Assemb(\} Lanquag.e PRP, Figure 7|

S 'ﬁo.am source code file

.ORIG x3000
LD R1, si . . ,
LD R2, rslz(mber Jabels 'foo.ol»J link oLJedt *F\le
AND R3, R3, #0 \J

again AND R3, R3, R2

AND R1, R1, #-1 Opcode
BRp again \ 0011000000000000 | € Header
HALT 0010001000000111
number .BLKW 1 0010010000000101 T~~~ Calcula'l'eé
six FILL x0006 Ass L\ 0101011011100000
END embler 0001011011000 offset <
0001001001100001
o b 0000001111111101
I hex 1111000000100101
0903 09 09 26 55 72 80 67 20 78 33 30 %0 30 0s 0000000000000110 | BERwW 1
62 64 20 75 32 2c 20 6e 7§ 6d 62 65 72 Og 09 09 0000000000000110 FILL
61 6e 64 20 72 33 2c 72 33 2c 23 30 Oa Oa 61 67 -
61 69 6e 09 09 61 64 64 20 72 33 2c 72 33 2c 72
32 0a 09 09 61 64 64 20 72 31 2c 72 31 2c 23 2d &.
31 0a 09 09 62 72 70 20 61 67 61 69 6e Oa Oa 09 m hex
09 68 61 6Cc 74 0a Oa 6e 75 6d 62 65 72 09 2e 62

6c 6b 77 20 31 0a 73 69 78 09 09 2e 66 69 6c 6C
20 78 30 30 30 36 0a 0a 09 09 2e 65 6e 64 Oa 30 00 22 07 24 05 56 €0 16 c2

12 61 03 fd fO 25 00 00 00 06
Assembler Directives:

.ORIG: putload address into header. Assembler calculates offsets from LABELS.
.END: end of source code.
.FILL:  put bits into a word. LABEL == word offset into file.

.BLKW: create nblank words (all zeroes).
Offsets are calculated by subtraction:

Assembly produces machine words:
--- ONE for an instruction LABEL - (current word count) == offset

--- ONE for .FILL
--—-  n for.BLKW n

--- foo.obj contains BITS, not ASCII codes for "1" and "0".
--- "see" the bits:

>> od -t x1 foo.obj
0000000 30 00 22 07 24 05 56 e0 16 c2 12 7f 03 £fd £0 25
0000020 00 00 00 06
0000024

Format: offset(hex) 1-byte integers (hex), first to last.

Notice the big-endian order (x3000, 30 is at lower offset than 00). An artifact of the simulator's code.
It does not reflect the LC3 micro-architecture because LC3's memory is not byte-addressable.



Nss uvnue, linkJ load

Foo. asm \ foo.ob; oo oit Loddec
source assembly ik Y , toad , 2250
tode — 0‘5:; o+ Lmktr obje.c'\'
— Header PE—T" binar
. 0R|C7 ~eh HCQAQ" . ) m“hi“
A oy 1 { e L
(b::je ——al | W\MhiV?e code bimr9
% code /—\ binary | ’m::};e‘zm
.END L'LOAJ machine d
bi 4/ Header code /__ | binary
ihar : Machine
/ W\Mhiv?e bihary /.W/ code
ASCII , Machine
Cede coJe machine code
body code
pre-compiled Library
There may be more in the HEADER.
Linker:

Symbol Table:

LABEL offset

Labels can be names for external reference
===> external code
===> external data word

File Formats:

Standards define layout of link/load objects.

Wem

Loader:
--- Fix offsets

--- Combine modules
--- Fix offsets (references)

--- Copy to memory
--- Dynamically link modules

LC? -ASS(,“\\)\\J L&Y\S\)a,jc

Source Code:

AND R3, R3, #0

t immlia.'}c value

# --- decimal notation
X --- hex notation

-

Operation name:

maps 1-1 to opcode

NB--there are some
special translations,
eg., "Halt".

NI

See P¥P APPEND. A

Comments:
everything after

is ignhored.




2- pass A&Sem L l‘J PASS 1: Build Symbol Table.

Find all LABELS and their offsets

ik, oo,

.ORIG x3000 ink_eout COUNT .
ADDR1,R2,R3 ) COUNT++ :3000 Sym | Table

STRING  offcet

BRnzp here .~

hew label fooud,

- " "1 3003
FiLLxse7s B CONTH add To Table here
) COUNT++ /
here:
\ o’e)f’n O]C Lﬁ,!ﬂ’-l £OUNL) "
ADD R1, R2, R3 record v'ffséf _ 6ou/u+
BRz here
count +=

1 (an instruction word),

1 (a data word),

0 (anything else).

OUNT
|£: SYym
PASS 2: Generate code 3000 3 ‘)OI T‘“e

STRING  offset
\lhere‘” 3003

Transuc

ADD R1, R2, R3 W 0001 001 010 000 011

caleoldfe offset =3003—(c¢>m'} +1> = +1
oriee here \1@% 0000 111 000000001

couNT ++
.FILL x5678

w“sl‘-}c 0101 0110 0111 1000

here: couNT ++

ADD R1,R2,R3  uyslife 0001001010000 011

coont + + 0011 0000 0000 0000
0001 001 010 000 011
calevldte offset = 3003—(Cowu+ +1) = -2 0000 111 000000001

BRz here +1 C 0101 0110 0111 1000

0001 001 010 000 011 here
0000 010 111111110

'rmnsla'."e 0000 010 11111111}
Count + +



Trans|de, load, run
) 1044,

Loader strips header,

leaving machine code and data.

More on assembly language directives

.STRINGZ "abcd"

FILL x0061
FILL x0062
Some FILL x0063
Qs FILL x0064
FILL x0000

BLKW 3
FILL x0000
cewme ( .FILL x0000
0S FILL x0000

\&'
\bl
\v¢/
\61
NUL

NB--Loader could do part of job of

assembler: leave ".BLKW 3" in header,

fill memory at load time.

Mem

LC3as

.ORIG x3000
LD R1, data
|data:

.FILL x0061
.END

0011000000000000
0010010000000000
0000000001100001

assemblee
code

Ascii code
Trans,d'c

MMI'nine CoJe

0010010000000000
0000000001100001







