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@ Introduction
@ Platform Architecture
® Assembler
@® Loader and Linker
@® Macro Processor
© HhF=HN
® [*==¥ =5k (Operating System)
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B

Assembly Programs High Level Language Programs
i .
Assembler Complier or Interpreter

\/

Executable Programs or Instructions

|

‘ Linker and Loader ‘

|

Operating System and Drivers

Hardware Platform
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Introduction

B What is System Software(System Programming)
1Assembler
[ILoader
[IMacro processor
[1Compiler
[1Operating System
[|Data Base Management System
[IUser Interface Shell
O B E I /1 i IR | BIRE -

[?;“?r% NS
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M \What is the difference between System
Software and Application Software

[_IMachine Dependent
@ Reason

W How to learn those various types of System
Software

LIS Fl ot
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Platform Architecture

mSIC W SIC/XE
LISimple Instructional [leXtra Equipment
Computer model of SIC
@ A standard Model © a extended model
) oo ﬁ&”ﬁﬁ%ﬁ‘\ﬁﬂ @ [11SICHItE ¥ Model
73 iy Hardware RUNBLEC O
features and concepts T ) i R FR
L 3R] [ IRGRRTR 1R
Microcomputer et A
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| SICAVRRT &

B Memory Structure

[18-bits Byte

[13-bytes Word

[1Max. Memory size: 215 = 32,768 bytes

[1Byte address: memory addressiLl'| - {lbyte£5H#T 50 » & ffi
bytefiss~ fif o HH-FRiE

CIWord addressfL]'| = {lgiagibytesy| 15 [fbyte » 7 []fk
hH /| pbyte addressthwordfivaddress
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SICHVFPE Br®)
W Register
OIS R P e B
C&) f[aiRegister?&lii £5,24 bits (3 bytes, one word)
CIZMRVEDE > Aof > 2 Zhggps

M nemonic Number Special Use
A 0 Accumulator; used for arithmetic operations
X 1 Index register; used for addressing
L 2 Linkage register; used for the JSUB
instruction stores the return address
PC 8 Program Counter; contains the address of
nextinstruction
SW 9 Status Word; conatins a variety of
information
2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 11
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SICEYTRPE B(R)

® Data Format
[Integer: 24-bit binary number
CTgagy: 2*s complement
[ICharacter: 8-bit ASCII codes
[INo floating -point number

M [nstruction Format
[10nly one format: two types of addressing
8 1 15

Opcode | X | Address

X: is used to indicate indexed -addressing mode; 0: direct, 1: indexed

2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 12
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® Addressing Mode

[C1Direct: TA = address of Instruction Format
[1Indexed: TA = address + (X)
[1TA: Target address

M Instruction Set

[IRegister’s Load & Store: LDA, STA,, LDX, STX, ....etc.
[lInteger Arithmetic: ADD, SUB, MUL, DIV, ... etc.
[1Compare register A with a Word in memory: COMP
[1Conditional Jump: JLT, JEQ, JGT, ...etc.

[1Subroutine Call and Return: JSUB and RSUB

2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw
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B Input/Output

OflAagF— v~ f[ﬁibyteﬁlﬂﬁﬁ?“ ﬁETH'[
[ITD: Test Device

[IRD: Read Data from Device
[IWD: Write Data to Device

m Complete Instruction Set of SIC and SIC/XE

C1Appendix A, page 496
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B Memory Structure
[1Same as SIC
[1Max. memory size is 2 22 = 1M bytes
M Registers:
[IFive registers are same as SIC
[1Four another register as following:

M nemonic N umber Special Use
B 3 B ase register; used for addressing
S 4 General data register; no special use
T 5 General data register; no special use
F 6 Floating pointaccumulator (48 bits)

2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw
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B Data Format

[lInteger data type, Negative representation, Character data

type are same as SIC
[IFloating-point data type: 48 bits, format is shown as

following:
1 11 36
S | Exponent Fraction

[IThe range is +.F * 2(E-1024) ‘where bit S = 0 means
positive, else means negative.

LIF is the value of Fraction, E is the value of Exponent

2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw
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M [nstruction Formats
[1There are Four types of instruction format of SIC/XE

8
Format 1: (1 byte)
] 8 4 4
Format 2: (2 bytes)’ | ” | e ‘
) 6 111111 12
Format3.(3bytes)’ |n|i|x|b|p|e| Disp ‘
6 111111 20

Format 4: (4 bytes) ’ | n | i | . | b | D | e | address ‘

Bit e presents format 3 or 4, when e=0 is format 3, e=1 is format 4

2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 17
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® Addressing modes

[1There are Four types of addressing mode, they are
@ Relative addressing mode, they can divide into three categories:
— Index relative: TA = (X) + Disp
— Base relative: TA = (B) + Disp, (0 < Disp < 4095)
— Program counter relative: TA = (PC) + Disp (-2048 < Disp < 2047)

— Where Index relative can be combined with Base relative or Program
counter relative. However, Base relative and Program counter
relative are mutual exclusive

@ Direct addressing mode: TA = address
@ Immediate addressing mode: (TA) = Disp or address
@ Indirect addressing mode: TA = (address)

2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 18
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M The relationship between Addressing modes and bits n, i, x, b,
p, €
W n=1,i=1,forrelative or direct addressing modes
@ Index relative: x =1
@ Baserelative:b=1,andp=0
@ Program counter relative: b=0,and p=1
@ Direct addressing mode: b=0,and p =0
[Immediate addressing mode: n=0,and i =1
[lIndirect addressing mode: n=1,and i =0
[IImmediate / Indirect addressing mode can combine with
relative addressing mode
® n=0andi=0 means this is a instruction belongs to SIC, not
SIC/XE

2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 19
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Examples of addressing modes of SIC/XE

Memor Contents
y . : Register ~Content
Address o .
3030 | 003600 6390 | 00C303 (8) = 00000
. 5 (PC) = 003000
. . (X) = 000090
3600 103000 C303 003030
Machine Instruction Value Loaded
Hex Binary Target Addr. inreg. A
OP n i x b p e Disp/address
032600 000000 1 100 1 O 01100000 0000 3600 103000
03C300 000000 11110 O 001100000000 6390 00C303
022030 000000 1 00 0 1 O 00000011 0000 (3030) 103000
010030 000000 0 1 0 0 0 O 0000 0011 0000 000030
003600 000000 0 0 0 0 1 1 01100000 0000 3600 103000
0310C303000000 1 1 0 0 0 1 000011000011 00000011 C303 003030
2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 20
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M [nstruction Set of SIC/XE
1Al instructions present in SIC

[1Another new instruction set includes
@ New Register load and store operations: LDB, STS, ...etc.
@ Floating-point arithmetic: ADDF, SUBF, DIVF, MULF...
@ Register to Register moving: RMO
@ Register to register arithmetic: ADDR, SUBR, MULR, DIVR
@ Supervisor Call: SVC

ClInput/Output
@ Using byte stream is same as SIC

@ SIC/XE provides I/0O instructions for 1/0 channel, they are SIO:
start 1/0O channel, TIO: Test 1/O channel, and HIO: Halt I/O channel

2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 21
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M Shown as Figure 1.5 (a) and (b) present the difference
that are written by the instructions of SIC and
SIC/XE, respectively.

M Figure 1.5 (b) is shorter and more clear than Figure
1.5 (a).

2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 22
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ALPHA
BETA
GAMMA

ZEROD woRD 0
¥300 WORD 100

(a)

ADDLP

COMPR

JUT ADDLP

ARRAY VARIABLES--100 WORDS EACH

ALPHA
BETA
CAMMA

(b)

Figure 1.5 Sample indexing and looping operations for (a) SIC and
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B Memory Structure ] Programmer View
CIPhysical Level @ Memory 15t flSegmentic'
. @ - {#Memory addressj 5%
©8-bit bytes Segment No. + Offset
@ Half Word — 1 byte

: * 5 fiSegmentfiuSizefi I') 7+ [
@ Full Word — 2 consecutive bytes *- [’[E{Segmentﬁ‘ VIR 5 B

@ Double Word — 4 consecutive Pages
bZtes (dword) 2 Ifil— #SegmentfiPagesfi' ]|

0%%'9Iworqzﬂﬂj ’ [leor’d address [ 7 Memory 1
7 (-4 FO BT - SO Rt e i
% ‘ﬁﬁ"[‘ﬁ Page 't Memoryf] IE‘J\'HFIJ » E Yy

© Byte addresses fruPagefi' I' |57 4 Diskfl 1

@ word/dword addressiL!" |35 © MMU(Memory Management Unit)
bytesf| 14t {fiubyte - - 2| i F1 1k Segment/offsetyi g o it~
# | fubyte addresstT, g5 4 [RAPhysical address.
word/dwordfivaddress

2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 24

12



| | TAMKANG UNIVERSITY SOFTWARE ENGINEERING GROUP
_ 1&;%;%@5‘;@34’&%} http:/iwww.tkse.tku.edu.tw
Hardware Platform %5’&’]#?1—Pentium Pro

M Registers
[ 8 general-purpose registers, they are EAX, EBX, ECX, EDX, EDI, ESI, EBP,
ESP, each of them are 32-bit length
@ In general, EAX, EBX, ECX, and EDX are used to store data. The ESI,
EDI, EBP and ESP are used to store address, of course, they can store data.
@ All of EAX, EBX, ECX, EDX can be separated into four of one byte, two
of one full word, or one dword
@ All of these general-purpose registers can be used as Base register. They
can also be used as Index register, ESP is exception
[ EIP use to store the address of next instruction that will be executed. It has 32-
bit length
[0 FLAGS includes many various flag bits. Its length is 32 bits too.
[ 6 segment registers, they are CS, DS, SS, ES, FS, GS. All of them are 16-bit
length
[l There is a Floating-Point Unit (FPU) for floating-point operations. It has eight
80-bit data register and some registers for control and status.

2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 25
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® Data Format
[18-, 16-, 32-bits binary integer
[1They can represent as signed or unsigned binary integer

[1They can also use 2’s complement to represent negative
number

[IFPU can process the operations of 64-bit length integer

(L ittle-endian byte ordering: FEipfi Ry = FIRLINE ot
e~ (Least Significant part) & i+ fﬁJ* worddwordss [I;ET’JFT}
PSR

Clnteger i # [BCD(Binary Coded Decimal)#<=- > Eli?ﬁ
Unpacked (y57¥iZoned)==Packed [

2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 26
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CIFloating-point & ™ %[ = FEf& 4 A 3k

fl
fet- - gy 1 7 E
32bits S | Exponent | Fraction(Significant)
T T 10 53
64bits S | Exponent | Fraction (Significant)
S et 1 15 o

(Extended) 80b|ts E

Exponent | Fraction (Significant)

2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 27
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[CICharacter: 8-bit ASCII

[IString: ! bits, bytes, words, Fi¥ dwords 5= 7514 code i) £l

string
M Instruction Format
CIg[I™ i

15 fneldpﬁii ?ﬂj [dilxt: > E[10Opcode= [ &% 1 {f
byte - ¥l fsfieldF’ I') kL O {fbyte

Prefix | Opcode | Operand | Address mode

2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 28
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® Addressing Mode
[lImmediate mode
[IRegister mode
LIEIP relative mode
[IDirect mode

LITA = (base) + (index) * scale-factor + disp
@ Where scale-factor may be 1, 2, 4, or 8
@ Disp may be 8-, 16-, or 32-bit binary value

2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 29
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Chap. 2 Assembler

» Basic Function of Assembler

» Machine-Dependent Features of Assembler
» Machine-Independent Features of Assembler
» Optional Features of Assembler

2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 30
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Basic Functions

M This chapter will introduce How to design and
Implement an “Assembler”
u Assemblerﬁﬂﬁi?[: =
“EH BRI ﬁ_i—q\HJ [ﬁ?ﬁ—ﬁBProgrammerﬁ’?
[Jﬁ JSymlgollc abel
G}Ij S £ (] Assembly instruction) i AF IS5
= ,?F’, 47 (Machine Language/Machine Code/Object code)
Qf lii”Assemny languagef:-Machine dependent > [+
IF=Assembler*s ;. Machine dependentfi o %14l
SICZ=SIC/XEhda4 > EJZ_iAssembIerp S
(0 F };Krﬁﬂ [ Assembler/jes ! e iy | lJ

31
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BZHSIC Assembly =

m T ff_,"}SICElLJAssemblyﬁ ] » PEESIC | (HfH Direct=®
Indexed 7 EhHEI=Y > PR Figure 2. 1A &7 = A=
Il ?F"' H[cu £t J Xz = [Indexed HAHBIY
F\ HiJ£5Directxit

W Figure 2.1f J%Eﬂﬁﬁli » B i JT/[JEHLine No., Source
statement, ~* Commentsi=' =% - £l f[1Source statement~" /1™

U= fipAE R -
O [LABEL]

[J [OPCODE]
(] [OPERAND]

W EF[I[LABELT=*[OPERAND]f" I'| kLnull - [OPCODE] 1 £%
null

2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 32
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Figure 2.1 Example of a SIC assembler language program.
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BESIC Assembly =" (Cont.)

L i BRI FV?EJ[LLI',EKJ?F“[QZ[WWL |l J:tgjéi
(Comments) > Assembler PE"J:%,IE

m b9 > START ~ END ~ BYTE - WORD - RESB -
RESW=T4 ,JfQL_E'HL*jf“,%Assembleri’ﬁ{’?— i)
Fggu (& TARE WIS BT X YENE YR ﬁy

jE‘i‘/AssembIer dlrectlves » iy EEPseudo

Instructions » ﬁ\/?" £ £ Virtual Instructions

W Figure 2.15%SIC AssemblerzizEl i » &) ffalfe, 4752

Symbolic label iR o ey e SRS R Al
(Machine code/OEJect code)%i/DFlgure 2.2F

2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 34
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ource statement Object code

ENDFIL

Figure 2.2 Program from Fig. 2.1 with object code.
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Basic functions of SIC Assembler

@ Convert mnemonic operation codes to their machine language
equivalents—e.g., translate STL to 14 (shown as line 10 of
Figure 2.2)

@ Convert symbolic operands to their equivalent machine
addresses —e.g., translate RETADR to 1033 (shown as line 10
of Figure 2.2)

® Build the machine instructions in the proper format

@ Convert the data constants specified in the source program into
their internal machine representations—e.g., translate EOF to
454F46 (shown as line 80 of Figure 2.2)

© Write the object program (Obj file) and the assembly listing
(LST file)

2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 36
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Basic functions of SIC Assembler (Cont.)

- e E o B RECEILine No. 10 fﬁl%
& i iHusymbol » Assemblerfivr Afﬂfyﬂ?‘y
Two Passes (2[pi! £ )V &LE!

@ Pass One_: ﬁn {’?‘ FUFAE=pYScan » =7 5 ]’[gi;r’F'rl&JB
Label definitionfi~Jaddress
@Pass Two : 7 = RIpJTranslation” (=

2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 37
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Basic functions of SIC Assembler (Cont.)

< AssemblerfJOutput 0Col.1  H
& Object File (Object ® Col. 2-7  Program Name
Program) : £+ S ©® Col. 8-13 Starting address
I'Jrecordfv B[\ A 2250 of object program (with
ff] o SIC AssemblerfrOutput Hexadecimal)
[1/Object filefdi TF‘:“ 73 Wl O Col. 14-19 Length of object
= £iRecord types= 7y program in bytes (with
@ Header Record : Obiject file Hexadecimal)
p957— [WRecord » — [ @ Text Record @ & 3=
Object fileft— {fi > Record Object codesfiRecord > —
FURS RS YIS (HObject file-ﬁ"ﬁr ) =
f~Text record » Recordp
RSP
2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 38
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Basic functions of SIC Assembler (Cont.)

0Col.1 T ® End Record : $5;7- Object
® Col. 2-7  Starting address programzii i » — {l#'Object
for object codes in this ﬁ|eF,\[—EJ_ {End record -
record(with Hexadecimal) Recor dEI%?' EWJD_'\ :
© Col. 8-9 Length of object © Col. 1 = £
codes in this record in bytes :
(with Hexadecimal) @ Col. 2-7 _Addres_s of_first
@ Col. 10-69 Object codes, exgcutable instruction in
represented in Hexadecimal object prpgram(wnh
(Two column per byte of Hexadecimal)
object code) +» Example of Object Program
corresponding to Figure 2.2
is shown as Figure 2.3
2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 39
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Object Program (Object File)

COPY /\001000/\00107A |
TAOOIOUOAIEAM1033A482039A001036A281030/\301015A482061A3C1003/\00102AA0C1039A00102D
'[‘AOOIOIEAI SAOCl036A482061A081033A400000A454F46A000003A000000
TA002039A1EA04l030/\00103OAEOZOSDA30203I;\D8ZOSDA281030/\302057/\549039A20205EA38203F
TAOOZOS7/\1CA101036A4C0009\F1A001000A041030AE02079/\302064/\509039/\DC2079A2C1036
TA002073/\07/\382064/\“0000/\05

EAO(JIOOO

Figure 2.3 Object program corresponding to Fig. 2.2.

2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 40
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Detail Processes of the Two Passes of
Assembler

++ Pass One (Define Symbols):  «+ Pass Two (Assemble

@ Assign addresses to all instructions and generate
statements in the program object program):

@ Save the values (addresses) @ Assemble instructions
assigned to all labels for use (Translating operation codes
in Pass Two and looking up addresses)

© Perform some processing of @ Generate data values defined
assembler directives (This by BYTE, WORD, ...etc

includes processing that
affects address assignment,
such as determining the length
of data areas defined by
BYTE, RESW, ...etc.)

® Perform processing of
assembler directives not done
during Pass One

@ Write the object program and
the assembly listing

2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 41
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Data Structure that Assembler need to

W Operation Code Table : 7 OPTAB

[ Assembler ™|t S5 D TEU 4) HHS55 B R A 4

O &= ") Uf‘ P F
i
L S W%$$J
O#F’, J~ ” Format
L 2 “,—.&JEIfJLength

] OPTAB#*Pass Onel/ =J:H| > l'i,iﬁ[?aJSource programp] 1) — fﬂﬁﬂ

N T
1LTpE
CJ OPTABY*Pass TwofIursf] » 2|1 S &~ 2 o) = bignb Sl
o
O &) Hash Tablet H l%‘drn\ﬁﬁ DONEC T ﬁ FiSearch Key
[ ik~ Static Table
2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 42
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Data Structure that Assembler need to

W Symbol Table : RFSYMTAB
O AssemblerE'Hé%Eﬁ%E?“H IHYSymboliEifzisy £ ifi(Value)
Ol =D &g & 7 3 pufa o
OSymborElfJ [
& Symbol i fifi i Address
@ Symbol Type
# SymbolfiLength
1 SYMTAB#*Pass OneV 7J:='] » i% * U7 Source programp] 1 A
E_%BEL]j/ symbol -+t i IV LOCCTRpY fifipy £ i/ Jﬁﬂ%
SN
O SYMTABJJ‘?Pass Twop vz =] > 2l ;“:TE»FEP SymboI]EIfJf@ﬁ9Address
i 7 #ERuObject code
[1jEzl'|Hash Table %%l %?rﬁﬁ?% » ™ '] Symbolfiv 7 £, Search Key
[1 Hashing functionﬁ*J‘J]E'J?Z]’[E'Table length[is Search keyElfJ[‘Jﬁﬁ!ﬁ
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Data Structure that Assembler need to

B LOCCTR : data type unsigned integer
LI ecount™ ~ {4 ] i RAL Y R IR O 4

W Starting address : data type unsigned long
Dﬁt“%?“?ﬁéﬁ pelp & g o g1

M Program Length : data type unsigned integer
O ?‘%EX (A= Foafi % (bytedp)

M Source file :

M Intermediate file : =/ Fﬁaddress, error indicator

M Object file :

B Assembly listing :

2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 4l
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Examples of OPTAB and SYMTAB

® OPTAB B SYMTAB

Name Opcode | Type Length | | Name Value |Type |Length

LDA 00 3/4 3/4 BUFFER | 1039 R 5
(nibble)

ADDF |58 3/4 3/4 ZERO 1030 R 5
(nibble)

COMPR | A0 2 2 LENGTH [1000 |A 6
(nibble)

FIX C4 1 1 RDREC |2039 R 6
(nibble)

2010/2/23
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Algorithm of SIC Assembler
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2010/2/23

Pass One shown as Fig.2.4 (a)

Part one: from [read first input
line ; to Telse initialize
LOCCTR to 0 4 that assign the
start address of this program and
setup the value of LOCCTR

Part two: from Twhile OPCODE
<> ‘END’ do to Tend

{while} ; that process the location
assignment of assembly
instructions and symbolic labels,
create SYMTAB contents

Part three: last two commands
create the intermediate file and
find the program length

B Pass Two shown as Fig. 2.4 (b)
B Part one: from Tread first input

line ; to Twrite Header

record... ; that generate the
object program and its first record,
Header record

Part two: from Tinitialize first
Text record ; to Twrite last Text
record to ... ; that process the
object code and Text records
generation based on OPTAB and
SYMTAB

Part three: last two commands
creates the last record, End record,
of object program and the
assembly listing

Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 46
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Pass 1:

begin
read firat input line
if OPCODE =

next inpur line
START}

initialize LOOCTR to O
while OPCODE » ‘END’ do

bagin
Af this is not a conmment line then
begin
if there is a symbol in the LABEL field then
bagin
search SYMTAB for LABEL
if found than

set error flag (duplicate symbol)
als

sert (LABEL, LOCCTR) into SYMTABR
end {if symbol)
search OPTAB for OPCODE
£ und then
3 {instruction length} to LOCCTR
* "WORD' then
dd 3 to LOCCTR
e if OPCODE = 'RESW’' then
add 3 * ¥ [OPERANI to LOCCTE
e if OPCODE = ‘RESH® then
add # [OPERAND] o LOOC
e if OPCODE = ‘BYTE' then
begin
£find length of tant in by
add length to LOCCTR
end (if BYTE)
-
set error flag (invalid cperation code)
end (if not a comment)
write line to intermediate filae
read next input line
end {while not END)
intermediate file
} as program length

st line t
save (LOCCTR - starting addre

Figure 2.4{a) Algosithm for Pass 1 of assembler.
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Pass 2:
begin .
read first input line (from intermediate f£ile}
if OPCODE = ‘START' tl
begin
isting lim
input line
and
write cbject program
initialize fir et Tecord
while OPCODE # 'END*
= not a comment line than
search OPTAB for OPCODE
4if found then
n
b-miu there is a symbol in OPERAND field than
begin
search SYMTAB for OPERAND
if fourd then
store symbol value as cperand address
el
begin
store 0 as operand address
got error flag (undefined symbol)
and
end {if symbol}
als:
store 0 as cperand address
assemble the chject code instruction
end [if opcode Ecundl]
else if OPCODE = ‘BYTE' WORD' then
convert constant to object code
1f object code will not fit into the current Text record than
begin
write t record to object program
initialize new Text record
add chject code to Text record
end (if not comment])
write listing line
input line
t END)
scord te object program
record to object program
st liating line
2)
Figure 2.4(b) i for Pass 2 of ol
2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 48
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Machine Dependent Assembler Features

M Extends the functionalities of SIC assembler to
SIC/XE

B How to represent the addressing mode on the
assembly programs
[1@: indirect addressing mode
[1#: immediate addressing mode
[1+: extended format (four bytes of this instruction)
[IBASE: a pseudo instruction, inform the Assembler to
understand what value of the Base register
B Example of assembly program running on SIC/XE,
Fig. 2.5

2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 49

Figure 2.5 Example of a SIC/XE program,
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Machine Dependent Assembler Features

® Compare the two programs shown as Fig.2.1 with Fig.
2.5
[ILine 150 COMP ZERO = COMP A,S (r-r)
CILine 165 TIX MAXLEN = TIXR T  (r-r)
[ILine 25 COMP ZERO = COMP #0 (immediate)
[1Line 55 LDA THREE = LDA #3 (immediate)
[ILine 70~75 LDL RETADR
RSUB }:J @RETADR (indirect)

M The assembly listing is shown as Fig. 2.6

2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 51

Object code

Figure 2.6 Program from Fig. 2.5 with object code.
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What functionality need to be changed
and extended from SIC Assembler

© START 0 : it is not really to indicate the beginning

address of this program from 0, but means this program is

a relocatable
@® Translate r-r instruction : register name need to be

transferred to the identified number. In usual, the register

name and register number are stored in the SYMTAB

© Calculate the displacement of general r-m instruction. In
usual, they are program-counter relative, a few base

relative. That is calculate from TA and content of (PC) or

(B) and (X) if it is included
@ Process the immediate, indirect and direct (Format 4)
instruction

2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw
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What functionality need to be changed
and extended from SIC Assembler

LI The rules of displacement calculating

L_IFirst priority is PC-relative

LWhen overflow happened, change to Base-relative
LLISome examples:

= Linel10 0000 FIRST STL RETADR

»=When this instruction being executed, the content of Program
Counter (PC) is 0003

»= According the SYMTAB, the TA of RETADR is 0030

»= Thus, disp = 0030-0003 = 002D

»= Because it use PC to calculate, p=1 and b=0

v The Opcode of STL is 14 and combine bits n and i, thus it is 17

l000101 |1[1]0]0]1]o0] 0000 | 0010 | 1101 |

»= 17202D is got.
2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw
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What functionality need to be changed
and extended from SIC Assembler

LL1Some examples (Continues):
w Line40 0017 J CLOOP

»=When this instruction being executed, the content of Program
Counter (PC) is 001A

= According the SYMTAB, the TA of CLOOP is 0006

»= Thus, disp = 0006-001A = -014,, = FEC,; (2’s complement)
»=—-014,,=-000000010100,=111111101100,

»= Because it use PC to calculate, p=1 and b=0

»= The Opcode of J is 3C and combine bits n and i, thus it is 3F
= 3F2FEC is got.

»= It means that go back offset

loo1111 [1]1]0|o]1]o0] 1111 | 1110 | 1100 |

2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 55
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What functionality need to be changed
and extended from SIC Assembler

LL1Some examples (Continues):
w Line 160 104E STCH BUFFER, X

»=When this instruction being executed, the content of Program
Counter (PC) is 1051

= According the SYMTAB, the TA of BUFFER is 0036

»= Thus, disp = 0036-1051 = -101B, < -2048,, = -OFFD,; (Range of
PC-relative)

»= Thus, change to Base-relative. Due to BASE LENGTH, therefore
(B) = 0033 and TA =0036. So disp = 0036 — 0033 = 0003

»= Because it use Base and includes X to calculate, p=0, b=1, x = 1
»= The Opcode of STCH is54 and combine bits n and i, thus it is 57
»=57C003 is got.

l010101 |1[1]1]1]0]0] 0000 | 0000 | 0011 |

2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 56
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What functionality need to be changed
and extended from SIC Assembler

| -2048(-FFD,) < disp < 2047(7FF,)]|

LL1Some examples (Continues):
»= Compare Line 20 000A LDA LENGTH
=To Line175 1056 EXIT STX LENGTH
»= According the SYMTAB, both of them the TA of LENGTH is 0033
»= However, in the Line 20, the (PC) = 000D and the displacement of PC-
relative, disp = 0033-000D = 0026, thus the object code of Line 20 is

1000000 | 1[1]0]0]1]0] 0000 | 0010 | 0101 |
»= In the line 175, the (PC) = 1059 and the displacement of PC-
relative, disp = 0033 - 1059 = -1026,, < -2048,,(0FFD,).
»= Change to BASE-relative, the displacement, disp = 0033 — 0033 =0
»= Thus the object code of Line 175 is

1000100 | 1] 1] 0] 1] 0] 0] 0000 | 0000 | 0000 |

disp = 0033 - 1059 = -1026,, < -2048,, (-OFFD_163 i) bo.ow 57
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What functionality need to be changed
and extended from SIC Assembler

LL1Some examples (Continues):
= Line55 0020 LDA #3
»= Immediate addressing mode, n=0, i=1, operand = 3, i.e. disp = 003
1000000 |0 1]0]0]0] o] 0000 | 0ooo | o011 |
= Line 133 103C  +LDT #4096

»=When this instruction being executed, it is immediate addressing
mode and extended format

»= So disp = 4096

= n=0,i=1,p=0,b=0,e=1

»= The Opcode of LDT is 74 and combine bits n and i, thus it is 75
»=.75101000 is got.

ferformat4 | | 011201 [0[1]0]0]0] 1] 0000 | 0001 | 0000 | 0000 | 0000 |

2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 58
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What functionality need to be changed
and extended from SIC Assembler

LL1Some examples (Continues):
»= Combine immediate + PC-relative addressing mode
»= Line 12 0003 LDB #LENGTH

»= According to the SYMTAB, the TA of LENGTH is 0033 and the
(PC) = 0006, So disp = 0033 — 0006 = 002D. By the way, it
indicates immediate addressing mode, therefore,

= n=0,i=1,x=0,p=1,b=0,e=0
»= The Opcode of LDB is 68 and combine bits n and i, thus it is 69
+.69202D is got.

1011010 [0[1]0]0|1]0] 0000 | 0010 | 1101 |

2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 59
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What functionality need to be changed
and extended from SIC Assembler

LL1Some examples (Continues):

»= Another example is Combining indirect + PC-relative
addressing mode

= Line70 002A J @RETADR

= According to the SYMTAB, the TA of RETADR is 0030 and the
(PC) = 002D, So disp = 0030 — 002D= 0003. By the way, it
indicates indirect addressing mode, therefore,

= n=11i=0,x=0,p=1,b=0,e=0

»= The Opcode of Jis 3C and combine bits n and i, thus it is 3E

= 3E2003 is got.

lo01111 [ 1]0]o]o]1]o] 0ooo | 0ooo | o011 |

2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 60
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What functionality need to be changed
and extended from SIC Assembler

LLISome examples (Continues):
»= Another format examples
»= Line 150 1049 COMPR A,S
»= It is a instruction followed FORMAT 2
»= The Opcode of COMPR is A0, the id no. of Ais 0, of Sis 4

| 1010 | 0000 | 0000 | 0400 | | SeusgvERL4> 0100 |

= Linel65 1051 TIXR T
w= It is a instruction followed FORMAT 2
»= The Opcode of TIXR is B8, the id no. of T is 5, only one register

| 1011 | 1000 | 0101 | 0000 |

2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 61
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Program Relocation

u Absolute Program (Absolute Assembly): I/Eﬁul%g‘

e
=8 iiﬁ 4 " |Resource (J[/Memory)
Dﬁﬁmr’* it/ I (Change Starting Address) - Iﬁ[ﬁﬂ s &

ERe Assembling)
[ | El’sﬁ’é«_[/lﬁ
[IRelocated Program
[1Assembler 1 ﬁtﬁl}%assign memory address
C1Assembler{ 5’ I'] ETETAEER A -
C]&+>24 ™~ Information ﬂipLoaderPHK f}}%@[» o
C1H nformatloanf Assemblerﬁ’?Output Udbject program
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Program Relocation

W Fig. 2.7[![l#5{TFig. 2.5fY0bject codesrelocate: T [f, memory
addressEﬂJ“ > object codespJ@"‘[’“ it (7]

m E[1{[+JSUB RDRECHiyHr ) » H S5 fiYobject code— i Fa;
RDRECFH IE” J:tl[‘;‘L SINeIwil clsr@

| AssemblerﬁRERECﬁJr* ﬁki[ﬂz%startmg address FLOE Firt BT
ePUAEIES Sk H- > T+ISUB RDRECEWJ,{[EJ“J@I}%{t +* (Direct
Addressing modey‘}l’ HRDREC[Y i~

W R “ﬁ[ﬂ%‘@ij = starting address? 70 » +JSUB
RDRE F’%a«f’;:%piobject codejfif:¢ ?FUT I -1

B [H]=> Assembler:* %Loa er ﬁﬁ i &% loading tlmeEﬁ IEDE&
" Object codeT[Jmemo ﬁr » Rl pres Hﬁﬂfﬁc‘l]@’ﬁé‘l*ﬁ&u[ JFL ;{j
Ep = fivstarting address[ AR LR o

m ~ 7 IHdirect addressmg modeﬂ Jﬁ 71 » klobject codest = e
%Startlng addressfy [l ] F’?ﬂﬂé Lﬁﬁiﬁ'#i*ﬁi Ell)f‘géﬁ
2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 63
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0000 ¥
0006 | 4B101036 | (+JSUB RDREC)
1036 | B410 +—RDREC
1076
5000 :
5006 | 48106036 |(+JSUB RDREC)
6036 | B410 l— RDREC
6076
7420 T
7426 | 4B108456 |(+JSUB RDREC)
8456 | B410 «— RDREC
8496
(a) (b) (c)
Figure 2.7 Examples of program relocation.
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Program Relocation

W Assemblerifp iﬁ]i[lLoaderﬁ’?%‘T{%lElfJinformation
B Answer:

17 Object programg] I‘Fﬁ”\ Modification record
B Modification recordg’lfﬂrﬁ;C g

Col. 1 M

Col. 2~7 Starting location of the address field to be modified,
relative to the beginning of the program (hexadecimal)

Col. 8~9 Length of the address field to be modified, in half-
bytes (hexadecimal)

B Why half-bytes ?

2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 65
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Program Relocation

M Object program included modification records shown

as Fig. 2.8 for source program Fig. 2.5
HCOPY ‘,EJDOGOU’PBID?}‘

TAOUDOOO!\] Dl ?202]31‘692020‘\&310103&032026),\290000‘\33200?;\4310lﬂSDﬂSFZFECﬂDBZUlD
TAOOOOID‘,‘I 3ﬂUF201BADLGUUJHOFZOODAﬁB10105]1“352003‘\45-‘«\1"1’06
rﬁnum]ﬁﬂlnﬂa-‘q1q,‘nr.uq,‘nuq~?s 101000h232019n332FFA?PBEDl%‘&ﬂuﬁh332008:\5?l3003‘,\5350
E‘001053‘,\l DEBZFEhnl 36000#?003[%}‘%5& lﬂh}'?ﬁﬂl]ﬂhﬁ.']zﬁl IASJEFFAE3C003‘\DF2008A5350
ThODI.O?OﬁO?J@BZFEFhﬁ FDOOU‘,\US

M00000705
}W 0001 dﬂﬂ 5
M00002705
%00'0000
@2.8 18E¥IRE2.669B89iE
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Machine Independent Assembler Features

W A AIp i Efé?machine%d‘%ﬁ:%% » [EHRLTE J\ﬁﬂ
73 Asse%tﬁ;erﬁ H fﬁlgffﬁj [k
[ILiterals
[1Symbol Defining statement
[1Expression
[IProgram Blocks
[1Control Sections & Program Linking
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Literals

W Literalsfl. Assembler#d {3 programmer]” | constant
operandfivvalue [E£L 5 i - ﬁ[ﬁf}} A RS
constanttZ:label > lﬁ Sefi~operand# Eiliteral

™ Programmerit-assemblyAd =V [ 1 » 7t operand
ﬁfj"ipf’z’ﬁf} ﬁ*%?ﬁﬁﬂﬂ_literal -

45 ENDFIL LDA =C’EOF’
215 WLOOP TD  =X’05
EF[1CH7. character » X% ~ 11 i
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Literals

W Literal=“immediate operandpL 7 [Fl[1~:
TImmediate operandﬁ Joperanditassembled. |f5'@5‘ﬁ§m

a’éﬁl f— FF (77 » 0 literal operand}!|[k.Lf! iassembler f 1£7
fiel= v— |ﬁaddress &3 11"?‘ fconstant » ™ }{:’]’ :[ﬁconstantpj
memory address =7, ?F' -1 FYtarget address

C1F=4ekFig 2.100Y

445 001A ENDFIL LDA =C’EOF 032010
%

455 0020 LDA #3 010003

DI 2 % Fig 2.9% Fig 2.10
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_ Line Source statement

Figure 2.9 Program ing additional features.
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Object code

) WRITE RECORD FROM BUFFER

B410
424000

1B
4F0000

05

Figure 2.10 Program from Fig. 2.8 with object code.
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Literals

[ j TR TR | 2 A literals ¢ ?‘L%HMH‘/ I plﬁllteral pools - FJ
lit IpoolsE'[JF['#?E SO (RN A *EHFEJ;F[ [LTORG¥H >
LTORG I/Fr £ T[JﬁllllteralsEI]JiL;%HM?"LTORG Vg 7i/[lFlg 29> 2. 10

m LTORGFUH ﬁuﬁ'\:'i F[[;l;f; %E A, AJ,_‘”EIH ]§IJ|Itera|Srj%E*\§l/x
2 F'T[Jﬁ Yaddress - ﬁ"f@ Jarge format - LTORG ' ffliliteralst =ik
EL’IFI T[Jﬂ“]fl J?F' |

[ ﬂ[ll??ﬁﬁjudupllcate literals:

[ =digstring of literal » fJ[IC’EOF’ ; X*05’
O P & il > Y[IC’EOF 2 X 45446 £ Y RLAFIRIfY » i) ) | Ui~ [

m L9t iE7E Y duplicate literalsy i & — fffﬁf&?t"‘

E, MFEJ’L:fIlteraI]p;l Ecurrent value of location counter(r=nlizﬁr *) LDB =*,
feUl 1 fjjlocation counterfi i Z[[Base register.
@fj’ I|ne 13FI |Z[ LDB =* %line 55" [Z[[fiY LDA =* éE;L* H PR Shefiy
Iocatlon counterfi Jvaluefg_j ff iIf, 53 [ £50003 %0020 [Ljﬁ SepLliteral * Fr
. ,lﬂ;]t;:[?ww% IR literal poolze: i,
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Literals

B Ex S %assembleri/[l]’ﬁ handle literals
m Fi-t,assembler*Ficreate— flliteral table (LITTAB)

O LITTAB foadife -

[ literal name

1 operand valve

1 length

] Address
W LITTAB! Jhash tablefiv =555 - I']literal name£l key b Jvalue Eikey
B LITTAB %Passl i & » Passlicl#& > scanZ[|filiteral name & S5f/Est
value’® length » 9! ILITTABPJi%‘EJEJ[Jaddgaﬂ
HiPass1 scan?ULTORGﬁ%E?“iﬁ%ZEﬁ » HiIfel & & literal pool » ™7
ddress;; fiALITTAB] Ifivliteral » [™f5flocation counter < “F1EUe
literalfiulengthe > » I'[7EF addressfiy i

i . e R —

[ | F%\SSZEJ[JETEL?%ZLITTABH literal name%}jEfivaddressi#: 2+ ﬁ;ﬁq H Jﬁ&é&fﬁ
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Symbol Defining Statement

W o FFProgrammer [ 117 EEF e 1iYSymbol
= User-defined symbolsfi% "] 7 label 5 data area 9t
% puAssemblerts e fi{H programmerf 1 173
Symbol B?E’, Xl val epfjrjrﬁ:
m- ﬂ&flfjﬁ??‘i/[l"‘\ :
Symbol © EQU value
u EQUﬁf’E'Jﬁfy[ﬁﬁ/ﬁ@;
CIA. fRFE =Y i % (readability)
+LDA #4096 d5rY

+LDA #MAXLEN
MAXLEN EQU 4096
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Symbol Defining Statement

| EQUﬁ H Fu[?ﬂrﬁf

B.H ] [ Jnumber & Flreglsterpf'jj[%j
A EQU 0
X EQU 1
L EQU 2

mINNE § [lRMO ;‘:Flpuﬁ LFQIH reg.Number{Foperand
REEy [ "B RMO AX| kMOOlf— Fllassembler -
SYK/I ABHI#}%UA,XEJVaIue
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Symbol Defining Statement

W - Fassembler directivefl. " | Jsreset LOCCTR ﬁ‘
Sk /UL
ORG value

W ORGHLoriginfiudi L, Frl ], I ElleocationEl’SfEljf‘F',
%L;El@valuef'ﬁjtlf‘,count

M ORGP~ (V" |F[[RL" |7 Table define , [ f3:
DS programmerfi 35~ fliisymbol tablefivstructure 71"
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Symbol Defining Statement

symbol valve flags

STAB 6iliibytes 1 word 2 byte
(100entries)

® programmerfi'f= €1 - Jjﬁﬁﬁﬁw\}ﬁ
STAB RESB 110
SYMBOL EQU STAB
VALUE  EQU STAB+6
FLAGS  EQU STAB+9
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Symbol Defining Statement
B VAT R H]

LDA  VALUE, X

Al Zxpregister X fucontent indicate table entryjfi 7V i
VALU field

TR R ORGH BY, =g
STAB RESB 1100
ORG STAB
SYMBOL RESB 6
VALUE RESW 1
FLAGS RESB 2
ORG STAB+1100
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Symbol Defining Statement

| "Eiﬂfassembler"ﬂ 7 H]ORG{*FTORG STAB+ 1000,
Eklassemblerf ! E{*Jrf—,%"l‘??iiﬁ'] EEJ LOCCTR4fif
u ?Zf/f, EQU right-hand sidefiySymbol -~ Jfifl— f[t=!
EFfuSymbol ,
ALPHA RESW 1
BETA EQU ALPHA
=
BETA EQU ALPHA
ALPHA EQU 1
Al ’ g ?;F[fl EZ [’zﬁﬂﬁAssen’lb!e_rEfJ%’,%,Passl fi Scan ,BETAE\ ,
Hi 4 ﬁFJFTt‘ (= £l address, [E! lﬁfglﬁ 7}, BETATif 1% 1 1
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Symbol Defining Statement

W [, 0RGH T 4 Fgra ™ [y
BYTE1 RESB 1
BYTE2 RESB 1
BYTE3 RESB 1

ORG
ALPHA RESW 1
Tﬂhﬂjx O nilfﬁfj

W R HEEROTIRE L
ALPHA EQU BETA
BETA EQU DELTA
DELTA EQU 1

#i £l forward-definition problempiy#iforward-reference problem, £1.2-pass
assembler B 3% ﬁ[ PLEERAY | [R - jEtvassembler %‘ﬁﬂpj‘wj{ﬁjﬂ
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EXxpression

W ExpressionfivH [ kL-e FFoperandfiy - T EiiSymbol;‘}
literal,[fi f.LET 1 % Rsymbol # literal== +, _, >, / 53¢ F"[ﬁj
IS

MAXLEN EQU BUFEND-BUFFER

m E [[IBUFEND-BUFFER, fitfL— fffexpression

W fli?— fEfivoperand t jabsolute=relative 55 , [N,
expression PNESH{N Y 5] B absolute™Frelative]iy el
expression , F{7IA[]£L— {ffabsolute expression, ||

BUFEND+BUFFER
100-BUFFER
3*BUFFER

m [l[]#hrelative expression
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EXxpression

RN Di[lIoaderPH[iﬂ*Symboli_relatlve gL
absolute ’E&SYMTABH%M
W I'|Fig2.10p9SYMTBLY[I™

Symbol Type Value
RETADR R 0030
BUFFER R 0036

BUFFEND R 1036
MAXLEN A 1000
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Program Block

£

i

™ FitpAssembler i EIfY program &y
f entity »

subroutines - data area = > f%’:z";}%{‘[ﬁk
Al

® Assembler & % 1 object program fi*/"FI==* source
program FEAs L A5y

W 1% o7jfl Source & object program fuEEIRE 4 -
assembler 477 HfH 50 1 features » [

[1Some features for ¢ 7 %+ {5 machine instruction » data
= source program fl 1A=L [ﬁjpﬁ (4 ?{ﬂ‘?‘ EProgram
block)

[]Some features for & object program & & pufl— EXAF = g
AU o g parts F[F 1 loader 55 ] handle &

i S .
maintain (7 ## £i,Control Section)
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Program blocks

M Program Block and Control Section

C1Assemblerfi' I' [+ 55 = featuressi;Programmer

C1-e 747 [ % 7 fobject program(object file) s E\%%E’ffﬁ
I'J5is58efeCode Segment - =' Code Segmentfi~/"Fi ===
source program. 'l t(F"[fﬁ '&J PV R [ﬁj

[1Program Blocks#< - Object program|”* |fi*)Object codes#7 ¥
E1#rb#ET Hi- object program unitfiy [Filcode Segmient

[IControl sectionf![[}:.%< = Object program|* |~ Object codes
o PeEi g = A DRSS 7 object program unitsfiuCode
gegment

CIControl Section®™~ — &jy /i TJF’,
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Program blocks

W Fig2. 113[J£%— {[&'I"]Program block sy ffy]="

W A A=A E 3fwProgram block
[1 37— {block £5unnamed block &y ¢ frﬁu{’?fﬁﬁ
1 87~ fkiblockECDATA block & L'[ ff[ [YDATA area
[ 572 fiiblock£3CBLKS block &/ uql[ﬁ?ﬂﬁaﬂ

n Programmerria\ e i%”‘ﬁ T@ oL fﬁ A PES (WBlock -
Ik i a%flfkﬁli [%*U J E%%FETPE main routl efis Jdalfaﬁ’buffer [
rimaln routine ; RDREC routine&r* | £[|i*datar ' ZF 7+
RDREC routine ; WRREC routine - [FJ

]j;liAssembler '[ng & F Object flleE Object codeE
FEBE ][RR i ] b “louereind
- & - o Ty ]E.& RS ﬁ TG ° ZfEﬂ Intel 80X EF[Ips Jcode
segment ~'data segment - stack segmenf"ﬂaextra segment
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o g Line Source statement
_ 10 FIRST

3

0

Figure 2.11 Example of a program with multiple program blocks.
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Program blocks

W How to do

1Assembler/fisfd i — [ Assembler directive {f programmer
?F’,FIEJbIock EFE I ER

O 3 Ao EafyTRL E'JUSEiF%[’[EfAssembIerjf’]a ?J

Dlis[?ﬁ AR R PR AR P block b
Al |t

CIpfiP= - {l'program block @ — {faAH = F[ I 'F’J‘ZF%} Ry Bl
T [ﬁJEIfJCode segment(Program Block)

1Assembler Zﬁﬂﬁiﬁﬁf(:ode segmenteFrb £l

O lﬁﬁf‘g Pl EENT (B Passlsh RY Iogicalp’lﬁﬁﬁﬁ 73
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Program blocks

® How to do (7&)
(15— [fd Program block%?ﬁ:i “— {llocation counter(LOCCTR;)
Eléé_li(“[ f@fgsgﬁ.@o ’ E“E,%Tjﬁjblockﬁ\ i | ‘ﬁ F If~counter k4
7l > Block[IUaRsf I LY 5 5 SYMTABf valuef|!
[ Pass 14 i » 7 f{leflocation counterf™ i A[]£% = block
lje\ngth , Tﬂ]%?ﬁhg‘ erf(Pass1 ' ') & & — [HWorking tabled!

Block Name No. Start Address Length
(unnamed) 0 0000 0066
CDATA 1 0066 000B
CBLKS 2 0071 1000
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Program blocks

® How to do (7&)

d iﬁf[ﬁ‘TableFj H Pass2 ™ |9« &% & Object Code

O %T&Pl'[ﬁ'Symbol ’ PassZEJ%T@SYMTAB#}?[J'LL”FE"%TE? F e TFYblockfi™

O F9pi_Fworking table fl l]?Zblocl<ﬁlfﬂé[i1f|"‘1"11P

O []E% Fsymbol I TA

O F I IP=TAFf EToperandfdisp i

1 79[ line 20§ 9displacement (72 I LENGTH : SYMTABF 1575 £/ fifi 0003,
1> FJf"MLENGTH {9 block(No.1)#1fi block [iVstart address £% 0066
‘[53‘ TA £% 0069 (0003 + 0066)

O~% EV? Fhpc-relative [ (PC)=0009 » Eﬁrfﬁ disp = 0069-0009 ~ *
disp= 0060 > Fl1IF<3 % object code £% 032060

O] Fig 2.12 A[J£% fig 2.11 ™ assembly-listing file
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i | Line Loc/Block Source statement Object code
5 0000 O CoPyY SRR )
10 0000 O FIRST .p ]
| 15 ool © cLooP 3 :
2 3 't )
as o d )

20 0006 s
o009
a0 000cC o
1% O00E o
40 001 o
4 001 o ENDFIL
1 ao1s ¢
&0 QO1E o
65 o021 (s
0 ooza o
2 Qo0 1
aooo 1 RIETADR
0003 1 LENGTH
o000
o000 2 BUFFER
1000 LI 5
1000 MAXLEN BUFEND-BUFFER
SURROUTINE TO READ RECORD INTO BUFFER
7 o ROREC
o
o
0 o
o o RLOOP
1] o
o
o o
65 4] o
170 +] 3 o
17% oo4a7 o EXIT
180 oo4A O
183 0006 1
185 0006 1 THPUT
195 .
200 -
205
208
210 WHREC
212
215 WLOOP
220
225
230 oosn o
238 QOsSE o
240 0060 o
245 o063 o
2532 ooa7 1
253
000N 1
55
Figure 2.12 Frogram from Fig. 2.11 with object coda.
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Program blocks

B Program block i B :
1 Reduces our addressing problems, because large buffer area is moved to
the end of the object program
[ Base register is no longer necessary (no more Base-relative)
[] The problem of placement of literals in the program 18 easily solved

B FfE FAssemblertt & 4 Object FﬂeE TR BT R
ot JI?ObJCCt codef/"FiMt t“F' fcode segment (P1% ram Block)fiV
o

FI=

u 13% & T[il block [ > write Tl text record H[Jf* - ! fig

2 1

D Fi'| 5 it text records %% line 5 to line 70fYobject codes

O BRI use 7471 7R s RS [WBPTHY text record T i SPEVE
F’} it 1= object code
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Object Program for Program Block

H‘FOPY hOUOGUUﬂUOIU?I
—>TﬂOOUUUﬂAIEhl?2063#52021A032060A29{]000‘,‘33200(}\&52DBBA3F2FEEA032055A0F205ﬁn010003

TAUBUDlEAO%GF201‘|3A452029A3E203F

2FB850
ThUUGUZ?AI.I?"BﬁIOABWUABHUA?SI0l(JOOAE32038A332FFA},PBZU3%&DD-’|’,‘332008},‘57;&0 F

TAOUG(JM‘P?&RZFEAAI 32011‘;\“‘0000

TAOOUUGCO lﬂFl

000
00004%19}‘5&10“??201 ?‘EJZOIBh332FFAh53ADlﬁnDFZUI2A5850A3B2FEFR*'¢F0

ODODBDA[MnﬁS-’\\NﬁAUS
J,\':.'IEJ[J[HJ"J

=

ﬁ

-l

]

Figure 2.13 Object program corresponding to Fig. 2.11.
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Program blocks

W Fig 2.14 HI[RLFFH source program, object program,
and memory [l Elfl block "3
C# Hl CDATA(l) CBLKS(I) [RESE E| object code » AT
I'J7% object program Fl 1™ 1 % ik
CH{ERLCDATA() = CBLKS(1) 7 memoryf|1{ 1 E E| ?‘3 I“_ﬁf?ﬂ
T
IR £ IF?E‘JW&?H?L] 4 i_FZ/'"I‘Reserve:t'I L 2 T
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Program loaded
Source program Object program in memory

Relative
Line address
S [elelels]
Default(1) | Default(1)
Detault(1) ’-”/ comedh
Default(2) - Default(2)
70
95 _| coatae@ PR

CDATA(1) Default(3)
202 Default(3
105| CBLKS(1) efault(3) COATA() 0066
125
0o6C
CDATA(3) CDATA(2)

\ CDATA(3) |°060

Defaull(2)

0071
180
185| CDATA(2)
210
CBLKS(1)
Default(3)
245
253| CDATA(3)
1070

Figure 2.14 Program blocks from Fig. 2.11 traced through the assem-
bly and loading processes.
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Control Section

W & Assemblerr: 7 [iuobject program £l £AE E
g Fﬁw (parts F¥ code segments) ° lﬂ.ﬂf code
segmentsE |l Ioader 73 i) handle = maintain

WA 2R ~¥‘E‘rcode segments*& £5.control sections

W KT programs 53 5% %t control section fi' '] 53 |23
load *relocate - lﬂ?ﬁiﬁl Vi [ B programming R
ke
-I’*’]ﬁ [Filf~ control system £ glpl Ioadmg K
relocating [ ft| - (155 J Jsectlons =
program f| 175 Iogl al F?FEFFTJ ER B E PﬁjT
El}{ﬁ’d»IFEJ Imkmg - &
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Control Section

W kL & f[HSection FF e [fY loading & relocating
time » 7. & [ section liiimﬁiﬁu location =&
1

m HiZ 5. Assembler 35— {fi'section f[1E | reference e &
W[l section fusymbol #if= 3k JV i £l value s - lF;F
#ireference 7 £} external reference (9} IFF[ 2 H |

W K= Assembler ~4Z=55FE] [ external reference *
% — = information I'J {f1 loader ¥/~~~ linking
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Control Section

W Fig 2.15 | = {l#f control sections, = A= % 5 ffi
subroutine % ¥4~ {f section
| lFf |ﬁsectlon ' 1)o7 A R

£ main program Fi- ﬁﬁjj » line 15 * line 35 ™
EEL DREC & WEREC kL 41

W EP ,isﬁ@:hﬁg“l ﬂ"ﬁ[%lﬁ'}%[ﬁ' Fi

IR
Symbol) » % £ External Reference(¥/f FF( ZH)
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Figure 2.15 lllustration of control sections and program linking.
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Control Section

u E@‘J’?F“Iﬁﬂﬂﬂﬁfii_ external reference I'| {f1 loader &
“Fl > SIC/XEfvAssemblerff [+ 4[5 assembler
directives 55 || EXTDEF & EXTREF

IEXTDEF (External Definition) E'Hé?F]F'EJPFMfsymbols T+
7 section (Control Section) f[1#% definition » i {f £l {4
section ff1*'| (reference)fy

1 EXTREF (External Reference) E'HéfF’[FIEJﬂBEf‘symbols T
7+ section F*'g reference > {ELRLEl 9 section f[ 1 definition

™ Fig 2.16 #iERL fig 2.15 [ Assembly-listing file £l 1
line 15 > line 160 - line 190 =[<symbol % I > FF,SF
assembler PF“’T,“JO e
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Object code

i j Line Loc Source statement
= +]elele] L=l by
L)
7
(e _ 10 FIRST
5 cLoOF
30
3 =
DT

I Figure 2.16 Program from Fig. 2.15 with object code.
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Control Section

m Assembler £ 2 H{#H Control Section i57ifeature >
SIC/XEpvAssemblerfo gy [E[I
C1Remember #[if:#Symbol LpH1#]- {lcontrol section T
define
— {[Fcontrol section' 1< F| k £ EXTREFfik4+refer to
another control sectlonp JSYMBOL I Ba¥ EJSet error flag
= aWEXTREF;‘g“ £ H[JAssembler \,plﬂuarﬁl[ﬁjgfj
Symbol™ |7 1 [fﬂ JControl sections
* T?JiIDMAXLEN]EIU“'J&% » T fig 2.1509line 107190 ﬁi@#} IR
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Control Section

W £G4 [ object code Y2 fiagexternal reference » 4T
object program HIEIJ ’ mforma[lon' } frloaderF | Ebexternal

referencetfl * ’5 f il
| SIC/XE%%I*ET J[' 2 Firecord type[

1 Define record:
Col.1 D
Col. 2-7 Name of external symbol defined in this control section
Col. 8-13 Relative address of symbol within this control section(hexadecimal)
Col. 14-73 Repeat information in Col. 2-13 for other external symbols

[l Refer record:
Col. 1 R
Col. 2-7 Name of external symbol referred to in this control section
Col. 8-73 Names of others external reference symbols
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Control Section

™t iEdSModification record E%
[IModification record (revised):
Col.1 M

Col. 2-7 Starting address of the field to be modified, relative to the
beginning of the control section (hexadecimal)

Col. 8-9 Length of the field to be modified, in half-bytes(hexadecimal)
Col. 10 Modification flag (+ or -)

Col. 11-16 External symbol whose value 1s to be added to or subtracted
from the indicated field

m fig2. 15[ %57 55 3f[#control sections » Y=
object Files* 7 7Y = {[& » J[ifig2.17F=-
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Object Program for Control Section

HCOPY £0000QDO1033

DEUFFEROOOO3I3BUFENDOOLO3IJLENGTHOOOOZD

RRDREC WRREG
TOO000C1D17202748100000032023290000332007,481000003F2FEGO3201 COF2016
TP0001IBODO1I00030FZ00AABLIOOO003E2000

TO0003003454F46

MOOOOO405+RDREC

MDOOO1 LOSHWRREC

MOOOOZ40S+FWRREC

EQ0OCOO

HRDREC 000000000020

RBUFFERLENGTHBUFEND
TODODO0OIDB410B4A00ORAA0I7201EE3IZ01BII2ZFFADB2013A004332009579000008850
TOCOO1lDOE3IB2FEYILI3I1000004FOC0QF 1000000

MOODO1B0S+BUFFER

MOOOO2Z105+LENGTH

HMOO0O02B806+BUFEND

MOOOO0O2806-~BUFFER

E

HWRREC ALovooouodcolc

BRLENGTHBUFFER
TOO000CICE41077100000E32012332FFAS390000QDF2008BES03B2FEEAFOCOQDS
HMOOO0OO0030S5S+LENGTH

MOOOOODOSH+BUFFER

E

Figure 2.17 Object program corresponding to Fig. 2.15.

2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 104

52



I | TAMKANG UNIVERSITY SOFTWARE ENGINEERING GROUP
| | VAT AR hitp:/Awww.tkse.tku.edu.tw
Control Section

® El f[imain program sectionElfJﬁB 57 » Y[ linel5 +JSUB
RDREC

A ISR begin addressE50004 » {Floperand
IEE faddress=- PI—E”*F% £30

IO COPY;LF_[, i Control sect1onr,§s:‘“1€1\/[odiﬁcation
record
MO00000405+RDREC

W pi9t > fadine 190pYBUFFEND-BUFFER v Assembler
FILJ;,\FI?J IE Y 3;{; ﬁ{_;g'r y"F”[ﬁJJ—,‘j: LOEldGI’E j, —1‘
3‘% JLModlﬁcatlon recfi)rds_ = JJ:
MOO 02 06+BUFFEND
MOOOOZ806 BUFFER
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Control Section

W PR relocatlongzﬁfflﬁ gkt Fﬁ AERIFE
; "] i
it F I g
Bt > SfhTexpression PUECE 0 B relocatmg »
’F Bﬂﬁf lexpressionf{ 15 |isymbol “ %1 [Fil— section
]
CI9[" BUFFEND-BUFFER

CI{E RDREC-COPY [l 7 [filsection » PN 53 B [fil
section » FIIE SHARLE ii%mEU > Y Iocatlng Fus,

ZRR - T IR

2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 106




' | TAMKANG UNIVERSITY SOFTWARE ENGINEERING GROUP
_ _ 1&;%;%@5‘;@34’&%} http:/iwww.tkse.tku.edu.tw
Assembler Design Options

® Two Passes Assembler with Overlay Structure
M One Pass Assembler
M Multi-passes Assembler
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Two Passes Assembler with Overlay
Structure

W E3{fT ol Overlay Structure

[lInternal subroutines & Tables of Pass1 are no longer
needed after the pass 1 is completed

[IRoutines & tables of pass 1 & pass 2 are never
required at same time

[1With overlay structure can reduce memory requirement
M Overlay Structure

D%ZWTWO Pass Assembler structure® | Three
segments » I'] Tree structure %=

CIE [ root segment ﬁ E[— S|mple driver!"] [Ficall £39f
fll'segment » ™ &J ALy M [putables & routines > [
SYMTABBsearchrng/msertlng SYMTAB routines
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Overlay Structure of Two Passes
Assembler

Dispatcher/Driver

Root Segment
Common Tables &

Routines
Pass One Pass Two
Routines & Routines &
Tables Tables

Pass one segment Pass two segment
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Overlay Structure of Two Passes
Assembler

Main() Main() Main()
Passl Passl Pass2
Pass2 Unused
Reserved Memory Area
Source
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One-pass assembler

® Two-Passes Assembler [[1*] %"~ {fpass ¥ & E!
symbol definition after symbol using
| y[lg\ltﬁli{’ » symbol definition ’El&symbol’@‘use
R BIF T H (HPasspv (H(Y[ifig. 2-18f1y
Line 1-6)
C ‘—Elj{#ﬁ, T kLfriendly design - f1U[umppy [
R P st SR

2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw

‘= e Line Loc Source statement Object code
o 1000 COPY START 1000
L 1000 EOF > C*EOF* 454F46
| 2 1003 THREE WG 3 000003
3 1006 ZERO : 0 000000
4 1009 RETADR = 1
5 100C LENGTH =
6 100F BUFFER 4096
9 :
10 200F FIRST RETADR 141009
1 2012 CLOOP RDREC 482030
2015 LENGTH 00100C
2018 ZERD 281006
2018 JEQ ENDFIL 302024
201E JSUB WRREC 482062
2021 J CLOOP 302012
2024 ENDFIL LDA BEOF 001000
2027 STA BUFFER 0C100F
2024 LA THREE 001003
202D STA LENGTH ocio0c
2030 JSUB WRREC 482062
2033 LDL RETADR 081009
2036 RSUB 4C0000
SUBROUTINE TO READ RECORD INTO BUFFER
2039 INPUT BYTE X'EFLl’ Fl1
203A MAXLEN WORD 40986 001000
203D RDREC LD ZERO 041006
2040 LDA ZERD 001006
2043 RLOCE ™ INPUT ED2033
2046 JEQ RLOOP 302043
20459 RD INPUT DB2039
204C COMP ZERD 281006
204F JEQ EXIT 302058
2052 STCH BUFFER, X 54900F
2055 TIX MAKLEN 2C203A
2058 JLT RLOOP 382043
2058 EXIT STX LENGTH 10100C
205E RSUB 4C0000
SUBROUTINE TO WRITE RECORD FROM BUFFER
2061 CUTPLT BYTE X'05° 05
2062 WRREC Lo ZERD 041006
2065 WLOOP D QUTPUT E02061
2068 JEQ WLOOP 302065
2068 LDCH BUFFER, X 50900F
206E WD CUTPUT DC2061
2071 TIX LENGTH 2c100C
2074 JLT WLOOP 3B2065
2077 RSUB 4co000
END FIRST

2010/2/23 Figure 2.18 Sample program for a one-pass assembler.
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One-pass assembler

W '] 7 R7E0ne-Pass assembler types > ™ fl ¥ Two-
passes assemblerfiufff I/ functions
B =[Ei0ne-Pass assembler fiv— JFH [ F)F fLas g
YMTABEIU,%“\EE% » “eFsymbol[i'I'| 71 definition ﬁfj(ﬁﬂi
Eluse]ﬁ?]?)‘a“d‘ﬂ_;’w #ZISYMTAB - ﬂ;i}ﬂ[lgﬁlﬁjﬁ%~
B 57— 7 @ Load-and-go assembler :
O El j%{‘éjobject code® # j“?fﬁ'l'ﬁf‘memoryﬂl » R
5
@5 0 [Rktabsolute loader » )% 7 5 3assemble
OiE;E'JEEifFl 3 ?;‘qu?? » absolute addressing
1 9[ifig 2-19a-b
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Memory

address Contents Symbol Value
1000  454F4600 00030000 OOXXXXXX XXXXKXXX LENGTH |100C
1010 XXXXXXXX XXXXXXXX XAXXXAXX  XKAXAXXXX RDREC *l._ Ilzmalal
-
i THREE 1003
L]
2000 AXXXAXXK XXXXXKXXX XXXXXXXX Xxxxxxl14 ZERO 1006
2010 100948— --00100C 28100630 -————48— _.J——'l_]
* 1F
2020  —302012 Wil 2 I" i
3 EOF 1000
.
2 ENDFIL * ! l-—bi 2010] 0 |
RETADR | 1009
BUFFER |100F
CLOOP |2012
FIRST  |200F

Figure 2.19(a) Object code in memory and symbol table entries for
the program in Fig. 2.18 after scanning line 40.
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Symbol Value

Memory
address Contents LENGTH | 100G
1000 454F4600 00030000 OOXXxXAXX XXXXXXAX RDREC | 203D
1010 AAAXRXAAK  KAXAXXAX XXXXAAXX XAAXXXXX
L THREE | 1003
. ZERO 1006
2000 AXXXXAXK  AXAXXAXK  XAXXAXXK  xXXAxx14 I l | |
2010 10094820 3D00100C 28100630 202448— WRBEC ] '1 201E '} "l 2031)8
2020 --3C2012 0010000C 100F0010 030C100C EOF 1000
2030 48-——08 10094C00 O0O0F10010 00041006
2040 D01006ED 20393020 43DB2039 28100630 ENDFIL | 2024
2050 ——5490 OF
3 RETADR | 1009
BUFFER | 100F
CLOOP | 2012
FIRST 200F
MAXLEN | 203A
INPUT 2039
EXIT * [ et—{ 2050 [0
RLOOP | 2043
Figure 2.19(b) Object code in memory and symbol table entries for
the program in Fig. 2.18 after scanning line 160.
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One-pass assembler

W YT FE @i - flobject file o I') [FIFl R

[Jobject file gt two-passes assemblerfir: & pu » £ {4785
==Two-pass assemblerﬁ'[ﬁj

O sZe 5y ZEHA N > SYMTABRUHE A - (L%
“F pobject code F‘j,TUText record

O PIsRRLEEfiled. » AR1) R (RET- A8 4k B2 B
JJC[HIEF[:I “ITIIELFET

[ [(N=> %] forward deflned Symbol ﬂj , operandElfJ’%Bj}
“.1"]0000 '*“‘ L fﬁ:l%é?aF“r*fF'bSymbol name

[ Hy'Symbol#defined = - #iESymbol#usefv &l » =4

Symbol T &k & FrivText record » [H[F=Text record
gl TR % o (NI Fig2.181 ) 5T Ak & & i) object
Z/['ﬂk
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HACUPY ,1001 Uﬂﬂnﬂﬁl 074

TAUU}BUOAOQAQNF%AU 00003000000

TAUUZUOFAI 5;\1 4 1009({5&30 00000 lUE}CJ_‘ZBl 006!\300 UﬂﬂnﬁBUDU 0..\,3 c2012
—»TﬂOOZOI 022024
TADDZDMAI BAOOIUOOAUC 1001-;‘001003!\0(21 00{:"&8{}00 DAOB 100 9,\& co DUUAF 1!\001 000
TAGMUIJAUEAE!]]D
TA!IUMJDIB‘\M 1006001 OOQ\E 02039}\302{]&3{\]332039,\28 10063000 UUASUDO FAZCEUMASSZD“
—>10 0205002"2055

TUOZUSBO? 101 0084(.‘000005
—>T00201 F022062
—»%00203102‘\2061

Th0020621\1 8?\{]& 10{]6’\502061}‘302065h50900}:,‘DC2061A2C1 00 CA3820651N& €0000

EnﬂﬂEﬂDF

Figure 2.20 Object program from one-pass assembler for program
in Fig. 2.18.
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Multl Passes Assembler

W {fi " [Multi-Passes Assemblerti' I'| #ik forward-
reference problem (v[lqgﬁlz-Zla)

W [EHRLEESE forwardpuakBr s 1 AE 5 i Passesky
U T passes

W R T PSR- FEH  Two-pass assembler/z !
forward—reference problemspE &l

u ﬁiﬂii’ffSYMTAdea\ %‘%‘ ol %ﬁf(ﬂ[l[ﬁlz 21b) >
i+ Two Passes Assemblerfi/Pass One’u:E Used

Symbol without Definitionfi* I'| =% Z[SYMTAB
1 27 el ispvReferencefiy i
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1 HALFSZ BEQU MAXTEN/2

2 MAXLEN BEQU BUFEND-BUFFER
3 PREVET BEQU BUFFER-1
4 BUFFER RESHB 4096
- BUFEND BEQU
(m)
HALFSZ Is1] MAXLEN/Z o
MAXLEN [ + | = HaLrsz Jo |
()

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

= J[1lAi2.21b-fpSymbol table structure

m T, &?5L% . definel*=Symbol | IFVExpression
kL > e 2% Symbol {3k Lundefined

W Valueffid i F[[-tg * =1 #{IFUExpression

W Linkl[[RLHAS ]~ F=Symbol namesy/Z [fijundefined
FuSymbol - '] {1 < F=Symbol #define! | i< » i’
I iﬁ% [F=Link=. 1%? - ﬁﬁ {7 #edefinedp~Jsymbol

W SEPH 2. 210E]2.211
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BUFEND I-

l-——.-l MAXLEN I ° I

HALFSZ IQ! I MAXLEN/2

MAXLEMN I&EI BUFEND-BUFFER

I ﬁ——b‘l HALFSZ Iﬂ I

BUFFER | *

n

—»[ maxien [o |

=)

*

BUFEND

] -—-I MaxLEN | o |

HALFSZ 1&‘ l MAXLEN/2

PREVBT [dl I BUFFER-1

MAXLEMN 1&2] BUFEND-BUFFER ! - HALFSZ o

BUFFER I »

[ ——| maxien | -!—p-{ PREVBT |0 ]

2010/2/23

Figure 2.21 (cont'd)
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sorens [ = ——[vmien o]
naLrez s ] maxienz [
PrEveT 195 I
MAXLEN [a1] BUrEnDBUFrER [ ed—s[HALFSZ o]
surren [roas [e
(=)
BUFEND | 2034 [e
T D
PREVBT | 1033 [o
maxLEN [ 1000 [e
BUFFER | 1034 |e

Figure 2.21 (con'd)
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Chap. 3 Loader & Linker

M Basic Loader Functions

B Machine-Dependent Loader Features
B Machine-Independent Loader Features
M Loader Design Options
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Loader & Linker

m 4 ﬁ'l i ,%“ﬁgl %’ﬁij (HProcesses
[ILoading
[IRelocation
[ILinking
W Loader : £l £ gL Loading functionE - Zgfy
Loader & 3 | Relocation & Linkingfiufunctions
B Linker :EF[%L’T@F linkingjiv— &> LHH]EIU Loader![]
¥~ Loading & relocation
| Loaderﬁﬁwlrfl@ﬁfj:: Loading— {f#Object Program
Zmemory » ™ ] piﬂfﬁiﬁﬂﬁ
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Loader & Linker

= £ i /7 AfifiLoader & Linker= I ™ 5|47
[1Absolute loader: only with Loading functlon
[1Relocating loader: with Loading & Relocation function
[ILinking loader: with Loading, Relation, and Linking
[ILinkage editor: it is a Linker, only has Linking function

[1Dynamic linking loader: it is a Linking Loader that run the
loading, relation, and linking functions in execution time of
loaded program

M Basic Functions of Loader
[1Bringing an object program into memory
[IStarting its execution
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Design an absolute loader

W Absolute loaderi’ I'] *'|one passt Y FirE erﬁ:
| if‘xlijﬁg 3-la="Fig. 3-1b
u |gure3 1(b)kL%* = Figure3.1(a)[~JObject programkt-
Z(Imemorypadi{N
W B rxxx B Reserved Area » Object Program# -
[#Object code » filoader T Fimemory[i PJ?‘,'
® Figure3.2f![[fL~ f#Absolute LoaderEl"JAlgorithm
Ol IISICIE%’ObJect filefl 1= {4 = X 5P FUDigit (%Hm =
FLUE 4[[4B1‘Ll:s)ﬁﬂi~ (HCharacter ¥ JE;‘%[
CIyn # Bk =7 Object filefiy— ,tTCharacter(lﬁZ bytes) > HZ[
memoryE?jE}lEEU?‘}— ([HByte

2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 126

63



TAMKANG UNIVERSITY SOFTWARE ENGINEERING GROUP
;‘%ijﬁﬁ"ﬁ%}; RS http:/Awww.tkse.tku.edu.tw

HEOPY 001000001074

TAOOIOUDAI Ehl& 1033’\‘152035‘,\001036’33 103[.}\]0] o1 5’\‘45206 IABC 1 003‘,\00 102A’PCI DBQAOUJ ozD
TOO101E150C103648206108 103Jn&CODOOA-Qs&l-‘&ﬁAuDDODZiA(JOUOOO
EPOZDJ%G%P&lD3qPDJDBqFOZOSq@DzD)aPSZGSQFB1OJqPOZOS%PQ903%36205%93203F
%002057’\1 Ch] DIUSGAACODDDA}‘]ADD 1 000,\04 lOSOAEO207QABCI2066’\509039ADC2079A2C 1036
T002073073820644C000005

EQO1000

Memory
address

(a) Object program

Contents

0ooo HAXXKXK X HEXKHXKKK HAMAANK KK KAXXXAKX
o010 HAXXKK KX HHIH R KKK HEXAXKKXK XX HAKXKKKK X

- - - - -

- - - - -

- - - - -
OFFO 3636 3 K K KK I HIH KKK XX KKK KKK KK KKK KK
1000 14103348 20390010 36281030 30101548
1010 20613C10 0300102A 0Ccl103900 102D0C10
1020 364B2061 0Bl10334C O000454F 46000003
1030 O0DO0OXx® XxXxxXXAX AAXXXXXX xxxxxxxx [T COPY

- - - - -

- - - - -

- - - - -
2030 KRR KKK K EE 1 xx04 1030 0O01030EDQ
2040 205D3020 3FDB205D 2B103030 20575490
2050 392C205E 3B203F10 10364C00 0OOF10010
2060 DO041030 EO207930 20645090 39DCc2079
2070 2cl103638 20644C00 000 Sfxxxx HAKRXXRKX
2080 3303 36 M 3 MM EXEKXKEKK HHAXX KKK 363 33NN

- - - - -

- - - - -

- - - - -

(b) Prog ' d in

Figure 3.1 Loading of an absolute program.
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Algorithm of Absolute Loader

begin

read Header record

verify program name and length

read first Text record

while record type # 'E’ do

begin
{if object code is in character form, convert into
internal representation}

move object code to specified location in memory

read next object program record
end

jump to address specified in End record
end

Figure 3.2 Algorithm for an absolute loader.
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Design an absolute loader

W i Joader o= HidEHE T [H(Algorithmfivif
object code 1s in character form... )

WP qE ek R LAssemblerfuoutputifit! | binary s -

W i A R - R Object filefl 11y
bytefl A A 1I5 £-devicepicontrol codefrtl[F Tkl
[ HZE? rj:fl|eﬂlr/WE ’Eéuﬁ&—mﬂm P L T
object file 7 = yF, [ F
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A Simple Bootstrap Loader

St = Y RIRTHT - 21 R iERvabsolute
Loa E
178 EyBootstrap Loader
[1Bootstrap Loaderfl-— jﬂ Computerﬁlt[“iﬁ S
program
CIETpNT =E1 i load O.S. Z[memory & run
CIxvload3 — qf\ljffu_’iﬁ?“ ; Er’,’computerﬁ— ﬁ@_“]ﬁ&%ﬁ%
M Fig3.3::LSIC/XE Bootstrap Loader.” Source Code
CIE [ 1Bootstrapf = It address 0 FﬁJﬁF",
D];Joperating system[ 1801 iﬁﬁ'ﬂi[ﬁ » O.S.fiuobject filef![[fL
f&device”F1” read in
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Figure 3.3 Bootstrap loader for SIC/XE.
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Machine Dependent Loader Features

® Absolute loader FHea
17+ object filelrZ |5/ fE EA;I/FJ"J » programmer = 7l s
I l: F
i!p igile
[1Absolute program#&l°] & Jﬁfﬁfﬁl H'lsubroutine libraries
m % sectionf![[#E— {'more complex loaderfi*~Jdesign
& implementatpon » [F=loader provides for program
relocation and linking
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Relocation

M Relocating loader/Relative loader

W Loader “c FFprogram relocation# - #i 1/

W [7E )k s program relocation

W 52 Assembler T output object fileﬁﬁﬁ'* MR

‘E%,%l ENE{ED
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Relocation

m F[|*'|Modification record m F[[*'|Modification Bits
O & fi#Text record & % i’ fﬁﬁ
10{fxword » = fHword® |~ {f

[ % modification recordf| 15—
i fiff relocationﬁej » Loadt4

ML T o 41357
PR > pFigure3.41
program & Figure3.5. object
file

O [ERL - ' kLprogrampl— ffi
SIC programg ™| 5 %
direct addressing modefs »
#modification recordf ¢4 1!

relocation biﬂéffglﬁfjﬂ?\, Bl
%ﬁ;@i{ relocation )

O = 5 fdrecord™ [ -3
nibble ( half-byte )J45=- ™
Sliwordf|1 > Pﬂ[igfﬁ;lrefocation

[l J[IFigure3.65L— fRistandard
SIC program » ¥ foIH{H
relocation functionH[|
assembler output-~“Ei{[I
Figure3.757=- » Ioaderifﬁ:
5¢ Ry relocating function

2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 134

67



Line Loc Source statement Object code
5 o C ¢ 4 =1 T !
10 000C FIRST 2 17202
2 D003 H |.f.| D

ROM BUFFER
210 105D WRREC

15 1062 WLOOP

s 1073
076 PLIT
5
Figure 3.4 Example of a SIC/XE program (from Fig. 2.6).
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#|®|Modification Record

HCOPY PUUOODOOIG}'T
TGUOUUOIDI?ZOZDH202031BllJl03603202629000033200?451010503?2?!1%032010
TOOODI DIJGFN160100[}30”00]}&5101051]3?.2003&5“‘&6

T001036 1 DB“{)MDOBMU?5l01000E32019332!“17‘5{)1!201%00&332003!‘5?80033350
TDOI053103!21“3%3&0006?0000?1MI.O?NDUOEJZOI 1332FFAA53C[)03DF200§\3850
TAUOI0?0,\07}\3132?!:?“&!‘0000!\05

)&UOGGOE\GHCGPY

}1,\00001%05%01"[

1%00 002?A05+CG PY

EAOGOUOO

Figure 3.5 Object program with relocation by Modification records.

2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 136

68



e——— Line Loc Source statement Object code
5 0000 copy o
10 0000 FIRST 5 RETADR 140 rJ 3
15 0003 CLOoGP JSUB
LDA )
COMP

30 006
a5 0009
30 000C
35 000F
40 0012
a5 0015 ENDEFTL
50 ooig
55 O01E
60 001E
65 0021
70 0024
5 0027
L) 002A BOE
85 002D THREE 000003
20 0030 ZERD 000000
75 o033 RETADR
100 0036 LENGTH
105 0039 BUFFER
110 £
115 z SUBRCUTINE TO READ RECORD INTO BUFFER
130
124 1039 ROREC L
130 103c LIy
135 103F RLOOR ™
140 1042 TEX)
14 1045 RO
150 1048 SO
155 1048 EQ
160 L04E STCH
165 1051 TIX
170 1054 TLT
175 1057 EXTT STX
180 105A RSUB
185 105D INPUT BYTE F1
190 1058 MAXLEN WORD 4096 001000
195 .
200 SUBROUTINE TO WRITE RECORD FROM BUFFER
0% 3
o 1061 WRREES LI
a1s 1064 WLOOP ™
0 1067 TEC
| 35 1064 LOCH
.20 1060 WD "
235 1070 TIX ST
40 1073 JLT Loop
45 1076 RSUB
a0 1079 oUTPUT BYTE X*05°
L END FIRST
Figure 3.6 Relocatable program for a standard SIC machine.
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#|®|Modification Bits

HCOPY 00000000107A

T0000001EFF014003
T00001E15E000C003648106l0800334C0000454F46000003000000

348103900003628003030001548106l30000300002A00003900002D

T001039lEFF0040030000030E0105D30103FD8105D2800303010575480392C105E38103F

TOOl0570A8001000364C0000F1001000
T00106119FE0040030E010793010645080390010792COOS6381064&C000005

%@00000

Figure 3.7 Object program with relocation by bit mask.
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Program Linking

B Programmerf [ R %‘J’ﬁiféﬁﬁﬁcontrol sectionsf,fﬁ:&~ (lit
Source Program
B (E¥iEloader# B J?, » bt #{Eicontrol sectionsfe! #linked
relocated *loaded
W (D DR control section T [l PRI [for B
B I'|Figure3.8fv3 s control sections £ {7
1 3{fxcontrol sectionfﬁﬁtﬁ[[’l‘}
0 T
[ =) ffisection & it |~ ffilist™ | ETREF1~REF3 » REFA~REF8
m L#F;lélgilﬁ‘gwﬂrelocationk’f Iinking&?,%ﬁl@%% [
B Figure3.8,)7 object program?[IFigure3.95=-
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| Loc Source statement Object code
o000 PROGA ST, T [*]
| ] LI A, ENDA

LISTH, ENDB, LISTC, ENDC

Figure 3.8 Sample programs illustrating linking and relocation.
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‘u Loc Source statement Object code

0000 PROGC START 0
EXTDEF LISTC, ENDC
EXTREF LISTA,ENDA,LISTE, ENDB

0018  REF1 +LIA LISTA 03100000
001c  ReF2 +LIT LISTB+4 77100004

0020  REF3 +LIK #ENDA-LISTA 05100000

0030 LISTC  BQU i

0042 moC EQU 2

0042  REF4 WORD  ENDA-LISTA+LISTC 000030

0045  REFS WORD  ENDC-LISTC-10 000008

0048  ReFe WORD  ENDC-LISTC+LISTA-1 000011

0B REF7 WORD  ENDA-LISTA- (ENDB-LISTB) 000000

UME  REFS WORD  LISTB-LISTA 000000
END

Figure 3.8 (contt)
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Object Programs of Fig. 3.8

ROGA 000000000063
ISTA DOOO4OENDA 000054
ISTB ENDB LISTC AENDC

;000020,\0&,9320 1D77100004050014
.

10000540500001 4F FFFF600003E000014FFFFCO
0002409+LISTE
00005406 +LISTC
0005706 +ENDC
0005706-LISTC
0005 +ENDC
0005A06-LISTC
0005AD6+PROGA
00005006~ ENDB
0005D06+LISTB
0006006+LISTR

0002
| Figure 3.9 Object programs corresponding to Fig. 3.8.
u
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HPROGE 000000DO0OOTF
DLISTE O0O006G0GENDE 000070
KLISTA [ENDA LLISTC ENDC

TOO00360B03100000772027,05100000

1,[][](]0.?U,UEpUUnOQ\rPPI*‘F:!\EFFFF};Y?!"FFQ\UUUU&U
MDOO003705+L15
H.pl)t]ﬂj?_,y‘x-r[—nnn
MDOOO3EDS-LISTA
10007 00 6FENDA
MDOOO7 QOB-LISTA
MDOOO7006+LISTC
MODOO7 306+ ENDC
MDO007306-LISTC
MPOOO7 606+ENDC
MO0007606-LISTC
MOOO07 606+ LISTA
MDODOT7906FENDA
MDOOO7906-LISTA
u‘h““‘l?( O6+PROGE
pv)noo?t_og\—l.ls'rn

HPROGC DODOODO000S]

BLISTC DODOICENDE 000042

KLISTA [ENDA LISTB JENDB
TO0001E0CHI1000007710000405100000
TUUUO"-20}'[1UDDJ{&UUUUU&_‘DUUU1thODDUUrUUUUUU
HOO001505+LISTA

HUUUU|L‘,‘D"+[ ISTHB

MD0002 [OSHENDA

MPOOD2 LOS-LISTA

MDOOO&Z0E+ENDA

MpPOO04Z06-LISTA

MOO0DA 206+ PROGE

HJJ[JUU({SO(&‘PL(‘\TA

MOOO004BOGHENDA

H,(muud. &Db._-L:(S.TA
MOOO0ABDGE-ENDE

MOOOOABOB+LISTE
MOOOO4EOGB+LISTE
n,\uuou&. E06-LISTA

Figure 3.9 (cont'd)
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Program Linking

W Figure3.10(a)}![]%=- Figure3.9fiobject program kL i
fﬁl’?ﬂmemory location 4000f%#5 4,

mr 7&'/REF1~REF87FEl[%,%ﬁ%ontents?ﬁé%ﬂ N SESINET

H

™ Figure3.10(b) I RLZIFFIPROGA}] IREF4¥Erelocation
K linkpoERh = Iﬁﬁg

2010/2/23
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Relocation and Link of Fig 3.9

Memory
address Contents
oocoo HAXXKXKKXK WA N IKAXNKK KEXXXXXK € 3C 3 3C 3 3 K 3K
- - - - -
- - - - -
- - - - -
3FFO A I HHIHIK € 3C 3 3€ 3C 3 I K HHXHKK KK KX 3C.3€ 3 3 3 I3 I I
4000 | .cecacaa - - D
4010 - e ...
4020 03201D77 1040C705 0014 — PROGA
4030 sssesene asseses - [ .=
4040 s asms=sa s s 2= === s s ss=n s e ===
4050 =22 === 00412600 00080040 51000004
4060 UOOOQ;-- s 2 2= maa. s me oo 2= s ..
L0700 | cceeaeas L R P
4080 e TG s l-o(.)':';il;l.;
4090 s s s s -=031
40A0 FHRT e i e LR | SRS R Pl
LH0BO |22 ceaaea s s e CRC R - e
40CO s s s msmsE wee=esss L e
40DO | .- s === oo 41260000 08004051 00000400
40EO 0053.-.. B s s s weee.
40F0 s e s s ssen =eseassa - «se0310 40407710 ..
4100 40C70510 OOL&avuee wesmasas . sl i mee = —=PROGC
4110 B R i B s s s s s see=sa - -
4120 “eswe s 00412600 000B0040 5100000
4130 00008 3hcx AXHXAXIXNXR KEXXRXRKKX HKEXEXKXKXXKXK
4140 HKEEXAXXKXKXK ERXXAXAXXKK 0 AA AXRXKXKXXXX
- - - - -
- - - - -
- - - - -

Figure 3.10(a) Programs from Fig. 3.8 after linking and loading.
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Memory Map of Fig 3.9

Object programs Memory contents
PROGA | HPROGA === 9000
- (REF4)

-
-
-

MOGE5E306 CIETO

(REF4)
s
P Y S F T L R

|
I
]
+
PROGC | HFROGO = ===/

-
-

(Actual address
of LISTC)

/

" Load addresses
\ PROGA 004000
\

N PROGB 004063

R TiTeTTe

Figure 3.10(b) Relocation and linking operations performed on REF4
from PROGA.
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Tables & Logic for Linking Loader

® Linking loader 73 7Y% 2{[xPasses:
[ Passl : Assigns address to all external symbol
[ Pass2 : Performs the actual loading , relocation and linking
W = flpvuData Structure | -
[1 ESTAB : External Symbol TABIeE[JFA'[ :
© Symbol name
@ Address in its control section
4@ Control section defined the symbol
& i I = [Hash ™ 35 78 1 table
[1 PROGADDR : 5it!&#program load address
] CSADDR : 5l [ 12! 1 control section ﬁﬁassignﬁlfﬂ@tzﬁl’\j’iﬁ
[ CSLTH : seléif 1 k! control section =%
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Tables & Logic for Linking Loader

® Linking loader fIojg 1 4™
[ Pass1fiu [
@ Allocate Memory
@i ESTAB
@ Allocate 4 flicontrol section 7 memory Fm#@ﬁf, fib k-
@ 7[IFig 3.11(a)
[ Pass2 iy (&
@ (~ESTAB* object file PJ“’F",}]%“]’ object code H%|memory Fmi&ﬁ i fﬁl’
@ [IFig 3.11(b)
[ Pass1 Hfrconcern iUl
@ Header * Define Record
@ = f¥lcontrol section name * ! * ESTABJ?| » =7i% * A5V E’ﬁf]"\i’iﬁ
[ Pass2Ffrconcern fokL
@ Text record » Modification record
© L LE R object file fiUloading relocation »linking Y7 [
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Control Symbaol

section name Address Length

PROGA 4000 0063
LISTA 4040
ENDA 4054

PROGE 4063 O07F
LISTB 40C3
ENDB 4003

PROGC 40E2 0051
LISTC 412
ENDC 4124

Pass 1:
begin

get PROGADDR from cperating system
set CSADDR to FROGADDR (for first control section)
while not end of input do
begin
read next input record (Header record for control section}
set CSLTH to control section length
search ESTAB for control section name
if found then
set error flag [duplicate external symbol)
eloe
enter control section name into ESTAB with value CSADDR
while record type # 'E’ do

begin
read next input record
if record type = ‘D' them
for each symbol in the record do
bagin

search ESTAB for symbol name
if found then
set error flag (duplicate external symbol)
else
enter symbol into ESTAB with valus
(CEADDR + indicated address)
end {for]
end (while # ‘E'}
add CSLTH to CSADDR ({starting address for next control section}
end (while not EOF)
end (Pass 1}

Figure 3.11(a) Algorithm for Pass 1 of a linking loader.
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Pass 2:

begin
set CSADDR to PROGADDR
get EXECADDR to PROGADDR
while not end of input do
bagin
read next input record (Header record}
set CSLTH to control section length
while record type # 'E' do
begin
read next input record
if record type = ‘T’ then
begin
(if object code is in character form, convert
into internal representation}
move object code frem record to location
(CSADDR + specified address)
end {if 'T*}
elsa if record type = ‘M’ then
begin
search ESTAB for modifying symbol name
if found them
add or subtract symbol value at locaticn
(CSADDR + specified address)
else
set error flag (undefined external symbol)
end (if "M’}
end (while # 'E'}
i{f an address is specified {in End record) then
set EXECADDR to (CSADDR + specified address)
add CSLTH to CSADDR
end (while not EOF} !
jump to locaticn given by EXECADDR (ko start execution of loaded program}

end (Pass 2}

Figure 3.11(b) Algorithm for Pass 2 of a linking loader.
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Tables & Logic for Linking Loader

W | ZLoader ¢ |[IESTABf=+ '~ {[i'Load Map
DEJ ffSel#5) fiControl section & § i -5 5 ' Control
section f[1define fiuExternal Definition symbol 1/ i -
g s > J[JfEFig3.97%3.10fLoad Map

Control Symbol

section name Address Length

PROGA 4000 0063
LISTA 4040
ENDA 4054

PROGB 4063 007F
LISTB 40C3
ENDB 40D3

PROGC 40E2 0051
LISTC 4112
ENDC 4124
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Tables & Logic for Linking Loader
R i L AR o

iy J‘J}Ifj’object file f[1 External Reference symbol &+ |
Reference number ﬁﬁ

CIgpi= <« » iFloading — {fcontrol section Eﬁ

CIAtFIfvsymbol #ifF* I') 7 ESTAB_F3#Erimultiple search

C19[Fig3.8fVobject file J[|fi"#¥™* |reference number #=5Fig.
3.12
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External Reference Number for Fig. 3.8

ROGA 000000000063
ISTA 000040ENDA 000054
2LISTB O3ENDB Q4LISTC OSENDC

10000200403201D77100004050014
.
.

10000540F000
H00002405+02

0JéAFFFPFﬁﬂOOUDBFADDOOIJ';_,\F}‘FFCO

Figure 3.12 Object programs corresponding to Fig. 3.8 using reference

numbers for code modification. (Reference numbers are underlined for
easier reading.)
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HPROGB QO0000QQ0007F :
BLISTE ,\oooob(is.nnn AfLooo7o
RO2LISTA O3IENDA QO4LISTC O5ENDC

TAOOOOBBA{)BA031ODDOOn7 7202705100000
-

TOO00700EN0000OFFFFF6FFFFFEFFFFFO000Q60
MOOO003705+02
O003EOS+D3
MPOOO3EQS5-D2
MODO0O7 006403
MO0007006-02
0007006404
0007306405
HO0007 306-04
00007 606+05
0007606-04

MDOO07 606402

0007906+03
MOO007 90602
MDOOO7GO6+D1
mooo?c,oz:—ui
E

PROGC LO0O000O00051
g:l,l."rt_' /DOCO3CENDC pDO0D&2
ISTA O3ENDA LO4LISTE OSENDE

-
TO000180C03100000771 0000405100000

TO000420F00003000000800001 1000000000000
M,puu()l‘)fos,\-rﬂ

0001005+ 04
MPO002 1L05+03
HD0002 L0502

0004206403

0004206-02

DO004Z06401
:_’poooas,\oapﬁ
n_,goooag.uaﬂ-»oa
n,buoot.aps,-b_z
MOOO04BD 605
MOOOO4BO 6FOL
H,goanaspeﬁvg_g\-v
MOOOO&4EDG-D2Z

E
Figure 3.12 (cont'd)
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Machine-Independent Loader Features

M Automatic Library Search
1 el E‘, Linking Loaderp%ﬁﬁﬁﬁz » [N Programmer v A=V [ 151 %]
System Library= g i FI\JE}»I;k SERRE
O ’FL#F",?E 4 7 System Library it fuSymbols
O % - Loaderﬁ%:"xfhﬁfzia? PR 2 Symbolsfiy e i i
(ELRL ) 7 7 2 212 % Undefined Symbol
O kLR System Library » 2zl # B Es509Symbols » = Assign'gif
H*Syste leraryfv’rfF’[ngﬂfJSymbolsé??ff’[:%ﬂU fifi
O B 7 FUH =S System Libraryﬁﬁﬁj\?USymbol DefinitionEﬁ 1
:Undefinied symbolfiJError
O iﬁijoader{Eéﬁh External Symbglp@i{g%ﬁﬁ LRSI GRS Fj
Control Sections - 5 7-£[ "} #Z= System Library
O “gﬁip’l@f%%'ﬂ”ﬁﬁajf ;_EJ;Z"G Z+Programmer definition function override
ystem libraryfitZs
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Machine-Independent Loader Features

M Loader Options
DiﬁJﬁ‘:"u‘ FrLoaderf | #u=#Hy %?“Eﬁ B VR
T AEERER LI P
CIE ™
INCLUDE READ(UTLIB)
INCLUDE WRITE(UTLIB)
DELETE RDREC, WRREC
CHANGE RDREC, READ
CHANGE WRREC, WRITE
LIBRARY MYLIB
NOCALL STDDEV, PLOT, CORREL
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Loader Design Options

M Linkage Editor
11t is a Linker
11t only has linking function

[1The output of Linkage Editor is a Linked Program, often

called load module or executable image
[I==Linking Loaderf™ F=4i§

2010/2/23 Ying-Hong Wang; http://inhon.tkse.tku.edu.tw 157
' TAMKANG UNIVERSITY SOFTWARE ENGINEERING GROUP
i;k;ijﬁﬁ"ﬁg; YRR http:/Awww.tkse.tku.edu.tw
Object Object
= > o)
Loy Ubrary [y inkege
KR
Memaory Linked
(a)
Relocating
loader
Memary
(b)
Figure 3.13 Processing of an object program using (a) linking loader
and (b) linkage editor.
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Loader Design Options

B Dynamic Linking
C1~# £ Dynamic loading ~ Load on call

CI$HE{H Control Section (F572 £ Program Module) i Fp=fil]
Eﬂj “} #h7 Linking ~ Relocatlon and Loadlng_ (&

rggﬁaﬁmﬁmw N
'iﬁﬁ‘x’“ﬂ‘} TS
Diﬁl*ﬂjr“i/[‘ﬂ%ﬂ
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! Dunimmic.
a m loade o
{part of the Sl
oporating oado
system)
Load-and-call
ERRHANDL
User Use:
program program
ERAHANDL
(a) (]
i
i
Dynamic Dynamic Dynamic
ioader loader loader
Load-and-call
I( ERAHANDL
User User User
program program program
ERAHANDL ERARHANDL ERRHANDL
e} (L] (=)
2010/2/23 Figure 3.14 Loading and calling of a subroutine using dynamic linking. 160
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Loader Design Options

B Dynamic Linking
] F4eg 28%7Ei LoaderfivRelocation - LinkingElfJEﬁ F'E'FJ%,F

# Absolute Loader % ’fiRelocate=Link - 7+ Assemble Time=/Ht:
o=y

¥ Relocating Loader ;. ’fiLink > i+ Loading Timejk t:Relocation

@ Linking Loader *+ Loading Time} t=Relocation = Linking

@ Linkage Editor 7 Assemble Time. & » Loading Time . fjipi &
Linking‘;ﬁ?jﬁﬂ 3 filuRelocation

@ Dynamic Linking 7 Execution Time} ¥} t:Relocation - Linking
I'l'~ Loading
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Macro Processors
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