Chapter 2
Assemblers
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| ntroduction to Assemblers

o Fundamental functions

Trandate mnemonic operation codes to their
machine language equivalents

Assign machine addresses to symbolic labels used
by the programmer

o Thefeature and design of an assembler depend

Source language It translate
The machine language it produce
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2.1 Basic Assembler Functions

o Assembler

A program that accepts an assembly
language program as input and produces

Its machine language equivalent along with
Information for the loader
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2.1 Basic Assembler Functions (Cont.)

o Constructions of assembly language program

n lnstruction

Label mnemonic operand
o Operand

n  Direct addressing
E.g LDA ZERO
n  Immediate addressing
E.g. LDA #0
n  Indexed addressing
E.g. STCH BUFFER, X
n  Indirect addressing
E.g J @RETADR
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2.1 Basic Assembler Functions (Cont.)

o Congtructions of assembly language program (Cont.)

n Data

Label BYTE vaue
Label WORD vaue
Label RESB vaue
Label RESW value

o Label: name of operand

o Vvalue: integer, character

o E.g EOF BYTE CEOF

o E.g FIVE WORD 5
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Assembler Directives

o Pseudo-instructions
n  Not trandated into machine instructions
n  Provideinstructions to the assembler itsalf

o Basic assembler directives

n  START: specify name and starting address of the program

n  END: specify end of program and (option) the first executable
Instruction in the program

o If not specified, use the address of the first executable instruction
n  BYTE: direct the assembler to generate constants
n  WORD

n RESB: : instruct the assembler to reserve memory location without
generating data values

n RESW
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Example of a SIC Assembler Language
Program (Fig 2.1)

o Godl:
Reads records from input device (code F1)
Copies them to output device (code 05)

Loop until end of the file is detected

o Write EOF on the output device

o Terminate by executing an RSUB instruction

to return to the operating system
Assume this program is called by OS using JSUB
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Example of a SIC Assembler Language
Program (Fig 2.1) (Cont.)

o Datatransfer (RD, WD) method for each record

A buffer is used to store record
o Buffering is necessary for different 1/O rate devices

The end of each record is marked with aNULL
character (00,5)
o Theend of fileisindicated by a zero-length record

o Subroutines (JSUB, RSUB) are used
RDREC, WRREC
Save link register first before nested jump
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Example of a SIC Assembler
L anguage Program (Fig 2.2)

o Show the generated object code for each statement in
Fig. 2.1

o Loc column shows the machine address for each
part of the assembled program
Assume program starts at address 1000

All instructions, data, or reserved storage are sequential
arranged according to their order in source program.

A location counter is used to keep track the address
changing

10
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Example of a SIC Assembler
L anquage Proaram (Fig 2.1,2.2)

Line Loc Source statement Object code ™
5 1000 COoPY ... START.....«.. 1.000.....

10 1000 FIRST ‘o ST ... RETADI et 141033
15 1003 CLOOP :. JSUB RDREC ~""s, 482039
20 1006 i hn7:SLERIEELEEE TENGTH™ 001036
25 1009 COMP ZERO 281030
30 100C TEQ.ueneeees ENDELL. 301015
35 100F *.,.JSUB WRREC % 482061
40 1012 L LLLLEL C]-_;bb- E-)““ 3C1003
45 1015 ENDFIL LDA EOF 00102A
50 1018 STA BUFFER 0C1039
55 101B LDA THREE 00102D
60 101E LSTA e LENGTH 0C1036
65 1021 WILLISUB. . WRRECG. . 482061
70 1024 Lo LDL RETADR:-., 081033
75 1027 “....RSUB . S 4C0000
80 102a EOF BYTHE """ & EOF 1 454F46
85 102D THREE WORD 3 000003
90 1030 ZERO WORD 0 000000
95 1033 RETADR RESW 1

100 1036 LENGTH RESW 1

105 1039 BUFFER RESB 4096
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Example of a SIC Assembler
L anguage Program (Fig 2.1,2.2) (Cont.)

110
115
120
125
130
135
140
145
150
155
160
165
170
175
180
185
190

1NE

2039
203C
203F
2042
2045
2048
204B
204E
2051
2054
2057
205A
205D
205E

SUBROUTINE TO READ RECORD INTO BUFFER

sEEEEmEN
.......
....
o .

0..
a
oy

IIIIIIIIIIII

SLDX
LDA
TD
JEQ
RD
COMP
JEQ
STCH
TIX
giT

ass®

RSUB

0..
L )
...

By

WORD

-----
"y
Ll
[
.
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Example of a SIC Assembler
L anguage Program (Fig 2.1,2.2) (Cont.)

195 .

200 . SUBROUTINE TO WRITE RECORD FROM BUFFER
BAE e e —

210 2061 *.. WRREC _.“LDX ZERO 041030
215 2064 WLOOE D OUTPUT E02079
220 2067 JEQ WLOOP 302064
225 2064 LDCH BUFFER, X 509039
230 206D WD OUTPUT DC2079
235 2070 TIX LENGTH 2C1036
240 2073 LT WLOOP 382064
245 2076 RSUB 4C0000
250 2079 OUTPUT  BYTE  X'05' 05

255 END FIRST

Figure 2.2 Program from Fig. 2.1 with object code.
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Functions of aBasic Assembler

o Convert mnemonic operation codes to their machine
|language equivalents
E.g. STL -> 14 (line 10)
o Convert symbolic operands to their equivalent
machine addresses
E.g. RETADR -> 1033 (line 10)

Build the machine instructions in the proper format

Convert the data constants to internal machine
representations

E.g. EOF -> 454F46 (line 80)
o Write the object program and the assembly listing

o

o

14
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Functions of a Basic Assembler (Cont.)

o All of above functions can be accomplished by
sequential processing of the source program

n  Except number 2 in processing symbolic operands
o Example

n 10 STL RETADR

o RETADRIsnot yet defined when we encounter STL
Instruction

o Cdledforward reference

15
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Symbolic Operands (Renew)

o We’renot likely to write memory addresses
directly in our code.

|nstead, we will define variable names.

o Other examples of symbolic operands
L abels (for jump instructions)
Subroutines
Constants

16
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Address Trand ation Problem

o Forward reference

A referenceto alabel that is defined later in the
program
o Wewill be unable to process this statement
o Asaresult, most assemblers make 2 passes
over the source program
15t pass: scan label definitions and assign addresses
2"d pass: actual trandlation (object code)

17
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Functions of Two Pass Assembler

o Pass1 - define symbols (assign addr esses)
Assign addresses to all statements in the program

Save the values assigned to all labels for use in Pass 2
Process some assembler directives

o Pass?2 - assembleinstructions and generate object
program

Assemble instructions

Generate data values defined by BY TE, WORD, etc.
Process the assembler directives not done in Pass 1
Write the object program and the assembly listing

18
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e ————————————————————————
Object Program

o Finaly, assembler must write the generated

object code to some output device
n Called object program

n Will belater loaded into memory for execution

19

PDF created with FinePrint pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

—!
Object Program (Cont.)

o Contains 3 types of records:
Header record:

Col. 1 H

Col. 2-7 Program name

Col. 8-13 Starting address (hex)

Col. 14-19 Length of object program in bytes (hex)
Text record

Col.1 T

Col.2-7 Starting address in this record (hex)

Col. 8-9 Length of object code in this record in bytes (hex)
Col. 10-69 Object code (hex) (2 columns per byte)
End record

Col.1 E

Col.2~7 Address of first executable instruction (hex)

(END program_name)

20
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Object Program for Fig 2.2 (Fig 2.3)

Program name,Starting address (hex),Length |
of object program in bytes (hex)

--------------------------------------------------------

Tt L N,
rnnwﬂmmuoa:aaazuaauumaazs1030301015432051301003001uzg\ucmaauuwzn;

TUU lUlElSUClDSﬁﬁBZ DE-IUBlUBS#CUUUG@S-‘-’}F#GDUGDOSOBUUUU E
T0020391E04 1{]30{}0l030E0205D30203FD8205D28103030205?5#90392{]2{]5}?}\38203]?;
&00205116},‘1DlUBBﬁlﬁC{JUUUFIDUIUUO{M10301‘.020?930206450903913}(320?92!31036
T002073073820644C000005
EﬁﬂDIUD{}

Starting address (hex),Length of object
code in this record (hex),Object code (hex)

21

corrg
Address of first executable
instruction (hex)
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2.1.2 Assembler Algorithm and Data
Structures

o Algorithm
n Two-pass assembler

o Data Structures
n Operation Code Table (OPTAB)
n Symbol Table (SYMTAB)
n Location Counter (LOCCTR)
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|nternal Data Structures

o OPTAB (operation codetable)

n  Content
o Menmonic machine code and its machine language equivalent
o May aso includeinstruction format, length etc.

n Usage
o Pass1: used to loop up and validate operation codes in the source
program

o Pass2: used to trandate the operation codes to machine language
n  Characteristics

o  Static table, predefined when the assembler is written
n  Implementation

o Array or hash table with mnemonic operation code as the key (preferred)
n  Ref. Appendix A

23
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Internal Data Structures (Cont.)

o SYMTAB (symbol table)

Content

o Label name and its value (address)

o May aso include flag (type, length) etc.
Usage

o Passl: labelsare entered into SYMTAB with their address (from
LOCCTR) asthey are encountered in the source program

o Pass 2. symbols used as operands are looked up in SYMTARB to
obtain the address to be inserted in the assembled instruction

Characteristic
o Dynamic table (insert, delete, search)

|mplementation
o Hashtablefor efficiency of insertion and retrieval

24
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e ————————————————————————
Internal Data Structures (Cont.)

o Location Counter

n A variable used to help in assignment of
addresses

n Initialized to the beginning address specified in
the START statement

n Counted in bytes

25
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Algorithm for 2 Pass Assembler (Fig
2.4)

o Figure 2.4 (a): algorithm for pass 1 of
assembl er

o Figure 2.4 (b): algorithm for pass 2 of
assembl er
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Algorithm for 2 Pass Assembler (Fig
2.4)

o Both passl and pass 2 need to read the
source program.

However, pass 2 heeds more information
o Location counter value, error flags

o Intermediate file

Contains each source statement with its assigned
address, error indicators, etc

Used as the input to Pass 2

27

PDF created with FinePrint pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

———
|ntermediate File

Sour ce nLABEL, OPCODE, OPERAND
Program

l

Pass1 __/Intermediat Pass 2 Obj ect
assembler file [ assembler Program

....................................

' LOCCTR | OPTAB | SYMTAB -

28
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Algorithm for Pass 1 of Assembler
(Fig 2.4a)

Pass 1:

begin
read first input line

save #[OPERAND] as starting address
initialize LOCCTR to starting address
write line to intermediate file
read next input line
end {if START}
else
initialize LOCCTR to 0
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begin
if this is not a comment l1line then
begin
if there is a symbol in the LAREIL:, field then
begin
search SYMTAR for ILABEL
if found then
set errory flag (daplicate symbol)
else
insert (LABEL, LOCCTR) into SYMI'AB
end {if symbol}
search OPTAR for OPCODE
if found then
add 3, {instructicon. . length} to LOCCTR
else if OPCODE = ‘“WORD’ i then
add 3.""E6""fl.-_.;t.j.t.fé?f[.fﬁ:"""""""""".:
else if OPCODE = *“RESW’ then
add 3. .*. . #HIORPERANDI. . Lo LOCCTR
else if OPCODE = ‘RESB’:then
add #[OBERANST €8 HOCTR
else if OPCODE = ‘BYTE! then
find length of constant in byvtes
add length to LOCCTR
end {if BYTE}
else
2 set error flag (invalid operation code)
RN end {if not a. .cemmenth e .
LLwrrite. line.  to.dintermediate. . file... ..

read next input line
................. end {while 1ot FEIND E ooty

write last line to intermediate file
save (LOCCTR — starting address) as program length

Figure 2.4(a) Algorithm for Pass 1 of assembler.
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Algorithm for Pass 2 of Assembler
(Fig 2.4b)

Pass 2:

begin
read first input line {from intermediate file)

write listing line
read next input line
end {1f START)

1n1t1allze flrst Text record

e ales ke — —  — —
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if this is not a coment line then
begin
search OPTAR for OPCODE
if found then

begin
1f there 1s a svibol 1n OPERAND fi=ld then
beagin
gearch SYMTABR for OPERAND
if found then
store syvmkol value as operand address
aelse
begin
store {0 as operand address
scet error flag (undefined =symbool}
and
and {if svymool}
alsae

store 0 as operand address
assaemble the cbhlject code instruction
end {if opcode. foundl. . ...
else if OPCODE = 'BYTE’ <r 'WORD‘Y then
COI'J.‘EE'E']:"L'"'i’.‘.UI’IS’t’E'IIt"'tﬂ""ﬂb_‘j’ét’t""d'ﬂ'&e
i1f ocbject code will not £it into the current Text record then

initialize new Text record
and
add object code to Text record
and {if mot comment}?
write listing line
read next input line
end {while not END}
Cwrite last Text record to objec tprogram
E write End record to object program :
Swrdibeslast. listing. Line . v, i

and {Pass 2%}

Figure 2.4(b) Algorithm for Pass 2 of assembler.
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Assembler Design

o Machine Dependent Assembler Features
Instruction formats and addressing modes
program relocation

o Machine Independent Assembler Features
literals
symbol-defining statements
expressions
program blocks
control sections and program linking

o Assembler design Options
one-pass assemblers
multi-pass assemblers

33
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2.2 Machine Dependent Assembler
Features

o Machine Dependent Assembler Features

n SIC/XE
n Instruction formats and addressing modes
n Program relocation
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————
SIC/XE Assembler

o Previous, we know how to implement the 2-
pass SIC assembler.

o What’s new for SIC/XE?
n More addressing modes.
n Program Relocation.

35
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e —
SIC/XE Assembler (Cont.)

o SIC/XE
n  Immediate addressing: op #e
n  Indirect addressing: op @m
n PC-relative or Base-relative addressing: op m

o Theassembler directive BASE is used with base-relative addressing

o If displacements are too large to fit into a 3-byte instruction, then 4-byte
extended format is used

n  Extended format: +0p m

n  Indexed addressing: op m, X
n  Register-to-register instructions

n Large memory

o  Support multiprogramming and need program reallocation capability

36
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Example of a SIC/XE Program (Fig
2.5)

o |mprove the execution speed
Register-to-register instructions

|mmediate addressing: op #c
o Operand isaready present as part of the instruction

Indirect addressing: op @m
o Often avoid the need of another instruction
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Example of a SIC/XE Program (Fig
2.5,2.6)

Line

3
10
Ris?
13
15
20
25
30
3b
40
45
50
b
60
65
70
80
95

100
105

E I B

Loc

C000
0000
0003

0006
000A
000D
0010
0013
0G17
001A
CO1D
G020
0023
0026
002Aa
002D
0030
0033
0036

Source statement

ENDFIL

EQF

RETADR
LENGTH
BUFFER

START 0O
ST Lareansras RETADR, .
" IDB . #LENGTH..*
BASELLLLL LENGTH
:....+JSUB RDREC ">
e COMP HO . iuees st
TEQmenenees ENDEIL
3 +JSUB WRREC 7%
.:j! ............... Ctlaj('ji;‘}
LLDA EOF
v BUFFER
= Lpa #3 o
ST TENGTH
wRISUB L WRRECT
g @RETADR"
- et
RESW 1
RESW 1
RESB 4096
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Object code

17202D
69202D

4B101036
032026
290000
332007
4B10105D
3F2FEC
032010
0Fr2016
010003
QF200D
4B10105D
3E2003
454F46
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Example of a SIC/XE Program (Fig
2.5,2.6) (Cont.)

110 y

115 . SUBROUTINE TO READ RECORD INTO BUFFER
120 .

125 1036 RDREC CLEAR X BA10

130 1038 CLEAR A B400

132 L03A CLEAR ... = B440

133 103C < ¥LDT 4096 75101000
135 1040 RLOOP B 5 B THEUT E32019
40 1043 JTEQ RT.OOP 332FFA
145 1046 RD INPUT DB2013
150 1049 COMPR. A, S AQD4

155 1048 JEQ EXIT 332008
160 104E STCH BUFFER, X 570003
765 1051 TIXR T B850

70 1053 JLT ELOOP 3RZ2FEA
175 1056 EXIT ST LENGTH 134000
180 1059 RSUB 470000
185 105C INPUT EYTE X' FL’ £

T
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Example of a SIC/XE Program (Fig
2.5,2.6) (Cont.)

195 .

200 x SUBROUTZNE TO WRITE RECORD FROM BUFFER
205 .

210 105D WREREC CLEAR X B410
212 105F LT LENGTH 774000
215 1062 WLOOP D CUTPUT 232011
220 1065 JZ0 wWLOOP 332FFA
225 1068 LDCH BUFFER, X 53C003
230 “06B WD QUTEUT DF2003
235 Z06E TIXK T B850
240 1070 JLT WLOOP JBZFEF
245 1073 FSUB 4FQ000
250 1076 CUTPUT BYTE X105’ 05

235 END FIRST

Figure 2.6 Program from Fig. 2.5 with object code.
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2.2.1 Instruction Formats and
Addressing Modes

o START now specifies a beginning program
address of O
Indicate arelocatable program
o Register trandlation

For example: COMPR A, S=> A004

Must keep theregister name (A, X, L, B, S, T, F,
PC, SW) and their values (0,1, 2, 3,4, 5, 6, 8, 9)
o KeepinSYMTAB

41
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Address Translation

o Most register-to-memory instructions are assembled
using PC relative or base relative addressing

Assembler must calculate a displacement as part of the
object instruction
If displacement can be fit into 12-bit field, format 3 is used.

Format 3: 12-bit address field
o Baserdative: 0~4095
o PC-rdative -2048~2047

Assembler attempts to transate using PC-relative first, then
base-relative

o If displacement in PC-relative is out of range, then try base-relative

42
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Address Trandlation (Cont.)

If displacement can not be fit into 12-bit field in
the object instruction, format 4 must be used.

o Format 4. 20-bit address field

o No displacement need to be calculated.
20-bit is large enough to contain the full memory address

o Programmer must specify extended format: +op m

o Forexample: +JSUB RDREC => 4B101036
LOC(RDREC) = 1036, get it from SYMTAB

43
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PC-Relative Addressing Modes

o 10 0000 FIRST STL RETADR 17202D
Displacement= RETADR — (PC) =30-3=2D
Opcode (6 bits) =14,,=00010100,

nixbpe=110010
o Nn=1,1 = 1:indicate neither indirect nor immediate addressing
o p=1: indicate PC-relative addressing

‘OPCODE‘n‘i‘x‘bne‘ Address

[ oooror [1]1]ofofMo] (), ]
Object Code = 17202D

44
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PC-Relative Addressing Modes (Cont.)

o 40 0017 J CLOOP 3F2FEC
Displacement= CLOOP - (PC) =6- 1A =-14=FEC (2's
complement for negative number)

Opcode=3C,; = 00111100,

nixbpe=110010
‘OPCODE‘n‘i‘x‘bne‘ Address ‘
[ oo1111 [1]1]o]oWo]  (FE0), ]

Object Code = 3F2FEC

45
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Base-Relative Addressing Modes

o Baseregister isunder the control of the
programmer

Programmer use assembler directive BASE to specify which
value to be assigned to base register (B)

Assembler directive NOBASE: inform the assembler that the
contents of base register no longer be used for addressing

BASE and NOBASE produce no executable code

46
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Base-Relative Addressing Modes
(Cont.)

o 12 LDB #LENGTH

o 13 BASE LENGTH ;N0 object code

o 160 104E STCH BUFFER, X 57C003
Displacement= BUFFER — (B) = 0036 — 0033(=LOC(LENGTH)) =3
Opcode=54
nixbpe=111100

o  n=1,i=1:indicate neither indirect nor immediate addressing
o X =1:indexed addressing
o b =1:Dbaserelative addressing

‘OPCODE‘n‘i‘xup‘e‘ Address ‘
[ w0101 [1]1[1]Wo]o] (003, ]
Object Code = 57C003

PDF created with FinePrint pdfFactory Pro trial version www.pdffactory.com
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Address Translation

o Assembler attemptsto trandate using PC-relative
first, then base-relative

eg. 175 1053 STX LENGTH 134000
o Try PC-relativefirst
Displacement= LENGTH - (PC) = 0033 - 1056 = -1026 (hex)
o Try base-relative next
displacement= LENGTH — (B) = 0033 — 0033 =0
Opcode=10
nixbpe=110100
n=1, i = 1: indicate neither indirect nor immediate addressing
b = 1. base-relative addressing

48
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|mmediate Address Trand ation

o Convert the immediate operand to its internal
representation and insert it into the instruction

o 955 0020 LDA #3 010003

Opcode=00
nixbpe=010000

o |1 =1.immediate addressing

‘OPCODE‘nnx‘b‘p‘e‘ Address ‘

[ 000000 [oJ¥o]ofoJo] (003, ]
Object Code = 010003

49
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Immediate Address Trandation (Cont.)

o 133 103C +LDT #4096 /75101000
Opcode=74
nixbpe=010001

o |1 =1.immediate addressing
o e=1: extended instruction format since 4096 is too large to fit
Into the 12-bit displacement field

‘OPCODE‘nnx‘b‘pE Address ‘

[ 011101 [o¥oJolo]  (01000),, |
Object Code = 75101000

50
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Immediate Address Trandation (Cont.)

o 12 0003 LDB  #LENGTH 69202D

The immediate operand is the symbol LENGTH
o Theaddressof LENGTH isloaded into register B

Displacement=LENGTH — (PC) = 0033 — 0006 = 02D
Opcode=68,; = 01101000,

nixbpe=010010
o Combined PC relative (p=1) with immediate addressing (i=1)

‘ OPCODE ‘ n e‘ Address ‘
[ 011010 o o] (D), |
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Immediate Address Trandation (Cont.)

o 550020 LDA #3 010003
Opcode = 00,4 = 00000000,
nixbpe=010000

o | =1 1immediate addressing
[ opcope [n [l <o Ple]  Address ]

[ 011010 [oJ¥o]o] Jo]  (2d),, ]

PDF created with FinePrint pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

—!

|ndirect Address Trandation

o Indirect addressing

The contents stored at the location represent the
address of the operand, not the operand itself

Target addressing is computed as usual (PC-
relative or BASE-relative)

nhitissetto 1l

53
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Indirect Address Translation (Cont.)

o /0 002A J @RETADR 3E2003
Displacement= RETADR- (PC) = 0030 — 002D =3
Opcode= 3C
nixbpe=100010

o n=1: indirect addressing
o p=1: PC-relative addressing

[opcobE Bl i [x[oe]  Address |
[ 001111 E¥ofoJofMo] (003, |

54
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Note
o Ref: Appendix A
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2.2.2 Program Relocation

o Thelarger main memory of SIC/XE
Several programs can be |loaded and run at the same time.

Thiskind of sharing of the machine between programsis
called multiprogramming

o Totake full advantage
Load programs into memory wherever there is room
Not specifying afixed address at assembly time
Called program relocation

56
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2.2.2 Program Relocation (Cont.)

o Absolute program (or absolute assembly)

n  Program must be loaded at the address specified at assembly time.
n E.g.Fig. 2.1 program loading

starting address 1000
COPY START 1000 “ | J
FIRST STL RETADR

o €0.55 101B LDA THREE 00102D

n  What if the program is loaded to 2000

e.g.55 101B LDA THREE 00202D
o Each absolute address should be modified

57
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Example of Program Relocation (Fig
2.7

0000 :
0008 | 48101026 | (+JSUB FRDREC)
1036 | B410 le—RDREC
1076 - .
SO00 :
5006 | 4B106036 | (+JSUB RDREC)
3635 5410. — RDREC
6076 :
T4.2'D -
7az6 | aB1084ass | (+JSUB RDREC)
8456 | 8410 4+— RDREC
: H
B496 -
{a) {b) (c)

Figure 2.7 Examples of pragram relocation.
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2.2.2 Program Relocation (Cont.)

o Relocatable program| copy START o« Programloading

FIRST STL ~ RETADR|  Satingaddressis
: determined at load

time

An object program that contains the information necessary to perform
address modification for relocation

The assembler must identify for the loader those parts of object
program that need modification.

No instruction modification is needed for

o Immediate addressing (not a memory address)

o PC-relative, Base-relative addressing

The only parts of the program that require modification at load time
are those that specify direct addresses

o InSIC/XE, only found in extended format instructions

59
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|nstruction Format vs. Relocatable
L oader

o InSIC/XE

n Formatl, 2, 3
o Not affect

n  Format 4
o Should be modified
o InSIC

n Format 3 with address field

o Should be modified
o SIC does not support PC-relative and base-relative addressing
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R,
Relocatable Program

o We use modification records that are added to the
object files.

Pt e st

o Modification record
n Coll M
n  Col 2-7 Starting location of the address field to be
modified, relative to the beginning of the program (hex)
n  Col 89 length of the address field to be modified, in half-bytes
n E.g M,000007,05

Beginning address of the program isto be added to afield that begins
at addr ox000007 and is 5 bytes in length.
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Lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll!!
Object Program for Fig 2.6 (Fig 2.8)

HCDPY UDDUDUUOIU?T

ETUUUUGUIDI?EEZDBQZUED&BIDI03603202629000033200?&310105DBF2FECD32010 5

Ernooolpl30F20160100030quun43101usn3E200345¢rae :
ETDUlUB&lgF&lUB&OUB&#G?SID1000E32019332FF5PB201SADU@QBZDGBS?CODSBBSUé
: 3c003nF20033550§
- T0010531DIB2FEA] 34000470000F LB4107 74000832011 332FFAS ;

B s D A
795

 ¥00001405

Eunnonzrus

qpﬂﬂﬂﬂﬂ

Figure 2.8 Object program corresponding to Fig. 2.6.
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2.3 Machine-Independent Assembler
Features

o Literas

o Symbol-Defining Statements

o EXpressions

o Program Blocks

o Control Sections and Program Linking
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2.3.1 Literals

o Designidea
L et programmers to be able to write the value of a
constant operand as a part of the instruction that usesiit.

This avoids having to define the constant elsewhere in the
program and make up alabd for it.

Such an operand is called a literal because thevalueis
stated “literally” in the instruction.

A litera isidentified with the prefix =

o Examples
45 O0O1A ENDFILLDA =CEOF 032010
215 1062 WLOOPTD =X"05’ E32011

64
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e ————————————————————
Orlgl nal Program (Flg 2.0)

0000 COPY START

10 0000 FIRST STL RETADR 17202D
12 0003 LDB #LENGTH 69202D
13 BASE LENGTH

15 0006 CLOOP +JSUB RDREC 4B101036
20 000A LDA LENGTH 032026
25 000D COMP #0 290000
30 0010 JEQ ENDFIL 332007
b 0013 +JSUB WRREC 4B10105D
40 0017 J CLOOP IFZFELC
a5 001A ENDFIL LDA EQF 032010
50 001D STA BUFFER 0F2016
55 0020 LDA #3 010003
60 0023 STA LENGTH 0F200D
65 0026 +JSUB WRREC 4B10105D
70 002A J E@RETADR 3E2003
80 002D EQF BYTE CrEQF ! 454F46
cfe 0030 RETADR RESW s
100 0033 LENGTH RESW 3
105 0036 BUFFER RESB 4096

11N
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Using Literal (Fig. 2.9)

5
10
13
14
15
20
25
30
35
40
45
50
59
60
65
70
93
95

100
105
106
107
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COFY,
FIRST

CLOOP

ENDFIL

RETADR
LENGTH
BUFFER
BUFEND
MAXLEN

START 0

STL RETADR
LDB #LENGTH
BASE LENGTH
+JSUB RDREC
LDA LENGTH
COMP #0

JEQ ENDFIL
+JSUB WRREC
J CLOOP
LDA =C EOF"
STA BUFFER
LDA #3

STA LENGTH
+JSUB WRREC
J GRETADR
LTORG

RESW 1

RESW 1

RESB 4096
EQU ¥

EQU BUFEND-BUFFER

COPY FILE FROM INPUT TO OUTPUT
SAVE RETURN ADDRESS
ESTABLISH BASE REGISTER

READ INPUT RECORD
TEST FOR EOF (LENGTH = 0)

EXIT IF EOF FOUND

WRITE OUTPUT RECORD

LOOP

INSERT END OF FILE MARKER
SET LENGTH = 3

WRITE EOF

RETURN TO CALLER

LENGTH OF RECORD
4096-BYTE BUFFER AREA

MAXIMUM RECORD LENGTH
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S —
Obj ect Program Usi ng Literal

10
13
14
15
20
25
30
35
40
45
50
55
60
65
70
93

95

0000
0000
0003

0006
000A
000D
0010
0013
0017
001A
001D
0020
0023
0026
002A

002D
0030

COPY
FIRST

CLOOP

ENDFIL

*

RETADR
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START

STL RETADR 17202D
LDB #LENGTH 69202D
BASE LENGTH
+JSUB RDREC 4B101036
LDA LENGTH 032026
COMP #0 290000
JEQ ENDFIL 332007
+JSUB WRREC 4B10105D
J CLOOP 3F2FEC
LDA =C'EQF'’ 032010
STA BUFFER 0F2016
LDA #3 010003
STA LENGTH F200D
+JSUB WRREC B10105D
J @RETADR E2003
LTORG | The same as before

=L "BEOF’ 454F46
RESW 1
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e ————————————————————
Origina Program (Fig. 2.6)

205 .

210 105D WRREC CLEAR X B410
212 105F LDT LENGTH 774000
215 1062 WLOOP D QUTPUT E32011
220 1065 JEQ WLOOP 332FFA
225 1068 LDCH BUFFER, X 53C003
230 106B WD QUTPUT DF2008
235 106E TIXR T B850
240 1070 JLT WLOOP 3B2FEF
245 1073 RSUB 4F0000
250 1076 QUTPUT ___ BYTE X' 05" 05

255 END FTRST

68
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Using Literal (Fig. 2.9)

D5
200
205
210
212
215
220
e
230
L
240
245
892

WRREC

WLOOP

SUBROUTINE TO WRITE RECORD FROM BUFFER

CLEAR X

LDT LENGTH
TD =X'05"
JEQ WLOOP
LDCH BUFFER, X
WD =X'05'
TIXR ¢4

JLT WLOOP
RSUB

END FIRST
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CLEAR LOOP COUNTER

TEST OUTPUT DEVICE

LOOP UNTIL READY

GET CHARACTER FROM BUFFER

WRITE CHARACTER

LOOP UNTIL ALL CHARACTERS
HAVE BEEN WRITTEN

RETURN TO CALLER

69
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S —
Object Program Using Literal

FAVES

210 105D WRREC CLEAR X B410

212 105F LDT LENGTH 774000
e 1062 WLOOP TD =X’'05" E32011
220 1065 JEQ WLOQOP 32FFA
225 1068 LDCH BUFFER, X FBCODB
230 106B WD =X'05* DEF2008
235 106E TIXR T B&50
240 1070 JLT WLOOP B2FEF
245 1073 RSUB | The same as before 4F0000
255 END FIRST
1076 * =X'05" 05

70
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Opject Program Using Literal (Fig 2.9

& 2.10)

Line Loc Source statement Object code
5 0000 COPY START 0
10 0000 FIRST STL RETADR 17202D
13 0003 DB #LENGTH £9202D
14 BASE ~ENGTH
15 0006 CLOOP +TSUB RDREC 4B101036
20 000A LDA T, ENGTH 032026
25 000D COMP #0 260000
30 0010 JEQ ENDFTL 332007
35 0013 +TSUB WRREC 4810105D
..... A0 0L e e W CLQOR e SE2FEC
45 001a ENDFIL: LDA —C ' EOF* 032010 H
ST R gyt raa s en s Bpipe e BUEE e AEINTE
55 0020 LDA #3 010003
60 0023 STA LENGTH OF200D
65 0026 +JSUB WRREC AR10105D
..... 0 BO2A T BRETADR L 2B2003
93 LTORG E
AN &1 €0~ & S, N evnmasrannnnnl O et 454F46 .
- 85 0030 RETADR RESW 1
100 0033 LENGTII RESW 1
A0S rernnns QO3B rnnens BUEEER.cuvees BESB.cvaniaes e T .
106 1036 BUFEND EQU * :
e o b A 1000, ... MAXLEN....... EQ . einnnns BUEENRBUEEER v vesrnmsnsrnnces :
110
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Lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll!!
Object Program Using Literal (Fig 2.9

& 2.10) (Cont.)

110
115
120
125
130
132
133
135
140
145
150
155
160
165
170
175
180
185

140K

1036
1038
103
103C
1040
1043
1046
1049
104B
104E
1051
1053
1056
1059
105C

SUBROUTINE TO READ RECORD INIC BUFFER

RDREC CLEAR
CLEAR
CLEAR
+LDT
RLOOP TD
JEQ
RD
COMPR
JEQ
STCH
TIXR
JLT
EXIT STX
RSUB
TNPUT BYTE
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X

A

S
FMAXT,ZN
TNPUT
RLOOP
INPUT
A,S
EXIT
BUFFER, X
T
RLOOP
LENGTH

X'Fl’

B410
B400
B440
75101000
E320193
332FFA
DB2013
AQC4
332008
57C003
B850
3B2FEA
1340400
4F0000
Fl
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—————————————
Object Program Using Literal (Fig 2.9

& 2.10) (Cont.)

1lYh .

200 . SURROUTINE TC WRITE RECOED FROM BUFFER

205 .

210 105D WRREC CLEAR X B410
2212 105F . LT LENGTH 774000
A s E R i

1> 1062 M ST
225 1068 LDCH  BUFFER,X 53C003
1230, 1068 WD ....%08] “BE08

20 10c2 L —

240 1070 JLT WLOOP 3B2FEF

245 1073 RSUB 4F0000
2B LEND FIRST
e 1076 KOS i 05

Figure 2.10 Program from Fig. 2.9 with object code.
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Literals vs. Immediate Operands

o Immediate Operands

The operand value is assembled as part of the machine instruction
eg. 25 0020 LDA #3 010003

_ Similar to define
o Literas constant

The assembler generates the specified value as a constant at some
other memory location

The effect of using aliteral is exactly the same as if the programmer
had defined the constant and used the |abel assigned to the constant as
the instruction operand.

eg.45 O001A ENDFIL LDA  =CEOF 032010 (Fig. 2.9)
o Compare (Fig. 2.6)
eg.45 O001A ENDFIL LDA  EOF 032010
80 002D EOF BYTE CEOF 454F46 ”
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Literal - Implementation

o Literal pools

All of the literal operands are gathered together
Into one or more literal pools

Normally, literal are placed at the end of the
object program, i.e., following the END statement
by the assembler

E.g., Fig. 2.10 (END statement)
255 END FIRST
1076 * =X"05’ 05

75
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Literal — Implementation (Cont.)

In some case, programmer would liketo place literalsinto a
pool at some other location in the object program

o Using assembler directive LTORG (see Fig. 2.10)

o Createaliteral pool that contains all of the literal operands used

since the previous LTORG
o €g.,45 001A ENDFIL LDA  =CEOF 032010 (Fig.2.10)
93 LTORG
002D  * =C'EOF 454F46

o Reason: keep the literal operand close to the instruction referencing
It
Allow PC-relative addressing possible

76
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Literal - Implementation (Cont.)

o Duplicateliterals

eg. 215 1062 WLOOP TD  =X05
eg. 230 106B WD  =X'05

The assemblers should recognize duplicate literals and
store only one copy of the specified data value
o Compare the character strings defining them

E.g., =X'05’

Easier to implement, but has potential problem (see next)

Same Or compare the generated data value
symbols, E.g.theliterals =C’'EOF and =X’454F46" would specify identical
only one operand value.
addressis Better, but will increase the complexity of the assembler
\_assigned )/

77
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Literal - Implementation (Cont.)

o Becareful when using literal whose value
depends on their |ocation in the program

o For example, aliteral may represent the
current value of the location counter

Denoted by *

“‘LDB =*" may result in different object code
when it appear in different location

Cannot consider as duplicate literals

78
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Basic Data Structure for Assembler to
Handle Literal Operands

o Data Sructure: literal table- LITTAB

n  Content
o Literal name
o Theoperand value and length
o Address assigned to the operand

n  Implementation

o Organized as ahash table, using literal name or value
as key.
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How the Assembler Handles Literal s?

o Passl

Build LITTAB with literal name, operand value and length, (leaving
the address unassigned).

Handle duplicate literals. (Ignore duplicate literals)

When encounter LTORG statement or end of the program, assign an
address to each literal not yet assigned an address

o Remember to update the PC value to assign each literal’s address

o Pass?2
Search LITTAB for each literal operand encountered

Generate data values in the object program exactly as if they are
generated by BY TE or WORD statements

Generate modification record for literals that represent an addressin
the program (e.g. alocation counter value)

80
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———————————————————
2.3.2 Symbol-Defining Statements

o Labelson instructions or data areas

n Thevalue of such alabel isthe address assigned to the
statement on which it appears

o Defining symbols
n  All programmer to define symbols and specify their values
n Format: symbol EQU value
o Vaue can be constant or expression involving constants and

previously defined symbols
n  Example
o MAXLEN EQU 4096
o +LDT #MAXLEN

81
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2.3.2 Symbol-Defining Statements
(Cont.)

o Usage:
Make the source program easier to understand
o How assembler handlesit?

In pass 1. when the assembler encounters the
EQU statement, it enters the symbol into
SYMTAB for later reference.

In pass 2. assembl e the instruction with the value
of the symbol

o Follow the previous approach

82
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Examples of Symbol-Defining

Statements
o E.g.+LDT #4096 (Fig2.5)
n MAXLEN EQU 4096
n +LDT  #MAXLEN
o E.g. define mnemonic namesfor registers
n A EQU O
no X EQU 1
no L EQU 2

n

o E.g.. .define names that reflect the logical function of the
registersin the program

n BASE EQU R1
n  COUNT EQU R2
o INDEX EQU R3
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ORG

o ORG (origin)
n Assembler directive: ORG vaue

o Vaue can be constant or expression involving
constants and previoudly defined symbols

n Assembler resets the location counter (LOCCTR)
to the specified value

LOCCTR control assignment of
storage in the object program

84
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e ———————————————————————
Example of Using ORG

o Consider the following data structure
n SYMBOL: 6 bytes

n VALUE: 3 bytes(oneword)
n FLAGS. 2bytes

o wewant to refer to every field of each entry
SYMBOL VALUE FLAGS

STAB
(100 entries)
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ORG Example
o Using EQU statements

STAB RESB 1100
SYMBOL EQU STAB

VALUE EQU STAB+6
FLAG EQU STAB+9

We can fetch the VALUE field by

LDA VALUE,X " Refer to entriesin
_ the table using
X =0,11, 22, ... for each entry b” S R

86
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ORG Example (Cont.)

Set the LOCCTR to STAB

o Using ORG statements

STAB RESB 1100

ORG STAB Size of fi_eld
SYMBOL RESB more meaningful
VALUE RE
FLAGS RESB

ORG STAB+1100 Restore the LOCCTR

to its previous value

n  Thismethod of definition makes the structure more clear.

n Thelast ORG isvery important
o Set program counter (LOCCTR) back to its previous value

87
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Forward Reference

o All symbol-defining directives do not allow
forward reference for 2-pass assembler
e.g., EQU, ORG...

All symbols used on the right-hand side of the
statement must have been defined previously

E.g. (Cannot be assembled in 2-pass assm.)

ALPHA EQU BETA
BETA EQU DELTA
DELTA RESW 1

88
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Forward Reference (Cont.)

n E.g. (Cannot be assembled in 2-pass assm.)

ORG ALPHA
BYTE1 RESB 1
BYTEZ2 RESB 1
BYTE3 RESB 1

ORG

ALPHA RESB 1

89
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2.3.3 Expressions

o Most assemblers allow the use of expression to
replace symbol in the operand field.
Expression is evaluated by the assembl er
Formed according to the rules using the operators
+1 -1 *1 /
o Divisionisusually defined to produce an integer result

o Individua terms can be
Constants

User-defined symbols
Specia terms: e.g., * (= current value of location counter)

90
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———————————————————
2.3.3 Expressions (Cont.)

o Review

n Vauesin the object program are
o relativeto the beginning of the program or
o absolute (independent of program location)

n For example

o Constants. absolute
o Labds: reative

91
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———————————————————
2.3.3 Expressions (Cont.)

o EXpressionscan also be classified as absolute
expressions or relative expressions
n E.g.(Fig2.9)
107 MAXLEN EQU BUFEND-BUFFER

o Both BUFEND and BUFFER are relative terms, representing
addresses within the program

o However the expression BUFEND-BUFFER represents an
absolute value: the difference between the two addresses

n  When relative terms are paired with opposite signs
o Thedependency on the program starting address is canceled out
o Theresult isan absolute value

92
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2.3.3 Expressions (Cont.)

o Absolute expressions
An expression that contains only absolute terms
An expression that contain relative terms but in pairs and
the terms in each such pair have opposite signs

o Relative expressions

All of the relative terms except one can be paired and the
remaining unpaired relative terms must have a positive
Sgn
o No relative terms can enter into amultiplication or
division operation no matter in absolute or relative
expression

93
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———————————————————
2.3.3 Expressions (Cont.)

o Errors. (represent neither absolute values nor
locations within the program)
n BUFEND+BUFFER // not opposite terms
n 100-BUFFER // not in pair
n 3*BUFFER /[ multiplication

94
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2.3.3 Expressions (Cont.)

o Assemblers should determine the type of an
expression

Keep track of the types of all symbols defined in
the program in the symbol table.

Generate Modification records in the object
program for relative val ues.

Symbol Type Value
RETADR R 30
SYMTAB for Fig. 2.10  BUFFER R 36
BUFEND R 1036
MAXLEN A 1000

95
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2.3.4 Program Blocks

o Previously, main program, subroutines, and data area are
treated as a unit and are assembled at the same time.

Although the source program logically contains subroutines, data area,
etc, they were assembled into a single block of object code

To improve memory utilization, main program, subroutines, and data
blocks may be allocated in separate areas.

o Two approachesto provide such aflexibility:

Program blocks
o Segments of codethat are within a single object program unit

Control sections
o  Segments of code that are trandated into independent object program
units

96
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2.3.4 Program Blocks

o Solution 1. Program blocks

Refer to segments of code that are rearranged within a
single object program unit

Assembler directive: USE blockname
o Indicates which portions of the source program belong to which
blocks.

Codes or data with same block name will allocate together

At the beginning, statements are assumed to be part of the
unnamed (default) block

If no USE statements are included, the entire program
belongs to this single block.

97
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2.3.4 Program Blocks (Cont.)

o E.g:Figure2.11

Three blocks
o First: unnamed, i.e., default block
Line5~Line70+ Line123~Line 180 + Line 208 ~ Line 245
o Second: CDATA
Line92 ~Line100 + Line 183 ~Line 185 + Line 252 ~ Line 255

o Third: CBLKS
Line 105 ~ Line 107

Each program block may actually contain several
separ ate segments of the source program.

The assembler will (logically) rearrange these segments to
gather together the pieces of each block.

98
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Program with Multiple Program
Blocks (Fig 2.11 & 2.12)

Line Loc/Block
5 Qoo0 O COPY
10 goog O STRAT
15 Qo03 O CLOOP
20 Qo0e 0O
25 0009 0O
30 gogc O
35 000F O
40 an12 0
45 0015 O ENDFIL
50 0018 O
&5 o001 O
60 001E O
65 0021 O
71 o024 O
] 92 0Doo0 1
......... yCrRRE I vtvtr RN NR AR
R 100........... A003....0eeeennann. LENGTH. ...
103 Q000 2
105 Qo000 2 BUFFER
106 1000 2 BUFEND
107 1440 MAXT.EN
115

Source statement
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START 0

STL, RETADR
JTSUB RDREC
DA LENGTH
COMP #0

JEQ ENDFIL
JSUB WRREC
J CLOCE
LDA =C'EOF’
STA BUFFER
LD #3

STZ LENGTH
JSUR WRREC
T @RETADR
TUISE CDATA
A e
RESW..cceeeeen.

USE CBLKS
RESB 4096
EQU o

EQU BUFEND-BRUFFER

Object code

172063
4B2021
032060
290000
332006
4B203B
3F2FEE
032055
OF2056
010003
0F2048
4AB2029
3E203F
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Program with Multiple Program
Blocks (Fig 2.11 & 2.12) (Cont.)

110
115

SUBRQUTINE TO EEAD RECCRD INTO BUFFER

RLOOP

B440

75101000

E32038
332FFA
DR2032
2004

332008
57A02F
B850

3B2FEA
13201F
AF0000

[

USE

CLEAR X
CLEZR A
CLEZR g
+LDT HMAXLEN
TD INPUT
JEQ RLOCP
RD TINPUT
COMPR A,S
JEQ EXIT
STCH BUFFER, X
TIXR T

JLT RLOQP
ST LENGTH
RSUB

USE CDATA
BYTE X/ F17
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Program with Multiple Program
Blocks (Fig 2.11 & 2.12)

L322

200 , SUBROUTINE TO WRITE RECORD FROM BUFFER
205
£208 0000 Q04D 0, USE o ooeetoeeeeereeseeeseeseeeeee e :
210 004D 0 HiRREC SLERR ™R B
212 004F O LpT LENGTH 772017
215 Q052 0 WILOOP TD =X'D5* E3201B
220 0055 O JEQ WLOOP 332FFA
225 0058 0O LDCH BUFFEE, X 53A016
230 0o5B O WD =X'03"' DFZ012
235 0O05E O TIXR T E850
240 0060 0 JLT WLOOP 3B2FEF
245 ....0083 0 RSUB 4F000
1385 T ——— LA SPTSR———— !
R — S ot DO
o007 1 22 =C’"EOF 454F46
000a 1 * =X"05" 05
255 END FIRST

Figure 2.12 Program from Fig. 2.11 with object code.
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Basic Data Structure for Assembler to
Handle Program Blocks

o Block name table
Block name, block number, address, length

Block name Block number =~ Address ~ Length
(dlefalt) 0 0000 0066
CDATA 1 0066 000B
CBLKS 2 0071 1000

102
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How the Assembler Handles Program
Blocks?

o Passl
Maintaining separate location counter for each program
block
Each label is assigned an address that isrelative to the
start of the block that contains it
When labels are entered into SY MTAB, the block name
or number is stored along with the assigned relative
addresses.
At the end of Pass 1, the latest value of the |ocation
counter for each block indicates the length of that block
The assembler can then assign to each block a starting
address in the object program

103
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How the Assembler Handles Program
Blocks? (Cont.)

o Pass?

The address of each symbol can be computed by
adding the assigned bl ock starting address and
the relative address of the symbol to the start of
Its block

o Theassembler needs the address for each symbol
relative to the start of the object program, not the start
of an individual program block

104
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Table for Program Blocks

o Attheendof PasslinFig 2.11:

Block name Block number Address Length
(default) 0 0000 0066
CDATA 1 0066 000B
CBLKS 2 0071 1000
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Example of Address Calculation

o Each sourcelineisgiven arelative address assigned and a
block number
Loc/Block ColumninFig. 2.11

o For an absolute symbol (whose value is not relative to the start
of any program block), there is no block number
E.g. 107 1000 MAXLEN EQU BUFEND-BUFFER

o Example: calculation of addressin Pass 2
20 0006 O LDA LENGTH 032060
LENGTH = (block 1 starting address)+0003 = 0066+0003= 0069
LOCCTR = (block 0 starting address)+0009 = 0009
PC-relative: Displacement = 0069 - (LOCCTR) = 0069-0009=0060
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2.3.4 Program Blocks (Cont.)

o Program blocks reduce addressing problem:

No needs for extended format instructions (lines 15, 35, 65)
o Thelarger buffer is moved to the end of the object program

No needs for base relative addressing (line 13, 14)
o Thelarger buffer is moved to the end of the object program

LTORG is used to make sure the literals are placed ahead
of any large data areas (line 253)
o Prevent literal definition from its usage too far

107
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2.3.4 Program Blocks (Cont.)

o Object code

It IS not necessary to physically rearrange the generated
code in the object program to place the pieces of each
program block together.

Loader will load the object code from each record at the
Indicated addresses.

o For example (Fig. 2.13)

Thefirst two Text records are generated from line 5~70

When the USE statement is recognized

o Assembler writes out the current Text record, even if there still
room left in it

o Beginanew Text record for the new program block

108
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ODbject Program Corresponding to Fig.
2.11 (Fig. 2.13)

uhcow ﬁf:rot:u::u:u:;,p01i:::fl
| 2056010003
TﬁuﬂﬂﬂﬂﬂhlEﬁl?EﬂﬁBﬂﬁBEGzlﬂﬂ32Dﬁﬂﬂ290000ﬁ332006ﬁ&32{}33ﬂ3F2FEEﬂ032055HUF X

TﬂﬂﬂﬁﬂlEhﬂ?ﬁUF2048ﬂﬁ32029h3E203F

Thﬂﬂﬂﬂiﬁlqﬂﬂﬁlﬂhﬂﬁﬂﬂmﬂﬁhﬂﬂ?ﬂGlﬂﬂ%EHU35h332FFA’QJBZDE2’\500#&332008;%02%138 50
Thﬂﬂﬂﬂﬁﬁhﬂ?ﬂZiBZFEﬁﬂl 3201Fﬁ4FUDUﬂ

: 1
TUOUUﬁﬂhﬂlﬁF

'---h -------------------------------------------------------------------------------------------------------------

. JO0004RI9Be 1077201 7E3201 B3 32ETAI A0 EOP20 L ZB8 0 . E

L TOQOBBOAASEFAB05. ..o
Ei]ﬁﬂﬂﬁﬂ

Figure 2.13 Object program corresponding to Fig. 2.11.
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Program blocks for the Assembly and
L oading Processes (Fig. 2.14)

Source program

Line
5

70
as5

100
105

125

180
185

210

245
253

Default(1)

CDATA(1)

same
order

CBLKS(1)

Default(2)

CDATAZ)

Default(3)

CDATA(3)

Program loaded

Object program

in memory

/

Default{1} 1 Default{l)
Default(2) - Default(2)
CDATA(Z)

Default(3)
Default(3)

CDATA(()
CDATA(3) CDATA(2)

Rearrangemgnt

through loading

CBLKS(1)

Relative
address
o000

o027y

004D

006C

oos0D
o071

1070
110

Figure 2.14 Program blocks from Fig. 2.11 traced through the assem-

bly and loading processes,
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2.3.5 Control Sections and Program

Linking

o Control sections
A part of the program that maintains its identity
after reassembly

o Each control section can be loaded and rel ocated
Independently

o Programmer can assemble, load, and manipulate each
of these control sections separately

Often used for subroutines or other logical
subdivisions of a program

111
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2.3.5 Control Sections and Program

Linking (Cont.)

o Instruction in one control section may need to refer
to instructions or data located in another section

Cdlled external reference

o However, assembler have no idea where any other
control sections will be located at execution time

o The assembler has to generate information for such
kind of references, called external references, that
will alow the loader to perform the required linking.

112
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Program Blocks v.s. Control Sections

o Program blocks

Refer to segments of code that are rearranged
with a single object program unit

o Control sections

Refer to segments that are transated into
Independent object program units

113
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[Hlustration of Control Sections and
Program Linking (Fig 2.15 & 2.16)

First control section: COPY Implicitly defined as an external symbol
‘ ource statement —ew— i
| Define external symbols

[ine  Loc
................... '5""""EI'DG'G""""E‘UP'.E""""'E'I?!RT"'""D""""""""" R R R T R TR T R TR TR e
................... PSP UPUPUPRPRIRRRI -0 b - OO .8 i 0 ~ S .\ I = D T 0
21724172 = Sapeapapeyapeyoapeyouyoafeyofapeyapeyepiy Ja /0" 1 P o fofapeypupofapeyopuapepie
AB1 00000
..................................................................... é.j-zuﬁ.zujuuuuuuu.
290000
................................ oo P I 121110 A
: +JSUB WEREC AB100000 .
SumsssssEmEsEEEenn A NG N EEEE N E AR A NN EEEEEEEEEEEEEEEEEEEEE :]. ............ E:,-‘.I._,I!.:.Hiﬁ.ﬁ ------------------------ é.ﬁ'.j.:ﬁ'ﬁ.(i ---------------
FNDFIL Load =C"EOF 1 0322016
Sra BUFFER OF2016
Loa #3 010003
....................... gm_‘_,mmaf'z.u@@..
........................... HISUR L LWEEES e 2B100000
J @RETADR 32000
RETADR RESW 1
LFMNGTH RESW 1
T.TORG
i = FOF! 454F46
1G5 0033 BUFFER RESE 4086
106 1033 BUEEND FOT *
107 1000 MAXTEN EOU BUFEND-BUFFER
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—————————————————————
|llustration of Control Sections and

Program Linking (Fig 2.15 & 2.16) (Cont.)

Second control section; RDREC | ..

........ 1oéD00ﬁRﬁﬁﬂifE§E¢‘f
........ T e RIS
115 SUBROUTINE TC READ RECORD INTO BUFFER
...... et ern e e e e e e e o A e o B B e e e e e
ég TREF  BUFFER, LENGTH, BUFEND
....... T 4 vy O e v R
130 0002 LEAR A RB400
132 0004 External | o par g RA4D
133 opog | 'eference | 1pp MAXTEN 77201F
135 0009 RLOOP D INPUT E3201B
140 000C JEQ RLOOP 332FFA
145 000F RD INPUT DB2015
150 0012 COMPR A,S A004
...... LN 4 4 ¢ SR I ) N -1v: 4 11 AN 1 D24 § 1€ - B
...... 160, 0017 e SSTCH, L BUFEER, X ... 27900000
165 001B TIXR T B850
SR B {0 S AT+ o JLT e 210 6) =R ) = 21 i £ .
ST - T 0020.........EXET ....... ST e LENGTH. e, 13100000 :
180 0024 RSUB AF0000
...... 185 e 0027 e INBUT e BY TR R E L e evieeeeeen B e e
...... 190..........0028........MAXLEN . WORD  __ BUFEND-BUFFER _  00000C .
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—————————————————————
|llustration of Control Sections and

Program Linking (Fig 2.15 & 2.16) (Cont.)

G e — :
192 SOR0LL WRRE N
200 SUBROUTINE TC WRITE RECORD FRCM BUFFER
205
20T ] EXTREF  LENGTH, BUFFER
207 e — e Ty B e
B a— S . S — G-
o A SO ... - e S iy
220 0899, B WLOOP 332FFA
P 225 000C . +LDCH BUFFER, X 53900000
23 R ———: LDCH...... BUEEERK rrrrnnen 2 S L
235 gc13 TTXR T B850
240 0015 JLT WLOOP 3BZFEE
245 0018 RSUR 4F0000
255 END FIRST
001B * =X'05' 05

Figrre 2.16 Program from Fig. 2.15 with object code.
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2.3.5 Control Sections and Program

Linking (Cont.)

o Assembler directive: secname CSECT
Signal the start of anew control section
e.0. 109 RDREC CSECT
e.q. 193 WRREC CSECT

START also identifies the beginning of a section

o External references
References between control sections

The assembler generates information for each external
reference that will allows the |oader to perform the
required linking.

117
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External Definition and References

o External definition
Assembler directives. EXTDEF name [, name]

EXTDEF names symbols, called external symbols, that
are defined in this control section and may be used by
other sections

Control section names do not need to be named in an
EXTDEF statement (e.g., COPY, RDREC, and WRREC)

o They are automatically considered to be external symbols

o External reference
Assembler directives. EXTREF name [,name]

EXTREF names symbols that are used in this control
section and are defined elsewhere

118
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2.3.5 Control Sections and Program

Linking (Cont.)

o Any instruction whose operand involves an
external reference

Insert an address of zero and pass information to the
|oader

o Causethe proper addressto be inserted at load time

Relative addressing is not possible

o Theaddressof external symbol have no predictable
relationship to anything in this control section

o Anextended format instruction must be used to provide
enough room for the actual address to be inserted

119
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Example of External Definition and

References

o Example
n 15 0003 CLOOP +JSUB RDREC 4B100000
n 160 0017 +STCH BUFFER,X 57900000

n 190 0028 MAXLEN WORD BUFEND-BUFFER 000000

120
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How the Assembler Handles Control

Sections?

o Theassembler must include information in the object
program that will cause the loader to insert proper values
wherethey arerequired

o Definerecord: givesinformation about external symbols

named by EXTDEF

n Coal. 1 D

n Col. 2-7 Name of external symbol defined in this section
n Col. 8-13 Relative address within this control section (hex)
n Col.14-73 Repeat information in Col. 2-13 for other external

symbols

o Refer record: lists symbols used as external references, i.e.,

symbols named by EXTREF

n Coal. 1l R

n Col. 2-7 Name of external symbol referred to in this section
n Col. 8-73 Name of other external reference symbols 121
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How the Assembler Handles Control
Sections? (Cont.)

o Maodification record (revised)

n Coal. 1l M

n  Cal. 2-7 Starting address of the field to be modified (hex)

n Coal. 89 Length of the field to be modified, in half-bytes (hex)

n Cal. 10 Modification flag (+ or - )

n Col.11-16 External symbol whose value isto be added to or subtracted

from the indicated field.

o Control section name is automatically an external symbol, it isavailable for
use in Modification records.

o Example (Figure 2.17)

M000004,05,+RDREC

M000011,.05,+WRREC

M000024,.05,+WRREC

M000028,06,+BUFEND /ILine 190 BUFEND-BUFFER

M000028,.06,-BUFFER

0 3 3 3 3

122
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ODbject Program Corresponding to Fig.
2.15 (Fig. 2.17)

HCOPY 000000001033
DABU FFER,{]UUUHABUFENDHUU1033ALEHGTHAUUUUED

P RRBREG. HRREG.....cereereeeeneseessesesesee s s ess s

TﬁﬂUUUOGHI Dﬁl?202?;&131ﬂDDU{}hﬂliEﬂE%29000%33200%&5IOUOOUhEFZ FECD 32016h0F2[}16
TAUUUUl]?ﬁUDhﬂlGUD%,\UFMDA!&EIUUUUUhBEEUGU

MO0000400+RDREC
M00001 LO5HWRREC
M00002405+HRREC

EHOGGDOU
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ODbject Program Corresponding to Fig.
2.15 (Fig. 2.17) (Cont.)

HRDREC 000000000028
RBUFFE LEHGTHBUFEHD

TﬁOUOUUDhl%Eﬁl%ﬁ#ﬁﬂhﬂﬁﬁﬂh??201%E32015ﬂ332FFA/PE201 SAAO(}ﬁh33ZUU9h57QOUUUUABESO
gPUUU1QP%FBZFE%}3lDﬂUUQ$FUGUQF#PUUUUU

ﬂpﬂUﬂlgp%rBUFFER

@PUGUMﬂUiﬁLEHGTH
MAUUUUZBﬂUﬁ;BUFEHD
HHH?DGUZBADE{BUFFER
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ODbject Program Corresponding to Fig.
2.15 (Fig. 2.17) (Cont.)

| BHRREC_00000000001C
. RLENGTHBUFFER
i et RO e L S Ul by s s
HOO003SHLENGT .

E

Figure 217 Object program corresponding to Fig. 2.15.
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Program Linking & Relocation

o Note the revised Modification record may still be
used to perform program relocation.

E.g. (Fig. 2.8)

o MO00000705

o MO00001405

o MO00002705 are changed to

O

o MO0000705+COPY  //add the beginning address of its section
o MO00001405+COPY

o MO00002705+COPY

o S0 the same mechanism can be used for program
relocation and for program linking.

126
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External References in Expression

o Earlier definitions

Required all of the relative terms be paired in an
expression (an absolute expression), or that all
except one be paired (arelative expression)

o New restriction

Both terms in each pair must be relative within
the same control section

Ex: BUFEND-BUFFER: Legal

Ex: RDREC-COPY:: illegal

127
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External References in Expression
(Cont.)

o However, when an expression involves external
references, the assembler cannot determine whether
or not the expression islegal.

o How to enforcethis restriction

The assembler evaluates all of the terms it can, combines
these to form an initial expression value, and generates
Modification records.

Theloader checks the expression for errors and finishes
the evaluation.

128
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e
2.4 Assembler Design Options

o One-pass assemblers

o Multi-pass assemblers

129
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2.4.1 One-Pass Assemblers

o Goal: avoid a second pass over the source program

o Main problem
Forward references to data items or labels on instructions

o Solution
Data items: require all such areas be defined before they
are referenced

Label on instructions: cannot be eliminated
o E.g.thelogic of the program often requires a forward jump
o Itistooinconvenient if forward jumps are not permitted

130
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Two Types of One-Pass Assemblers:

o Load-and-go assembler

Produces object code directly in memory for
Immediate execution

o The other assembler

Produces usual kind of object code for later
execution

131
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L oad-and-Go Assembler

o No object program is written out, no loader is
needed

o Useful for program development and testing
Avoids the overhead of writing the object program out
and reading it back in

o Both one-pass and two-pass assemblers can be

designed as load-and-go
However, one-pass also avoids the overhead of an
additional pass over the source program

o For aload-and-go assembler, the actual address must
be known at assembly time.

132
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Forward Reference Handling in One-pass
Assembler

o When the assembler encounter an instruction
operand that has not yet been defined:

The assembler omits the translation of operand address

Insert the symbol into SYMTARB, if not yet exist, and
mark this symbol undefined

The address that refers to the undefined symbol is added

to alist of forward references associated with the symbol
table entry

When the definition for a symbol is encountered

1. Theforward reference list for that symbol is scanned

2. The proper address for the symbol is inserted into any
Instructions previous generated.

133
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Handling Forward Reference in One-pass

Assembler (Cont.)

o At the end of the program
Any SYMTARB entries that are still marked with *
Indicate undefined symbols
o Beflagged by the assembler as errors
Search SYMTAB for the symbol named in the

END statement and jump to this location to begin
execution of the assembled program.

134
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Sample Program for a One-Pass
Assembler (Fig. 2.18)

Line Loc
O 1000
il 1000
2 1003
3 1006
4 1009
5 100C
6 100F
S
10 200F
15 2012
20 2015
25 2018
30 Z201B
35 201
40 2021
45 2024
50 2027
55 2024
&0 202D
65 2030
70 2033
75 2036
110

Source statement

COPY
EOF
THREE
ZERQO
RETADR
LENGTH
BUFFER

FIRST
CL.OOF

ENDFEFIL

START
BYTE
WORD
WORD
RESW
RESW
RESE

STL
JSUB
LA
COMPFP
JEQ
JSUB
J
LA
STA
LA
STA
JSUL
LT,
RSUB
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1000
CrEor’

RETADR
RDREREC
LEMNGTH
ZERO
ENDETL
WRREC
CLOCPE
EOF
BUFFER
THREER
LENGTH
WRREC
RETADR

Object caode

A54F46
000003
000000

14100%
48203D
G0100C
281006
302024
482062
302012
001000
O0C100F
D01003
DCl100C
482062
081009
4C000C0
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Sample Program for a One-Pass

Assembler

ARV,

115

120 .

121 2039 INPUT
122 2034 MAXT.EN
124 .

125 203D RDREC
130 2040

135 2043 RLOOP
140 2046

145 2049

150 204C

155 204F

160 2052

165 2055

170 2058

175 2058 EXIT
180 205K

185
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SUBROUTINE TO READ RECORD INTO BUFFT

BYTE
WORD

JLT
STX
RSUB

(Fig. 2.18) (Cont.)

X'Fl'
4096

4ERQ
ZERO
TNPUT
RLOOP
INPUT
ZERO
EXTT
BUFFER, X
MAXTLEN
RT.OOP
LENGTH

Fl
001000

041006
001606
E02039
302043
D82039
281006
30205B
54900F
2C2034A
382043
10100C
4C0000
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Sample Program for a One-Pass
Assembler (Fig. 2.18) (Cont.)

1495 ’

200 : SUBROUTINE TO WRITE RECORD FROM BUFFER
205 .

206 2061 OUTPUT  BYTE X'05’ 05

207 .

210 2062 WRREC LDX ZERO 041006
215 2065 WLOOP D OUTPUT E02061
220 2068 JEQ WLOCP 302065
225 206B LDCH BUFFER, X 50900F
230 206E WD OUTFUT DC2061
235 2071 TIX LENGTH 2¢C100C
240 2074 JLT WLOOP 382065
245 2077 RSUB 4C0000
255 END FIRST

Figure 2,18 Sample program for a one-pass assembler.
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Example

o Fig.2.19 (a)

Show the object code in memory and symbol
table entries after scanning line 40

Line 15: forward reference (RDREC)
o Object codeis marked ----
o Vauein symbol tableis marked as* (undefined)

o Insert the address of operand (2013) in alist
associated with RDREC

Line 30 and Line 35: follow the same procedure

138
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Object Code in Memory and SYMTAB

After scanning line 40

Memory
address

cwmts/

Symbol Value

1000
1010

2000
2010
2020

094
-—pC2012

454F4600 00032000 OOxxxxxx
XXXXXXXX XXXXXXXX XXXXXXXX

XXXXXXX XXXXXXX XXXXXXXX

0100C 28100630

XXXXXXXX
AXXXXXXX

XXXXXX1
:
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2013

LENGTH | 100C
RDREC || *

THREE |[1003
ZERO 1006

WRREC < : IE

201F

EOF 1000
ENDFIL <I : |’o—
~REFADR—100% |
BUFFER |100F
CLOOP |2012
FIRST 200F

201C



http://www.pdffactory.com

—!
Example (Cont.)

o Fig.2.19 (b)

Show the object code in memory and symbol table entries
after scanning line 160

Line 45: ENDFIL was defined

o Assembler placeitsvalueinthe SYMTAB entry

o Insert thisvalueinto the address (at 201C) as directed by the
forward reference list

Line 125. RDREC was defined
o Follow the same procedure

Line 65 and 155
o Two new forward reference (WRREC and EXIT)

140
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Object Code in Memory and SYMTAB

After scanning line 160

2031

address Contents LENGTH | 100C
1000 454F4600 0003000 OXXXXXX XXXXXXXX RDREC | 203D
1010 XXXXXXXX XXXX AXXXAKXX XXXXXXXX

* THREE 1003

L ]

. ZERO 1006

2000 XXXXXXX> XXXXXX XXXXXXXX

2010 1009401000 28100630 WRIEG 1 % rer i 0I5

2020 Ql2 0010000C 100F0010 EOF 1000

2030 8 10094C00 O0O0F10010

2040 20393020 43D82039 ENDFIL 2024

2050 QOF S A
—RETADR | 1000

. —

& BUFFER | 100F
CLOOP 2012
= 200F
MAXLEN | 203A
INPUT 2039
EXIT ¥ | @=p—Pp! 2050
RLOOP 2043
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Object Code in Memory and SYMTAB

Entriesfor Fig 2.18 (Fig. 2.19b)

—!

Mamory

address Contentsa
14000 ASAFASOD  QOOZI0000  OOXXXERX HAXXXXXXE
1014 AAMEXEXKY NEMMKHEK  NEXXHAXM  KXXHNHNEXX

L

2000 HEXXKEXK HKERKEXAX HEXEEXRAHAL _xxxxxxld
2010 10024820 FDOC1o0C 28100830 58—
2020 —_—EZC2012  00lonool.  100F0010  030C1l00C
2030 4B————08 10024200 OOFlo010 00041006
2040 00100GED 203593020 AZDAZ039 22100830
2050 ————5 450 oF

Symbol Value

LEMGTH | Y000

RDRELD 203D

THREE 1003

ZERD 1006

WRREC LRI 201F — 2031142
EOF 1000

ENDFIL 2024

RETADR | 1009

BUFFER 100F

CLOOP 2012

FIRST 2D0F

MAXLEN | 2034

INFPUT 2039

EXIT * | @—p—{ 2050
RLOOP 2043

Figure 2.19(b) Object code in memory and symbol table entries for

the program in Fig. 2.18 after scanning linge 160.
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One-Pass Assembler Producing Object
Code

O

Forward reference are entered into the symbol table's
list as before
If the operand contains an undefined symbol, use O as the
address and write the Text record to the object program.
However, when definition of asymbol is
encountered, the assembler must generate another
Text record with the correct operand address.

When the program is loaded, this address will be
Inserted into the instruction by |oader.

The object program records must be kept in ther
original order when they are presented to the loader

143
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Example

o InFg.2.20

Second Text record contains the object code
generated from lines 10 through 40

o Theoperand addressed for the instruction on line 15,
30, 35 have been generated as 0000

When the definition of ENDFIL 1S encountered

o Generatethethird Text record

Specify the value 2024 ( the address of ENDFIL) isto be
loaded at location 201C ( the operand field of JEQ in line 30)

Thus, the value 2024 will replace the 0000 previously loaded

144
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ODbject Program from one-pass
assembler for Fig 2.18 (Fig 2.20)

HA{:{}PY UDlDUUUUlﬂ?ﬁ 201C

Tl:rﬂlﬂﬂﬂﬂ?#ﬁﬁr&ﬁﬂﬂﬂﬂﬂ&ipﬂﬂﬂﬂﬂ \

: TUUZDD!:‘EIS“IhIGDQ-hBUUUDDUlUUEZB10063000UG&ED0D03C2[}12

T‘:\ﬂUZD?.# 1 gomoogﬁac 100EQ0 10030{:1U{}c;%'é'dﬁﬂ'q\ﬂal{}ngécaﬂﬁﬂF 1001000

'I"AUD2DE#2 180-‘-’&1 OﬂﬁEDEGE 130206550900!‘1’302061 2C1 ODCE\BEEDﬁSﬁCUDDD

EhGBEEIDF

Figure 2.20 Object program from one-pass assembler for program
in Fig. 2.18.
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2.4.2 Multi-Pass Assemblers

o Motivation: for a 2-pass assembler, any symbol
used on the right-hand side should be defined
previoudly.

No forward references since symbols value can't
be defined during the first pass

. Eq APLHAEQU ...... B ETA
BETA EQU DELTA Not allowed !

DELTA RESW 1

146
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Multi-Pass Assemblers (Cont.)

o Multi-pass assemblers
Eliminate the restriction on EQU and ORG

Make as many passes as are needed to process the
definitions of symbols.

o |Implementation

To facilitate symbol evaluation, in SYMTAB, each entry
must indicates which symbols are dependent on the values
of it

Each entry keeps alinking list to keep track of whose
symbols' value depend on an this entry

147
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Example of Multi-pass Assembler
Operation (fig 2.21a)

HALFSZ EQU MAXLEN/2
MAXLEN EQU BUFEND-BUFFER
PREVBT EQU BUFFER-1

BUFFER RESB 4096
BUFEND EQU *

148
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Example of Multi-Pass Assembler
Operation (Fig 2.21b)

& 1: one system in the defining expression is undefined

A list of the symbols whose
values dependjon MAXLEN

(b}

Figure 2.21 Example of multi-pass assembler operation.
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Example of Multi-Pass Assembler

Operation (Fig 2.21c)

HALFSZ {&1| MAXLEN/2 i

g HALFSZ | 8

@-

S

(e}

150
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Example of Multi-pass Assembler
Operation (fig 2.21d)

BUFEND | * a4l MAXLEN | 8

HALFSZ EQU MAXLEN/2 natpsz [u1[waxienz 0
MAXLEN. EQU . BUFEND-BUFFER

MAXLEN |&2 | BUFEND-BUFFER » | HALFSZ {¢

BUFFER RESB 4096 BUFFER | * a—# MAXLEN
BUFEND EQU * '

()

Figure 2.21 (contd)
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“EXATTE OF M pees Ao

Operation (fig 2.2

le)

HALFSZ EQU MAXLEN/2
MAXLEN EQU BUFEND-BUFFER
PREVBT EQU BUFFER-1

: | BUFFER RESB 4096 :
TRUREND RO 5

PDF created with FinePrint pdfFactory Pro trial version www.pdffactory.com

(e)

BUFEND | = - P MAXLEN
HALFSZ | &1| MAXLEN/Z ]
PREVBT 0
MAKLEMIUFEND-BUFFEH ey HAL F3Z
BUFFER 0
—_% = —
Suppose Buffer =* = (PC)=1034,,
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Example of Multi-pass Assembler
Operation (Fig 2.21f)

BUFEND=*(PC)=1034,.+4096,,=1034,+1000,.=2034,,

HALFSZ EQU MAXLEN/2

MAXLEN EQU BUFEND-BUFFER

PREVBT EQU BUFFER-1 PREVET | 1033 e

J.BUFFER \RESB..... 4096 . ........ccooveed)

BUFEND EQU * BUFFER | 1034 0
{f)

53(<d

Figure 2.21 {con'd)
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2.5 Implementation Examples
o Microsoft MASM Assembler

o Sun Sparc Assembler

o IBM AIX Assembler

154
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2.5.1 Microsoft MASM Assembler

o Microsoft MASM assembler for Pentium and
other x86 systems

o Programmer of an x86 system views memory
as a collection of segments

155
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Microsoft MASM Assembler (Cont.)

An MASM assembler language program is written as a collection of segments.

o Each segment is defined as belonging to a particular class: CODE, DATA,
CONST, STACK

o Assembler directivee SEGMENT
Similar to program blocksin SIC
All parts of a segment are gathered together by assembler

o Segment registers are automatically set by the system loader when a program is
loaded for execution: CS (code), SS (stack), DS (data), ES, FS, GS

o Assembler directivee ASSUM E

By default, assembler assumes all references to data segments use register DS
We can change by the assembler directive ASSUME

0

€.J. ASSUME ES.DATASEG2
o Tell the assembler that register ES indicate the segment DATASEG2
o Thus, any referenceto labels are defined in DATASEG2 will be assembled using register ES

Similar to BASE directivein SIC/XE
o BASE tell a SIC/XE assembler the contents of register B
o ASSUME tell MASM the contents of a segment register

156
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Microsoft MASM Assembler (Cont.)

o Jump instructions are assembled in 2 different ways:
Near jump: jump to atarget in the same code segment
o 2- or 3-byteinstruction
Far jump: jJump to atarget in adifferent code segment
o 5-byteinstruction
o Problem: Jump with forward reference
By default, MASM assumes that a forward jump isanear jump
If it isafar jump, programmer must tell the assembler
o E.g. JMP FARPTR TARGET
o Inx86, thelength of an assembled instruction depends on the
operands that are used.
Operands maybe registers, memory locations, immediate values (1~4

bytes)
Thus, Pass 1 in MASM is much complex that in SIC assembl er

157
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Microsoft MASM Assembler (Cont.)

o External references between separately
assembled modules must be handled by the
linker

MASM directive: PUBLIC, EXTRN
Similar to EXTDEF, EXTREF in SIC/XE

o The object program from MASM may bein
several different formats to allow easy and
efficient execution of the program in avariety
of operating environments.

158
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Development of 80x86 Assembly
L anguage Program

Figuare .1

The development of an assembly language program reguires four steps: edid,
assemble, Hnk, and debrug. Several differemt file cypes are created in the process. The thiree-letter
extension assoaciated with seach is shhosa .

Editor B B
A STl L soruarce code)
1
Avssermibler = ST
OOPEBETY (object code)
b
= SER
LIS - e 1 inker BSChiAKE
—— Pl
. B S
IBG! TEME ar CO WL
- - b
Source
Debuzs PBrossmsseT
Ve Errors? L
1. Krebusging information for CONM Files anly.
2. Debugsging infornmation is includad withan EXNE
file unless release oprion is seslecied.
Tone!
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Template for an 80x86 Assembly
Program

Figure 6.14 Template for an 30x86 assembly languayge program in EXE form.

Page 1 nes,columns
e Foes

P

P vk e e otk W W B W R T e o dr o ok o R A oA A o & ok A kbl W ke ke ol b b e o ok e o A A

s * rProgram MName .
: e s
P Tt a description of the program here.™

Ao e M owe sk ke ok W A e e Th A R ek ek A e ok b sk ol A ke ke ok e e e o B ok e o vk

; Program edlates

=Fark =na bl d
wAaIrZ [=Taph] plo 2o
e ke koW ko M me ok ok b e R e e ok o o ok vk dhe ok ok v o Ao o o wn e A o o B o e e b e e ol e
Hie Stack Segment b
- & -
H
:***********1’(******w*w****ﬁ*-ﬁ**********#**ﬂﬁ
Ssag S eIneT1iT stcack
i 10O dup (73 Fl00 bywte stack
==y ends

W ok o B odr T ok Th ok A A owe kW R R R A s o e T b b R R ok R o ok kR W o o e e e

* Data Segment =
* £

T

W d g Ao oh o ok odoooh ok e e oshe owl wh e ook A T A Ao v o ke e b W ol e e e b oo e A e

dzeg - SeommeTie

Ffir=t [l o) 5 ;One byte
sacord f=l o) 1040 Aup {727 ;10D bartesss
ABSCITI Al *Tut ASCII messages inside guoteaes”

de=o el

1=z}
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Figure 6.14 {continued)

R E R R E R ka2 R IR i e e
[

- *
’

-
!

Code Segment *

*

s R AR AT TR TR XA A AT A RA AT TR E A b A RS
’

cseg
assume

start:

segment foode!’
Ccs5:ooeqg, =Ss5:sSs5eg,. de:dseg
mov a¥x,.dseg
Mo, ds, ax

:Place procedures in the code segment

proceduarel

proceduresl

procedurez

pracedure?

caeg

proc
pugha

popa
erndn

prac
pusha

popa
ends

ends
end start

:Load DS

:Main program beging here

;Body of procedure

;Body of procedure

:End of code segment
:End of program
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———————————————
A SiImple 80x86 Assembly Program

Figure 6.2 Program 5.1 rewritlen in assembly languvage form.

1 Dage 52,122

pe! Title rogram 5.1

3 ;*******-&******************************9{4’***

4 ; Display ASCITI Character 3et %

5 ;* -*

& ;™ Tnhnis program displays all of the ASCITI *

o chnaraccers with codes 0-127. %

8 ;ir kL

9 ;‘******“*‘J‘***'*‘**’**********H***‘******‘***’******

10 cseg segment foode T

11 S Same oo rosey, dsioseqg, aSg:icEHedq, e8:osed

12 L e 100h ;rmave room for PSP

12 start: Mo 2, 0002 PBIOS service O, wvideo mode 2
14 int 10h ;Set wideo modse snd clear screen
15 moss ah, 2 sBIOS gervice 2

16 moss dx,. 0za0dh tRow 10, zogolumn O

17 IO bEh, O rPage 0
18 nt 1i0h ;Position cursaor
12 Al ity az, delh sBICOS =merwice JE, first characber is 4
20 IIA: ATk 10h sPrint character
2 inc al FMext
a2 CID al, 80h iDone?
23 an= ITA ;Mo : loop agai=n
24 int 20h r¥ez: back to DOS
25 oZooeg enda
265 end =tart
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Thelist File

Figure a3 The lix filc shows (a0 the ohjact code associated with each instruction and (b} 3 summary list of the sepments and sym-

Boly wsesd in the program.

Micrcsoft (B} Macro assembler version .11

Progyar S,

Zage
Tiele

THoep.ay BSCIZ

L&, 122

Fage 1

Eragram S50

This progran claplews 11 ol
charactors with codeas

O-127T.

CTharacter sSat

Lo ALCLd

B R T T kR e

>

*

L0000k CEedg sedqmerrt fcods!
ASSLImes CRroeeq, dR:ioseqy, SSI0Reg, AR Iosed
org 130h ;Leavs room [or RS2
n2oan e Go0= start: TROwr aw,ucoa2 JBIOS service 0, wvideo mods ¥
L B 1 i 10 dint 1dh Jidet wideo mods and colear coreen
n:ns Ba OZE o =h .2 ;BIOS merwvice 2
o-La7 Ba 000 T dw, 1laldioh sRaw 10, column G
nZda BT 00 TOCHTF it 0 1Page 0O
n_az oD 10 inc _dh sbosicion oursaor
0_0E B3 OECO fasfunty =¥, Nclih JBINE servicoe QE, first chesracter iz O
n-11 [ I o e ine 0k rPrine characcer
cC_13 FE <0 i =1 iMext
c.ls A "BO 38058 ] al. B30 rCorne?
CLaly Yo FH o= TIA Moz loop Aagmin
cllig D 20 inml Z0h r¥es: bhaclk Lo DOS
C11R (== F-Y= | ernfs
ancd start
(a)
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Thelist File (Cont.)

Figure 6.3(b) (continued)

Segments and Groups:

N ame Sirza Length Align Combine Class
CRER . . . . % & B ow ok 5 ®m O 3 .16 Bit 011B Para Private ‘CODRE'
Svnbols:

Name Tyvpe Value ALLr
EIR . o » ~ = - % & & % & @ % .L HNear 0111 csedq
Sty o o ow owm o omow B @ w3 . .L Near Q100 cgeq

0 Warnings
{0 Errors

(b}
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An Example of 80x86 Assembly
Program

Figure 6.7 Progrum 5.3 written in TXE form: {a) the stack il data segments: (b} the code seg-
ment; (¢) The display procedure; and (d} Phe program summary.

Fagedd L33
Title FProgram 5.3

-302C

Ak Ak A kA ok h hhh kb dEAhEAA A A AR AT R REFR T AT AR T E R A ok ke ke ke

e E-Bit BCL adder *
- E
;% This program inputs Lws packed 200 numbers from =
;* tEmae keyvooard, compules thelir sum and cutputs thea *
;* result o The soareen. *
Pk E
;™ Bwample: The user _ypas: 62+34— i
;™ The computer responds: g8 *
;***kgl;,q.--i;;q,--\k*-\k********x'*H*W*k*w***x%**#'A‘A‘ﬂ':-rtw"‘****r*'n*

ko kA A ARSI E SR IR A AR A E AL

* Stack Segmant *
; deode ko hoch Ak Ao A i A At etk W W AW R W
a0aa faR=¥=Ts | S edqmeT t. sLack
a0 aa=2a [ iz 22 dup [} 132 byres fsr staclk
LHM |
1
LoAn =F=A=T=y anfs

R R R B ECE R R R

r

. W Oata Sagment #*
:-A-******-****W**f(*********
ooGo dzeg sagmnaent
oooo oooe [ Taf C sl e} £ dup [T ;B owihte input baffter
ag
]
2082 d=ecog erds

Lo}
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Pigure 6.7 [conifned)

:x'i‘;'.w*:r*x*:.‘.‘A".l.‘a"\?:t'!'t*t*:*x*

: frwle Saegment %

;www***********kkwww*****
oooon cEeg segment foodo

ggaums  os:osey, de:dseg, ssrEsey
3C10 BE - = mains i ax . dscg :3et address of data segment
DENE BE LB rilekty G2, Hu ;and store ‘n N3
Qo0 8D 16 LOODO R lea A, L[ ;Poirnz DR at inpuk buffer
Qoos EA NA M zh, Dah pL0E funccizn ohE
gaagx B2 72 | Hiwits si,d=x ;Point 21 at inpus buller
CHZ Or 04 0B M byte ptr [zi] .8 ;B byte huller
ooly oL 21 int 21lh 13et the two rumbers
gol2 Bg QOE mans ak, fieh sBIONE widen mervicse
norsg RO DA mer aal, Cal FASTII line Tawed
a0ia o 10 iRk 1Ch
anlys 44 s 02 349 sl Lyee prr | =f12],30h ;Comert sach digit to BID
01T 20 6 O3 30 sub byte plr [s2+3},30h
BLEC  BC &0 OF 30 =ubs bvte ptr tei+5],30h
nc24 B0 e D& 3D suk byte ptr [=1+5],30h
nozs Bl 0L mov e:l, 4 :Tour rolates
goZa D2 44 03 rol Lwvte ptr [si+3],a] ;Form 30
odzo DZ 44 06 ol bv-e utr [sil1E6],cl
0230 2 4 0z el s word rmr [si+2]1,c1 radd co HMSD
2035 D3 Ao a3 T word prr [z1 b 0l
Co36e &4 44 €3 mow al, {zi-32] ;Potoh filrss BOM nincer
Qo3e 02 L4 L6 add al, [al14] RS to secons
oz 37 daa ;Keep zomults deciwal
0030 2A FE moy bh.al ;Sawve results
JUAF Y3 05 ‘na LITE sCheck for nusdredons digic
at41 B0 01 oW - s 807 hundredths digle
GC43 E2 o0dia call dsny 1Disgplay it
Node [ 27N 1ITE: LW al.kzh sSecover low order result
poeE FHE OODOZ call A iisplay lew orxder resclt
O004p  BA 40 o ah, dcn Slermpinate
oo4n CD 21 inz 21lh sReturn bo 005
(b}

>
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Figure 6.7 {coniinned)

;:***t****#****w***ii!:*1'.-*

;* Display FProcedure *

:*rt****‘k**w*****#i % 4 b &bk

: Function: LDisplay Two Digit BCD Hurber

¢ Inputs: BCD mamber in AT

F Qutputs; HNone

: Calls: BIOS imterrupt 101

H Destroys: A¥X, BL, CL, flags
fo4rp depy proc iNizplay procedura
(04F 84 DB Gy kl.al ;%ave ocriginal nurber
Q0sl 24 PO andg al, tCh tForce bites -3 low
0053 B1 C4 figloats cl,4d iPour rolates
Q053 D2 08 ror al.cl ;Rotate MED into LSD
COR7 04 30 add al,3idh Convert to ASCIIT
0055 B4 QE oy ah, Oeh yBLIOS video serwviece OF
JCSE 0 10 irt 19k ;Display cHlaracter
RQOSD 8a 3 maoss al,bl iRacover orlgsinal number
qos% 24 (0T angd al,ifh iTorce bits 4-7 low
02061 24 30 add al, 30h Convert to ASCT1
0063 CD 10 ink 10h ;Digplay character
aoss 3 ret :Return to ecalling program
0D&E chiapy ardn
0GeL csey ends

e main
(e}
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Figure 6.7 (confinued)

Segments and Groups:

N ame Size Length Align Combine Class
CSEF . +. +« 4+ + + o« « o« « « « .« . 16 Bit 0066 Parxa Private "CODE’
ds@g . . . .« - . . + s = s+ & = « 16 Bit 0008 Para Frivate
SS8T . . 4 4 v 4 e« o« e . . . . 16 Bit 0020 Para  Stack
Procedures, parameters and locals:

N ame Type Value Attr
dspy . & & & & & 3% w o5 & & 2 & s P Near {JU4F cseg Length= 0017 Public
Svmbols:

H ame Type Value Attr
ITITE . v v v v v v e e e e . .L Near 0046 cgeq
e o ¢ s & & ® % & 0% o8 % A . .Bvte Qoo dseqg
MALTE w0 & % o» % w 5 ow e ¢ ow » = = L Near QOO0 od=t=Ta

0 Warnings
0 BErrors

(d)
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Memory Map of the Example Program

g w e T Eeraacrer 5 raxnzmapr Faor ET R CICIEIS3 _EES< S . Thhe spioaescid e sezment addresses are fownd e
Tarmckizag flhies T I marrs waritkhl E»ciziass zxracl thacrs i vwvisaszs thie € LT registers wwith the R commmnaand.

EEry sSiaxcsanll o ol ol mraesses CrErfset fromn: 1033

CAO3IS5 O] OO0

256 byiles

CAO3I3AOFFT COEXR
1 A< O ] L O T
Sl SSorrmwaeTat
) 32 bytes
CLO>=S5 . cHD>EE"] 1 1F l
L1 OS50y M 3] Ao S ik 22O +
CECO3 <S4 >] = e e — e e e e — e e = = = = = = = — — ] 3L =7 165 by res
. Il
E 1 €=t =5 - a3 O ZF
[ 1S O] O 130 *~

CCaraler Seprpmruwaeaail

By B T F e B Syl w P il NEN =03

L2 (SEET) bartes

L1 OSSO ] IS Freewsacacclemm s

[ L Ot OS] O1L9sS r
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