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1. Introduction - >

~ The evolution of the computer Marketplace over the last 30 years
has taken us fron large mainframe. .computers to smaller
minicomputers and now to even smaller microcomputers.

- In other words, we have now three classes of computers:
2. Minicomputer
3. Mierocomputer

~ The maipframe was used in an environment where it serviced a
Targe namber of users (example: University)

- Minicomputer iy the primary computer sohtion for the small,
multi-oser business environment. In this environment several o
hundred users connect to the system. with terminals, all sharing the
same compater system, with many of these users actively working
ob the computer af the same time, The main disadvantage. of this
system is if the minicomputer is not working, all users @re down.
and cannot work at thejr terprinals. oo

- Microcomputer is what wo use it now everywhere (home, school,-
work...etc) which is called the persomal’ computer ¢ in short form
PC). Bach PC will have its own. application installed on it

- - Each of these classes does not cancel or affect on the other, Each
one has s own epvironment and use,
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1.2 Microcomputer Structare

- Microcomputer is a general puzpose electronic data processing

systen intended for use in. a wide variety of applications.
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The above diagram represents the microcomputer system.

The microcomputer system consisis of a number of subsystems
intercomnected by paths that transfer data between these
subsystems

It congists off .

1. Central processing wnit (CPU) (Mca:oprocessor)
2. Input/Qutput

3. Memory ‘

All are connected together by the computer Bus

The heart of the microcomputer is its central processing unit CPU.

 The mictoprocessor is implemented with a VLSI devices.

‘This microprocessor is a general purpose processing unit built into
a single integrated cirouit (IC)

The Inputfotitput subsystemns ar¢ wused to contiect the

. microcomputer fo the external word

The Memory subsystem will be talked about it in the later sections
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1.3 Miocroprocessor Structure
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the microprocessor is the central compenent in g ny m:crocomputer
system.

This microprocessor:

1. conirols the functions performed by the other subsystam devices
and provides the system's arithmetic and Jogic capability :

2. it fetches mstructions from memory and decodes and executes
"them

3. it references memory and VO-devices for data resyonds o

control signals from exi:ema] devices

A microprocessor system is comprised of a very Jafge and highly
structured collection of digital storage locations with a central
conirol device.

MICTOPROGESSOR

The above diagram represents the microprocessor system.

The microprocessor performs the central control and has s own
structured collection of storage locations, miostly 8-bits long.

- The storage locations within the microprocessor are called

registers,

A register is a tempoiaty data storage location

- We can say that the microprocesser consists of,

1. Registers
2. ALY (Arithmetic Login Unit)
3. Timing and Contro]
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- The bus connects the microprocessor to the memory and YO l
devices, whicH are nsed to communicate with the outside world. =

1.3.1 Registem , _

- The microprogessor's registers are eritical to its operation, because |
they axe resident on the microprocessor, they can be manipulated j
rapidly without selecting exiernal chips. ~
- The resisters are divided to several types, some of them are: |
1. Program Counter (PC): |
. It is 16-bit number contains the address of the next instruction 1
oy " - to be fetched. Its size determines the range of memory in whlch '
e program instructions ean he located. l

2. Accunmlator (AC): . N
It is used extensively for data manipulations. The arithmetic and
Jogin operations commonly use the AC for data to initiate the
operations and ag the destination for the result.

3. Flag Register: ]
It contains various bits of status information (example: zero . |
flag, camry flag ...efc). It is critical for computer decision
making. - ‘ |

4. Tndex Register: '

) - Used for counting and certain kinds of memory operations,

L't ey

5. Instruction Register JR):

‘Which is the destination for an instenction ducing the fetch
cycle.

i 6. Stack Pointer (SP): ?
; Contains the address of a free memory location. Some set of |
memory locations are arranged and compected in such a way
that is called Stack. The stack has two operations PUSH and
POP. The PUSH operation will increment the SP while the POP . |
. decrement the SP. This kind of stack also called Last in First = |
out. When we make a read operation then we are doing POP, on C
the other hand, the write operation is PUSH. The advantage of
having stack that we will have many available memory location.
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But the disadvantage that it takes longer time because data
transfers ocour external to CPUL

Example:

Read Wiite D

1.32AL0

The arthmetic Jogic unit (ALU) and Timing and Control blocks in
the microprocessor system form the central control features of the
computer system.

‘fhe ALU generally do the arithmetic operations (addition,
subtraction...eic) and the logic operations (AND, OR, exclusive
OR....etc).

The ALU produees flags , such as the cany flag

Bxample of ALY operation; add R
ACHR - AC

The ALY will add the content of AC to the value R and replace it

in the AC,

1.3.3 Timing and Control

- It refers to compiex set of logic functions that synchronize the

machine and direct various operations.
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A number of critical timing eonditions must be taken if there is any
data transmission,

The timing and control block decodes instructions and directs the
execuie oycle.

Example: add D with carry.

The fiming and control sequence will be as follow: .

1. command to ALU to add AC with D and the carry flag
2. then, AL store the result into AC

3. set orreset the flags.

=> Titning and control block coordinate this activity.

Microprocessors also allows interrupts.
An interrupt suspends the current operation of the processor in

response to an extersial input so that it can aftend fo a critical
request,

Prepared by: Eng. Nailaa M. KEH. AL-Faraj 6
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1.4 Bus Stmcture

As we gaid, the microprocessor system performs many data
transfers into and out of the CPU. These iransfers use a bus
structure.

A bus is a set of conductors over which data, address, control or
other information can be transmitted,

The microprocessor system include the following busses:

1. Data Bus (8 bits)

2, Address Bus (16 bits)

3. Control Bus (6-t0-8 bits)

The data bus is used to transfer all instructions and data,

The address bus identifies any memory Jocation to be activated.

The control bus camdes all timing and control signals for
coordinating data transfers.

r

Whilé reading or writing, boi‘:h the CPU and the memory circnit
mast be able to:

1. drive a data bus line to a one

2. drive a data bus line o a zexo ,

3. allow a data bus line to be driven by other devices.

This operation is implemented by the three-state driver as in the
following figure, .
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- The three-state driver is a digital circuit that exhibits three states.

- Two if these states are signals equivalent to logic 1 or 0 as in the

input and the third state is a high impedance state which behaves as
an open circuit,

- To construct a bidirectional bus we use a bidivectonal inferface as
shown in the following figure
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1.5 Memory and VO

In a microcomputer system the memory "can be divided info -

addressable (pnma;y) and non-addressable (secondary) memory.

The addressable memory is canmdered as an mtemal par; of the
microcomputer,

We have two types of th& addressable Memory‘
1.  Random access Memory (RAM). ;.
2. Read oninemmy ROM)

Both types are ‘accessed randomly, but the RAM can be written fo

or read from while the ROM only raad :&om
ROM is nonvolatile Whﬂe RAM is volatﬂse
The non-adémssa’ble is ﬂmaght of as memory external to fhe

- microcorapuier (example: floppy disk)

The range of addresses that are used and the type of memory in
each range are indicated by a memory map.

The followmg figure indicates a typmal Memory-map:
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- Memory space is eqnaj to 2° where 1 is the address size (mmlber
of bits)

- '1‘0 determine which device to be acsessed, an address decadmg
should be done to enable the required device,

-« This is illistrated as follows

LE.3 -
4

) Ve e
2T 4#‘\F _:.-'\; Mos‘t I
) i significant, - :
Hts L AR e ar £, e
- NJ ¢ Address - Chip
R Rl i R
dg § . . W - ¢ .
| | T E— P
i .E - ] g . . = - 2 ) ]nputf }
% & 3 , b g ‘
31 ¥
-\\f"' e "\.,:: ‘
L Z - ‘é"'
Bus siructirs ,

- During the execution time, the timing and control signals are
- generated to do the read/write operations.

f ? B e k) .:;“ "3"‘_ o g ’os A -4 3 .
LI B RO .t sty —. L
" Mexiory or _ : ‘)_ mweﬂ;o .
Addresy < Mdmﬂ_}- port add . . .Mdﬁtﬂﬂfi__ 1t address -
- D {m“‘“ﬁ)—{ P }——(rmﬁon}——( { ‘Dt )— '
‘ . 3 MR . T, .
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[

" 16 The'8085 Microprocessor

-~ n

« The 8085 TMiCTOPrOCesSor has the same structuie as we dzscnssed
before far the basic micropPINCESSOr, .
. 8085Flag Register . ; :
";Jaﬁ'.. '.“ s e e s e s ﬁw%: o )
- ’Ihe ﬁag register contains;- o
-1, 8 sign flag (sign number) :
2. Z: zero flag (resuit zero) - '
3. AC: Ausiliary flag (carryout of bit 3) L
4. P: parity flag (set if even numbers of ones and 0 1fodd) e
5, CY: camy flag (used for addition (carry) and suhtracmon
(borrow)) o
} -.

Prepared by: Eng. Najlaa M, K31 AL-Faraj -1
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- Intfodﬂcﬁon to programming

- A mricroprocessor can be sonsideted as & devics that reads. binary-
coded information from its ipput, mapipulates this information
according to a program stored within its mentory, and subsequently
produces information at its output. This process is shown in Figure 1,

( MICROCOMPUTER, N

R |
S

i

. Stored
g‘D mgut ' “ | P mﬁf L - >' outpa

l
-

Tigure 1 |

. The progtam instrnotions/manipulation Process could affect the
internal registers and/or JCmOLY locations. ; .

~ Sore of the rogisters are sccessible by the wachine instrctions.
These are called visible registers. '

- The non-visibie register 15 the ons where the processor can 1ot 4coess
it directly: .
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Microprocessor Regilsters:

- As mentioned before, the microprocessor hag its own. internal register.

- The 8085 registers are Jisted Gown:

pre #
Toum, beu oo Y ity . NP
§ wRe e R RS Laviaed S e ROty M

-:1 "‘.ﬁ s u“" ““ Ini.-

[ K ¥
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s ow R «
AL A O T o or2 NEIFL LA
Countcr ?C .
. ..;t— N TR

A Is an BB}t wcithmetic segister (serumulator).

B, C, 0, E are four 85t general pusposscrigintyd, (523 b E”:

st . L-fF i an B-Eugﬂwt.)csb:cr EM!W,&}ALU Ledt
S ogqratwgs}:‘ T . sf_
e ihL is a.n Bt intarmpl mnm; nqsts:r. T R,

BL are two.Shit, registers. which. lm..nﬂqnallr gsed o
form ¥ 165 FHEHAEy. pouitiy, ; .
' By :s_ﬂm;-md! pointer register — this mnt.uns;a .
. . . J65it  memary address which, ﬂk‘plsy.’s (_pnlnts I‘O)
. "',) . !ﬁe tap of " systemn stack. | ‘ v vl
i is 1he pm;mn et foglaer wlﬂc{l contains wt- T
- 11&&5’: memory addresy which. posnh.‘ tlia next
)nstméﬂon fo be oxecuted. 1.

P R R

- These registered will be used in the programming,

- Note that the B and C registers are shpwn as a pair although they can
be used separately. Also, this is true for DE and HL registers.
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Microprocessor Fundamentals (246)

Assembly Langunage:
- To let the microprocessor do its job iz a good manner we should
program it as we want so, it will do this fanctions.
- The program is a set of instructions

- 'The microprocessor understands the binary representation which
means the form of zeros and ones,

- The prograranier Wiites bis program in 4 convenient representation of -
machine instruction, such that each instruction has its owa
represeptation in words.

" = This kind of representation is called assembly language
~ ‘The assembly language is far more readable and understandable

- So, the pmgrammar programs the processor using this assembly
langnage then, it is converted to the binary representation to be
understandable by the machine.

- 'The program written it assembly code will be the source code aud the
translated will be the object code (machine code).

« The tragsiator that converts the assembly langnage to machine code is
called assembler.

- The conversicn between the assembly code and the maching code is a
sivaightforward.

Prepared by: Eng. ’NajlgaM. KH, AL-Farg 3
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Assembler

Each insteuction in the program is called mnemonic,

» Then, the complete 80853 assepably langnage instruction format is:
 Label opemtion mnemonic  oOperands jcomments
g _ Tha Yabel and comments are optional

" The operahen mnemonic iz a simple Wo,rd that reflects fhe action
inyolved. .

The operands are the registers or memoxy loqaﬁ,tms that are used o

perform this operation:

Somts mnemorics sre cdlled directives, which pmv:lde the computer |
with important data,

To understaud hiow to write & program, we should know first the

instraction types that can be used in the processor.
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Insfrucﬁon Types
- In microprocessor we have & large mbe:: of maching ingtructions.
* These instructions can be generally classlﬁedfo five gmrups as follows:
1, Datd Transfer
2. Data Manipulation
3. Transfer of control
5. Mauchine control -

#

- Data Transfer: moves the data between ropisters or Between Tepister
and mhemory Iocatton.

- MOV Me‘va
MVI. | Move fmmiediate 3
LDA. | , Lead Accumalator D;recﬂy from Memury
STA- . Store Accunmlator Du:ecttym Memory
- LHLD ) Load H & L Registers Birecﬂy :ﬁ:om_Memmy :
SHLD Sfore"H&LRegisﬁars Directly in Memory

Au'R mthem of 4 data transfer mstmctwnnnphesthatxtdeals
- yyith a register pair (16-bits);

LX1 Load Register Pair with Imnedmte data

- LDAXC 'Loéd Accumulator E&em Aﬁdresstegistcr Pair
S’I‘AX Siore Accumulatarm Adﬁress mReglsterPaxr
XCI—'I(: Exchangeﬁ & Lyl 'iE-: |

. Prepared by: Bng. N
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Example; . - - - N
S MOV AB

This instruction will move the content of B-regwter to Arxegister.
The move here means copy

- - Data Mwnptﬂauan. performs the arithmetic or logical operations on
data stored in a register or memiory location.

Mplef S
ADDB . "

| 'H:Js instruction modifies the content of th&Ar&gstex (accummlator)

tott ﬂae’ snm csf previous contents and fie contents efB-mglster

Prepared by: Eng, Najlaa M. KEL AL-Farsj - - s
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- Tmsfer of control: prmdes the capabﬁny and abilxty to transfer from
. one sequence of operations to another, based on variety of conditions.

Example: |
J'MP OFE3H

This instruction mmcendmgnal branch to ﬁxe mzmory iccation
OFE3H '

- Input/Output: moves the data between the registers and 1O ports

Fixample:
QUT 5H

The contents of A&e_;g‘stw will be moved to output poxt #5

- Madhing comtrok affects the state or mode of cperzmo:i of the
processor itself.

| Example:
NOP

This onuses the machinetu wait through an instroction.
- Also, each of this group is classzﬁe& depen&mg on fhe types of the
" source and destination address.

-~ These sub-classifications called addressingode.

Prepared by: Eng. Najlaad. K¥. AL-Fargj 7
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Operand Addressing Mode

~ Data mamplﬁanon mstmf::twn mphes access as roany as fhree
locations:

o Two for valnes to be manipulated ( i.e. sonrces)
o One to specify the destination for the resnlt

Source 1

: T
Sotrce 2/

Opemation |——» Destination

- Mm'ud&dﬁrmsmimhxdﬁxg 8085 only requires & maxinront of two
addresses 1o be speoified.

~ The type of the source or destination is dwterme'd by the struction
type which is called the addressing mode.

- Bach micropmcessor could provide several addressing modes.
~ The main four types are:

1. Register addressing } Used for data transfer and manipulation

2. Immediate addressing that use only intemal registers
© 3, Direct addressing Used for data trnsfor and manipulation
4. Indirect addressing thatuses the system memory

+ Other addressing tirddes used in somie microprocessors like indes
addressing; this type is the same as the third and fourth t}'pe in
addtion of a shift nsed.

Prepared by: Eng. Najlas M. KEL AL Faraj | g
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Whenme:aladdmssmgmo&esmmedmowmcﬂmmﬂbc e

available to program which letthe progtanmnng fastcrand easier.

Prepared by: Bng, Najles M. KFL AL Faraj
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Data Transfer Instructions
- Data Transfer instructions move data fromone location to another.
- The hesst f each of the datd transfer fnstruction is the definition of

the locations where the sonrce and destination bytes are to be found.

1. Register Addressing

- This kind bfaddxessiﬁgmoves data between internal registers,

- The order of the operands defines _‘wl'z'ich regls{ex i4 “the souxce and
witgh is the destination.

a) 8-bit Data Transfer:’

MOV Ry, Rs B
Ry} — Bo)
Operations MOV

Operands: B,  (source)
R;  (Destination)
| Finction: moves the sontetits of Ry t6 Ry
Example:
MOV C,B
©C+ (B)

. moves the contenis of B-register to C-register

Prepared by: Brig. Najlea M. KEL ALForsj 10
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'b) 16-bit Data Transfer:

 XCHG ] o

S (HL) + (DE)

Operation: XCHG

Operands: No operands

Function: moves 16-bit address length mnsfe«r bétween two register
| paits (DE, HL).

D . () «> (D)

‘ - @)+ E)

il
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% Immediate Addressin
- Allows the gsmgrmw o move 2 specific dats oantamgd within the
mstmem into a location/register.

. ~ If a specific tumber is vequired in anmstmcuon, it mnst start with a
number symbol rather'than a letiér symbol. The hexadecimal number
AD which is 160 in decimal st be exprossed as OAOHL. The H is
added to indicate 2 hexadecimal mmber.

‘a) $8-bitimmediate transfer:

 MVIR, data .
b R} +— data

Operation: MVI
Opecrands: dats  {(souree)

R (Destination)
Eunction: smioves the datd to R register

Examples
MVIA, OFEH

{A}+— FEH or(A)« 11111110
Seis the value of A-regisfer fo FEH

Prepared by: Eng. Najlaa M. K. AL-Faraj ' 12
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E) 16-bit immediate transfer:

| Rp) daf_a
| Re (Destination) |
Fanctlon: imoves the 16-bit data to 16-bit registér pair Ry (BC, DE,
0 my |
| Rp(BC): B
R,(BL)y: H
Example 13 |
LX1 1, 802DH
() 80H
(L)~ 2DH |,
Example 2:
LX1D, 0E62H
(D) +— OEH
E) «— 62H
D

Prepared by: Eng. Najlax M. KHL AL-Faraj
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Exerd'sei* : ’
 Wiite aa assembly code to sef A, B, C with the valne FEH and HL
with 7ID3H and DE with AOTTH fhen exehange HLwith DE ‘
1 Selutiogn:
MOV B, A
) r M(}v - C, B
s £xa D, GAOTIH
. XCHG

(B) « (A

HL). « 71D3 < (DeTiand (L)«D3
DE) « A071 & (D)«—AOand (B)<« 71
(DE) « (HL) o

=== >

A %7 ||l

Note: usmg m@ster addxessmg 18 better than immediate addressing |
hecanse 1:1: is faster and nse less memary '

Prepuredby:Eng Nejloa M.KHL ALFeey -~ . 14
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- 3., Direct Aﬂdressing_.

This addressing mode differs ﬁom tegister and immediats raode
because it can read from and write to 2 memory Iocatngn. Register and

- jmmediate onlyuse locations within the CPU melf

The address of ﬂm merory locahon is spmxf:‘ie& in the instruction
itself.

Sonietities, it is called extended k&drdssing because the memory -,

 address requires two bytes.

&) 8bit Transfer

[ LBA addreﬁs

i Examgle; B

(A}« (address)

' Operaﬁonz LDA
, Ogermds' address (16-bits)

Funigtions loads A-rogister with the contents csftheﬁ wemary location
spwﬁed hgf the addresy ,

LDA. 20EAH
(A)+ (20EA)
(A)«— 21

LA P S | R
S \ | | 1 20mB |
. S 21 1 1 20RA

2009

Prepared by: Bn, Nejlsa M. KE, AL Fary o B
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STA address

Opexation: STA

(ailiress) « (A)

Operands; address (16~b1t)
| Function: stores fhe contents of A-register i i the memory location

specified by.the address
| Examples
- STA 20BAH
(20EA) )
(20EA) — FF
A 53] ' .20?«33 -~

\ . ' 20068

FF 20FA

20R9

 Prepated by: Eng. Najlaa M. KH. AL-Faraj
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b) 16-bit Transfer

 LBLD address ' :
S (L)« (address)
{(H) «— (address+l)
Operation: LHLD
Operands: address (16-bity _
 Pasictions this instruction is ueed to load HE with the content of the
- metaory locarions (address, addresstl), such that | s Toaded with the
) { content of memory location specified by the address and H is loaded.
B : with the contents of the next consecutive location (address+1),
Example: _ .
LELD 20A1H }
(L) «— (ZOAD)
) « (208A2)
Wil 21 - 1| 20a3
LE 34 \ 21 11 2082
WWM .éwng‘l o §
" 1 2040

Pregared by: Hng. Nejlaa M. KH. AL-Farj | 17
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[SHLD address . -
B (address) — (L)
(addresstl) «—(H)
Operation: SHLD

| Operands‘ address (16-bit)
Funcﬁen* thig instruction will store the lew byte (L) in ﬂze first
Iocation (address) followed by the high bym (H) in the next location |

{addresst+1)
Example:
SHI.D 20AFH
(Z0AF) « (L)
(20B0) « (H)
H 21 ~al 2081
T, . 34 g | 21 2080
34 _20AF
Z0AE,

" Prepared by: Eng. Nojlaa M. KH. AL ¥araj
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4. Indirect Addressi ing

- ‘With direct addressing, only Amm,-pmcanbwseﬂw stors ot Toud
a valne to or from memory wvsing 8085 microprocessor. But using
ndirect raode, data miay be transferred between any of the provessor

registers and the system memory.

- Indirect addressing uses the contents of u storage locution to point i
the required address.

- The HL-pair is referenced using the single tenm “M” for memory.
~ ‘The contents of the Hl-pair are nsed to address a memory location

. When = intecnsl register is used for fndirect sddressing, the
addressing mode is termed Register indirect addressing.

' . The 8085 allows immediate data to be moved into system memory
locations. This operation is done directly through the Hl-pair “M”

and it is fermed immediate register indirect memory addressing. -
Register Tidirect Addressing
MOV R, M 3
(R) « ((HL))

Operationy MOV
Operandg: (M) (Source)
R {Destination)
Function: moves the contents of memory Tocation. specified by the
HE-~pair to R

e

Prepared by: Eng. NaanaM KH. AL-Faraj ' 19
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Example: MOVB,M
w|l =8 1
1. 00 ) | '
_ 34 2800
B | 34 |
9’
MOV M, R : B
((HL)) « ®)
Operation: MOV
Operands: R (source)
(M) (Destination)
TFuaction: moves the contents of register R to the memory lIocation |
| specified by the HE~pair |
N Example: MOV M, B
)
7 oo | |
v 34 | 2800
B 34 =
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()

| MVI M, datn

Immedmte Regnster :mdlreut addressmg

(L)) + data

Operation: MVI
Operands: data (souree)
M)  (Deastinaton)
Function: moves the dafa to the memory Jocation specified by the
address found in the HL-pair

Example:
((HL)) — FEH
'LDAX R, :
(8) < ({Ry)

Operation: II)AX

Operands: R, ’

Function: this instructon loads the aocumzﬂator mdirecﬂy from a
Iocation pointed by the Ry (DE or BC only)

Example:
LDAXD .
(A) — ((DE))
STAX R,
(Rpp) «— (&)

Operation: STAX

Opevands: R, .

Fuetion: this instruction stores the content of A ifite the mesiory
location specified by the address stored in the R, (BC or DE oxly)

Exangplé:
~ STAXB

(BC)) « (A)

Prepared by; Eng. Najlaa M. KEHL AL-Faraj J 2l
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'.1
“a

- 'I’he last twc mdmwt addressing LDAX and S’I‘AX use Oniy the

register pa:rs BCand DE

3 'Exgmsez:

MVI A, OF1H
STA ~ 20A2H
MV A,0IBH
STA. 20A3H
LELD  20A2H
SHLD  20A4H

Solution:
{A) « Tl
{20AZ) — (A)
& - «— 2B
(2043) {A)
Iy o @0y

() « (20A3)
(20Ad)  « (L)
(20A5) « (H)

' Find the contents of the internal registers from thie following code

A
H | 2B 20A5.
It Fi | 20Ae |
2B | 20A3
F1 2042

Pmpateﬁ by: Eng. Na}laaM Kl'-f. .@EFFaraj
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The Assembly process

The instructions that a nﬁcrepfaceswf executes are stored in its
EeINOLY a8 binat.yncoded numbets.

k

- The instractions zeast first be converted fom assembly lanpguage to |
object code before any programs can be executed. o

- Various programs ave available to perform the generamn of the dbjBCt
“ . code. These programs called assemblers

. Fach assonably instruction has betwoen 1 fo 3 bytes in hexadecimal

- The insfroctions that inchude registers only need one byte to represent
it in hexadecimal form.

- Depends’ng on the mstruction, apumber of bytes wﬂlbe needed.

Example:

MOVAB - snglebyte 78
.. MVI AOFEH twobytes 3E,FE
) - |STA20P2H . threebytes 32,F2,20

- The address &atta ars loxded in low order byts, }rzgh order byte .
sequence,

- A manal assembly conversion. could be done by hand m}da

« Bach iustmaction repwsenta:t{anf i hsxadwxmal is known in the
0 appendix attdched at the end of the note. .

Prepared by: Fng. Wajlea M. KEL AL-Farj _' 2
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Micropsotessos Fandamentals (246)
. For cach instruction we can convert it to the hexadecimal code
representation by the hand assembly coding form. :
- ‘The hand assembly coding form is represented as the following table
[Tine | Memory — Label | __Assembly { Conmments
# | ADDRESS | CONTENT .| MNEMONIC | OP} | OP2
('D
~ We moticed that each line or instruction in the assembly langnage
could have from 1 to 3 bytes of addresses o store the content of the
representation of that instruction, .
) Assebly Program
l Hand Conversion |
Hexadecimal Form
l. - Monitor program
Binsry Machise code

24
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Single Board Systen

Many meamufactures offer maeropmcessor trafness and dependent
systems.

A traiver is intended primary for educational use.

A_devalopment' system is normally intended for use as engineering
tool during the process of designing a new product that wses a
micropmcessor

The hea;t of most &evelopmerst systems is somhe lnnd uf smgles board
computer. It also can serve as trainer.,

The advantage of using it, that the programuer feels free from the
tasks required to build the actual microcomputer system.

Prepared by; Eng. Njléa M. KB. AL Farsj - | .25
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Exercizse3: '

| List the preceding program fragments in Exercise 2 in the hand assembly
eoding form

Solotion:

 Assembly | Comment|
MNEMONIC | OP} | OP2 |

Line Memory ‘
| # |AGDRESS [ coNrenr Label
I 2800 | ° 38 | ‘ .
1 280%, FR. MVI ; A OFF N

o
"|_ A ] 2802' * 32 . .

2 2303 A2 STA 20A2
2804 | . 20 . .

- 2305 | 3R 3k
I 3 2806 EE | | MV A OEE

2807 32 1 -
- 4 2208 A3 STA 20A3°
2809 20 )
C280A. 1. 2A : .
5 2808 A2 {. LHLD 20A2
280C | 20 - :
280D 22 '
6 2808 Ad SHLD | 20A4
280F 20 ]

Prepared by: Eng. Najlaa M. KEL AL-Faraj 26
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R DS
Introduction : :

The programmer must be able to represent and manipulate microprocessor
data in a number of different ways.

Data Representation

- There are 256 (00000000 to 11111111) unique pos31b1ht1es for each
word in a memory or in a one byte register.

- Data representation methods involve the specific coding used to give
each word meaning.

- Data representation Methods:

1. Binary Number
* Unsigned Bmary Number
*  Signed Binary Number
e Sign/Magnitude
e 2’s complement
e 1’s complement

2. Binary Coded Decimal (BCD)
3. Other Forms

= ASCII
= Bit Mapped

Prepared by: Eng. Najlaa M. KH. AL-Faraj 1
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Binary Number

Unsigned Binary Number

- All numbers are assumed to be a positive number

- Abyte is simply the direct, 8-bit binary form of the number

- Each bit is usually given the name associated with its weighting
27 2°2°24 2° 22 2' 2" = weighting

- Bit 0, in the most right is the Least significant bit (LSB)

- Bit 7, in the most left is the Most significant bit (MSB)

- The range of numbers is 256 (0 to 255) |

- Provide very compact storage in memory since all possible states of a
byte are used :

- They are easy to manipulate and provide direct interface with a
number of [/O devices.

Example 1:
+ 16 =00010000
+34 =00100010

Prepared by: Eng. Najlaa M. KH. AL-Faraj : 2



Microprocessor Fundamentals (246) Note# 3

Signed Binary Number

- Represents both positive and negative

- With signed form, one bit, the MSB, is used to indicate the sign of the
number

- Three representation could be done:
1. Sign/Magnitude

2. 2’s complement
3. I’s complement

1. Si agnitude Method

- MSB indicates the sign (0 for positives, and 1 for negative)

- Other seven bits indicate the magnitude

Example 2:
+26 =00011010
-100 =1 1100100

- 255 possibilities number ranging -127 to 127 (11111111 t0 01111111)
- 00000000 or 10000000 are the same number zero
- Disadvantage: it is not possible to perform simple arithmetic

operations on numbers and automatically produce correct signed
numbers

Prepared by: Eng. Najlaa M. KH. AL-Faraj 3
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Note# 3

Example 3:

426 +(-100) = -74

00011010"
+11100100

=11111110

{Note: 11111110 equals -126 which is not equal to -74

2. 2’s Complement

~ MBSB called S (if 0 means positives, 1 is negative)

- For positive number, the simple binary code is used to represent

- For positive numbers from zero to 127; the 2’s complement and
straight binary forms are the same

- For negative numbers, we get the positive number then we
complement it (each bit is inverted) and the result is incremented by

one -
Example 4:
+15 = 00001111
(00001111)’=11110000 .
11110000+1 = = 11110001
= -15 = 11110001
Example 5:
+88 = 01011000
(01011000’ +1 = 10101000
= -88 = 10101000

Prepared by: Eng. Najlaa M. KH. AL-Faraj
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- We can do it in easy way, we retain all trailing zeros and the least
significant 1 bit and complement all the rest of the bits

Example 6:
+76 = 01001 100
— )
Complement Retain
= 76 = 10110 100

- Total of 256 possible numbers -128 to 127 including zero

- We can now do simple signed arithmetic operation using 2’s

complement

Example 7:
-88 = 10101000
S +1S = 00001111
713 0= 10110111

Example 8:
73 = 10110111
+76 = 01001100
+3 = 00000011

- The carry will have no meaning for single byte manipulation, but it is
important not to exceed the range -128 to +127

Prepared by: Eng. Najlaa M. KH. AL-Faraj 5
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- If the result exceeds the range we should add more byte which
represents the sign of the number.

Example 9:
+68 = 10101000
+76 = 00001111
+144 = 00000000 10010000

Example 10:
: 68 = 10110100
-76 = 10111100
-144 = 11111111 01110000

3. 1’s complement

- Itis simply 2’s complement without increment

Example 11: -
+15 = 00001111

(00001111)’ = 11110000

= 15 = 11110000

Prepared by: Eng. Najlaa M. KH. AL-Faraj 6
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Binary Coded Decimal (BCD)

- Four bits are required for each digit

- 8-bits may be used to store two BCD digits |

Example 12:
1000 0110 = 86
(I i S
Example 13:
0101 0001 = 51
I I

- Allows only 100 possible numbers (0 to 99)
- Less efficient coding format

- No signed numbered in standard BCD representation

Prepared by: Eng. Najlaa M. KH, AL-Faraj 7
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Other Forms of Data Representation

ASCIHI

- ASCII refer to the American Standard Code for Information
Interchange

- Relates a single alphanumeric character to a byte

-  Common for certain I/O devices, and most long distance transmission
links (e.g.: phone connection)

- The standard ASCII character set consists of 128 decimal numbers
ranging from zero through 127 assigned to letters, numbers,
punctuation marks, and the most common special characters.

Example 14:
A= 65 = 01000001
a= 97 = 01100001
Bit Mapped

- The Byte is broken into individual bits

- Each bt in the byte would signify the on/off status

Prepared by: Eng. Najlaa M. KH. AL-Faraj 8
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T

Arithmetic Instruction

The atithsictic dvistructions ificlude add, sobtract, Increntent,
decrement, and shift.

- The add and snbiract instructions imvolve the A-register (the
accumnlater) and either another processor register or a memory
location.

~ The increment and decrement operations can generally be performed
on various registers and locations through the use of different
addressing modes.

-~ The microprocessor contains number of status bits called Hags.

o 8 Set if resnlt is negative (MSB of A.is 1)

o Z  Setifresultis zero (Ais all Oz)

AC  Setif carry is generated from bit 3 {for BCD use)
CY Setif camy is from bit 7 (catry-out of MSB)

P Set if result is even parity

cC o0

- Flags are either set or reset, depending on a particular instruction.

- The programmer is able to use thess flags as an aid in data
manipufation.

Prepared by: Eng, Najlaa M. KH. AL -Faraj ' 1
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The arithmetic instructions add, subtract, increment, or

decrement data in registers or memory.

ADC
ACL
S0R
SUI

8BR
(Carry) ¥Flag

SBI

INR
DCR
INX
DCX

DAD

'“?é'

Add to Accumulator

Add Immediate Data to Accumnlator

Add to Accumulator Using Carry Flag

Add immediate data to Accumulator Using Carry
Subtract from Accumuiator

éﬁbtract Immediate Pata from Accumulator
Subtract from Accumlator Using Borrow
Subtract Izm;lediate from Accumalator Using
Borrow {Carry) Flag

Increment Specified Byte by One

Decrement Specified Byte by One

Increment Register Pair by One

Decrement Registexr Pair by COne

Double Register Add; Add Content of Register

Prepared by: Eng. Najlag M. KX, AL-Faraj
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Add Instruction

- The sum ¢an be only 0 or 1.
- A camry will often be generated
- The carry from the previous pair is termed the carry-in bit.

- The datum produced as a carry to the next higher order is called the

carry-out bit.
- Addition of Two bits
Bitl | Bit0 | Sum | Carxy
0 0 0 0
0 1 1 0
1 0 1 0
1 1 0 1
- Addition of Two bits and a Carry-in
Bitl | Bit0 | Carry-in | Sum | Carrv-out
0 0 0 0 0
0 0 1 1 0
0 1 0 1 0
9 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 0 0 1
1 1 1 1 1

Prepared by: Eng. Najlaa M. KH. AL-Fargj 3
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Register addressing

APDR
Q@)= A)+®)

Operation: ADD

Operands: R

¥unction: the contents of R~ register is added to the contents of A-
register and the resuit is placed in the A-register.

Affected Flags: all flags
Example:
ADDB
(A) — (A) +(B)
Immediate Addressing
ADI data

{A) — (A)+data

Operation: AD]

Operands: 8-bits data

Function: the contents of A- register is added to immediate value 8-
bits dita and the result is placed in the A-register.

Affectéd Flags: 4ll Baps

Example:
ADI 0FH
(A) — (A)+OF

Prepared by: Eng, Najlaa M. KH. AL-Faraj 4
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Register Indirect Addressing

ADD M
(A« (A)+ ((EHLD

Operation; ADD

Operands: M

Function; the contetits of the memory location addressed by the HL-
pair register is added to the contents of A-vegister and thie result is
placed in the A-répister.

Affected Flags: all flags

Example:
ADDM
A) + (A)+{(BHL)

Prepared by: Eng, Najlaa M, KFHL AL-Faraj 5
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Subtract Instruction

Subtraction of Two bits and a Barrow-in

BitI | Bit0 | Borrow~in | Difference | Borrow-out
6 [/} 0 0 0
0 0 1 1 1
0 | 0 1 1
0 1 1 i} 1
1 0 0 1 0
1 g 1 0 0
1 1 0 0 0
1 1 1 1 1
Register addressing
SUBR
(A)— (A)-B®

Prepared by: Eng. Najlaa M. XH. AL-Faraj

Operation: SUB

Operands: R .

Fanction: the contents of R- register” is subtracted from the contents
of A-register and the resiilt 1s placed in the A-vegistet.

Affected Fiags: dll flags (the carry flhg is tised now for borraw)

Example:
SUBB
(A)« (A)-(B)
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Immediate Addressing

SU1 data
(A) «- (A) -data

Operation: SUI

Operands: 8-bits data

Furiction: the immediate value &-bits data is subtracted fiom the
contents of A-vegister and the result is placed in the A-register,
Affected Flage: all flags (the carry flag 1§ nsed fiow for borrow)

Example:
SUY OFH
{A) « (A)}-0F
Register Indirect Addressing
SUB M

(A) < (A)- ((EL))

Operation: SUB

Operands: M

Function: the contents of the memery location addressed by the Hl -
pair register is subfracted from the contents of A-tegister and the
resultis placed in the A-register.

Affected Flags: all flags (the carry flag is used now for borrow)

Example:
SUBM

(A) = (A)-((HL)

Prepared by: Eng. Najlaa M. KH. Al -Fargj T
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Increment Instruction

- The increment instruction is adding one to the contents of a location,
which is either a register or memory location.

Register addressing

- 8.bit increment

INRR
R ®+1

Operation: INR

Operands: R

Function: the contents of R- register is incremented by one.
Affected Flags: all except the catry flag

Example:
INRA
{A)— (A)+1
- 16-bit increment
INX Rp
Bp)— Rp)+1

Operation: INX

Operands: Rp :

Function: the conients of Rp-register (16-bit) is incremented by one.
Affectéed Flags: no flags

Example:
INXD

(DE) — (DE)+1

Prepared by: Eng. Nejlaa M. KL AL-Farsj 8
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Register Indirect Addressing

INRM
(FLY « ((HL) +1

Operation: INR

Operands: M
Function: the contents of the memory location addressed by the HE-

pair register is incremented by one.
Affected Flags: all except the cirry flag

Example:
INR M

((HL)) « ((HL)) +1

Prepared by: Eng. NajlaaM. KL AL-Famnj e
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Decrement Instruction

The decrement instruction is subtracting one from the contents of g
location, which is either a register or memory location,

Register addressing

8-bit decrement

DCRR
R)— R)-1

Operation: DCR

Operands: R

Function: the contents of R~ register is decremented by one.
Affected Flags: all except the carry flag

Example:
DCRA
A)— A)-1
16-bit decrement
DCX Ry
Rp) — Rp)~«1

Operation: DCX

Operands: Rp

Function: the contents of Rp-register (16-bit)} is decremented by one.
Affected Flags: no flags

Example;
DCXD

(DE) «- (DE)-1

Prepared by: Eng. Najlaza M. K¥. AL-Farsj 10
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Register Indirect Addressing

DCRM
(ML) «— (HL)-1

Operation: DCR

Operands: M
Fanction: the contents of the memory location addressed by the HL-

pair register is decremented by one.
Affectéd Flags: all exceépt the carry flag

Example:
DCRM

(HL)) « (HL))-1

———— o —— . =

Prepared by: Bng. Najlaa M, KH. AL-Farzaj 11
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T

MVI
MVI
ADD
SBI

DCR

(A)
®)
)

(4)

4)

Exercisel: (Unsigned arithmetic)
Find the contents of the processor registers after the following
program is ram.

A,91H
B, 3AH
B

48H

A

Solution:

«— 91
«— 3A

— (A)+®)
91
+  3A
- CcB
— (A)-48

CB
- 48

83
«— (A)-01
83

- 01
32

)

Al b 2 s
3A

Prepared by: Eng. NajlaaM. KH. AL-Farq)
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Exercise2: (Signed arithmetic)
Find the contents of the processor registers after the following
program is rum.

MVI A, 23H
MVI B, 0BSH

ADD B
SBI ODBH
DCR A
Solution:
{(A) <+« 23
(B) +«- BS
A « (AD+@
23
4 BS

DB

(A) « (A)~DB

DB
- DB
00
(A) «— (A)-01
00
- 01
FF
Al pb o wE
B B8

Prepared by: Eng. Najlaz M. KL AL-Faraj 13
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.

Exercise3:
Write an assembly pregram to de the following addition and
subtiraction operations.
(2202H) < (2202H) + (2205H)
(2203H) < (2203H) — (2206H)
Assume that the memory locations have the following data:
{22028 = ACH (2203H)=20H (2205H)=01H (2206H)=20H
Solution 1:
LX¥ H, 2202H
LXX D, 2205H
LDAX D
ADD M
MOV M, A
INX H
INX D
LDAX D
SUB M
MOV MA
PR 220A
A (S0 6 o0 | 2205
2208
B[ 2 | 2207
20 2206
L[ | 0 2205
2204
b [# 2 22 2203
AD 2202
E [ o8 2201
2200

Prepared by: Eng. Najlaa M. KH, AL-Faraj
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Exercise3:

Assume that the memory Iocations itave the following data:
(2202H)= ACH (2203H)=20H (2205H)=01H (2206H)=20H

Solution 2;
LXT {, 2202H
LXT D,2205H
MOV AM
XCHG
ADD M
XCHG
MOV M, A
INX H
INX D
MOV A,M
XCHG
sUB M
XCHG
MOV M, A
2P e
FErrppn — o
20 2206
s M s
2 A A n 7 2204
00 2203
25 AD 2202
AL m

2200

Prepared by: Eng. Najlaa M. KH. AL-Faraj
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Multiprecision Arithmefic Instraction
- Some Application requircs more than 8 bits for data representation.

- Most 8-bit nricroprocessors, including the 8685, provide a munber of
arifhmetic instructions for manipulating numbers of more than 8-bits,

16-bit Arithmetic

DADR,
(L)« (HL)+R,)

Operation: DAD

Operands: R, \R

Function: the contents of the Register-pair is added to the contents of
HL-register patr and the result is placed in the register pair L.

Affecied Flags: only the cany flag
Example:
DAD B
(HL) « (HL) +(®C)

Prepared by: Eng, Najlaa M, KH. AL-Faryj 16
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4
P

Multiprecision addition/subtraction — the Carry Flag

«  If more than 16-bit addition is requived, 3 moxaber of instructions
must be used to fulfill this eperation.

~  For these nmitiprecision addition operations it is necessaty fo add the
carry bit (CY) when adding together the second and third pairs of
bytes.

- The 8085 provides additional add, subtract, instructions that use the
carry, or borrow, bit,

- The Figure down iliustrate the Multipreocision arithmetic where we
add two 24-bit numbers

Most Significant Least Significant
Nuimber 1 Byte 3 Byte 2 - Byie 1
Number 2 Byte 3 Byte 2’ Byte 1’

I_CY4.I ICY

ey e | iy p— m —
Sum [ Byte3 +3 +CY [ Bytez+2 +CY Bytel+ 1

i

Prepared by: Eng. Najlaa M. KL AL-Faraj 17
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Mnultiprecision Addition :

- Register Addressiog

ADCR
(A) +— (4) +{R) +(CY)

Operation: ADC

Operands: R

Funetion: the contents of R- register is added to the contents of A-
register, in addition the carry bit is added to the LSB of this stim, The
result is placed in the Aregistér.

Affected Flags: all flags

Example:

ADCB
(A) = _(A) +(B) +{CY)

- Register Indivect Addressing

ADCM
(A) «— (A) +{(BLY) +(CY)

Operation: ADC

Operands: M

Function: the contents of the memory location addressed by the HL- |
pair is added to the contents of A-register, in eddition the camy bit iy
added to the LSB of this sum. The result is placed in the A-ragister.
Affected Flags: all flags

Example;
ADCM

{A) «— (A) +(@EL) +(CY) _
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- Immediate Addressing

ACI data
(A) + (A)+data+(CY)

Operation: ACI
Operands: 8-bits data
Function: the contents of A- register is added to fmmediate value 8-
bits date, in addition the carry bit is added to the L8B of this sum. The

result is placed ini the A-régister.
Affected Flags: all flags
Example:

ACIDAER

(A) — (A)TAE +(CY)

Prepared by: Eng, Najlaa M. X AL-Faraj 19
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Multiprecision Subtraction f

- "":.

- Register addressing

SBB R
A~ A)-®-CY)

Operation: SBB

Operands: R

Function: the contents of R- register is subtracted from the coiitents
of A-regisier along with the boftow bit (CY) aad the result is placed
in the A-fégistex.

Affected Flags: all flags (the carry flag is used now for borrow)

Example:
SEBB
(A) — Q- B -(CY)
- Register Indirect Addressing
SBB M

(4) — (A)- (@HL) - (CY)

Operation: SB8

Operands: M

Function: the countents of the memory location addressed by the HI.-
pair register is subiractsd from the contents of A-register along with
the Borkow bif (CY) tinid the résiile is pladed in the A-register.

Affected Flags: all flags (the carry flag is used now for borrow)

Example:
SEBM

(A) < (A)-(HL)) - (CY)
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- Immediate Addressing

SBI data
(A) « (A)-data~(CY)

Operation: SBI

Operands: 8-bits data

Function: the immediate value 8-bits data is subiracted from the
contents of A-register along with the borrow bit (CY) and the result is
placed in the A-register.

Affected Flags: all flaps (the cany flag is used itow for borrow)

Example:
SBI 0FH

(A) — (A)- OF - (CY)
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Exercised:
Assume we have two 24-bits numbers to he added as in the figure
Page# 14. these numbers are stored in the memory locations 20C8 H
and 20D0H, assmme that the Least significant are stored the lowest
byte of each address. The resulf should be placed in the address
20C0h. The assembly langitage code for the this process..

LXI H, 20C0H

X1 D, 20D0H

ILDAX D

ADD M ;s LOW-BYTE ADDITION

MOV M, A

INX H

INX D

LDAX D

ADC M ; 22 BYTE ADDITION

MOV M, A

INX H

INX D

LDAX D

ADC M ; HFIGH-BYTE ADDITION

MOV M, A

Prepared by: Eng. Najlaa M. KH. AL-Faraj 22
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BCD Arithmetic

- Most microprocessors provide instructions that allow BCD data to be
manipulated,

~ The 8085 uses a two-stage process for BCD ariththetic:

o First, a sirgipht binary operation (i.c. addition, subtraction...)
o Second, Adjust the result number into its proper BCD format,

- Wo will use the AC flag and the accumulator to make the required
adjustment.

- As we knew that the BCD numbers are between 0 to 99 for an 8-bit
data.

~ S0, We may have cases when we do the normal arithmetic operations:

o The binary sum and BCD sum are the same. So no correction is
needed. The AC flag is set if there is a carry-out of bit-3.

LExample 1:

Number 1 =0110 0010 (BCD) = 62 (decimal)
+ Number 2 = 0010 0101 (BCD) = 25 (decimal)
Binary Sum= 1000 0111 (CY =0, AC =0}

BCD Surm = 1000 0111 (BCD)= 87 (deciraal)

o The sum for the low 4-bit is greater than 9 and no carry~out of
bit-3. This needs adjustment.

Example 2:

Number 1 =0111 1001 (BCD)= 79 (decimal)
-+ Number 2 = 0001 0110 (BCD} = 16 {decimal)
Binary Sum = 1000 1111 (CY =0, AC=0)

BCD Sum = 1001 0101 (BCD) = 95 (decinal)
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o The sum for the low 4-bit is less than 9 and there is carry-out of
bit-3. This needs adjustment.

Example 3:

Number 1 =0011 1001 (BCD) = 39 (decimal)
+ Number 2 = 0100 1000 (BCD) =48 (decimal)
Bihary Sum = 1000 0001 (CY =0,AC=1)

BCD Sum = 1000 0111 (BCD) = 87 (decimal)

-~ The BCD sum operation should be as follows:

o For each 4-bit group produce an answer that is fess than 9 and
no AC is generated, then the result is correct as BCD number.

o If the result is greater than 9 or an AC is gemerated, an
adjustment is needed which is adding six to the normal binary
sum,

=> the adjustment for Example 2:
Binary Sum = 1000 1111 {CY =0, AC=0)

Add+6 =0000 0110
Adjusted Sum = 1001 0101 (BCD) =95 (decimal)

= the adjustment for Example 3:

Binary Sum = 1000 0001 (CY =0, AC=1)
Add+6 =0000 0110
Adfusted Sum = 1000 0111 (BCD) = 87 (decimal)
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1

- The 8085 provides an adjnstment instruction that acts to adju;{‘both
the low~ and the high-order digits of the BCD mumber.

DAA

Operation: DAA

Operands: no operands

Function:

1. if the value of the least significant four bits ofthe A-register is
greater than 9 or if the AC flag is set, six is added to the A-register.

2. of the vahie of the tnost significant four bits of the A-register is
now greater than 9 or if the CY-flag is sét, six s added to thé fhost
significant for bits of the A register.

Affected Flags: all flags
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# [l
Logic Instruction
Logical AND
Bitl Bit2 | Bitl1 ANDBit2
0 @ 0
0 1, 0
1 G Y
1 1 1

- The logical AND instructions perform the bit-by-bit AND operation
between the contents of the A-register and:
o Immediate data
o The contents of another processor register
o Memory location depending on the addressing mode.

Immediate Addressing

ANI daia
(A) « (A) AND data.

Operation: ANI

Operands: 8-biis data

Function: the immediate value 8-bits data masks the contents of the
A-register. The result is placed in the A-register,

Affected Flags: all flags (with CY and AC equal Zero always)

Example:
ANI 40H
(A) «— (A) AND 40
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Register Addressing

ANAR
(A) < (A)AND (R)

Operation: ANA

Operands: R

Fumction: the contents of register R masks the contents of the A-
register. The resuit is placed in the A-repister.

Affected Fligs: all flags (with CY and AC equal 2éro always)

Example:
ANA B
(4) « (A)AND(B)
Register Indirect Addressing
'|ANAM

(A) + (A) AND ((HL))

Operation: ANA

Operands: M

Function: the content of the memory location addressed by the HE-
pair register masks the contents of the A-register. The result is placed
itt the A-register,

Affected Flags: all flags (with CY and AC equal zéro slways)

Example: '
ANAM
(4) < (A) AND (HL)
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Logical OR
Bitl Bit2 | BitlORBit2
0 0 0
0 1 1
1 0 1
1 1 1
Immediate Addressing
ORI data

(A) — (A) OR data

Operation: ORI

Operands; 8-bits data

Function: the immmediate value 8-bits data sets the selected bits of the
A-register without disturbing the others bits. The result is placed in
the A-register.

Affected Flags: all flags (with CY and AC equal zero always)

Example;
OR1 40H

(A) «— (A)OR40
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Register Addressing

ORAR
(4) = (A)OR®)

Operation: ORA

Operands: R

Fuanction: the contents of register R sets the selected bits of the A-
register without disturbing the others bits. The result is placed in the
A-register.

Affected Flags: all flags (with CY and AC equal zero always)

Example:
ORAB
(4) + (A)OR(B)

Register Indirect Addressing

ORAM |
(A) < (A) OR ((HL))

Operation: ORA

Operands: M

Funetion: the content of the memory location addressed by the HL-
pair register sets the selected bits of the A-register without disturbing
the others bits. The result is placed in the A-register,

Affected Flags: 4t flags (with CY and AC equal Zero always)

Example:
ORAM

(4) + (A) OR ((HL))
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Exclusive-OR Operation

Bitl Bit2 | Bit1 XORBit2
0 ¢ 0
0 1 1
1 0 1
1 1 0
Inmediate Addressing

XRI data
(A) «— (A)XOR data

Operation: XRI

Operands: 8-bits data

Function: Exclusive-OR operation as shown in the table above
between the immediate 8-bit data and the A-register. The result is
placed in the A-register.

Affected Flags: all flags (with CY and AC equal zero always)

Example:
XRI 40H
(A) +— (A)XOR 40
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Register Addressing

XRAR
Q@ — A XOR®)

Operation: XRA

Operands: R

Function: Exclusive-OR operation as shown in the table above
between the content of the R-register and the A-rsgister. The result is
placed in the A-register.

Affected Flags: all flags (with CY and AC equal zero always)

Example:
XRA B
(A) — (A)XOR(B)
l
Register Indireet Addressing
XRAM

(4) < (4) XOR ((HL))

Operation: XRA

Operands: M

Fumetion: Exclusive-OR operation as shown in the table above
between the content of the memory location addressed by the HL-pair
register and the A-register. The resuit is placed in the A-register.
Affected Flags: all flags (with CY and AC equal Zerg always)

Example:
XRAM

(A) < (A)XOR ((HL))
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Rotate/Shift
- The logical group contains instructions to move the bits within a byte,

- The primary forms of this operation are the rotate and shift functions.

- The 8085 does not provide the shifi operation; however, it does
provide two forms of rotate in two direction.

Rotate

RLC

Operation: RLC

Operands: No operand

Function: Rotate left the accumulator A-register operation causes
each bit in the accumulator to move to the next higher-order location.,
The MSB is rotated back to the now-vacant LSB position; it is also
moved into CY flag bit,

Affected Flags: only CY

Example
BeforeRLC [0 | [ tonoion |
After RLC 1 01701001
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o7 Jeb

77— 0

Operation: RRC
Operands: No operand
Functiont: Rotate right the accurnulator A-register operation causes
each bit in the accumulator to move to the next lower-order location.
The LSB is rotated to the now-vacant MSB position; it is also moved
into CY flag bit.

Affected ¥Fiags: only CY

Example

Before RRC

After RRC

o | |

10110160

H1011010

Prepared by: Eng. Najlaa M. KH. AL-Faraj
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Rotate through earry

- There are instruction whege the rotate operation mchudes the CY flag
in the rotation path like RAL and RAR instructions.

RAL

Lcﬂ4— 7 —— 0 <-|

Operation: RAL

Operandss No operand

Function: Rotate Jeft the accumulator A-vegistér operation fhrotigh
carry causes the rotate operation to inchude the CY-flag in the rotation

path.
Affected Flags: only CY

Example
Before RAL 0 10110100
After RAL 1 01101000
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RAR

LCY—b 7> 0 —I

Operation: RAR
Operands: No operaid

path.
Affected Flags: only CY

~4 =

Funetion: Rotate right the accummlaior A-register operation through
carry canses the rotate operation to include the CY-flag in the rotation

Example
Before RAR 0 101107100
AfterRAR |0 | [ olotime

Prepared by: Eng. Najlaa M. XH, Al-Fargj
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Shift

———

- If the upper or lower bit is not rotated back to opposite end of the byte,
we have the general form of a sift instruction,

« A shift Jeft causes a zero to be entered into the LSB, with MSB
pushed into the CY flag, note that the old value of CY flag is lost.

- The shift operation is & mmltiplication of 2 (shift left) or division by

two (shift right).
- The shift right operation causes a division by two with any reminder
appearing in the carry bit.
ExerciseS:
Retate | Rotate
Rotate | Rotate | Left Right . .
Number | Left | Right |through | through i‘;‘f? ﬁg}t
(RILC) | RRC) | Carry | Carry
RAL) | (RAR)
11001010 | 10010101 | 01100101 { 1001010CQ | 01100101 | 10010100 | 01100101
and
CY=0 | cy=1 | cy=0 | cy=1 | cYy=0 | cy=1 | cY=0
01110001 | 11100010 | 10111000 | 11100010 | 00111000 | 11100010 | 00113000
and
CY=0 | cy=0 | cy=1 | cy=0 | c¥=1 | cy=0 | cy=1
Prepared by: Eng, Najlaa M. KH. Al -Faraj 36
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Compare Instruction )

A

~ Compare instructions provide fthe keystone of computer decision-
making operations.

- Most decision instructions cause one or another result based on the
status of the various flags,

- To select a particular option based on a byte reaching a given value,
we might subtract the byte from the valve and make the decision
based on the status of the zero flag:

o Ifbyte and the value are the same, the zero flag will be set,
o Ifnot, the zero flag will be a zero.
- The subtraction operation causes one of the words to be lost.

= The compare instructions set the various flags as though a subtraction
and occurred without actually completing the subtraction.

- The Z-flag is setto one if the contents are the same

- The CY-flag is set to one if the contents of A are less than the other
value.

Register addressing

CMP R
@-®

Operation; CMP

Operands: R

Function: The contents of the R-register are compared with the
contents of the A-ragister,

Affected Flags: all flags

Prepared by: Bng, Najlaa M. KH. AL -Faraj | 37



Microprocessor Fundamentals (246)

Register X¥ndirect addressing

CMPM
(A)-(()

Operation: CMP
Operands: M
Function: The contents of the memory location addressed by the HL-

register pair are compared with the contents of the A-register.
Affected Flags: all flags

Immediate addressing

CPI1data
(A) - data

Operation: CP1

Operands: 8-bit data

Funection: The immediate 8-bit value is compared with the contents of
the A-repister.

Affected Flags: all flagy
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Other Operations

- The B08S instruction set includes three other operations that may or
may not be available with other processors.

- None of the three affects any flags other than the carry or requires no
operand.

Complement A-register

CMA
{A) — (AY
Operation: CMA
Operands: no operand
Function: This canses a bit-hy-bit complement of the accumulator A-
register,
Affected Flags: no flags

Complement the carry flag

CMC
(CY-flag) +— (CY-flag)y’
Operation: CMC
Operands: no operand
Fonction: complements the carry flag

Set the carry flag

STC
(CY-flag) 1
Operation: STC
Operands: no operand
Functions This sets the CY-flag (CY)=1
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Exercise6:
left operation.

Solution 1:
Stepl RIC
Step2 ANI 0FEH

Example:

After Stepl:
After Step2:

Solution 23

Stepl STC
Step2 CMC
Step3 RAL

Example:

After Stepl:
After Step2:
After Step3:

Write an assembly roufine that heip the programmer to do the shifc

; Rotate left
3 Reset the LSB (1SB =0)

Assume (A)=D5H

(Ay=ABH ) (CY)}=1
(A)=(A) AND FE

(A) =1010 1011 AND 1111 1110
(A) =1010 1010

(A)=AAH

; Set CY-Flag
; Complemeni CY-flag
3 Rotate Left through the caxmry

Assame (A)=DSH

(€CY)=1
(C¥)=0
(A)=AAH
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Transfer of control

- One of the great powers of modern computers is their ability to adapt
their operation based on input data and computed operation.

- The transfer control function is implemented by instructions that shift
execution fo alternate routines,

Jumnp operations/Labels

Unconditiepal Jump

A jump instiuction is wsed to break normal sequential program
execnfion,

~ The program counter (PC) usually steps one by oue through
instructions in memory.

- When a jump instruction is encountered, execution is moved fo
another part of the program.

- This is done by replacing the two bytes in the PC with the address of
the start of the new routine.

~ The processor is thos forced fo fetch the contents of this new location
for the next instruction.

- The PC then is incremented.

Prepared by: Eng. Najlaa M. KX, AL-Faraj



I Microprocessor Fundamentals (246)

JMP address
{(PC) < address

Operation: IMP

Ojiérainds; 16-bit address

Function: The hiviicdidte 16-bit address is placed with the conterits 6f
the PCregister.

JMP Label
(PC) < (Labeb)

Operation: JMP

Operards: Lakel

Function: The address of the label is placed with the contents of the
| PC-register.

Conditional Jump

« Conditional Jumps cause the processor to branch fo a new rontine
only if a specific condition is satisfied; otherwise, the PC is not
changed and executed continyes with no branch occurring.

Op codé Conditicnt Flag Statns
INZ Not zero Z=0
JZ Zero Z=1
JNC No carry _ C=0
ic Carry C=1
JPO Party odd P=))
JPE Parity even P=1
JP Plus S=0
IM Minus =]
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Exercise 1:

Write a program that compares the elements of two atrays X(i), and y(i).
Each atray contains 5 8-bit numbers. The comparison is to be done by
cotiparing the corresponding elements of the two arrays until sither two
elemeénts aré fourd to bé unequal or all sléments of the arrays have been
compared and found to be equal. Assume that the arrays start at AO0OH and
BOOOH respeciively. If the two arrays are found to be unegual, save the
address of the first unequal element of X(i) in memory location CO00H ;
otherwise, write all zeros,

MVI C, 05H

LXI ¥, 6AD00H

LXI D, 0B000H
GO_ON LDAX D

CMP M

INZ, MIS MATCH

INX H

INX D

DCR c

INZ. GO_ON

MVI A, 00H

STA .  0COD0H

STA 0C001

JMP DONE
MIS MATCH SHLD 0CO00H
DONE
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Exexcise 2:

Given an array X(1) of 10 8-bit signed sumber stored it memory starting at
AO00H, write a program to generats two arrays from the given array such
that P(j) congists of all positive mimbers and the other N(K) consists of all
the negative finmibers. Store the arrays of positive numbers in meérory
starting at BOOOH and the array of negative numbers starting at CO00H.

LXX SP, 000AH

LXY H, GAOCOH

LXI D, 0BO0OH

LXT B, 0C0008
GO _ON MOV  AM

CPI 00H

IS NEGATIVE
POSKTIVE STAX D

INX D

INX H

DCX SP

INZ GO_ON

IMP DONE
NEGATIVE STAX B

INX B

INX H

PCX SP

INZ GO_ON

DONE
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Subroutines

- A subroutitie is a section of code designed to perform a subtask angd
then return control to main instruction sequence,

- A subroutine execution, c¢alled a subroutine call, must allow two
critical fumctions:;
o A transfer of control to subroutine
o A way to retrn back to the original routine, called calling
romtine.

- The advantages of subroutines:
© Save program memory
o Provide the opportunity to construct a program.

- The two primary instructions provided by the 8085 to call a
subroutine and return from it are:

o CALL ADDR/LABEL
o RET

Example: Short Delay
CALL SDLY
SDLY DCR Cc

INZ SDLY
RET
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Input/Output
- The 8085 and a mumwber of other microprocessors provide specific
locations for VO data.
~ This I/O-mapped /O gives a group of locations, 256 locations for
8085, and numbered zero fo 255 that can provide the CPU with data
or can accept output data from CPU.

~ Input Instruction

IN location
(A) €« (location)

Operation: IN
Operands: location
Function: the byte at the input location i3 moved to the accumulator

- Onutpat Instruction

QUT location
(location) <— (A)

Operstion: OUT
Opeérauds: Location
Function: the byte in the accumnlator is moved to the output focation
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Exercise 3: —|

Write an assembly langnage program to sum together the even numbers
from zero to twenty.

MVI A, 00H

MVI B, 02H

MVI C,0AH
LOOP ADD B

INR B
INR B
BCR C
JNZ LOOP
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