¥ CALL new

¥ The index egister will contain a pointer to
the allocated ptes
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#include <iostream>
using namespace std;

int *a, *b, *c;

int main () {
a = new int;
*a=b;
b = new int;
*h = 3;
c=a;
a=b;
*a=2+ *C;
cout << "*a =" << *a << endl;
cout << "p =" << *p << end];
cout << "™c =" << *c << endl;
return O;
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Assembly Language

0000 040009 BR  main

0003 0000 a: .BLOCK 2 ;global variable
0005 0000 b: .BLOCK 2 ;global variable
0007 0000 c: .BLOCK 2 ;global variable

;******* main ()
C00002 main: LDA 2,i ‘a = new int
16006A CALL new
E90003 STX ad
C00005 LDA 5, *a=5
E20003 STA a,n
C00002 LDA 2, ‘b = new int
16006A CALL new
E90005 STX b,d
C00003 LDA 3,i
E20005 STA b,n
C10003 LDA a,d
E10007 STA c,d
C10005 LDA b,d
E10003 STA ad
C00002 LDA 2,i
720007 ADDA c¢,n
E20003 STA a,n
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Assembly Language

003C 410058

003F
0042
0045
0048
004B
004E
0051
0054
0057
0058

3A0003
50000A
41005E
3A0005
50000A
410064
3A0007
50000A
00

2A6120 msgO:

3D2000

005E 2A6220 msgl:

3D2000

0064 2A6320 msg2:

3D2000

STRO msg0,d
DECO a,n
CHARO "\n'|i
STRO msgl,d
DECO b,n
CHARO "\n'ji
STRO msg2,d
DECO c¢,n
CHARO "\n'|i
STOP

cout<<™a="
<< *a
<< endl
,cout <<™p ="
<< *p
<< endl
cout << c ="
T << *C
. << end|

ASCIl "*a =\x00"

ASCII "*b =\x00"

ASCII "¢ = \x00"

Figue 6.41
(Continued)
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*

Assembly Language

RS operator new
Precondition: A contains number of bytes
; Postcondition: X contains pointer to bytes
006A C90074 new: LDX hpPtr,d ;returned pointer
006D 710074 ADDA hpPtr,d ;allocate from heap
0070 E10074 STA  hpPtr,d ;update hpPtr
0073 58 RETO
0074 0076 hpPtr: .ADDRSS heap ;address of next free byte
0076 00 heap: .BLOCK 1 first byte in the heap
0077 .END
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(a) Global pointers at level HOLSG. (b) The global pointers at levAsmb5
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Local pointers

¥ Allocate storagedr the pointer with
SUBSPand deallocate with\DDSP

¥ Access the pointer with stackefative
addressing )

¥ Access the cell to which the pointer points
with stack-elative dekrred adlressing &f )
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#include <iostream>
using namespace std;

int main () {
Int *a, *b, *c;
a = new int;
*a=b;
b = new int;
*b = 3;
c=a,;
a=Db;
*a=2+ *C;
cout << "*a =" << *a << endl;
cout << "*h =" << *ph << endl;
cout << "™c =" << *c << endl;
return O;
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Assembly Language

0000 040003 BR  main

;******* maln ()
a: .EQUATE 4 ‘local variable
b: .EQUATE 2 ;local variable
C: .EQUATE O .local variable
0003 680006 main: SUBSP 6,i -allocate locals
0006 CO00002 LDA 2, ‘a = new int
0009 16006A CALL new
000C EB0004 STX a,s
OOOF CO00005 LDA 5, *a=5
0012 E40004 STA a,sf
0015 C00002 LDA 2,i ‘b = new int
0018 16006A CALL new
001B EBO0002 STX b,s
001E C00003 LDA 3, *h=3
0021 E40002 STA Db,sf
0024 C30004 LDA a,s ‘c=a
0027 E30000 STA ¢,s
002A C30002 LDA b,s a=b
002D E30004 STA a,s
0030 C00002 LDA 2, *a=2+*C
0033 740000 ADDA c,sf
0036 E40004 STA a,sf

Figue 6.43
(Continued)
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Assembly Language

0039 410058 STRO msg0,d ‘cout << "*a ="
003C 3C0004 DECO a,sf , <<*a
003F 50000A CHARO '\n'|i . << endl
0042 41005E STRO msgl,d ,cout <<™*p ="
0045 3C0002 DECO b,sf << *p
0048 50000A CHARO "\n'| << endl
004B 410064 STRO msg2,d ,cout << "¢ ="
004E 3CO0000 DECO c,sf , << *C
0051 50000A CHARO "\n'i ;<< endl
0054 600006 ADDSP 6, ;deallocate locals
0057 00 STOP
0058 2A6120 msg0: .ASCII "*a =\x00"
3D2000
005E 2A6220 msgl: .ASCIl "*b =\x00"
3D2000
0064 2A6320 msg2: .ASCIlI "¢ =\x00"
3D2000
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*

Assembly Language

RS operator new
Precondition: A contains number of bytes
; Postcondition: X contains pointer to bytes
006A C90074 new: LDX hpPtr,d ;returned pointer
006D 710074 ADDA hpPtr,d ;allocate from heap
0070 E10074 STA  hpPtr,d ;update hpPtr
0073 58 RETO
0074 0076 hpPtr: .ADDRSS heap ;address of next free byte
0076 00 heap: .BLOCK 1 first byte in the heap
0077 .END
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0076 5
0078 7

SP—>» (0 FBC9 0076

2 FBCB | 0078

4 FBCD | 0078
TSI

(a) Local pointers at level HOLG6. (b) The local pointers at level Asmb3.
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Global structues

¥ Equate each beld of tlruct  to its offset
from the brst lyte of the struct

¥ Allocate storagedr the total number of

bytes in thestruct  with .BLOCK

¥ To access a belthad the Peld into the inde
register with immediate attessingdllowed
by an instruction with indexd aalressingX)
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#include <iostream>
using namespace std;

struct person {
char first;
char last;
int age;
char gender;
3

person bill;

int main () {
cin >> bill.first >> bill.last >> bill.age >> bill.gender;
cout << "Initials: " << bill.first << bill.last << endl;
cout << "Age: " << hill.age << endl;
cout << "Gender: ";
if (bill.gender =="'m") {
cout << "male\n";
}
else {
cout << "female\n™;

}

return O;




Computer Systems
T H 1 K'D _'ErDErsERG. -

Assembly Language

0000 040008 BR  main
first: .EQUATEO ;struct field
last: .EQUATE 1 ;struct field
age: .EQUATE 2 ;struct field
gender: .EQUATE 4 ;struct field
0003 000000 bill:  .BLOCK 5 ;global variable
0000

;******* maln ()
0008 C80000 main: LDX first,i ;cin >> Dbill.first
000B 4D0003 CHARI hill,x
O0OE C80001 LDX last,i ;. >>bill.last
0011 4D0003 CHARI hill,x
0014 C80002 LDX age,| ;. >>bill.age
0017 350003 DECI bill,x
001A C80004 LDX gender,i ; >>bill.gender
001D 4D0003 CHARI bill,x
0020 41005A STRO msg0,d ;cout << "Initials: "
0023 C80000 LDX  first,i ;<< bill first
0026 550003 CHARO hill,x
0029 C80001 LDX last,i ;<< bill.last

002C 550003
002F 50000A

CHARO bill,x
CHARO "\n',i : << endl

Figue 6.45
(Continued)
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Assembly Language

0032 410065 STRO msgl,d ;cout << "Age: "
0035 C80002 LDX age,i ; << bill.age

0038 3D0003 DECO hill,x

003B 50000A CHARO "\n',i ;<< endl;

003E 41006B STRO msg2,d ;cout << "Gender: "
0041 C80004 LDX gender,i ;if (bill.gender =="'m")
0044 C00000 LDA O,

0047 D50003 LDBYTEA bill,x

004A B0006D CPA 'mii

004D 0CO0056 BRNE else

0050 410074 STRO msg3,d ; cout << "male\n”
0053 040059 BR endlf

0056 41007A else: STRO msg4.d , cout << "female\n"
0059 00 endlf: STOP

005A 496E69 msg0: .ASCIl "Initials: \x00"

0065. 416765 msgl: .ASCIl "Age: \x00"
0065 47656E msg2: .ASCIlI "Gender: \x00"
007.4. 6D616C msg3: .ASCIl "male\n\x00"
007;6.\. 66656D msg4: .ASCIl "female\n\x00"

0082 .END

Figue 6.45
(Continued)
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BILL FIRS[T b 0003 b
BILL LAS[T | 0004 j
BILL AGE 32 0005 | 32

BILL GEND|ERnN 0007 | m

(a) A global structure at (b) The global structure
level HOLG. Asmbb.
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Linked data structue
with a local pointer

¥ Equate the pointer beld to its offsebin
the prst lyte of thenode

¥ Load the offset into the indexegister

¥ Access the beld of the node to which the
pointer points using stack-indesa deérred
addressing (sxf)
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#include <iostream>
using namespace std;

struct node {
int data;
node* next;

%

int main () {

node *first, *p;

int value;

first = O;

cin >> value;

while (value '=-9999) {
p = first;
first = new node;
first->data = value;
first->next = p;
cin >> value;

}

for (p = first; p '= 0; p = p->next) {
cout << p->data <<'";

}

return O;
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Assembly Language

0000 040003 BR main
data: .EQUATEDO :struct field
next. .EQUATE 2 ;struct field

;******* main ()
first: .EQUATE 4 ;local variable
p: .EQUATE 2 ;local variable
value: .EQUATEDO ;local variable
0003 680006 main: SUBSP 6,i ;allocate locals
0006 CO00000 LDA O, first=0
0009 E30004 STA first,s
000C 330000 DECI value,s ;cin >> value
OOOF C30000 while: LDA value,s ;while (value !'=-9999)
0012 BOD8F1 CPA -9999,i
0015 OAOQOO3F BREQ endWh
0018 C30004 LDA first,s ; p =first
001B E30002 STA p,s
001E CO00004 LDA 4, ; first = new node
0021 160067 CALL new
0024 EBO0O004 STX first,s
0027 C30000 LDA value,s ; first->data = value
002A C80000 LDX data,i
002D E70004 STA first,sxf
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Assembly Language

0030 C30002 LDA p,s ; first->next=p
0033 C80002 LDX next,i

0036 E70004 STA  first,sxf

0039 330000 DECI value,s :cin >> value
003C 04000F BR  while

O0O3F C30004 endWh: LDA first,s ;for (p = first
0042 E30002 STA p,s

0045 C30002 for: LDA p,s , p!'=0

0048 B0O000O CPA 0,

004B 0A0063 BREQ endFor

004E C80000 LDX data,i , cout << p->data
0051 3F0002 DECO p,sxf

0054 500020 CHARO ' o<

0057 C80002 LDX next,i ;P = p->next)
005A C70002 LDA  p,sxf

005D E30002 STA p,s

0060 040045 BR  for

0063 600006 endFor: ADDSP 6,i ;deallocate locals
0066 00 STOP
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*

Assembly Language

RS operator new
; Precondition: A contains number of bytes
; Postcondition: X contains pointer to bytes
0067 C90071 new: LDX hpPtr,d ;returned pointer
006A 710071 ADDA hpPtr,d ;allocate from heap
006D E10071 STA hpPtr,d ;update hpPtr
0070 58 RETO
0071 0073 hpPtr: .ADDRSS heap ;address of next free byte
0073 00 heap: .BLOCK 1 first byte in the heap
0074 .END
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0073 10
0075 0
0077 20
0079 | 0073
007/B 30
007D | 0077

VALUEED999 SP—> 0 FBC9 (£9999

p - 2 EBCB | 0077 | P

FIRSTY o— 4 FBCD | 007B| FIRS
2 Ty

(a) The linked list at level HOLG. (b) The linked list at leveAsmb5.
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N Lmked data structue
with a global pointer

¥ A problem br the student

¥ Erercise 6.10
¥ Problem 6.36
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