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Overview

� Assemblerdirectives

thelocationcounter;thesymboltable,allocation,initialization and

alignment;assemblersegments;andconstantexpressions� SPARC loadandstoreinstructions

operandsizes;memoryaddresses;andencodingloadandstore

instructions� Dataorganization

pointers;arrays;structures;andstrings� Addressesandintegers� Addressingmodeson theHP-PA
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AssemblyLanguageConventions

Space any numberof spacesor tabs;cannotappearin anumberor identifier;

optional,unlessspecificallyrequiredor prohibited;readability

Comments “!” andeverythingfollowing on theline.

Identifier anunderscore(“ ”) or a letterfollowedby any numberof

underscores,letters,anddigits.

Label definition anidentifierfollowedby a colon(“:”).

Instruction anoperationnamefollowedby a list of operands;theremustbe

aspacebetweentheoperationnameandtheoperandlist

Operand list a comma-separatedlist of operands;numberof operands

dependson theoperation.

Line empty(i.e.,whitespace);a labeldefinition;aninstruction;or a label

definitionfollowedby aninstruction.

Program asequenceof lines.

Slide3

AssemblerDir ectives—Overview

� Sometimescalledpseudo-operations� Likeaninstruction

specifiedon asingleline; optionallabel;namefollowedby

parameters� Convention:directivenamesstartwith ‘.’� Translation,thelocationcounter, andthesymboltable� Allocation, initialization,andalignment� Assemblersegments� Constantexpressions
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The Translation Process

Source
code

Object
code

Translator
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The Location Counter

� Startsatzero;is incremented(by instructionsize)aseachinstructionis

translated� Logicaladdressof theinstruction� Contrastto programcounter

– translationtime versusexecutiontime

– locationcounteris strictly increasing,programcountercandecrease

(loops)
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The SymbolTable

Source
code

Object
code

Translator

Symbol
table

� Operations:insertandlookup� Labels�
label� address� ; usesthelocationcounter;forwardreferencesare

OK� Symbolicconstants

e.g.,.equiv const,15;
�
name� value� ; usesexplicitly supplied

value;no forwardreferences;avoid theuseof magicnumbers
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Allocation and Initialization

� Sizes: Type Bytes Bits

char 1 8

short int 2 16

int 4 32

long int 8 64� Allocation: .skip;e.g.,.skip 2

� Initialization: name size

.byte 1 byte

.hword 2 bytes

.word 4 bytes

.xword 8 bytes

e.g.,.byte ’a’, ’b’, ’c’
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Example

shortint short one= 22;

charch one= 'a' ;

shortint short two = 33;

charch two = 'A' ;

int int one= 0;

short one: .hword 22

ch one: .byte ’a’

short two: .hword 33

ch two: .byte ’A’

int one: .word 0

� � � � �� � � � �

� � � � �� � � � �

a
a+1
a+2
a+3

a−1

a+4
a+5
a+6
a+7
a+8
a+9
a+10

short_one:

ch_one:

short_two:

ch_two:

int_one: 0

’A’

33

’a’

22
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Alignment

.align 2

short one: .hword 22

ch one: .byte ’a’

.align 2

short two: .hword 33

ch two: .byte ’A’

.align 4

int one: .word 0

� � � � � � � � �� � � � � � � � �	 	 	 	 	 	 	 	 		 	 	 	 	 	 	 	 	

 
 
 
 
� � � � �

� � � � � � � � �
 
 
 
 
 
 
 
 


� � � � � � � � �� � � � � � � � �
a+6
a+4
a+2
a
a−2

a+8
a+10
a+12
a+14

0

’A’
33

’a’
22short_one:

ch_one:
short_two:

ch_two:

int_one:

Assumea is divisibleby 2, but not divisibleby 4
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AssemblerSegments

Source
code

Object
code

Translator

Symbol
table

Text
segment

Data
segment

Explicit segmentidentification:e.g.,.seg ”data”
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The bssSegment

� � � � � �� � � � � �� � � � � �
� � � � � �� � � � � �� � � � � �

� � � � � �� � � � � �� � � � � �
� � � � � �� � � � � �� � � � � �

Data
segment

Code
segment

bss
segment

Data
segment

Text
segment

��
��
��
��
��

��
��
��
��
��

� � � � � �� � � � � �
��
��
��
��
��

��
��
��
��
��

� � � � � �� � � � � �
� � � � � �� � � � � �

Memory image

� � � � �� � � � �
Header

Loader

Object code file
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ConstantExpressions

� Let theassemblerdo themath!� Example

.equiv CarSize,14

.skip 20 * CarSize� Nonrelocatableexpression
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SPARC Load and Store Instructions—Overview

� Storeinstructions� Big endian� Loadinstructions� Addressingmodes

– registerindirect

– registerindirectwith displacement

– registerindirectwith index� Encoding
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SPARC Store Instructions

Mnemonic Operation Synonyms

stb Storebyte stub,stsb

sth Storehalfword stuh,stsh

stw Storeword st,stuw, stsw

stx Storeextended(double)word
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Sizes

� Byte:

B7 B B B B B B B6 5 0124 3   ! ! !
" " "# # #a

Source register

� Halfword:

B7 B B B B B B B6 5 0124 3

a+1
a

$ $ $% % %
& & &' ' '

Source register
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Sizes(continued)

� Word:

B7 B B B B B B B6 5 0124 3

a+3
a+2
a+1

a

( ( () ) )

* * *+ + +

Source register
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Sizes(continued)

� Extendedword:

B7 B B B B B B B6 5 0124 3

a+3
a+2
a+1

a

a+7
a+6
a+5
a+4

, , ,, , ,- - -- - -

. . .. . ./ / // / /

Source register
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SPARC Load Instructions

Mnemonic Operation Synonyms

ldsb Loadsignedbyte

ldsh Loadsignedhalfword

ldsw Loadsignedword

ldub Loadunsignedbyte

lduh Loadunsignedhalfword

lduw Loadunsignedword ld

ldx Loadextended(double)word
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Memory Addresses

� Addressdescription� Effectiveaddresscalculation� Threemodes

– registerindirect

– registerindirectwith displacement

– registerindirectwith index
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RegisterIndir ect

� Syntax:registerin squarebrackets(e.g.,[%r2])� Graphicalinterpretation:

0 0 0 0 00 0 0 0 01 1 1 11 1 1 1

2 2 2 2 22 2 2 2 23 3 3 33 3 3 3
44
44

Register

Memory

� Codeexample:

lduw [%r4], %r5

inc %r5

stw %r5, [%r4]
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UsingSymbolic Addresses

.seg ”data” ! switch to thedatasegment

.align 2

x: .skip 2 ! allocate2 bytes

.seg ”text” ! switch to thetext segment

setx x, %r3,%r4 ! put theaddressof x into %r4

ldsh [%r4], %r5

inc %r5

sth %r5, [%r4]
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RegisterIndir ect with Displacement

� Syntax:register‘+’ smallconstant(e.g.,[%r4 + 24])� Graphicalinterpretation:

Base register

+

5 5 5 5 55 5 5 5 55 5 5 5 5
6 6 6 66 6 6 66 6 6 67 7 7 7 77 7 7 7 77 7 7 7 7
8 8 8 88 8 8 88 8 8 89 9 9 9 99 9 9 9 99 9 9 9 9
: : : :: : : :: : : :

;;
;;
;;
;;

<<
<<
<<
<<

= = = = => > > >? ? ? ? ?@ @ @ @

A A A A AB B B BC C C CD D D

E E E EF F F
GG

HH
H

Displacement
Displacement

Memory
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Expanding the “setx”

sethi %uhi(x),%r3 ! start of setx

or %r3,%ulo(x),%r3

sllx %r3,32,%r3

sethi %hi(x), %r4

or %r4,%r3,%r4

or %r4,%lo(x), %r4 ! endof setx

ldsh [%r4], %r5

inc %r5

sth %r5,[%r4]
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UsingDisplacementAddressing

sethi %uhi(x),%r3

or %r3,%ulo(x),%r3

sllx %r3,32,%r3

sethi %hi(x), %r4

or %r4,%r3,%r4

ldsh [%r4+%lo(x)], %r5

inc %r5

sth %r5, [%r4+%lo(x)]
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RegisterIndir ect with Index

� Syntax:baseregister‘+’ index register(e.g.,[%r4 + %r5])� Graphicalinterpretation:

Base register

+

I I I I II I I I II I I I I
J J J JJ J J JJ J J JK K K K KK K K K KK K K K K
L L L LL L L LL L L LM M M M MM M M M MN N N NN N N N

OO
OO
OO
O

PP
PP
PP
P

Q Q Q Q QR R R RS S S S ST T T T

U U U U UV V V VW W W WX X X

Y Y Y YZ Z Z
[[

\\
\

Index register
Index register

Memory
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Assuming32-bit Addresses

sethi %hi(x), %r4

ldsh [%r4+%lo(x)], %r5

inc %r5

sth %r5, [%r4+%lo(x)]
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EncodingLoad and Store Instructions

31

11

30 29

rd

25 24

op3

19 18

rs1

14 13

0

12

00000000

5 4

rs2

0

11 rd op3 rs1 1 simm13

Field Meaning

rd Destinationregisterfor loadinstructions,

sourceregisterfor storeinstructions

op3 Op code

rs1 Baseregister

rs2 Index register

simm13 Displacementvaluein 13-bit 2’s complementrepresentation
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Opcodes

Operationname op3 Operation

ldsb 00 1001 Loadsignedbyte

ldsh 00 1010 Loadsignedhalfword

ldsw 00 1000 Loadsignedword

ldub 00 0001 Loadunsignedbyte

lduh 00 0010 Loadunsignedhalfword

lduw 00 0000 Loadunsignedword

ldx 00 1011 Loadextendedword

stb 00 0101 Storebyte

sth 00 0110 Storehalfword

stw 00 0100 Storeword

stx 00 0111 Storeextendedword
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ExampleEncoding1

] SPARC instruction:ldsh [%r1+2], %r5] Format
31 30 29 25 24 19 18 14 13 12 0

11 rd op3 rs1 1 simm13

] Fieldvalues

Field Value Encodedvalue

rd %r5 00101

op3 ldsh 001010

rs1 %r1 00001

simm13 2 0000000000010] Encoding:1100101001010000011 0000000000010,or 0xCA506002
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ExampleEncoding2

] SPARC instruction:ldsh [%r1+%r3],%r5] Format
31

11

30 29

rd

25 24

op3

19 18

rs1

14 13

0

12

00000000

5 4

rs2

0

] Fieldvalues

Field Value Encodedvalue

rd %r5 00101

op3 ldsh 001010

rs1 %r1 00001

rs2 %r3 00011] Encoding:1100101001010000010 0000000000011,or 0xCA504003
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ExampleEncoding3

] SPARC instruction:stw %r7, [%r1-12]] Format
31 30 29 25 24 19 18 14 13 12 0

11 rd op3 rs1 1 simm13

] Fieldvalues

Field Value Encodedvalue

rd %r7 00111

op3 stw 000100

rs1 %r1 00001

simm13 -12 1111111110100] Encoding:1100111000100000011 1111111110100,or 0xCE207FF4
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Data Organization—Overview

] How is dataorganizedin memory?] Pointers] Arrays] Structures] Strings
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Pointers

] “pointer to” and“addressof” (usually“pointer to” is associatedwith a

type)] Example

charch1, ^ ptr;

ptr = &ch;^ ptr = 'A' ;] Graphicalinterpretation

ch1:

ptr:

A

17



Slide34

Pointers in AssemblyLanguage

] C code

charch1, _ ptr;

ptr = &ch1;] SPARC code

.seg ”data”

.align 8

ptr: .skip 8 ! an addressis 64bits

ch1: .skip 1 ! a characteris onebyte
...

.seg ”text”

set ch1,%r2 ! %r2= &ch1

sethi %hi(ptr),%r3

stx %r2, [%r3+%lo(ptr)] ! store thevaluein ptr

Slide35

Graphical Inter pretation

` ` ` ` `` ` ` ` `a a a a aa a a a ab b b b bb b b b bb b b b b
c c c c cc c c c cc c c c cd d d d dd d d d de e e e ee e e e e

ff
ff
ff

gg
gg
gg

Memory

ch1:

ptr:
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Pointer Dereferencing

] C code

^ ptr = 'a' ;] SPARC code

sethi %hi(ptr),%r2

ldx [%r2+%lo(ptr)],%r3 ! load thepointervalue

set ’a’, %r4

stb %r4, [%r3] ! useregisterindirectaddressing
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Array Layout and Indexing

] Basics] Iteratingthroughanarray] Nonzero-basedarrays] Multidimensionalarrays
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Arrays: Layout

] Allocation

– C code:

int int arr[24];

– SPARC directive:

.reserve int arr, 24 ^ 4, ”bss” ! 4 bytesper integer] Graphicalinterpretation

h h h h hh h h h hi i i i ii i i i i

j j j j jj j j j jk k k k kk k k k k
l l l l lm m m m m

nn
n
oo
o

p p p pq q q qr r r r rs s s s stt
t
uu
u

v v v v vw w w w wx x x x xy y y y y

zz
zz
zz
zz

{{
{{
{{
{{

Memory

int_arr:

Array space 24 words

1 word
[1]
[2]

[0]

[23]
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Arrays: Indexing

] Scaledaddition

addr | base} elemsizê index

] Graphicalinterpretation

~ ~ ~ ~ ~~ ~ ~ ~ ~� � � �� � � �

� � � � �� � � � �� � � � �
� � � �� � � �� � � �

+ *

Scaled
index� � � � �� � � �

� � � � �� � � �� � � �� � �

��
�

� � � � �� � � �
� � � �� � �� � � � �� � � ���
��

��
��
��
��

Memory

int_arr:

element

Array space Index value

Element size

Base address

20



Slide40

Indexing Example1

] C code

int arr[5] = 47;] SPARC code

set int arr+5̂ 4, %r2 ! theindexedaddresscalculation

set 47,%r3 ! put thevalue47 in a register

stw %r3, [%r2] ! thestore instruction
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Indexing Example2

] C code

int arr[i] = 47;] SPARC code

set int arr, %r2 ! put baseaddressin a register

sethi %hi(i), %r3

ldsw [%r3+%lo(i)], %r3 ! load thevalueof i

sll %r3,2, %r3 ! scaletheindex

set 47,%r4 ! put thevalue47 in a register

stw %r4, [%r2+%r3] ! store thevalue

21
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SumArray Elements

int arr[20];

int sum,i;

sum= 0;

for( i = 0 ; i � 20 ; i++ ) �
sum= sum+ arr[i];�
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Using SimpleControl Transfers

int arr[20];

int sum,i;

sum= 0;

i = 0;

top:

sum= sum+ arr[i];

i = i + 1;

if( i � 20 ) gototop

22
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SPARC code

.reserve arr, 20*4, ”bss”

.seg ”data”

sum: .skip 4

.seg ”text”

clr %r2 ! sum= 0;

clr %r3 ! i = 0;

set arr, %r4 ! %r4 holdsthebaseaddress
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SPARC code(continued)

top:

ldsw [%r4+%r3],%r5 ! arr[i]

add %r5,%r2,%r2 ! sum= sum+ arr[i];

inc 4, %r3 ! i = i + 1;

cmp %r3,80 ! i � 20

bl top

nop

sethi %hi(sum),%r5

stw %r2, [%r5+%lo(sum)]
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Nonzero Arrays

] Basicindexing expression

addr | base} elemsizê�� index � lower�
] Gatheringconstants

addr |�� base� elemsizê lower��} elemsizê index

] Savings:

– wentfrom: subtract,multiply, add

– to: multiply, add
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Example: Allocation and Definitions

] Context

– anarrayof integers

– upperbound34

– lowerbound15] SPARC code

.seg ”data”

.align 4

i: .skip 4

.reserve real base,(34-15+1)̂ 4, ”bss” ! 4 bytesper integer

.equiv img base,real base� 15̂ 4

24
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Example: Indexing

] Setelementwith index i to 432] SPARC code

.seg ”text”

set img base,%r2 ! put baseaddressin a register

sethi %hi(i), %r3

ldsw [%r3+%lo(i)], %r3 ! load thevalueof i

sll %r3,2, %r3 ! scaletheindex

set 432,%r4

stw %r4, [%r2+%r3] ! store thevalue
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Graphical Inter pretation

� � � � �� � � � �� � � � �� � � � �

� � � � �� � � � �� � � � �� � � � �� � � � �� � � � �

� � � � �� � � � �� � � � �� � � � �� � � � �� � � � �

��
��
��
��
��
��
�

��
��
��
��
��
��
�

  
 
¡¡
¡

¢¢
¢
££
£

[1]
[2]

[0]

[19]

real_base:

Allocated space

[34]

[17]
[16]
[15]
[14]

[0]
[1]
[2]

15*4

Memory

Imaginary

img_base:
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Multidimensional Arrays

] Array of arrays] C declaration:int two arr[5][3];] Row majorlayout(FORTRAN usescolumnmajorlayout)
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Graphical Inter pretation¤ ¤ ¤ ¤¤ ¤ ¤ ¤¥ ¥ ¥ ¥¥ ¥ ¥ ¥

¦ ¦ ¦ ¦¦ ¦ ¦ ¦§ § § §§ § § §¨ ¨ ¨© ©
ª ª ª« «
¬ ¬ ¬­ ­
® ® ®¯ ¯[0][0]

[0][1]
[0][2]
[1][0]
[1][1]
[1][2]

[4][0]
[4][1]
[4][2]

row 4

row 1

row 0
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Example: Declarations

° C code

int i, j;

int two arr[5][3];° SPARC code

.seg ”data”

.align 4

i: .skip 4

j: .skip 4

.reserve two arr, (5 ± 3) ± 4, ”bss” ! 5 arraysof 3 elements

! of 4 bytes

Slide53

Example: Access

° C code

two arr[i][j] = 47;° SPARC code

.seg ”text”

set two arr, %r2 ! %r2holdsthearraybaseaddress

sethi %hi(i), %r3

ldsw [%r3+%lo(i)], %r3 ! load i

mulx %r3,3± 4, %r3 ! scaleby thesizeof a row

add %r2,%r3,%r2 ! %r2holdstherow baseaddress

sethi %hi(j), %r3

ldsw [%r3+%lo(j)], %r3 ! load j

sll %r3,2, %r3 ! scaleby theelementsize

set 47,%r4 ! thebaseaddress

stw %r4, [%r2+%r3]
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Structures

° C declarations

structperson² / ³ declareastructure³ /
charname[14];

int salary, age;´
;° Template

4:
0:

8:

24: µ µ µ
¶ ¶

salary
age

name

° Paddingintroducedto supporttiling (following oneaftertheotherwith

noalignmentproblems)
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SPARC Template

! definesfor thestructure person

.equiv SALARY, 0 ! thesalarymemberstartsat offset0

.equiv AGE,4 ! theagememberstartsat offset4

.equiv NAME, 8 ! thenamememberstartsat offset8

.equiv P SIZE,24 ! each structure is 24 bytes

28
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Access:Using ‘.’

° C code

structpersonjoe; / ³ joe is a structurevariable ³ /
joe.age= 25; / ³ joe is 25 ³ /° SPARC code

.seg ”data”

.align 4

joe: .skip P SIZE ! joe is a structure

.seg ”text”

set 25,%r2

sethi %hi(joe+AGE),%r3

stw %r2,[%r3+%lo(joe+AGE)] ! joe.age= 25
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Access:Using ‘ · ’

° C code

structperson³ sam; / ³ samis a pointerto a structure³ /
sam̧ age= 32; / ³ samis 32 ³ /° SPARC code

.seg ”data”

.align 8

sam: .skip 8 ! samis a pointer

.seg ”text”

set 32,%r2

sethi %hi(sam),%r3

ldx [%r3+%lo(sam)],%r4 ! %r4pointsto thestructure

stw %r2,[%r4+AGE] ! sam¹ age= 32

29
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Strings

° Directives:.asciiand.asciz° Representations

– Lengthplusvalue

– NULL terminated° An Example

Slide59

Length Plus Value

° Lengthin first byte° Valuein remainingbytes° Example

my str: .byte last ch � first ch ! just thelength

first ch: .ascii ”Hello, world.”

last ch: ! markingtheend° Sizeof lengthestablishesmaximumstringlength

30
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NULL Terminated

° Valuefollowedby terminatingcharacter° Example

my str: .asciz ”Hello, world.”° Inefficiency of stringlengthandconcatenation
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Calculating String Length

charstr[128];

int len;

len= 0;

while( str[len] º| 0 ) �
len= len + 1;�
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Simple Control Transfers

len = 0;

gototest;

top:

len = len+ 1;

test:

if( str[len] º| 0 ) gototop;
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SPARC Code

.seg ”data”

.align 8

.reserve str, 128,”bss”

len: .skip4

32
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SPARC Code(continued)

.seg ”text”

clr %r2 ! len= 0;

set str, %r3

ba %xcc,test ! gototest

nop

top:

inc %r2 ! len= len+ 1;

test:

ldub [%r3+%r2],%r4 ! load str[len]

brnz %r4, top ! if( str[len] != 0 ) gototop

nop

sethi %hi(len),%r4

stw %r2, [%r4+%lo(len)] ! store len
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Addressesand Integers

° Add anintegerto anaddress° Subtractandintegerfrom anaddress° Subtracttwo addresses
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AddressingModeson the HP PA

° Displacement

preandpostmodification° Indexed

– postmodification

– scaling
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DisplacementAddressingon the HP PA

° Baseregisternot modified

+

Base Register

DisplacementAddress

° Baseregistermodified,post-displacement

+

Base Register

Displacement

Address

° Baseregistermodified,pre-displacement

+

Base Register

DisplacementAddress
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IndexedAddressingon the HP PA

° Simpleindexing

+ Index Register

Base Register

Address

° Baseregistermodification

+ Index Register

Base RegisterAddress
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IndexedAddressingon the HP PA (continued)

° Indexing with scaling
Base Register

*+

Index Register

ScaleAddress

° Baseregistermodificationwith scaling
Base Register

*+

Index Register

Scale

Address
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