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1. Pleasewritethe content in the lines. (25%)

HE

H,PROGA 0 D (2

DAl 7

R Bl B2

T, 0,A 010004, 0F100007 000001

T, D,3,000007

M 4 5, +B1

PROGB START 0
EXTDEF  B1,B2
EXTREF Al
LDA B1
+LDA Al
STA B1
+STA Al

B1 WORD 7

BUF RESB 10

B2 RESW 1

MAX  EQU 10
END

A 4
ASSEMBLER

H,PROGBO, 11  (2)

DBLE, B2 _ 1B

Tk
N

R AL

T 0,11 032008 , 03100000, OF2004

Starting address
PROGA: 1000

A 4

, OF100000 ,000007 £ 1
M4, 5 , +AL 1
MB 5 +Al %1

>

>

>
I

JLINKING LOADER

XXXX

1000 | 410004 OF

1004 | 100007 00

2
(2)

1008 | 0001 0000

(2) G=01)

101207
1016

MEMORY




NOTE: 1. Theopcodesof LDA and STA are “00” and “0C”, respectively.
2. PROGB isplaced after ROGA.
3. Each x represents 4 bits.

2. Please explain the following keywords :  (6%)
(8 Reference number
(b) External reference

(a)assigning a reference number to each external symbol referred to in a control
section
® Control section name: 01
@ Other external reference symbols (stored in the Refer records):
02symname, 03symname, ...
— using this reference number (instead of the symbol name) in
Modification records

(b) symbolsthat are used in this control section and are defined elsewhere

3. Please explain the difference between “program block” and “control section”.
(6%)

Program blocks

Segments of code that are rearranged within a single object program unit
Control sections

Segments of code that are translated into independent object program units

4. Please describe how to use “relocation bit” for SIC programs. (5%)

® \When theinstruction format isfixed asin SIC machine (one word per
instruction), we can associate each instruction with arelocation bit.

® Relocation bits can be gathered together into a bit mask following the length
indicator in each Text record.

® |If bit=1, the corresponding word of object code is relocated.



5. Please show how to compute the target addresses and valuesin register A of the

following SIC/XE machine codes. And compl ete the two (20%) fj,_z
(B) =006000
1:003030 003600
(PC)=003000
J:003600 103000
(X) =000090
K:006390 00C303
L:00C303 003030
Assembler language HEX (TA)16 (Vduein A)g
032600 3600 103000
022030 3030 103000
036000 X X
+LDA L 0310C303 003030
LDA @K 024390 003030

(hint: the opcode of LDA is00.)

4. Please show the content of the symbol table when instructions are read in
Multi-Pass assemblers. (&3 11 A £ D)?(12%)

AA EQU BB-DD-FF
BB EQU FF-DD

FF EQU  409%

DD EQU 256



AA EQU BB-DD-FF

AA ‘ &3 ‘ BB-DD-FF ‘o

BB\ L s

o | o w0

P (&> A o]

|

BB EQU FF-DD

AA ‘ &2 ‘ BB-DD-FF ‘o

BB ‘ &2 ‘ FF-DD ‘M AA ‘ 0 ‘
= o> e m o]
i o> . [@fp B o]
FF EQU 4096

AA ‘ &2 ‘ BB-DD-FF ‘o

BB ‘ &1 ‘ FF-DD ‘M AA ‘ 0 ‘
|
= I O
‘ FF ‘ 4096 ‘
|

DD EQU 256

AA ‘ 512 H 0

BB ‘ 3840 ‘ 0 H

DD ‘ 256 E

FF ‘ 4096 E




5. What is “bootstrap loader”? (5%)

— An absolute loader program is permanently resident in aread-only
memory (ROM)

— Copy absolute loader in ROM into RAM for execution (optional)

— Read afixed-length record from some device into memory at afixed
location. After the read operation, control is automatically transferred
to the address in memory where the record was stored

® The record contains instructions that load the following
absolute program
— Cause reading of other records.

6. Please describe the loading and calling of a subroutine using dynamic linking?

8%

r» Dynamic
loader D .
(part of the IY"Z’“'C
operating oager
system)
Load-and-call
ERRHANDL
{_ User User
program program

ERRHANDL

(a) (b)



Dynamic Dynamic Dynamic
loader loader loader

Y

Load-and-call
ERRHANDL

User User User
program program program

-
ERRHANDL ERRHANDL ERRHANDL

(c) (d) (e)

When do linkage editor, linking loader, dynamic linking loaders perform these
same linking operations, respectively? (6%)

Linkage editors. perform these same (linking) operations before |oad time
Linking loaders: perform these same (linking) operations at |oad time
Dynamic linking: perform linking at execution time

Please describe the behaviors of an assembler in Passl and Pass2. What data
structures do we need for such behaviors? (8%)

® Pass1 (definesymbols) 3
— Assign addresses to al statements in the program
— Savethe addresses assigned to al labelsfor use in Pass 2

— Perform assembler directives, including those for address assignment,
such as BYTE and RESW
® Pass 2 (assemble instructions and generate object program) 3
Assemble instructions (generate opcode and look up addresses)
Generate data values defined by BY TE, WORD
— Perform processing of assembler directives not done during Pass 1
— Write the object program and the assembly listing
® Two basicinternal datastructures: 2
— The Operation Code Table (OPTAB)
@® | ook up mnemonic operation codes
® Trandate the codes to the corresponding machine language
equivalents
— The Symbol Table (SYMTAB)
@ Store addresses assigned to labels



® | ocation Counter (LOCCTR)
— Initialized to the beginning address specified in the START statement
— A variable for maintaining the assignment of addresses
— When alabel isreached in the program, the current value of LOCCTR
is associated with the [abel .

Source
Program

9. Please complete the object program according to one-pass assembler. (8%)

H~ COPY 100100000107A

T~001000-09-454F46-000003-000000
T~00200F~15+141009~480000~00100C~281006~300000~480000~3C2012

T~ 00201C A02__ 2024
T+002024~19-001000~0C100F~001003-0C100C~480000~081009-4C0000~F1,001000

T~__ 002013 A02~__ 203D

T~00203D~1E~041006~001006-E02039:302043-D 82039+281006-300000-:54900F~2C203A~382043




9. Please explain why the operands of the three instructions in the following
program are different. (6%)
(1) LDB  #LENGTH
BASE LENGTH
(2) LDA  LENGTH

(3 LDA #3
Loc Source statement Object code
0000 COPY START 0
0000 FIRST STL RETADR 17202D
0003 LDB #LENGTH 69202D

BASE LENGTH

0006 CLOOF +ISUB RDREC 4B101036
000A LDA LENGTH 032026
0ooD COMP #0 290000
0010 JEQ ENDFIL 332007
0013 +ISUB WRREC 4B10105D
0a17 J CLOOP JF2FEC
001A ENDFIL LDA EOF 032010
001D STA BUFFER 0F2016
0020 LDA #3 010003
0023 STA LENGTH 0F200D
0026 +ISUB WRREC 4B10105D
002A J @RETADR 3E2003
002D EOF BYTE C'EOF A54F46
0030 RETADR RESW 1
0033 LENGTH RESW 1
0036 BUFFER RESB 4096

® DB #LENGTH: loadsthisvaueinto register B during program execution.
BASE LENGTH: informs the assembler that the base register will contain the
address of LENGTH.
® PC-relative addressing
® Useimmediate mode. The target address becomes the operand

10. I SEEEATIR & PP 2 (5%)



