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Hexadecimal
Symbol code Description
"AND " Oors TAND Mo AC
ADD lor9 Add M to AC, carry to F
LDA 2or A Load AC from M
STA JorB Store AC in M
BUN dorC Branch unconditionally to m
BSA S5orD Save return address in m and branch to m — 1
ISZ 6orE Increment M and skip if zero
CLA 7800 Clear AC
CLE 7400 Clear £
CMA 7200 Complement AC
CME 7100 Complement £
CIR 7080 Circulate right FE and AC
CIL 7040 Circulate left £and AC
INC 7020 Increment AC,
SPA 7010 Skip if AC is posilive
SNA 7008 Skip if AC is negative
SZA 7004 Skip if AC is zero
SZE 7002 Skip if £is zcro
HLT 7001 Halt computer
INP F800 [nput information and clear flag
ouT F400 Output information and clear flag
SKI F200 Skip if input flag is on
SKO F100 Skip if output flag is on
10N FO80 Turn inferrupt on
10F F040 Turn interrupt off
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Location Instruction code

: 0 0010 0000 0000 0100
Slide 4 1 0001 0000 0000 0101
10 0011 0000 0000 0110

11 0111 0000 0000 0001

100 0000 0000 0101 001t

101 1111 1111 1110 1001

110 0000 0000 0000 0000

—zZ2a20{7} o|slstH Lt =2 &S| ozl
x 1671Z2H o2 T3 (Z 6-3)

217101 (A=)

Location Instruction

000 2004
001 1005
li 002 3006
Slide 5 003 7001
004 0053

005 FFEY
006 0000

XS TE F0IA HEHS

* 7|22 Z¥ (E 6-4)
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Location  Instruction Comments

Slide 6 000 LDA 004 Load first operand into AC

001 ADD 005 Add second operand to AC

002 STA 006 Store sum in location 006

003 HLT Halt computer

004 0053 First operand

005 FFE9 Second operand (negative)

06 0000 Store sum here

217101 (A=)

03T T UNE RARE VIR CIWE T U9 LR LY /I8 UK

E65 F 25 M o Ao} 2z g

ORG 0 fOrigin of program is location 0
LDA A /Load operand from location A
ADD B /Add operand from location B
. STAC /Store sum in location C
Slide 7 HLT /Halt computer

A, DECS83 /Decimal operand

B, DEC -23  /Decimal operand

C, DEC 0 /Sum stored in location C
END /End of symbolic program

S.H. Jung
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INTEGER A, B, C
DATA A,83 B,-23
C=3a+B

END

"
1 2 BE 7|3 FAE UERAL 92
2. ¥”0l BE : 7|7 BROiLf pseudo FEO| 712
3. 3E WE : PO{oINE Fo|Lf sha

li - .
Sided  _isza: plojste axixnte 74, RN EX

- 22of
1 oj=e| & ol (MRI
2. BIX|2E Bx = YEFH FZFOf (non-MRI)
3. pseudo EHEO]

— MRI
+ & 6101 7|88 2o
* 7|EFA
F 1 o0 2BRA gloDt NBFA
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CLA non-MRI

x Of]) | ADD OPR ZZF4A MRI
ADD PTR | ZH8 34 MRI
— Pseudo @& of

+ 7170 F>oi7h ofLiat #et (oM Ealol —7I70f) of BRE FHols (Z

6-7)
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Symbol Information for the Assembler
QRGN Hexadecimal number N is the memory location for the instruction or
operand listed in the following line
END Denotes the cnd of symbolic program
DECN Signed decimal number N to be converted to binary
HEXN Hexadecimal number N {o be ¢onverted to hinary
— comment : /| 2 7&
- ol) FHE PAksHE of g2 ol T2 (E 6-8)
= AN
odlZ2| Ao (A=)
E 68 F 55 3Rl oW ie) deo] oy
ORG 100 /Origin of program is location 100
LDA SUB /Load subtrahend to AC
CMA fComplement AC
INC /Increment AC
ADD MIN /Add minuend to AC
STA DIF /Store difference
. HLT /Halt computer
Slide 11 MIN,  DEC 8 Minuend
SUB, DEC -23 /Subtrahend
DIF, HEX 0 /Difference stored here
END /End of symbolic program
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Hexadecimal code

Location Content Symbolic program

ORG 100
100 2107 LDA SUB
. 101 7200 CMA
Slide 12 102 7020 INC
103 1106 ADD MIN
104 3108 STA DIF
105 7001 HLT
106 0053 MIN, DEC &3
107 FFE9  SUB, DEC -23
108 000 DIF, HEXO0
END

x 7|ZZ2 o T AFH (scan)

AN
=
1. 7|7of BFojet u|HALtRte| o 22| FHE XY »F4-7|Z Ho|E 4d

ol E2al Aol (A5)

Address symbol | Hexadecimal address
MIN 106
Slide 13 SUB 107
DIF 108

2. F4-7|1% Ho|ES2 0|8 HH

3. Z+z} first pass, second pass 2t 1&
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e O|ME2|0] (source program) —7|#H|0f (object program)

Slide 14
e HEZ2|LHOAM 7|2 Z2 29| Z3
- 167 2%} AE (Z 6-10)
= AN
ojl &2 (assembler) (#%)
L6 168 Za A

Character  Code  Character  Code Character Code
A 41 Q 51 6 36
B 42 R 52 7 37
C 43 S 53 8 38
D 44 T 54 9 39
E 45 U 35 space 20
F 46 v 56 ( 28
H G 47 w 57 ) 29
Slide 15 et ® X 8 . oA
I 49 Y 59 + 2B
J 4A z 5A . 2C
K 4B 0 30 - 2D
L 4c 1 31 . E
M 4D 2 32 ! 2F
N 4E 3 33 = 3D

0 4F 4 34 CR 0D (carriage

P 50 ) 35 return)

— PD3, LDA SUB | 2 @&lo{e| ZEE| ES (E 6-11)
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oM 2] (assembler) (A1)

152 Mo 2)= HRE Z2an
E 611 PL3, LDA SUB I°]3t =2 315 &
Memory Hexadecimal
word Symbaol code Binary representation
1 PL 50 4C 0101 0000 0100 1100
2 3, 332 0011 0011 0010 1104
3 LD 4C 44 0100 1100 0100 0100
4 A 41 20 0100 0001 0010 0000
5 S U 53 55 0101 0011 0101 0101
6 u 4220 0100 0010 0010 0000
7 1 CR 49 0D 0100 1001 0000 1101
e First pass
— ABAIZ WolBt FA|S 0 RMBLRIZI BAS B2 Ty

— LC (location counter) AFZ

— first pass | SEZ (T8 6-1)

o4 82{ (assembler) (#%)

64 U T 1N

First pass

LC+0 I

Scan next line of code

Store symbol

in address- no Goto
symbol table second
1ogether with pass
value of LC

srgb el o el finst pass ot clab e
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Memory Symbal Hexadecimal

word or (LC)* code Binary representation
1 MI 4D 49 0100 1101 0100 1001
2 N, 4E 2C 0100 1110 0010 1100
3 (LO) 01 06 0000 0001 0000 0110
4 5 u 53 55 0101 0011 0101 0101
5 B, 42 2C 0100 0010 010 1100
6 (LC) o1 o7 0000 O0UT 0000 0111
. 7 ni 4 0100 0100 0100 1001
Slide 18 8 F, 4 2¢ 0100 0110 0010 1100
9 (LC) M 0000 0001 0000 1000
¥ (LC) designates content of location counter.
e Second pass
- 4719 Ho|E§& o|& HY
1. pseudo E&o{ Ho|=
2. MRI H|o|&
3. Non-MRI H|o|&
4. F2-7|% Hlo|E
= A
ojfdl &2 (assembler) (#%)
— second pass 2] 3E& (O& 6-2)
LC &0
[FEoEr aawnmeE]
Slide 19 DECar HEX

givenby LC

Gt operation code i
and sor bis 2.4 i : i
non-MRI e o binary.
nstrvction and store
o location
careh s

S 55
symbol tbie (o7
binary equivalent
of symbolic address
and st b S-16

Sore binary Erorin
equivalent ot neof
, nsction code
e pic | inlacarion
sivenby L
st Set
i first
it bt 0

Assembley all parts of
instruction and ncrement LC
store in focation given by £.C°

2862 ol W el4 second passF 3
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DIMMENSION A(100)
INTEGER SUM,A
SUM = 0
DO 3 J=1,100

3 SUM = SUM + A())
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E 613 100748 73 Mete 7)E =239

Line
1 ORG 100 /Origin of program is HEX 100
2 LDA ADS /Load first address of operands
3 $TA PTR /Store in pointer
4 LDA NBK /Load minus 100
5 STA CTR {Stare in counter
6 CLA /Clear accumulator
7 LOP, ADD PTR1 /Add an operand to AC
8 ISZ PTR /Increment pointer
9 ISZ CTR /Icrement counter
10 BUN LOP /Repeat loop again
1 5TA SUM /Store sum
12 HLT /Halt
13 ADS, HEX 150 /First address of operands
14 FIR, HEX 0 /This location reserved for a pointer
15 NBR, DEC 100 /Constant to initialized counter
16 CTR, HEX 0 This location reserved for a counter
17 SUM, HEX 0 /Sum is stored here
18 ORG 150 fOrigin of operands is HEX 150
19 DEC 75 [First operand
118 DEC 23 Last operand
119 END /End of symbolic program
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2 N
the 8l =2 Hite] =2 (A1)
E 614 ¥ A2 g5 F Wy =2y
ORG 100
LOP, CLE fClear E
LDAY fLoad multiplier
CIR /Transfer multiplier bit to E
STAY /Store shifted multiplier
SZE /Check if bit is zero
BUN ONE  /Bit is one; go to ONE
BUN ZRO /Bt is zero; go to ZRO
ONE, LDA X fLoad multiplicand
ADD P /Add to partial product
STAP /Store partial product
CLE /Clear E
ZRO, LDA X fLoad multiplicand
CIL /Shift left
STA X /Store shifted multiplicand
ISZ CTR /Increment counter
BUNLOP  /Counter not zero; repeat loop
HLT /Counter is zero; halt
CTR, DEC -8 /This location serves as a counter
X, HEX 000F Multiplicand stored here
Y, HEX 000B Multiplier stored here
P, HEX 0 /Product formed here
END

A AN
the 9l =e| Aite] =2l (A1)
—EIELUT
- ¥ E M Ee »Z 20 (X 6-15)
X615 F N wiAdxE shdah Zaaq

LDA AL /Load A low
ADD BL /Add B low, carry in E
STA CL /Store in C low
CLA /Clear AC
CIL /Circulate to bring carry into AC(16)
ADD AH /Add A high and carry
ADD BH /Add B high
STA CH /Store in C high
HLT

AL, — /Location of operands

AH, —

BL,

BH,

CL, —

CH, —

o =2|AHL

- 7|2 FEolM 7HsT det -AND, CMA, CLA
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x DeMorgan Zz|of|2/s A4t —A + B = (A'B’)
LDA A /Load first operand A

CMA /Complement to get A’

STA TMP /Store in a temporary location
Slide 26 LDA B /Load second operand B

CMA /Complement to get B’

AND TMP /AND with A’ to get A’ AND B’
CMA /Complement again to get A OR B

-
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CLE /Clear Eto 0

SPA /Skip if AC is positive; E remains 0
CME /AC is negative, set E to 1

CIR /Circulate E and AC

-

*
*
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Location
ORG 100 /Main program
(0] LDA X /Load X
101 RSA SH4 /Branch to subroutine
102 STA X /Store shifted numbcr
103 IDAY /Load Y
104 BSA SH4 /Branch to subroutine again
105 STAY /Store shifted number
106 HLT
107 X, HEX 1234
08 Y, HEX 4321
/Subroutine to shift left 4 times
109 SH4, HEX 0 /Store retyrn address here
10A CIL /Cireulate left once
108 CIL
¢ CIL
10D Cir. /Circulate left fourth time
10E AND MSK  /Set AC(13 16) to zera
10F BUNSH41 /Return to main program
110 MSK, HEX FFF0 /Mask operand

END

MERE (A5)

o MEREl Zialoe{9} oo|et 27X

= 6-16 0llAf majoiEf= AC B S5iod HE

Ci4of TiRlollEls IX|IAEL} o|22|8 S35t Mg

o) Z 6-17

1007H2| Co|EHE 100 %|0llA 200X 2 0| SAI7|= MEREl (E 6-18)
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/Main program

BSA MVE /Branch to subroutine
HEX 100 /First address of source data
HEX 200 /First address of destination data
DEC —16 /Number of items to move
HLT

MVE, HEXJ0 /Subroutine MVE
LDA MVE I /Bring address of source

i STA PT1 /Store in first pointer
Slide 30 ISZ MVE JIncrement return address

LDA MVE 1 /Bring address of destination
STA PT2 /Store in second pointer
ISZ MVE /Increment return address
LDA MVE 1 /Bring number of items
STA CTR /Store in counter
ISZ MVE /Increment return address

LOP, LDA PT1 1 /Load source item
STAPT2I /Store in destination
ISZ PT1 /lncrement source pointcr
ISZ PT2 /Increment destination pointer
1SZ CTR /Increment counter
BUN LOP /Repeat 16 times
BUN MVE 1 /Return to main program

PT1, —

PT2, —

CTR, —

&Y Z2aay

o 3t ZXE UES A7 Z2TY (Z 6-19)

E 619 g A5 dEYA T 22y

(a) Input a character:

CIF, SKI /Check input flag
BUN CIF /Flag=0, branch to check again
INP /Flag=1, input character
ouT /Print character
. STA CHR /Store character
Slide 31 HLT
CHR, — /Store character here

(b) Output one character:
LDA CHR  /Load character into AC

COF, SKO /Check output flag
BUN COF /Flag=0, branch to check again
ouT /Flag=1, output character
HLT

CHR, HEX 0057 /Character is “W"’

[ ]
Mo
A
B
2

S.H. Jung
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- F7He| 2%} (8H|E + 8H|E) E = =2 TH

- S2AE Y=stol B MERE (E 6-20)

R 620 T EAE Y] AYAIE ANTFH

IN2, — /Subroutine entry
FST, SKI
BUN FST
Slide 32 INP /Input first ckaracter
OouUT

BSA SH4 /Shift left four times

BSA SH4 /Shift left four more tin. s
SCD, SKI

BUN SCD

INP /Input second character

ouT

BUNIN2I /Return

- HEO| Y ZXE MEAIZI= Z2T (F 6-21)

E o2t WA Y- FAT AT 2209

LDA ADS /Load first address of buffer
STA PTR Mnitialize pointer

LOP, BSA IN2 /Go to subroutine IN2 (Table 6-20)
. STAPTRI  /Store double character word in buffer
Slide 33 ISZ PTR /Increment pointer
BUN LOP /Branch to input more characters
HLT
ADS, HEX 500 [First address of buffer
PTR, HEX 0 /Location for pointer

- £ YEE B|WslE T2 (E 6-22)
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LDA WD1 /Load first word

CMA

INC /Form 2's complement
ADD WD2 /Add second word
SZA /Skip if AC is zero

BUN UEQ /Branch to “unequal” routine
BUN EQL  /Branch to “equal” routine
wD1, —

Slide 34 wD2, —

- QIE{BEE MH|ASHE Z2 T3 of (E 6-23)

Homework

Slide 35 o 5% ISR
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