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Introduction
- \
- Load_l ng _ _ } Absolute loade!
= Bringsthe object program into memory for
execution

0O Relocation

= Modify the object program so that it can be
loaded at an address different from the
location originally specified

O Linking

m  Combine two or more separate object
programs and supplies the information needed
to allow references between them

}Loader

>Linking loader

\

> Linker




—————————————————————
Overview of Chapter 3

O Typeof loaders
= Assemble-and-go loader
= Absolute loader (bootstrap |oader)
= Relocating loader (relative loader)
= Direct linking loader
O Design options
= Linkage editors
= Dynamic linking
= Bootstrap loaders




3.1 Basic Loader Functions

O The most fundamental functions of aloader:

= Bringing an object program into memory and
starting its execution

0 Design of an Assemble-and-Go Loader

0 Design of an Absolute Loader

0o A Simple Bootstrap Loader



e
3.1.0 Assemble-and-Go L oader

O Characteristic

= The object codeis produced directly in memory for
Immediate execution after assembly

O Advantage
= Useful for program devel opment and testing

0 Disadvantage

=  Whenever the assembly program is to be executed, it has
to be assembled again

= Programs consist of many control sections haveto be
coded in the same language




3.1.1 Design of an Absolute L oader

0 Absolute Program (e.g. SIC programs)
= Advantage
o Simple and efficient
= Disadvantages

o  Theneed for programmer to specify the actual address at which it
will be loaded into memory

o Difficult to use subroutine libraries efficiently

0O Absolute loader only performs loading function

= Does not need to perform linking and program relocation.
= All functions are accomplished in a single pass.
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Design of an Absolute Loader (Cont.)

0 Inasingle pass
Check the Header record for program name,
starting address, and length

Bring the object program contained in the Text
record to the indicated address

No need to perform program linking and
relocation

Start the execution by jumping to the address
specified in the End record




L oading of an Absolute Program (Fig
3.13a)

0 Object program contains

= H record
= T record
m E record

H,FOPY A001000A00107A
TA001000A1EA141033A482039A001036A28 1030A301015A482061A3C1003A00102AA0C1039A0()102D
TAOOIOlEA15A0C1036A48206lAOB1033/\4C0000A454F46A000003A000000

20
TA002039A1EA041030A001030AE02050A30203i;‘,\DSZOSDAZB1030A302057A5&9039A2C205EA38 3F
ROOZOS?AICAI01036A4C0000AF 1A001000A041030AE02079A302064A509039ADC2079A2C1036

'5\00207%07A382064A4C0000A05
EAOOIOOO

.
i
¥

(a) Object program



L oading of an Absolute Program (Fig
3.1b)

Memory

address Contents
0000 XXXXXXXX KXXXXXXX XXXXXXXX XKXXXXXXX
0010 XXXXXXXX XXXXXXXX AXXXNXXX XXXXXXXX

[ ] L [ ] L ] ®

[ ] [ ] L [ ] L

L ] L ] L L ] @
OFFO XXXXXXXX AXAKKXKX XXXUXXXXX AXXXXXXX
1000 14103348 20390010 36281030 30101548
1010 20613C10 0300102A 0Ccl103900 102D0C10
1020 36482061 0810334C C000454F 46000003
1030 000000xx XXXXXXXX XKXXXXXXX xxxxxxxx'*_COPY

L ] [ ® & ®

L J L J L 2 L ] L ]

[ ] L ] L [ J [
2030 AXKXXXXXX AXXXXXXX xx041030 Q01030EO0Q
2040 205D3020 3FD8205D 28103030 20575490
2050 392C205E 38203F10 10364C00 Q0OF10010
2060 00041030 E0207930 20645090 39pCc2079
2070 2C103638 20644C00 OO0O5xxxXx XXXXXXXX
2080 XXXXXXXX XXXKXXXXX AXXXXXXX XXXXXXXX

® L L ] [ L

o L 3 L ] [ J L

® L ] L g L [ ]

(b) Program loaded in memory



Algorithm for an Absolute Loader (Fig. 3.2)

begin .
read Header resord E.g., convert the pair of |
verify program name and lerigth characters “14” (two byte.s) In
read First Text record the object program to a single
while record type # 'E’ d byte with hexadecimal value 14

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 ioader.



ODbject Code Representation

O Figure3.1(a)

= Each byte of assembled code is given using its
hexadecimal representation in character form
o For example, 14 (opcode of STL) occupies two bytes of memory
o Easy to read by human beings

= Each pair of bytes from the object program record must be
packed together into one byte during loading.
o Inefficient in terms of both space and execution time

0 Thus, most machine store object programsin a
binary form



3.1.2 A Simple Bootstrap L oader

0 Bootstrap Loader

= When acomputer isfirst turned on or restarted, a

special type of absolute loader, called a bootstrap
loader Is executed

o InPC, BIOS acts as a bootstrap |oader

= Thisbootstrap loads the first program to be run
by the computer -- usually an operating system



—!
A Simple Bootstrap Loader (Cont.)

0 Example: asimple SIC/XE bootstrap loader (Fig. 3.3)

The bootstrap itself begins at address O in the memory of
the machine

It loads the OS (or some other program) starting address
0x80

o Theobject code from device F1 is aways loaded into
consecutive bytes of memory, starting at address 80.

After all the object code from device F1 has been |oaded,
the bootstraps jumps to address 80

o Begin the execution of the program that was loaded.




—————————
Bootstrap loader for SIC/XE (Fig. 3.3)

BOOT START 0 BOOTSTRAP LOADER FOR SIC/XE

. THIS BOOTSTRAP READS OBJECT CODE FROM DEVICE F1 AND ENTERS IT

. INTO MEMORY STARTING AT ADDRESS 80 (HEXADECIMAL). AFTER ALL OF
THE CODE FROM DEVF1 HAS BEEN SEEN ENTERED INTO MEMORY, THE
BOOTSTRAP EXECUTES A JUMP TO ADDRESS 80 TO BEGIN EXECUTION OF
THE PROGRAM JUST LOADED. REGISTER X CONTAINS THE NEXT ADDRESS
TO BE LOADED.

CLEAR A CLEAR REGISTER A TO ZERO
LDX #128 INITIALIZE REGISTER X TO HEX 80
LOOP JSUB GETC READ HEX DIGIT FROM PROGRAM BEING LOADED
RMO A,S SAVE IN REGISTER S
SHIFTL S, 4 MOVE TO HIGH-ORDER 4 BITS OF BYTE
JSUB GETC GET NEXT HEX DIGIT
ADDR S,A COMBINE DIGITS TO FORM ONE BYTE
STCH 0,X STORE AT ADDRESS IN REGISTER X
TIXR X, X ADD 1 TO MEMORY ADDRESS BEING LOADED

J LOOP LOOP UNTIL END OF INPUT IS REACHED



—————————
Bootstrap loader for SIC/XE (Fig. 3.3)

SUBROUTINE TO READ ONE CHARACTER FROM INPUT DEVICE AND
CONVERT IT FROM ASCII CODE TO HEXADECIMATI:, DIGIT VALUE. THE
CONVERTED DIGIT VALUE IS RETURNED IN REGISTER A. WHEN AN
END-OF-FILE IS READ, CONTROL IS TRANSFERRED TO THE STARTING
ADDRESS (HEX 80).

GETC 1D INPUT TEST INPUT DEVICE

JEQ GETC LOOP UNTIL READY
RD INPUT READ CHARACTER
COMP #4 IF CHARACTER IS HEX 04 (END OF FILE),
JEQ 80 JUMP TO START OF PROGRAM JUST LOADED
COMP #48 COMPARE TO HEX 30 (CHARACTER ‘07)
JLP GETC SKIP CHARACTERS LESS THAN ‘0’
SUB #48 SUBTRACT HEX 30 FROM ASCII CODE
COMP #10 IF RESULT IS LESS THAN 10, CONVERSION IS
JLT RETURN COMPLETE. OTHERWISE, SUBTRACT 7 MORE
SUB #7 (FOR HEX DIGITS 'A’ THROUGH 'F’)
RETURN RSUB RETURN TO CALLER
INPUT BYTE X'F1l’ CODE FOR INPUT DEVICE
END LOOP

Figure 3.3 Bootstrap loader for SIC/XE.



—!
Bootstrap loader for SIC/XE (Fig. 3.3)

begin
X=0x80 , the address of the next memory location to be loaded
L oop
A«GETC ;readonechar. Fromdevice F1 and convert it from the
, ASCII character code to the value of the hex digit
save the value in the high-order 4 bits of S
A<—GETC
A<« (A+S) ; combine the value to form one byte
store the value (in A) to the address represented in register X
X<«—X+1
end




3.2 Machine-Dependent Loader
Features

o0 Drawback of absolute loaders

Programmer needs to specify the actual address at
which it will be loaded into memory.

Difficult to run several programs concurrently,
sharing memory between them.

Difficult to use subroutine libraries.
0 Solution: amore complex loader that provides

Program relocation
Program linking




Machine-Dependent Loader Features
(Cont.)

O 3.2.1 Relocation

0 3.2.2 Program Linking

o 3.2.3 Algorithm and Data Structures for a
Linking Loader



Review

Section 2.2.2
Program Relocation




Program Relocation program loading
rtino address
0 Relocatable program ooy starT o Ser:zrminedatload

FIRST STL RETADR

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

= Theassembler can 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

= Theonly parts of the program that require modification at load time
are those that specify direct addresses




|nstruction Format vs. Relocatable
L oader

0 InSIC/XE

= Relative and immediate addressing
o Do not need to modify their object code after relocation

= Extended format
o  Whose values are affected by relocation
o Need to modify when relocation

O InSIC

m Format 3 with addressfield

o Should be modified
o  SIC does not support PC-relative and base-relative addressing



e
3.2.1 Relocation

O Loadersthat allow for program relocation are called
relocating loaders or relative loaders.

0 Two methods for specifying relocation as part of the
object program
= Modification records

o Suitable for asmall number of relocations required
= When relative or immediate addressing modes are extensively used

m  Relocation bits

o  Suitable for alarge number of relocations required

= When only direct addressing mode can be used in a machine with
fixed instruction format (e.g., the standard SIC machine)
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Relocation by Modification Record

o A Modification record is used to describe
each part of the object code that must be
changed when the program is relocated.

0 Fig3.4& 35

The only portions of the assembled program that
contain addresses are the extended for mat
Instructions on lines 15,35,65

The only items whose values are affected by
relocation.




Example of a SIC/XE Program (Fig
3.4,2.6)

Line

10
5%/
13
15
20
25
30
35
40
45
50
b5
60
65
70
80
95
100
105

B et

Loc

c00O0
0000
0003

0006
000A
000D
0010
0013
Q017
001lA
CO01D
0020
0023
0026
002Aa
002D
0030
0033
0036

Source statement

COPY
FIRST

CLOOP

ENDFITL,

EOF

RETADR
LENGTH
BUFFER

- Object code

START 0]

STL RETADR 17202D
LDR #LENGTH 6£9202D
BASE LENGTH

+JSUB RDREC 4B101036
DA LENGTH 032026
COMP #0O 290000
JEO ENDFIL 332007
+ 12 TR WRREREC ARITIODTOHED
) CLOOP 3F2FEC
LDA EOF 032010
STA BUFFER OF2016
DA #3 010003
STA LENGTH OF200D
+ISUR WRREC 4R10105D
T QRETADR 3E200232
BYTE C"EOF’ ASAFAG
RESW 1

RESW 1

el 2006 OnNly three addresses

need to be rel ocated.



Example of a SIC/XE Program (Fig
3.4,2.6) (Cont.)

110 ;

L15 . SUBROUTINE TO READ RECORD INTO BUFFER
120 .

125 1036 RDREC CLEAR X B410

130 1038 CLEAR A B400

132 103A CLEAR 3 B440

133 103C +LDT #4096 75101000
135 1040 RLOOP TD INPUT E320189
140 1043 JEQ RI.COP 332FFA
145 1046 RD INPUT DB2013
150 1049 COMPR A,S ACO4

155 104B JEQ EXIT 332008
160 104E STCH BUFFER, X 57C003
165 1051 TIXR T B850

170 1053 JLT RLOOP 3B2FEA
175 1056 EXIT STX LENGTH 134000
180 1059 RSUB 4F0000

185 LO5C INPUT BYTE XFL? Fl

A nNnr



Example of a SIC/XE Program (Fig
3.4,2.6) (Cont.)

195 .

200 5, SUBROUTINE TO WRITE RECORD FROM BUFFER
205 .

210 105D WRREC CLEAR X B410
212 105F LDT LENGTH 774000
215 1062 WLOOP TD OUTPUT E32011
220 1065 JEQ WLOOP 332FFA
225 1068 LDCH BUFFER, X 53C003
230 106B WD QUTPUT DF2008
235 106E TIXR T B350
240 1070 JLT WLOOP 3B2FEF
245 1073 RSUB 470000
250 1076 OUTPUT BYTE X' 05’ 05

255 END FIEST

Figure 2.6 Program from Fig. 2.5 with object code.



-]
Rel ocatable Program

O Modification record

m= Coll WM
m Col 2-7 Starting location of the address field to be

modified, relative to the beginning of the program (hex)
= Col 89 length of the addressfield to be modified, in half-bytes
= E.g M.000007.05




—————————————————————
ODbject Program with Relocation by

Modification Records for Fig 3.5 (Fig 2.8)

Chapter 3 Loaders and Linkers

HCOPY 000000001077
T0000001D17202D69202D4B10103
T00001D130F20160100030F20
T0010361DB410B400B4407 5
TO010531D3B2FEA]3400
T001070073B2FEE4FQ

: Mp0000705+COPY _ o

: MD0001405+COPY There is one modification record
MD0002705+COPY for each address need to be relocated.

%900000

9000%@3200%&31010599F2FE9932010

] 05%@E200%&54F46
QFBZOI%@32FF%PB201%&00@@3200%?7000%@850
OOQF%@&IQ??&OOQ@SZOI%@32FF%§3C00%PF200§P850

Figure 3.5 Object program with relocation by Modification records.



Relocation by Modification Record
(Cont.)

o The Modification record schemeisa

convenient means for specifying program
relocation.

o0 However, it 1snot well suited for use with al
machine architectures
= SeeFig. 3.6.
0 Relocatable program for a SIC machine

= Most instructions use direct addressing
o Too many modification records



SIC machine (Fig. 3.6)

Relocatable program for a standard

Line

5
10
15
20
25
30
35
40
45
50
55
60
65
70
fis
80
85
90
95
100
105
110
115

Loc

0000
0000
0003
0006
000%
000cC
000F
0012
0015
0018
001B
O01lE
0021
0024
0027
002A
002D
0030
0033
0036
0039

Source statement

COPY
FIRST
CLOOP

ENDFTL

ECF
THREE
ZFERO
RETADR
LENGTH
BUFFER

START
STL
JSUB
DA
COMP
JEOQ
JSUB
J
LA
STA
LDA
STA
JSUB
LDL
RSUB
BYTE
WORD
WORD
RESW
RESW
RESB

SUBROUTINE TO READ RECORD INTO BUFFER

0
RETADR
RDREC
LENGTH
ZERO
ENDFIL
WRREC
CLOOP
EOF
BUFFER
THREE
LENGTH
WRREC
RETADR

"EOF

AP PR OWN

096

Object code

140033
481039
000036
280030
300015
481061
3C0003
00002A
0C0039
00002D
0C0036
481061
080033
4C0000
454F46
000003
000000



Relocatable program for a standard
SIC machine (Fig. 3.6) (Cont.)

120
125
130
135
140
145
150
155
160
165
170
175
180
185
190
195
200

1039
103C
103F
1042
1045
1048
104B
104E
1051
1054
1057
105A
105D
105E

RDREC

RLOOP

EXTT

INPUT
MAXT.EN

LDX
LDA
TD
JEQ
RD
COMP
JEQ
STCH
TIX
JLT
STX
RSUB
BYTE
WORD

SUBROUTINE TO WRITE RECORD FROM BUFFER

ZERO
ZERO
INPUT
RLOOP
INPUT
ZERO
EXIT

BUFFER, X

MAXT.EN
RLOOP
LENGTH

X'F1’
4096

040030
000030
E0105D
30103F
D8105D
280030
301057
548039
2C105E
38103F
100036
4C0000
Fl

001000



Relocatable program for a Standard
SIC Machine (fig. 3.6) (Cont.)

205
210
218
220
225
230
235
240
- 245
250
255

This SIC program does not use relative addressing.
The addresses in all the instructions except RSUB must be modified.

1061
1064
1067
106A
106D
1070
1073
1076
1079

WRREC
WLOOP

OUTPUT

D
JEQ
LDCH

TIX
JLT
RSUB
BYTE
END

ZERO
ouUTPUT
WLOOP
BUFFER, X
OUuTPUT
LENGTH
LOOP

X'05°
FIRST

040030
EQ1079
301064
508039
DC1079
2C0036
381064
4C0000
05

Figure 3.6 Relocatable program for a standard SIC machine.

Thiswould require 31 Modification records.



—————————————————————
Relocation by Relocation Bit

O |f amachine primarily uses direct addressing and
has a fixed instruction format
= There are many addresses needed to be modified
= |tisoften more efficient to specify relocation using
relocation bit
0 Relocation bit (Fig. 3.6, 3.7)

= Each instruction is associated with one relocation bit
o Indicate the corresponding word should be modified or not.

= Theserelocation bitsin a Text record is gathered into bit
masks




e
Relocation by Relocation Bit (Fig. 3.7)

O Relocation bit Text record
= 0: no modification is needed Co: glg: Istarti Rg( tz)addgess
e e col 8-9: length (byte
= 1. modification is needed col 10-12: relocation bits
col 13-72: object code

HCOPY 00000000107A

TOOOOOOIEFFQI400334810390000362800303000154810613C000300002AOC003900002D

TOOOOIEI%EOOOCOOB6481061080033400000454F46000003000000
T001039quF094003000003050105D30103FD8105D2800303010575480392C105E38103F

TOOI0570A8001000364C0000F1001000 F1isone-byte

EPOI06%l?FE%OAOOBQ@OI07%?0106%@0803%P0107%@C003@§8106$§0000995

%POOOOO

Figure 3.7 Object program with relocation by bit mask.



Relocation Bits (Cont.)

O Each bit mask consists of 12 relocation bit In
each Text record
m Since each text record contains less than 12 words

= Unused wordsare setto O
o E.g. FFC=111111111100 for line 10-55
o However, only 10 words in the first text record




Relocation Bits (Cont.)

0 Notethat, any value that I1sto be modified
during relocation must coincide with one of

these 3-byte segments
= E.g. Beginanew Text record for line 210
o Becauseline 185 has only 1-byte object code (F1)

o Makethefollowing object code does not align to 3-
byte boundary
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3.2.2 Program Linking

O Control sections

= Refer to segments of codes that are translated into
Independent object program units

= These control sections could be assembled
together or independently of one another

= |tisnecessary to provide some means for linking
control sections together

o Externa definitions
o Externa references




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

Line Loc Source statement Object code
.................... O o o Yo [ NN oy =" 4R . W > 1 o [
e rrerermnemnnnan B, e rrmemrnenennrnrnsnnrnennnnsnsnnenen ot DEE  BUFFER, BUFEND, LENGTH

i R e e T :
OO I RS I ST RETADR s R T2Q2 0
S 15.........0003  CLOOP _  +JSUB _  RDREC 45100000

57 SE55 RN - AR SrrirrreT L RN TR R IR rvrerd SR RRRERR :

25 000A COMP #0 290000
................... 30.........000D ... JEQ ENDEIL, 332007
: 3 rCrREERRCTRTIERITRRERE Lt r O rrree) P RO RRORRRERRRERRy F¥rpr <V SR RECERRES .
a------------------40 --------- UUTq.........................U ------------- cmOP-----------------------GFZFE@- ----------- -

45 0017 ENDFIL LDA =C"EQOF"’ 032016

50 001A STA BUFFER OF2016

55 001D LDA #3 010003
.................. 7 A o Vs & X o N o0 . VR ) £ N .2 i ~ (RN § ) 21071 0 | 7. S,
TR .- JORRRY o ¢ NSRS +JSUB........ WRREC . .......AB10000Q ;

70 0027 J @RETADR 3E2000 7T -

95 002A RETADR RESW 1

100 Q02D LENGTH RESW 1

103 LTORG

0030 * =C'EQOF"’ 454746

105 0033 BUFFER RESB 4096

106 1033 BUFEND EQU *

107 1000 MAXT.EN EQU BUFEND-BUFFER



————————————————————
| llustration of Control Sections and

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

........ T TR
-------- lTOI...............................................................................................................
115 SUBROUTINE TO READ RECORD INTO BUFFER
....... 17
LaAd22 EXTREF ~ BUFFER, LENGTH, BUFEND =
i s AR kR e BTy
130 0002 CLEAR A B400
132 0004 CLEAR S B440
133 0006 LT MAXT.EN 77201F
135 0009 RLOCP TD INPUT E3201B
140 Qo0cC JEQ RLOOP 332FFA
145 000F RD INPUT DBR2015
150 0012 COMPR A,S AQ04
L. S 10 S JEQuemmmnnnnn 266 1) S 332009....... .
60, 010 Iy S +STCH ...} 1510420 10 G 57900000 :
165 001B TIXR T B850
...... 0 R T4 1 1 JRRY 74 LONUN =4 i ©. © = NN § - 24 - 1 S,
A v - T 0020......... EXIT......... +STR LENGTH. i, 13100000 :
180 0024 RSUB 4F0000
...... 215 Y X6 122 A B 1 =) 2 M =141 & D Gl =10t NS -1 S

feen 290 00280 MAXLEN,.....WORD ........ BUFEND-BUFFER ......... 000000 ......; 5



————————————————————
| llustration of Control Sections and

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

P 193 0000 " "WRREC " CSECT
19 9000 s
200 SUBROUTINE TO WRITE RECORD FROM BUFFER
205
0T EXTREF  LENGTH,BUFFER 7
207 A — AL LENGHLLUEERR, o N
 — S S S e
Py BO0gT e o)- Bt D IR L 11 AR ELEEEEELEL LU LR E320T2 "
2200009 JEQ. ... WLOOP 332FFA
D225 000C +LDCH  BUFFER, X TTTE3500000:
23 DL LDCH..... B A Sedu
235 0013 TIXR T B850
240 0015 JLT WLOOP 3B2FEE
245 0018 RSUB AF0000
255 END FIRST

001B * =X'05" 05

Figrre 2.16 Program from Fig. 2.15 with object code.



Control Sections ana Program Lm!mg

(Cont.)

0 Assembler directive: secname CSECT
= Signalsthe start of anew control section
= E.g.109 RDREC CSECT
= eg.193 WRREC CSECT

O External references

m References between control sections

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




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
= Col.1 D
= Col. 2-7 Name of external symbol defined in this control section
= Col. 813 Relative address within this control section (hex)
= Col.14-73 Repeat information in Col. 2-13 for other external
symbols
0 Refer record
= Col.l1l R
= Col. 2-7 Name of external symbol referred to in this control section
= Col. 873 Name of other external reference symbols




How the Assembler Handles Control
Sections? (Cont.)

O Modification record (revised)

Col.1 M

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

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

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

0 Example (Figure2.17)

M000004,05,+RDREC
M000011,.05,+WRREC
M000024,05,+WRREC

M000028,06,+BUFEND
M000028,.06,-BUFFER



.-
Program Linking (Cont.)

0 Goal of program linking

= Resolve the problems with EXTREF and
EXTDEF from different control sections

O Example:
= Fig. 3.8and Fig. 3.9



Sample Programs lllustrating Linking

and Relocation (Fig. 3.8) — PROGA

Loc

0000

0020
0023
0027

0040

0054
0054
0057
005A
005D
0060

PROGA

REF1
REF2
REF3

LISTA

ENDA
REF4
REF5
REF6
REF7
REFS8

Source statement

SLLART..

: EXTDEF
:EXTREF

"sgEssssssEEsnEEnn

o T

L.ISTA, ENDA :
I.LTSTB, ENDR, LISTC, ENDC :

LISTA
LISTB+4
#HENDA-T.TSTA

*x

ENDA-LISTA+LISTC
ENDC-LISTC-10
ENDC-LISTC+LISTA-1
ENDA-LISTA~- (ENDB-LISTB)
LISTB-LISTA

REF1

Object code

03201D
77100004
050014

000014
FFFFF6
O0003F
000014
FEFFEFCO



Sample Programs lllustrating Linking
and Relocation (Fig. 3.8) — PROGB

Loc

0000

0036
003A
003D

0060

0070
0070
0073
0076
0079
007C

PROGB

REF1
REF2
REF3

LISTBE

ENDB
REF4
REF5
REF6
REF7/
REFS8

Figure 3.8

Source statement Object code

'EXTDEF LISTB, ENDB :
'EXTREF LISTA, ENDA, LISTC, ENDC:

+L,DA LISTA 03100000
LDT LISTB+4 772027
+LDX #ENDA-L,ISTA 05100000

EQU *

EQU e

WORD ENDA-LISTA+LISTC 000000
WORID ENDC-LISTC—10 FFFFEF6
WORD ENDC-LISTC+LISTA-1 FFFFFF
WORD ENDA-LISTA- (ENDB-LISTRB) FFFFFO
WORD LISTB-LISTA 000060
END

Sample programs illustrating linking and relocation.



Sample Programs lllustrating Linking

and Relocation (Fig. 3.8) — PROGC

Loc

0000

0018
o0ol1cC
0020

0030

0042
0042
0045
0048
004B
004E

PROGC

REF1
REF2
REF3

LITSTC

REF4
REFS
REF6
REF/
REFS8

Figure 3.8

Source statement Object code

i EXTDEF LISTC, ENDC :
i EXTREF LISTA, ENDA, LISTB, ENDB

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

+L.DA LISTA 03100000
+L.DoT LISTB+4 77100004
+ILDX HENDA-LISTA 05100000
EQU *
EQU *
WORD ENDA-LISTA+LISTC 000030
WORD ENDC-TL.LTSTC-10 000008
WORD ENDC-LISTC+LISTA-1 000011
WORD ENDA-LISTA—- (ENDB-LISTB) 000000
WORD LISTB-LISTA 000000
END
(contd)



Sample Programs lllustrating Linking

and Relocation

O Each control section defines alist:
Control section A: LISTA --- ENDA
Control section B: LISTB --- ENDB
Control section C: LISTC --- ENDC

0 Each control section contains exactly the
same set of references to these lists
REF1 through REF3: instruction operands
REF4 through REFS8: values of datawords



Sample Programs lllustrating Linking
and Relocation (Fig. 3.9) — PROGA

Q{ROGAJQOOOOQQOOO63
D

ISTA POOO4OENDA

A
RLISTB LNDB LISTC AENDC

T000020,0403201D77100004050014

TOOOOSAAOFAOOOO].AAFFFFFﬁAOOOOBFAOOOOI4AFFFFCO

~HP00O240 S+ LESTE:
: MD0005406+LISTC
: MOOOO57064+ENDC
: MD00057,06-LISTC:
i MDOOOSAQ6FENDC :
. MDOOOSADE-LISTC:
 MPO0D3ADGH PROGA,
i MDOOOSDD6-ENDB :
00005D06+LISTB!
i MD0006006+LISTH:
i M0.0006006~PROGA

.......... e o o
EQ00020

Figure 3.9 Object programs corresponding to Fig. 3.8.



Sample Programs lllustrating Linking
and Relocation (Fig. 3.9) — PROGB

ROGB ,00000Q00007F
DLISTB ,000060ENDB
RLISTA ENDA ,LISTC ENDC

LH00070

@pOOOB@P%@SlOOOOQJ72023@5100000

iy
MOGOGE705+LTSTA ;
MOOOO3EQS+ENDA
MOOOO3EOS-LISTA
MOO0O7 GO6+ENDA :
0007006-—LISTA :
MO0007C806+LISTC !
MO0007 3064 ENDC |
MO0O0O07306-LISTC
MO0007606+ENDC
M00007606-LISTC
ggooo7ébQ¢LISTA
MOO007 906 +ENDA
MPDOOO7906-LISTA

00007qpﬁpOOOOQEFFFF@?FFFFEFFFFFQPOOOﬁ0



Sample Programs lllustrating Linking
and Relocation (Fig. 3.9) — PROGC

AHAEROGC 0000000000231 ...

:DLISTC OOOOBOENDC 000042
R]\!..ISTA ENDA LISTB ENDB

TO000180C031000007710000405100000

1000420E00003000000800001100000000000
0001905+LISTA:
0000 1DOS+LISTB '
000210S5+ENDA
0002105-LISTA:
M00004 "O6+ENDA
iM00004206-LISTA:
n90004206+PROGc§
iMOO004806+LISTA
MDOOO4§QG+ENDA :
O0004BO6-LISTA!
npoooasos ENDB :
‘MOOOO4BO6+LISTE
M00004596+L15TB;

‘3 00
,g>° g

M

>

Figure 3.9 (contd)



——
REF1 (LISTA)

O Control section A
= LISTA isdefined within the control section.
= |tsaddressisavailable using PC-relative addressing.
= No modification for relocation or linking Is necessary.

O Control sectionsB and C
m LISTA Isan external reference.

m Itsaddressisnot avallable

o  An extended-format instruction with address field set to 00000
IS used.

= A modification record is inserted into the object code
o Instruct the loader to add the value of LISTA to this addressfield.



——
REF2 (LISTB+4)

0 Control sections A and C
= REF2isanexternal reference (LISTB) plus aconstant (4).

m Theaddressof LISTB isnot avallable

o An extended-format instruction with address field set to 00004
1S used.

= A modification record is inserted into the object code
o Instruct the loader to add the value of LISTB to this address field.

O Control section B
= LISTB isdefined within the control section.
» |tsaddressisavailable using PC-relative addressing.
= No modification for relocation or linking Is necessary.




——
REF3 (#ENDA-LISTA)

o Control section A
= ENDA and LISTA are defined within the control section.
= Thedifference between ENDA and LISTA isimmediately available.
= No modification for relocation or linking is necessary.

O Control sectionsB and C
m ENDA and LISTA are external references.

= Thedifference between them is not availlable

o  An extended-format instruction with address field set to 00000 is used.
= Two modification records are inserted into the object code

o +ENDA

O -LISTA




e ——
REF4 (ENDA-LISTA+LISTC)

o Control section A
= Thevauesof ENDA and LISTA areinternal. Only the value of LISTC is unknown.
=  Theaddressfield isinitialized as 000014 (ENDA-LISTA).
=  OneModification record is needed for LISTC:
m| +LISTC
o  Control section B
n ENDA, LISTA, and LISTC are all unknown.
m  Theaddressfield isinitialized as 000000.
= Three Modification records are needed:

O +ENDA
O -LISTA
O +LISTC

O  Control section C
m LISTC isdefined in this control section but ENDA and LISTA are unknown.
= Theaddressfiddisinitialized asthe relative address of LI STC ( 000030)

=  Three Modification records are needed:
i +ENDA
i -LISTA
O +PROGC (***for relocation***) // Thus, relocation also use modification record



Program Linking Example (Cont.)

O Suppose the loader sequentially allocate the
address for object programs

= SeeFig. 3.10
= Load address for control sections
o PROGA 004000 63
o PROGB 004063 7F
o PROGC 0040E2 51
o Hg.3.10

m Actua addressof LISTC: 0030+PROGC=4112



Programs From Fig 3.8 After Linking

and LOadIng (Flg 3:I'Oa') Values of REF4, REF5,

Memory
address

Contents

REF8 In three places are
all the same.

0000

KX XXX XX

XXX XK X X

HE XXX HKEHXX
- -
- -
- -

26 23X 3 3 X X K 2K

- = ® 88 & =& = =

- e W e e e W o= * e = o =

e &= @ o o o s = a o & = = =

1040C705 o014

HMHM KN X XK

KKK X XN A X XK

HERNXN XX XXX

— PROGA

— PROGB

- o ® * * ® 5 =

U S (o IR I I [V T T T x
OO 0y Qv o a0 Y
T X B {o A VE NI (o O R R
¢ Qo0 v o Ny o 1D e -

*+—— PROGC

U O (o R B S T (o KRR SR |
e SN (Do O e 0[O0 e 13
U N (o RERCRN S I (o RO BT
¢ O Qo e e o o[y o M

51000004

C00O08 3fcx
HHEH XXX XX

HHE XXX LXK

P> > A S O > > 4

XXX KX X
HHXKH XXX X
-

Figure 3.10(a) Programs from Fig. 3.8 after linking and loading.
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Relocation and Linking Operations Performed on
REF4 from PROGA (Fig. 3.10b)

Object programs Memory contents
PROGA | HPROGA <-- 0000
- (REF4) oo
-
1@*!00015’ ssee (REF4)
- H mim 4050|e s s sess .I004126|.....oo.o-..

e -

4 K noroar
Ve (Actual address
/ -4 of LISTC)

/
" Load addresses
\ PROGA 004000
\

N

PROGB 004063
~
5640EZ

Figure 3.10(b) Relocation and linking operations performed on REF4
from PROGA.

3.2.3 Algorithm and Data Structures for a Linking Loader



Calculation of REF4 (ENDA-LISTA+LISTC)

O Control section A
= The address of REF4 is 4054 (4000 + 54)

m Theaddressof LISTCIis:

0040E2 + 000030 = 004112
(starting address of PROGC) (relative address of LISTC in PROGC)

m Thevaueof REF4is:
000014 + 004112 = 004126

(initial value) (address of LISTC) \ e e
O Control section B aretghe same
= The address of REF4 is40D3 (4063 + 70) /

m Thevaueof REF4is:

000000 + 004054 - 004040 + 004112 = 004126
(initial value) (addressof ENDA) (addressof LISTA) (address of LISTC)
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Relocation

O After these control sections are linked, relocated, and
|oaded

Each of REF4 through REF8 should have the same value
In each of the three control sections.
o They are datalabels and have the same expressions

But not for REF1 through REF3 (instruction operation)
o Depends on PC-relative, Base-relative, or direct addressing used
In each control section
In PROGA, REF1 isaPC-relative
In PROGB, REF1 isadirect (actual) address
o However, the target address of REF1~REF3 in each control
section are the same
Target address of REF1 in PROGA, PROGB, PROGC are all 4040




3.2.3 Algorithm and Data Structure for
a Linking Loader

o Algorithm for alinking (and relocating) loader

m Modification records are used for relocation
o Not use the modification bits

o Sothat linking and relocation functions are performed
using the same mechanism.

O Thistype of loader is often found on machines
(e.g. SIC/XE)

= Whose relative addressing makes rel ocation
unnecessary for most instructions.




|mplementation of An Assembler

O Data Structure

Source m  Operation Code Table (OPTAB)
< Program = Symbol Table (SYMTAB)
= Location Counter (LOCCTR)

l

rassd __ ./ Intermediat Pass 2 Object
bler file [ assembler Program

" OPTAB SYMTAB




|mplementation of aLinking Loader

0 Two-pass process (similar to the Assembler):
m Pass1: assigns addressesto al external symbols
= Pass 2: performs the actual loading, relocation, and linking

Object Pass 1 Pass 2 4{ y <
Program Llnk|ng Loader Llnk|ng ander y

P S

V CSADDR = , ESTAB




e
Algorithm for a Linking Loader

O Input isaset of object programs, 1.e., control
sections

0 A linking loader usually makes two passes
over Itsinput, just as an assembler does

m Passl: assign addresses to all external symbols

= Pass 2: perform the actual loading, relocation, and
linking



Data Structures

0 External Symbol Table (ESTAB)

= For each external symbol, ESTAB stores
o itsname
o itsaddress
o inwhich control section the symbol is defined

= Hashed organization

0 Program Load Address (PROGADDR)

= PROGADDR isthe beginning addressin memory where the linked
program isto be loaded (supplied by OS).

o Control Section Address (CSADDR)

= CSADDR isthe starting address assigned to the control section
currently being scanned by the loader.

o Control section length (CSLTH)




Pass 1 Program Logic (Fig. 3.11a)

Assign addresses to all external symbols

= Loader is concerned only with Header and
Define records In the control sections

Tobulldup ESTAB
m Add control section name into ESTAB

= Add all external symbolsin the Define
record into ESTAB




Pass1: (only Header and Define records are concerned)

begin
get PROGADDR from operating system
set CSADDR to PROGADDR {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}
else
enter control section name into ESTAB with value CSADDR
while record type # ‘'E’ do
begin
read next input record
if record type = ‘D’ then
for each symbol in the record do
begin
search ESTAB for symbol name
if found then
set error flag (duplicate external symbol)
else
enter svmbol Jinto ESTAB with value
(CSADDR + indicated address)

end {for}
end {while # "'E’}
add CSTTH 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.



e
Load Map

o ESTAB (External Symbol Table) may also look like Load MAP

Control Symbol
section name Address Length
PROGA 4000 (0063 2
LISTA 4040
ENDA 4054

PROGE
LISTB 40C3 /
ENDB 40D3

PROGC 0051
LISTC ‘

ENDC 4124




e
Pass 2 Program Logic (Fig. 3.11b)

0 Perform the actual loading, relocation, and linking

O When Text record I1s encountered
= Read into the specified address (+CSADDR)

O When Modification record 1s encountered
= Lookupthesymbol in ESTAB

m Thisvaueisthen added to or subtracted from the
Indicated |ocation in memory

0 When the End record is encountered
= Transfer control to the loaded program to begin execution

o Fig. 3.11(b)




Pass 2:

begin
set CSADDR to PROGADDR
set EXECADDR to PROGADDR

while not end of input do
begin

read next input record {Header record}
set CSLITH to control section length
while record tvpe #= ‘'E’ do

begin
read next 1iInput record
if record tyvpe = 'T’ then
begin

{if object code is in character forxrm,
into internal representation}
move obiect code from record to location
{(CSADDR + specified address)
end {if "'T’} B
else if record type = "M’ then
begin

convert

search ESTAB for modifying symbol name
if found then

add or subtract symbol value at location
(CSADDR + specified address)

else

set error flag (undefined external symbol)
end {1if "'™M’}

end {while = "'E’}
if an address is specified {in End record} then

set EXECADDR to (CSADDR + specified address)

add CSLTH to CSADDR /[ the next control section
end {while not EOF}

Jump to location given by EXECADDR {to start execution of loaded program}
end {Pass 2}

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



Improve Efficiency

0 Uselocal searching instead of multiple searches of ESTAB
for the same symbol

= Assign areference number to each external symbol referred toin a
control section

= Thereference number (instead of symbol name) is also used in
Modification records
0 Avoiding multiple searches of ESTAB for the same symbol
during the loading of a control section.

= Search of ESTAB for each external symbol can be performed once
and theresult isstored in a new table indexed by the reference
number .

= Thevaluesfor code modification can then be obtained by simply
Indexing into the table.




Improve Efficiency (Cont.)

0 Implementation
= 0O1: control section name
= other: external reference symbols

0 Example
= Fig. 3.12



Object Programs Corresponding to Fig. 3.8 Using
Reference Numbers for Code Modification (Fig. 3.12)

HPROGA 000000000063

TA ooooaqﬁNDA 000054
'@ STB O3ENDB 04LISTC OS5ENDC

QO%Q3201Q3710000@950014

M0000240
M0 000540 6364
00005706405
MD00057,06-04
MO0005A06+05
MO0005AD 6, 0%
MOOOU5A06+01
M00005D06-03
MO0005D06+02
M00006006+02
M00006006,-01
E000020

11]‘1%?FFFF@QOOO3EPOOOI%@FFFCO

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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Reference Numbers for Code Modification (Fig. 3.12)
(Cont.)

I.ISTB OO0 0E60ENDE O00070 :
"B'\Ci'if ""'fi"""'_’["aﬁ""'ﬁ'TS'Ef'ﬁ}D"' AT 05 'E‘i'T'g'T'C""'U SENDC

TOOOO700EQOOOOCOQFFFFF6FFFFFEFFFFFOQO00Q60
{000037.054+02
OOOO3EQOS+03
OOO3EQS5-—02
0007006+03
upooo7006 %3

0007606-04
MOOO0O7 606 +02

00007 906+03
MDO0O07 90602

0007606+01
MOOOO07C06-02
E

b g
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Reference Numbers for Code Modification (Fig. 3.12)
(Cont.)

Q{Rnsnm moaaqpnnnﬁmemmmmmw
15TC¢100030ENDC 000042

TOO00180C031000007710000405100000

TOO00420E000030000008000011L000000000000
MO0O0019054+02
MOOO0OO0O1DOS+04
MOO0OO02105+03
MOO0021L05-02
MOOOO4206+03

00004206—-02

00004 2064+01
MO00048064+02

(00004 BO64+03
MODOOCQ4BO6-02
MOOOO4BO6—-05
MOOOOC4BO6+04
MOOOO4EQO6+04
MOOOO4ED6~02
E

Figure 3.12 (cont'd)
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New Tablefor Figure 3.12

Ref No. Symbol Address

1 PROGA 4000

PROGA 2 LISTB 40C3

3 ENDB 40D3

4 LISTC 4112

5 ENDC 4124

Ref No. Symbol Address Ref No. Symbol Address

1 PROGB 4063 1 PROGC 4063
2 LISTA 4040 2 LISTA 4040
3 ENDA 4054 3 ENDA 4054
4 LISTC 4112 4 LISTB 40C3
5 ENDC 4124 5 ENDB 40D3

PROGB PROGC



