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temp = v|k]|; TEMP = V(K)
vik] =v|k+1]; ViK) =V(K+l)
vik+1] = temp; Y(K+1)=TEMP

Iw Sto,  ((%2)
Iw Stl.,  4(%2)
sw Stl.,  (%2)
sw St 4(%2)

1 MIPS Assembler

1Fnrtran Compiler

Q000 1001 1100 0110 1010 1111 0101 1000
1010 1111 0101 1000 0000 1001 1100 0110

1100 0110 1010 1111 0101 1000 0000 1001
0101 1000 0000 1001 1100 0110 1010 1111

— \)



PC )-’5-»\-&40[5 AN od.:)‘d).: *

PC sl 5gurals plos 0> 8086 (8) ousjls, L PCXT
4 o) &, 30w |eraPC<\.¢.a> LM9W|
GBSk 9 z5hae (gilome (rnble pogie a5 glailey 5o ¢
3o 6,5 5k ST e el Cuenl jlans b SaulS
>l 5,0 a4 o0l alisg 3 gualS S Sy aS glask
Sile bl L) 20,95 ooi 12] o0 (sl SgalS (59, —~
lg o 155Lol ol 138l e g3 4
I o HB Hwl G811 w9 Ol (s#
(5,5 ilwats 1) 9,00l aiils /( \
2 el 05 4 (o giaalip b ealss o b ol oo @)
o LT PC SealS (s, /



AAs  bls ) sl j(

L51,(:1 il 4>|9 &% CPU wsﬁ o%\aﬁ, S

ST 9 5999 soliciws (golass

L A.a‘g.u Jul.a S| o)gﬁlo d oD )49.»_~ol5 aS L’iup‘ )‘

|y alasl> glgil g 09l Jog £giiio il lrolKiwo
5 bl 5 onilon LLS I sl Jbls ren 4,

L S e JUIS ‘QLL.g P Vo 5 L5*"L> slaolius
d.>l.> c\.ol.S).g LS‘)"‘ r:l.i;.(b a=6 JYVSWR LS‘)"‘ 659” o
alasl> 5l slals 4 (Canl oaislo y J2ls aS) & luda
Js.w JLM:)‘ (g.,wo‘ od.a)‘d): 39 e 4\5)

7

{
/

)



AAS o Loyl K

CPU
8086
(ALL), Registers.)
and Controis)

E.: --. . -. T Cana -. : ... ‘L} \?-\:%J .-l .-

- I Lavy. L, I I| r)
Address Bus Y/ \/ N

(las ) [0/ alasl> — s g— ol s J S bohs

Ciontrod Bus



P,
e

u.a‘).’Lu ol oz V7 sl uuLa e JSM o aS )9.‘4’1.0.@ ¢
Soliws g alasl> g ouislo oy SGlgo slaaius o sols
ool b 3l eolaiwl b aiily o dod 09l 0 bul> il
Aol od.a)..f L OM)S (03l J)M JUS)

OB 2 0 0l e golaad b0 aS cenl guslg alasl> e

Ql.io Jr.. o] u*"ﬂ’ L g 0y J.:ls (== )7) slools

ol ol SO lle

a5 Cowl CPU Laas .S oolaw] RAM dladl> oL G
M‘?LSA Q‘ )‘ Ja..O.S c\..s..Q.: 9 w‘ 0SS JL.u)‘ u.o[.: u.:‘ S9)

L cenl ailezs jahaie aSl el slacaws g9l S Wb
$ ol coliwo b el jolais adasl> L € yilias




dw sl @ (pScwwd) yxl J o aelip ;0 ®
u.:‘c\.sdso)‘d Lu;awlfé&‘d.’cﬁl})dw
Qtemﬂguupuuﬁasds_m.\ .

Slygws FgmalS 5 050 o0yl Ol Ho (elo
WS ol 6 S

o iy y5 (slaay])T g 1o yuiite oS Lo S Y /(

2l (09 oo 25 del p glal jo Ygers
Cblo sales CieXw (pl o 095 o3lasl b cunlisie

L0 amdlgt Ao ] 4 aS Aty CoeXw ¥



0 y9laie Jiz S guelS X

i 10 B B |

10)924.0 o._i.a OOLM: ).:9“[5

3S oS {\'j)
0dld CoeXws /‘
I O

ok a5 (6,500 sladel b Jelepines bogs o
S ‘).?-‘ JL>- O 6}‘9‘



‘ KV} EY w‘o S>> lfg_i.: PC 51
Dt}’i 3,1 o ’fim o ”;fts b o i E

L‘> LQgMS.w GML;Q J.d AJ)L«A‘ )O 6\5 )9.'42;Lo.® ¢

Q&thsouatw‘%‘du‘ f L>q.a|o) S 2>

w‘{,.i.o.o‘o C\.A.QW‘LQ lSPCdSM.LC |
olael bﬁfﬁ” il Gl J)..;W Ml ) i

(ke it 095 LB L O%s N
g’L‘_‘B “ 4.‘:2.9L> ‘y@o)}b&goéuéuﬁwlj)a .}
uguwgémg«o;wuww

ché).:wlswa} ddSw‘ ‘MLCML’;«QL’
S il Slosam 45l 5wz el 4 s ale
d.ol;).aul.oib ngw‘Mb)J&; L}‘)dw)o



>

MEMORY SEGMENTATION IN 8086

00000,

cs Sepment [Base) Aﬂdrlu‘.’

P Offsst Address
Of next Instruction

>~ Code Segment

~
$S Segment (Base) Addre u.

3 X

SP Cifset Address
Of Top OF Stack

BP —Offset Address >~ Stack Segment }

).

]

Of any random
location of Stack
¥ r
H
o
05 Segment (Base ) Aﬂdll:: )
S| Offsat Address
Of Data

o
L4

>~ Data Segment
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Serial

Select

0O for shift right (down)
| forshift left (up)

input (/g)
3
0 MUX '_HQ
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A §
o MUX — H,
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0 MUX _"'Hg
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S
o MUX —— H4
1
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A=y

E ¥

5 8 8§ % G Operation Function

0 0 0 0 0 F=A+8 Addition

(1] 0 0 0 1 F=A+B+1 Add with carry

o o0 o0 1 0 F=A+F Subtract with borrow
0 0 0 1 1 F=A+F8 +1 Subtraction

0 0 1 0 0 F=A Tramsfer A

0 0 1 0 1 F=A+1 Increment A

0 0 1 1 0 F=4-1 Decrement A

V] 0 1 1 1 F=A Transfer A

0 1 0 0 * F=ANB AND

0 1 0 1 ®x F=AvywSE OR

0 1 1 0 b4 F=A&®SB XOR

0 1 T 1 x F=24 Complement A

1 0 x x x F=shrA Shift right A into F
1 1 x x » F=shlA Shift left A into F
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data segment

duw 1281 file math debug wview external wirtual devices  wvirtual drive  help
ends
o p—
= (] I > > P
stacﬁwseg;nggt dup<@> Load reload step back single step run step delay ms: 0
ends )
4 . ’EQ'S“E’SH L 0721:0080 6721 :808E
code segmen
start: . A |84 |BB B7210: B8 184 37 «| | HOU Ad,. @8718h
i set segment registers: B7211: 18 @i6 » MOU DS, AX
mov ax,. data B |00 [@0 || 07212: @7 @@7 BEEP MOU ES. AX ‘\
mov ds. ax B7213: 8E 142 & MOU AX. BFFFFh
noy es,. ax ¥ |1 (1E B7214: D8 216 < ADD AX, [HAAAAEL ]
A7215: BE 142 a
; add your code here D (88 |88 A7216:=: CA 192 L
mov ax, —1 Aa721%7:= B8 184 3 MOP
add ax.[8888 ] Cs a7 21 A7218:= FF 255 RES MOP
ends A721%:= FF 255 RES MOP
. IP |eeeE @721A: @3 883 ¥ HOP o [1<] \
end start ; set entry point and 5g A721B: A6 BOG * MOP
4 8711 A721C: NULL NOP o+ s
n calculator - expression .. - O > SF  |8188 NULL :glP,
5 F= 90 144 HOP SF |8 -
et sl o3 BF  |eees @7228: 9@ 144 ¢ NOP
f* decimal ™ hex ™ oct " bin 5 aaaa gg§§%= g 133 E :gg oF |8 -
. Ll gaoas @7223: 98 144 £ NOFP FF |8 -
treat hew, oot bin ax clear A7224: 9@ 144 £
; q c ————|| b3 [e71m @7225: 9@ 144 £
B et S hlnt] o715 @7226: 90 144 E a1~
ES |871@ B7227: 98 144 E
84b oh ~ @7228: 90 144 £ I Fof~]
12008
TCIEEn ‘ SDU[CE| reset | auy | wars | de L IE‘ flags |
v
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file edit bookmarks assembler emulator math  ascii codes  help

O = e = I > = 2 s &
new open  examples save compile emulate | calculator convertor | options help about
code segment
start: # emulstor: noname.exe_
ﬂgz Ei’ggg file math debug wview external wirtual devices wirtual drive  help
3 |
add ax.,bx = a dl ) g B> oo
VoY J‘ p Load reload step back | single step Lan | step delay A
mou hx,2 '4 r
div bx T 8718: BBOF 8710: 006F
mou £x.ax & |81 |oa @7100: B8 184 3 ~| [MOU A%, @@258h
ends A71A1: 58 ARR X MOU Bx. BBAACBh
Ex (08 |82 A71A2: A2 AAZ2 @ ADD AX. B
end start B7183:= BB 187 il MOU BX. 88082h \
N i ¢ (81 |98 @7184: c8 204 L DIV Bi
@7185: 08 880 NULL MOU CX,. A
O 0 (80 |e@ A7106: @3 BA3 ¢ Iﬁg_
A7187: C3 195 |}
show result as (=3 8718 ggigg: gg égg E ngg
+ decimal " hex " oot " bin P BAa|F 37139; @8 B8 NULL NOP
A71AB: F? 247 & HOP
treat hew oot bin as: clear 33 6718 ggigg: g% fgg £ :gg
i = e« —_— : i
[ signed help SF  |ae0g @716E: C8 2088 L NOP
B710F: 98 144 NOP
196h B |9668 BT TO: OB 194 NOF
488 gl [i]5]5] 5] A7111: 9@ 144 E NOP
A7112: 98 144 E NOP
Cil (]5151s) B7113: 98 144 E NOP
@7114: 90 144 E hd
DS g7 e0a
ES @7 60 SCIEEN ‘ suurce| rezet ‘ AU | vars | debug‘ stack |




w1 Lo bl ociie 2o V7 ase b f> )c\.>)f~ °
Llazs 3 )18 eolawl 8,90 8086 0 5y, 40 Lyl
Qs o 1,8 Sl cod |y o g

r Control Flags =

x| x|x| x | oF |DF|xF |TF|sF|zF| x [AF| x [PF| x [cCF

i ! { \
Overflow Flag  o-.... .
1 = Overflow Occurred Auxiliary Carry Flag

0 =Nao Overflow Occurred
(OF is calculated as C7 Ex-Or C6)

Direction Flag «-----

Nibble to Higher Nibble

L]

]

i

]

1 =Carry from Lower E
i

0=MNo such Carry i
(]

‘----...._----.._---

(Usedin 8-bit operations) &

\I

L]
i
L]
]
]
1
L]
]
L)
i
]
]
)
L]
]
]
L]
L]
]
Zero Flag Parity Flag |
L]
]
)

.‘--------------------_------
.‘________________________

1= Auto Decrement
0= Auto Increment
(Used in String Instructions) 1=Result =0 1 = Even Parity
| 0=Result = 0 0=0dd Parity
Interrupt Flag «-----
1 =Enable Interrupt M M‘
0 = Disable interrupt 1=MSB of result is 1 (.. -ve) 1 = Carry out of
(affects Only INTR) 0=mMSB of result is 0 (.. +ve) MsB
(Used for “Signed” numbers) 0=No such Carry

1 = Perform Single Stepping (‘ * " 3 &?’)_Li,)’)‘ﬁ’ M S B )

0 =Do Not Perform Single Stepping
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file edit bookmarks assembler emulator math  asciicodes  help

O = ot = > =

calculator convertor

- -

new open  examples save compile  emulate

3 7 £}

options help about

code segment
start:

mov cx.188
mov ax.@

lp: add ax.cx

dec cx
Jjnz 1p
hlt # emulator: noname.exe_ — O >
ends file math debug wview external wirtual devices wvirtual drive  help
= ;

end start = I:l | [ g '> ST

Load reload =tep back zingle step | {1 run.. =tep delay ms: 0

registers

a710:0008

o710:0008

a [13 [Ba
5% [00 [on
cx [60 |08
bx [60 [o8-

Cs  |e710
IP__|e@ee

B71i86: A3 @63
a7ie7?: C1 193
avies: 49 873
a189: 75 117
@7i@n: FB 251

L4
1
I
u
J
r

SCIeen | SCIL,II'CE| reset | Sl

MOU CX. UHHG64h
MOU AX. @880Ah
ADD AX. CX

Wars | del:uug| stack | flags |

8, dlest v Hews 0 6]

Lid @ i ;S50 5l 5




Jee W

Slatedle sae g0 a5 BX g AX jlade 45 apwngn slaabyy 0
S lyaloss p) e am ST e 1) caslys! jo

S, o1 50 1, 0 0l e ST 40,105 ax

{8 ermuB086 - assembler and microprocessor emulator 4.08

file edit bookmarks assembler emulator math  ascii codes

[

=)

= o

open  examples

sAve

] -

compile  emula

- -

code segment
start:

add ax.hx
Jjno  en \
mow ax,B ’
en: hlt

ends

end start]
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Central Processing Unit

Control Unit

Arithmetic / Logic Unit
Input ’ Output
Device Registers [ pc |[ om Device
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= it e e 6)5)-“‘ PC g.i;

CPFO clock 4.2 GH= 5 kH= 840,000 x faster 'Q; f& L.J).QJ |bS {
mMemory 32 GB S0 bytes® 382,000,000 x larger

mass storage 4 TB none** \
transistors (:'~3 ;;11103 18,000 ’ 167,000 x more )
(or tubes)

weight \qu-ﬁ 1bs. QQ“B‘E,@@@ 1bs. 1800 x smaller

size 25"x12,.5"x21" S'x3"x58" 700 x smaller

pPOWEE S00W 1S50KEW 188 x smaller

cost £2000 £487,000 3450 x cheaper

(6.9 million in 2018)
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AR
Memory
4096 words
15 0 16 bits per word
IR
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TR DR
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OUTR INPR AC

Basic computer registers and memory.

Register Number

symbol  of bits Register name Function \
DR 16 Data register Holds memory operand ’
AR 12 Address register Holds address for memory

AC 16 Accumulator Processor register

IR 16 Instruction register  Holds instruction code

PC 12 Program counter Holds address of instruction

TR 16 Temporary register Holds temporary data

INPR 8 Input register Holds input character

OUTR 8 Output register Holds output character
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AC
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(b) Direct address

(a) Instruction format

Memory

35| 1 | ADD 300

300 1350

1350 Operand

AC

L |
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(c) Input - output instruction



Hexadecimal code

Symbol =0 [I=1 Description

AND Oxxx 8xx  AND memory word to AC AC L dail> oIS 55 SAND
ADD box  9xxx  Add memory word to AC AC | dasls 4S5 5 nes
LDA 200X Axxx Load memory word to AC AC s doils A.Js';;.sﬂ
STA 3 Bxxx  Store content of AC in memory sl 15 AC ) goms 03
BUN 4xxx Coox Branch unconditionally by 2l ol
BSA 530 Dxxx  Branch and save return address <25\ a3l sy el
ISZ 6xxx Exxx  Increment and skip if zero A A Dy g 3D 238 o
CLA 7800 Clear AC AC g Sesy
CLE 7400 Clear E E 955,
CMA 7200 Complement AC AC 3 5 pace
CME 7100 Complement E E (55 pase
CIR 7080 Circulate right AC and E ol 4 E JAC 2=
CIL 7040 Circulate left AC and E s> «E yAC 250
INC 7020 Increment AC AC L1p
SPA 7010 Skip next instruction if AC positive 4t cuts AC 1 sdn ) 5es j1 538
SNA 7008 Skip next instructionif AC negative 12l jaw AC 51 gin ;s 51 )8
SZA 7004 Skip next instruction if AC zero 42 s AC 51 san 552 j 5d
SZE 7002 Skip next instruction if E is 0 2L 4w E 5 gam ;s ) 54
HLT 7001 Halt computer FyalS g
INP F800 Input character to AC AC & of JW) 5 SHI8 il o
ouT F400 Output character from AC Aol Jsl 3 AC 51 S ahs
SKI F200 Skip on input flag $3309 o 2 g )i
SKO F100 Skip on output flag SIS A P 4
ION FO80 Interrupt on laad s 55 S e
IOF F040 Interrupt off

s y 035 Jlab

\3\)
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Hexadecimal
Symbol code Description
-lint main() AND Oor 8 AND Mto AC
_[ ADD lor9 Add Mto AC, carry to E
LDA 2orA Load AC from M
short i1nt a=83, b=-23, c; STA JorB Store AC in M
c=a4+b: BUN 4orC Branch unconditionally to m
» BSA Sor D Save return address in m and branch to m + 1
ISZ 6or E Increment M and skip if zero
I CLA 7800 Clear AC 7 N,
CLE 7400 Clear E r
CMA 7200 Complement AC
CME 7100 Complement E
CIR 7080 Circulate right Eand AC
CIL T040 Circulate left Eand AC \
INC 7020 Increment AC, ’
SPA 7010 Skip if AC is positive
SNA T008 Skip if AC is negative
SZA T004 Skip if AC is zero
SZE T002 Skip if E is zero
HLT T001 Halt computer
INP F800 Input information and clear flag
ouT F400 Output information and clear flag
SK1 F200 Skip if input flag is on
SKO F100 Skip if output flag is on
ION F080, Turn interrupt on

IOF F040 Turn interrupt off
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Assembly Language Program to Add Two Numbers

Hexadecimal Program to Add Two Numbers
ORGO {Origin of program is location 0

LDA A /Load operand from location A Location  Instruction
ADD B {Add operand from location B
STAC /Store sum in location C 000 2004
HLT fHalt computer 001 1005
A, DEC83  /Decimal operand 002 3006 7 N,
B, DEC -23 /Decmal operand 003 7001 {
C, DECO /Sum stored in location C 004 0053
END /End of symbolic program 005 FFE9
006 0000 \
Program _with Symbolic Operation Codes Binary Program to Add Two Numbers ’
Location  Instruction Comments Location Instruction code
000 LDA 004 Load first operand into AC
001 ADD 005  Add second operand to AC 0 0010 0000 0000 0100
: : 1 0001 0000 0000 0101
002 STA 006 Store sum in location 006
10 0011 0000 0000 0110
003 HLT Halt computer
; 11 0111 0000 0000 0001
004 0053 First operand
005 FFE9 Second operand (negative) 13[1) l‘ﬁ‘f‘f m ?i% ?g[lji
006 0000 Store sum here

110 0000 0000 0000 0000
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“Jint main() /l
1

\
short int a=83, b=-23, c=0; ’

if (a>b) c =a - b; else c = 0;
h
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Hexadecimal code

Symbol I=0 [I=1 Description

AND Ooxx 8xx  AND memory word to AC AC | dail> «alS o3 SAND
ADD I 9xx  Add memory word to AC AC L dadls 4udS 353 5 aes
LDA 200 Axxx Load memory word to AC AC 5 dotls 205 55 5 5L
STA 3rox Bxxx  Store content of AC in memory dasl> ;3 AC () gimun 0,53
BUN 4o Coox Branch unconditionally by mal bl
BSA Sox  Dxxx  Branch and save return address O\ PPN I NS PR
ISZ 600 Exxx  Increment and skip if zero S A ) g 3D S48 5 A
CLA 7800 Clear AC AC ys S8,
CLE 7400 Clear E E g5,
CMA 7200 Complement AC AC 5 8 i
CME 7100 Complement E E 535 paia
CIR 7080 Circulate right AC and E by 4 E JAC 5 o
CIL 7040 Circulate left AC and E s 4 E JAC 25~
INC 7020 Increment AC AC L1
SPA 7010 Skip next instruction if AC positive a2l ota AC 51 gdw ) g2 ) Si&
SNA 7008 Skip next instruction if AC negative 2L gaw AC 51 gaa 5 yies j) 3
SZA 7004 Skip next instruction if AC zero AL 4l AC ,f |y g gmd 1
SZE 7002 Skip next instruction if E is 0 2L i E B gaw g ) 54
HLT 7001 Halt computer FyalS g
INP F800 Input character to AC AC o ol JW) 3 SHIS ol
ouT F400 Output character from AC ool Juml gAC 5 S8 220,
SKI F200 Skip on input flag $3923 0T A 2 g -
SKO F100 Skip on output flag SIF TR R 34
ION FO80 Interrupt on had y 35 S
IOF F040 Interrupt off

bady o5 5 Je e

)
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AR « PC Instwuction mgister ¢R)
[15] 14 5 1| 1-0 |
T, Other inputs
IR M[AR], PC=PC+1 Ix3 1
devader
765437210
T I
2 ] RERRRY D
Decode operation code in /R (12~ 14) 5
AR—IR(0-11), I «IR(15) - Control
logic B ol
gates
Tis

(Registeror I/0) =1 b =0 (Memory-reference) "
r——%

B - 1
4x16 N,

10y =1 =0 (register) (indirect) =1 =0 (direct)
I I
N N &
|
&bt - |=s———Increment (INR)
sequence e——
Ty r Ty | 1 T counter i
S0 ~— Clock
Execute Execute AR «— M[AR] Nothing .
input-output register-reference
instruction instruction
SC 0 SC«0 L ¥
Execute
memory-reference
instruction
SC«0
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D,I'T5 = r (common to all register-reference instructions)
IR(i) = B, [bit in IR(0-11) that specifies the operation]

r: SC<0 Clear SC
CLA rB;;: AC<0 Clear AC
CLE 7rBy. E<0 Clear E
CMA rBy: AC<AC Complement AC
CME 7rBg: E<E Complement E

CIR rB;: ACe<«shr AC, AC(15)«<E, E<AC(0) Circulate right

CIL rBs: AC<shl AC, AC(0)«<—E, E<AC(15) Circulate left

INC rBs: AC<AC +1 Increment AC f\
SPA rBy If (AC(15) = 0) then (PC < PC + 1) Skip if positive

SNA rB;: If (AC(15) = 1) then (PC < PC + 1) Skip if negative /(
SZA rB,: If (AC = 0) then PC« PC + 1) Skip if AC zero \
SZE rBy: If (E =0)then (PC<PC + 1) Skip if E zero ]
HLT rBy,: S <0 (S is a start—stop flip-flop) Halt computer|

33,5 eee Complement 535 yao b SL Clear
E oo b a5 ,> cas Circulate
o g 3l o SKIP () ilydl Increment
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Operation
Symbol decoder Symbolic description
AND Do AC—AC N M[AR)]
ADD D, AC «AC + M[AR), E <« Cou f\
LDA D; AC «—M[AR]
STA D, M[AR]«AC } )

DR Luo w4 058 o0 oilgs aladl> 5las” olus  ° \)

p93) Dz 50 ol 5l am (S b TAC (535)9) 29,50
Q;L{S(Acc\l.w ‘))S.nb LQLQW)AJB u‘ u‘ﬁ"s“
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Memory - reference instruction

AND ADD LDA STA
DT, D\T, D-T, DT,
DR « M[AR) DR — M| AR) DR « M [AR] M [AR] « AC
T SC«0

1 DT l DT, l D,T, f )

AC « ACNA\ DR AC « AC + DR AC « DR
E «Cyy

SC«0 SC « 0 SC 0 \’



o, (99,9 9 ALU 1,k X

5l aS,be W AC o gilw o ppmd &S Sljgiwonp, J5

DJJs  AC«AC ADR AND with DR

D\Ts: AC« AC + DR Add with DR

DiTs: AC DR Transfer from DR

pBu: AC(0-7) < INPR Transfer from INFR
rBg  AC«AC Complement

rBy AC «shr AC, AC(15)«E  5hift right
rBe: AC«shl AC, AC(0)«E Shift left

rB: AC =0 Clear
rBs AC=AC + 1 Increment
16 «
IJ - . r
16 Adder and 6 Accumulator 16 ‘).) La._’
From DR —><—= logic . register - P ‘

8 o (AC) To bus L}iw d.».’a 0 9.: LSA

From INPR ——% \

L —a Z9>) ML 929
| TR

" (o) Jerie

Control
gates




AC ;o> CLR,INR,LD sla x5 W

ud;)_o..a“a}CLR

(++) uN.a‘)s‘ L |NR (S

5,0 L= LD

aw (pl (6999 rw‘s-’s‘ lo Jordljsws 59, ; o KC >

From adder

16

AC

and logic ’
Dy —. “\_AND
Ty J
D, ™ ADD l
Dy —

[ )
By L/
)

LD

INR

16 M‘)L.U-” ‘) \b}
—r‘-'-* To bus
A
I— Clock
CLR
DTs  AC«—AC A DR AND with DR
D\Ts: AC«—AC + DR Add with DR
DiTs: AC+«DR Transfer from DR «
pBy:  AC(0-7) < INPR Transfer from INFR r
rBg  AC«AC Complement
rBy: AC «shr AC, AC(15)«E  5hift right
rBs.  AC<shl AC, AC(0)«E Shift left
By:  AC—0 Clear \
rBs; AC—AC + 1 Increment ’
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SNA rB;: If (AC(15) = 1) then (PC «<PC + 1) Skip if negative
SZA rB,. If (AC = 0) then PC«PC + 1) Skip if AC zero

SPA rBg: If (AC(15) = 0) then (PC«—PC + 1) Skip if positive /
SZE 7rBy: If (E =0)then (PC<—PC + 1) Skip if E zero
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D,IT5 = p (common to all input—output instructions)
IR(i) = B; [bit in IR(6-11) that specifies the instruction]

p: SC«0 Clear SC
INP pBu:  AC(0-7) < INPR, FGI<0 Input character
OUT pByw: OUTR<AC(0-7), FGO <0 Output character

SKI pBy:  1f (FGI = 1) then (PC«PC + 1)  Skip on input flag
SKO pBs If (FGO = 1) then (PC«<PC + 1) Skip on output flag
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Instruction cycle

=] Interrupt cycle

l

Fetch and decode

instruction

l

|

Store return address
in location 0
M[0] « PC

l

Execute
instruction
Branch to location |
PC 1
IEN « 0
Re0
Y \ I J
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TABLE 5-6 Control Functions and Microoperations for the Basic Computer

Fetch R'Ty.
R;Tﬂ
Decode R'Ts:
Indirect DTy
Interrupt

TLoNTHIENYFGI + FGO):
RT::
RT;:
RT.

Memory-reference:
AND Dol
DIITg:
ADD DTy
D{.’}:
LDA D.Te
-D]Tj:
STA DT
BUN D.;TG
BSA DTy
DsTs:
ISZ DsT:
Db?‘j:
.DQTQ'.

Register-reference:

AR «PC

IR —M[AR], PC«PC +1
Do, ..., Dy« Decode IR(12-14),
AR «—IR(0-11), I+ IR(15)

AR «—M[AR)

Re1
AR «0, TR<PC
M[AR]«TR, PC+«0

L 2 4 ‘ *
PC+—PC+ 1, IEN«D, R+«0, SC+0 u )5.*.«»)0

DR« M[AR]
AC«—AC A\ DR, SC+0

DR «—M[AR]

AC+—AC + DR, E+C,, SC+0
DR «M[AR]

AC«DR, 5C+«0

M[AR)«AC, SC+0

PC «—AR, SC+«0

M[AR)«PC, AR«AR +1 &
PC+—AR, SC+0 > )
DR « M[AR)

DR«DR +1

M[AR)«DR, if(DR =0)then(PC+«PC +1), SC«0

D:I'Ts = r (common to all register-reference instructions)
IR()=B (i=0,1,2,..,11)

I

CLA rB,;:
CLE rB
CMA rBy:
CME rBy:
CIR rB+:
CIL rB;:
INC rB::
SPA rBs
SNA rBy
SZA rBz
SZE rB;:
HLT rBa
Input-output:

SC+0

AC+0

E«0 \
AC«AC

E«FE

AC«shr AC, AC(15)«E, E«AC(0)
AC+shl AC, AC(0)«—E, E«AC{5)
AC—AC +1

If (AC(15) = 0) then (PC+PC + 1)

If (AC(15) = 1) then (PC «PC + 1)

If (AC = 0) then PC+«PC + 1)

If(E =0)then (PC+~PC + 1)

5«0

\I

D,ITy = p (common to all input—output instructions)
IR(i) = Bi(i = 6,7, 8,9,10,11)

p:
INP P.B], 1-
ouT PBu:
SKI pBq:
SKO pBy:
ION pBy

IOF pBg:

5C «0

AC(0-7) —INPR, FGI«0
OUTR+AC(0-7), FGO «0

If (FGI = 1) then (PC «PC + 1)
It (FGO = 1) then (PC «PC + 1)
1EN «1

IEN «0
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Hexadecimal

Symbol code Description
AND Oor 8 AND M to AC

ADD lor9 Add M to AC, carry to E

LDA 2orA Load AC from M

STA JorB Store ACin M

BUN 4orC Branch unconditionally to m
BSA S5orD Save return address in m and branch tom + 1
ISZ 6or E Increment M and skip if zero
CLA 7800 Clear AC

CLE 7400 Clear E

CMA 7200 Complement AC

CME 7100 Complement E

CIR 7080 Circulate right E and AC

CIL 7040 Circulate left Eand AC

INC 7020 Increment AC,

SPA 7010 Skip if AC is positive

SNA 7008 Skip if AC is negative

SZA 7004 Skip if AC is zero

SZE 7002 Skip if E is zero

HLT 7001 Halt computer

INP F800 Input 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

ION FO080, Turn interrupt on

IOF F040Q Turn interrupt off

)
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-[int main()

{

short int min=83, sub=-23, dif=0;
dif = min - sub; //106

Hexadecimal

Symbol code Description
AND Oor 8 AND M to AC

ADD lor9 Add M to AC, carry to E

LDA 20rA Load AC from M

STA JorB Store ACin M

BUN 4orC 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 E

CMA 7200 Complement AC

CME 7100 Complement E

CIR 7080 Circulate right E and AC

CIL 7040 Circulate left Eand AC

INC 7020 Increment AC,

SPA 7010 Skip if AC is positive

SNA 7008 Skip if AC is negative

SZA 7004 Skip if AC is zero

SZE 7002 Skip if E is zero

HLT 7001 Halt computer

INP F800 Input 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

ION FO080, Turn interrupt on

IOF FO40 Turn interrupt off
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-[int main()

short int min=83, sub=-23, dif=0;
dif = min - sub; //106 Hexadecimal
} Symbol code Description
AND Oor 8 AND M to AC
ADD lor9 Add M to AC, carry to E
TABLE 6-8 Assembly Language Program to Subtract Two Numbers LDA 20rA Load AC from M
STA JorB Store AC in M
. . . BUN 4orC Branch unconditionally to m
ggg ;?_IDB fongm of . i location 100 BSA SorD Save return address in m and branch to m + 1
/Load subtrahend to AC 1SZ 6or E Increment M and skip if zero
CMA /Complement AC CLA 7800 Clear AC
INC Ancrement AC CLE 7400 Clear E
ADD MIN /Add minuend to AC CMA 7200 Complement AC
STA DIF /Store difference CME 7100 Complement E
HLT Halt computer CIR 7080 C‘lrculate right E and AC
MIN DEC 83 Anaend CIL 7040 Circulate left Eand AC
, INC 7020 Increment AC,
SUB, DEC -23 (Subtrahend SPA 7010 Skip if AC is positive
DIF, HEX 0 /Difference stored here SNA 7008 Skip if AC is negative
END /End of symbolic ram SZA 7004 Skip if AC is zero
ym Prog SZE 7002 Skip if E is zero
HLT 7001 Halt computer
INP F800 Input 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
ION FO080, Turn interrupt on

IOF FO40 Turn interrupt off
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-[int main()

{
short int min=83, sub=-23, dif=0;
dif = min - sub; //106 Hexadecimal
} Symbol code Description
AND Oor 8 AND M to AC
ADD lor9 Add M to AC, carry to E
ORG 100 LDA 2orA Load AC from M
STA JorB Store AC in M
LD .Iaj. S UB BUN 4orC Branch unconditionally to m
BSA SorD Save return address in m and branch tom + 1
m ISZ 6orE Increment M and skip if zero
CLA 7800 Clear AC
INC CLE 7400 Clear E
CMA 7200 Complement AC
ADD h"ﬂN CME 7100 Complement E
CIR 7080 Circulate right E and AC
STA DIF CIL 7040 Circulate left E and AC
INC 7020 Increment AC,
IﬂlT SPA 7010 Skip if AC is positive

SNA 7008 Skip if AC i ti
MIN, DEC 83 sza 7004 g
i SZE 7002 Skip if E i
SUB, DEC -23 KT o acome

INP F800 Input information and clear flag
D[F F HEX ﬂ ouT F400 Output information and clear flag
SKI F200 Skip if input flag is on
END SKO F100 Skip if output flag is on
ION FO080, Turn interrupt on

IOF FO40 Turn interrupt off
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-[int main()

{
short int min=83, sub=-23, dif=0;
dif = min - sub; //106 Hexadecimal
} Symbol code Description
AND Oor 8 AND M to AC
g ADD lor9 Add M to AC, carry to E
TABLE 6-9 Listing of Translated Program of Table 6-8 i S A { o e if
STA JorB Store AC in M
Hexadecimal code BUN 4o0rC Branch unconditionally to m
BSA SorD Save return address in m and branch tom + 1
. . ISZ 6orE Increment M and skip if zero
Location Content Symbolic program CLA 1800 Clear AC
CLE 7400 Clear E
BRO I ME 7100 o e
omplement
100 2107 LDA SUB CIR 7080 Circulate right E and AC
101 7200 CMA CIL 7040 Circulate left E and AC
102 7020 INC ;NC 7020 éncremfcnt AC,
PA 7010 kip if AC is positive
103 1106 ADD MIN SNA 7008 Skip if AC is negative
104 3108 STA DIF SZA 7004 Skip if AC is zero
105 7001 HLT f_!ZE 7002 ill:lp if E is zero
LT 7001 t computer
106 0053 mN’ DEC 83 INP F800 Input information and clear flag
107 FFE9 SUB, DEC -23 ouT F400 Output information and clear flag
108 0000 DIF, HEX 0 SKI F200 Skip if input flag is on
END SKO F100 Skip if output flag is on
ION FO080, Turn interrupt on

IOF F040 Turn interrupt off
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Add
Operation Magnitudes WhenA >B WhenA<B WhenA =B

Subtract Magnitudes

(tA)+ (+B) +(A+ B)

(+A) + (-B) +(A - B) -(B - A) +(A - B)
(-A) + (+B) -(A - B) +(B - A) +(A - B)
(-A)+(-B) —(A+B)

(+A) - (+B) +(A - B) -(B - A) +(A - B)
(+A) - (-B) +(A + B)
(-A) - (+B) —(A+B)
(-A) - (- B) (A - B) +(B - A) +(A B)
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—int-main(j

{
short int A[1@@] = { 75,33,67,86,34,56,1,45,4,75,23,67,86,34,56,1,45,4,75,65,23,67,86,
short int sum = @, i;
for (1 = @; i < 100; i++)
sum = sum + A[1i];
b

ufb)l.oawudsawﬁﬁodlo} ‘)ybwbébérg@d}ybu‘ Y
RO oo S | mb)} 09un (5338 (oo Ay youw, U adl>

).

-lint main()

{
short int A[1ee] = { 75,33,67,86,34,56,1,45,4,75,23,67,86,34,56,1,45,4,75,65,23,67,86,

short int ptr, ctr,sum=0;

ptr = @;

= for (ctr = -100; ctr < @; ctr++)
{sum = sum + A[ptr];
ptr++;}

\t:\%



ptr = 8;

for (ctr = -100; ctr < @; ctr++)
{sum = sum + A[ptr];

ptr++; }

Line
100 S 3 aels | °
: (DA ADs ,bﬁ’fw 5 AL 222 Jfﬂf’z
i LD‘:NBR u*’ﬁ‘ A ol ¢\.~w9.: u‘)wd LS l.?w‘ )O
2 e s CTR 4 PTR uwf GY o o
'é" LOP, gg%‘;‘"m 4.56@ ug\ K9S \ AC >
9 ISZ CTR k:;; ‘ uXJ[J ﬂ>JJJuXJ :jijis Lsgbs>)‘gkﬂuo)) L)j¥3’
10 BUN LOP ooLo.w| adql jlade LS‘)" alasl> oo 4l
11 STA SUM
12 HLT : YW b
Eﬁﬁh%maﬁww@;)
' a0 S 4 \
- L L J@W ris O
18 ORG 150
19 DEC 75 ‘)5‘ “‘Js‘af PTR & /
- CTR
: \ 69) )‘1*5 pg J..wl.a OM )M
118 DEC 23 A.st,ou Ml?wd;t\.)d.l.o.c

END
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TABLE 6-13 Symbolic Program to Add 100 Numbers

Line
1 ORG 100 /Origin of program is HEX 100
2 LDA ADS /Load first address of operands
3 STA PTR /Store in pointer
4 LDA NBR /Load minus 100
5 STA CTR /Store in counter
6 CLA /Clear accumulator
7 LOP, ADD PTRI /Add an operand to AC
8 ISZ PTR /Increment pointer
9 ISZ CTR /Increment counter
10 BUN LOP /Repeat loop again
Lk STA SUM /Store sum
12 HLT /Halt
13 ADS, HEX 150 [First address of operands
14 PTR, 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 /Origin 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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TABLE 6-16 Program to Demonstrate the Use of Subroutines

Location
ORG 100 /Main program
100 LDA X /Load X
101 BSA SH4 /Branch to subroutine
102 STA X /Store shifted number
103 LDAY /Load Y
104 BSA SH4 /Branch to subroutine again
105 STAY /Store shifted number
106 HLT
107 X, HEX 1234
108 X, HEX 4321
/Subroutine to shift left 4 times
109 SH4, HEX 0 /Store return address here
10A CIL /Circulate left once
10B CIL
10C CIL
10D CIL /Circulate left fourth time
10E AND MSK  /Set AC(13-16) to zero
10F BUN SH41 /Return to main program
110 MSK, HEX FFF0  /Mask operand

END

)



ROT,

AGN,

STP,
CTR,
WRD,

ORG 100
CLE

CLA

STRA CTR
LDA WRD
SZA
BUN ROT
BUN STP
CIL
SZE

BUN AGN
BUN ROT
CLE
ISZ CTR
SZA
BUN ROT
HLT
HEX O

HEX E2C1l

END
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Hexadecimal

Symbol code Description
AND Oor 8 AND M to AC

ADD lor9 Add M to AC, carry to E

LDA 2orA Load AC from M

STA JorB Store AC in M

BUN 4orC Branch unconditionally to m
BSA S5or D Save return address in m and branch tom + 1
ISZ 6or E Increment M and skip if zero
CLA 7800 Clear AC

CLE 7400 Clear E

CMA 7200 Complement AC

CME 7100 Complement E

CIR 7080 Circulate right E and AC

CIL 7040 Circulate left E and AC

INC 7020 Increment AC,

SPA 7010 Skip if AC is positive

SNA 7008 Skip if AC is negative

SZA 7004 Skip if AC is zero

SZE 7002 Skip if E is zero

HLT 7001 Halt computer

INP F800 Input 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

ION FO080, Turn interrupt on

IOF FO40Q Turn interrupt off

)



Sy 9, A 1O W.PMD)’.

(a) Input a character:
CIF, SKI /Check input flag
BUNCIF  /Flag=0, branch to check again
INP /[Flag=1, input character
STA CHR  /Store character
HLT
CHR, — /Store character here S—
(b) Output one character: r

LDA CHR /Load character into AC

COF, SKO ICheck output flag
BUN COF  /Flag=0, branch to check again \
OuT /Flag=1, output character ’
HLT

CHR, HEXO0057 /Characteris “W”
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Location
0 ZRO, — /Return address stored here sl aasy Lol (g o
1 BUN SRV /Branch to service routine “ .
100 CLA /Portion of running program AC )90 9T ge )‘“3"‘2"o d'i*"‘
101 ION [Turn on interrupt facility 1 o .
102 LDA X ol Jol vgis ol > ~,
103 ADDY /Interrupt occurs here . .o > {
104 STAZ /Program returns here after interrupt ™% 9 f“""sgg‘ o
. /Interrupt service routine - . = )
200 SRV, STASAC /Store content of AC ad8g oo )lA5 o ol ]
) ) dol o delol &b 00,5 Jles |,
' VoV als o Lo
LDA SAC /Restore content of AC _ /
ION /Turn interrupt on e O
BUN ZROI /Return to running program o= ;LS‘Q)J

SAC,

{AC is stored here
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Step: 1 2 3 4 5 6 7 8 9 10 | 11 12 | 13

Instruction: F1 | DA| FO | EX
FI1 | DA| FO | EX
(Branch) F1 | DA| FO | EX

- - - FI | DA | FO | EX

F1 | DA | FO | EX

1
2
3
4 FI | - = | F1 | DA| FO | EX
5
6
7

FI | DA | FO | EX
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