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Abstract ory in binary form. The second page wisadhe scanning of

the source assembly code to create the address symbol table.
This paper describes the a@msion of symbolic ma&ine . y y

. . . . This is necessary to prigle numerical alues to the usate-
instructions povided by the user tbugh a kyboad into y to pral

fined \ariables. The final page skis the operation of ser-
madine code which computer hadware is able to inter- ! I 'nalpag perat

| table look d t nt bly |
pret. Key pundes ae first coded in ASClI-format and seaf &l fable lookup procecires o et assembly language

. . L statement into binary machine code.
in computer memonyhen this information is pcessed by

an assembler pgram using seeral tables and corerted

. . . . _ . 2. Conversion of text stringsinto ASCI | -for mat
into binary object ppsgram for execution. This funtionality

is simulated and displayed on a@en to facilitate the com-
prehension to an undgraduate student. This qgram is

available at URL http://wwweeoulu.fi/~pl1/tkt1/.

1. Introduction

Understanding the cearsion of symbolic machine instruc-

For easy access for humans characters are coded into posi-
tional format in a kyboard. Punching thegi¢s humans de-
scribe a problem to be seld in a formal language (assem-
bly language is used in this presentation). The description is
made up of satements, which describe the algorithm to be
executed. Statements consist of shoxt &rings, items to

represent actions to be @akand objects to be acted upon.

tions into binary machine code is an essential part of under-

graduate education in computer engineering.vex®ion is

made up of seeral phases and the whole processaigyf

Text strings are corerted into binary ASCII-format by
a hardvare conerter which recognizes thesi punched by

a user and prades respecte binary representation of the

complicated and long story to be told in the class. It is quite

an efort to the students tauld a mental image of the pro-
cess and comprehend it. This process caratiétated by
using computer simulation to emphasizey kssues and
guide the student in the thought process.

This paper describes the properties of computer aodtw

to simulate the comersion process of a twpass assembler

on computer displayt consists of three web pages, the first

of which shavs hav the textual program input from ael-

board is comerted into ASCII-code and stored in the mem-

characterFig. 1.

The first screen of the simulator programwgbdav an
individual key punch is coverted by a table lookup process
into binary code and then stored into computer memory to
wait subsequent processing. It aisathe structure of some
assembly language statements and hoeaningful infor-
mation is coded into short character strings as well.

When the user has input the whole program to the com-
puter memorys/he can proceed starting the first phase of the

assembler program.
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Figure 1. Conversion and storage of charactersfrom a keyboard.



3. First pass of the assembler program writes the ariable name into a symbol table and associates
. . the value of a counter to thisviable. The counter is used to
Structure of the assembly language: instruction set, com-

. . count the position of the present statement in the program,
mands, addressing modes etc. are completely defined by the P P prog

. o - which represents the address of the memory location , where
designerThe user is tied up to these decisions.

. it will be stored duringeecution.
However, the user has complete freedom teeghames

. . . Another position of a user define@riable is after a
to the \ariables s/he needs when describing the algorithm to P

. . symbolic machine command. In this case no numerical ad-
be eecuted. During the first pass of the assembly process, a

. . . dress is associated with thariable, loit it is stored in the ad-
variable symbol table is created to store all the uzéakble

. - . ress table and ma#l as a name which need to be associ-
names and associate a definite numerical address to be ref-

. . ated with a numeriacahklue in some phase of the process.
erenced during the second pass of the process, Fig. 2. P P

. When the whole program is analyzed in thegvand no
Assembler reads a statement in taifids and then scans prog y

o . . . . errors hae been found, second pass of the assembly process
it item by item to recognize user defineariables. The P yp

. is run. Screen 2 of the simulator programvehithe assem-
may appear at the gimning of a statement, where yhare prog

. . o bly | tat t i d thikelbp of th -
recognized from a separation mark (in this assembly lan- ylanguage statement scanning an potihe sym

o . . bol address table.
guage it is a comma). When the assembler finds an item it

first pa55l

L C standsfor location counter

LC =0, —

scan next line of cude! Set LC '

label ORG

store symbol in the END
address symbol table
together with value of LC

increment LC

Figure 2. First pass of the assembler program.



second pass

b

LC -4—0

T

scan next line of code

Fseudo-
instruction

5et operation code
and set bits 12-14

yES

v

Search addre ss
symboltahble for

symboalic addre ss
and set hits 0-11

binary equivalent of

Yalid
non-ME|
instruction

done

=et bit
15101

and store in locati
given by LC

Assembly all parts of
binary instructions

on

| increment LC

Figure 3. Second pass of the assembler program.
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4. Second pass of the assembler program Fig. 3 shavs the process of ceerting an assebly lan-

. uage statement into a binary machine code usiveyae
During the second pass of the assembler program statemen?s g y Ve

. . . tables and a table lookup procedure.
are scanned item by item and respechinary representa-

f the simul hav th fi
tion is searched from the tables included in the assembler: Screen 3 of the simulator skie hav the program finds

. . . th ired it in the tables wpided and hw this infor-
machine command, symbol address and pseudoinstruction € required ftems in the tables v and hav this tntor

tables mation is used to ceert the symbolic assembly language

. . . . Statement into object code.
If a statement starts with an item ending to a comma, it

is skipped and the processing proceeds xb item. If it is

, _ _ 5. Conclusion
a machine command, machine command table is searched

and the corresponding binary eeplent etracted to a wff- The simulator program described simulates the functional-
er to be used later in the assembly process. ity of a simple tvo pass assembler program froeylxoard
After a machine command aanable name follas. entry of the program to the caersion of symbolic code into

Symbol address table is searched, binary addresgéase machine gecutable object code. The goal of the simulator
ed and assembled with the machine command code in théesign has been thadilitation of undegraduate student
buffer. Then address mode information is processedhif-a ~ comprehension of the abstract assembly process.

able and assembled to the final machine code of the state-
ment. 6. References

In this way the whole program is processed statement by[1 | M. Mano,Computer System Architecture. Prentice-Hall
statement and assembled into binary object code. When thggg3.

END pseudoinstruction is found, theysical end of the
program is there and the user can proceexidoute the pro-

gram.





