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ASSEMBLY MICROPROCESSORS
An introduction course to Machine Code programming using the Z80A Microprocessor in combination with the DEEDS suite.

COURSE MANUAL
February 2007

The INHOLLAND University

Ing. Ernst E. Mak MSc

INTRODUCTION:

The module Assembly Microprocessors aims for training a basic level of assembly programming skills.

As the Assembly programming is the elementary processor-language, insight will provide a framework from which the student will have better understanding of higher order programming languages and programming environments.

In situation where memory limitations or processing speed are an issue, the student may recognize the role of assembly programming.

Course Requirements:

Attendance is mandatory; an attendance list is to be signed at all sessions.

Students should deliver all labs and homework in time. 

At conclusion of the program, a hands-on lab exam and a theory exam apply.

Students are strongly encouraged to produce notes from the lectures.

The results are derived from:

AND attendance ok {true/fail} 

AND all labs and homework delivered in time {true/fail}

Grade is derived from LAB exam (50%)  and THEORY exam (50%)  {1..10, >=6 is pass}

Course materials:
study-description (this document) provided on a designated website

Weblinks
Sheets on a designated website

Handouts
Student devised notes

Session 1
teaching method: 
Lecture

goal:


To get familiar to the context for Assembly programming

Lectures:
To focus on programming (home devices, instructions to children, calculators). The gap between Human-language and Machine language. The urge for operating systems to be the mediating language. Memory efficiency, assembly language.

Devices connected to computers, Input, Output. Booting computers, BootStrapLoader.

Data and statements

Generic build of a Microprocessor:
Arithmetic en Logic Unit    (ALU)

Adress bus

Data bus

Clock

Status registers

Input registers

Output register

General purpose registers.

Materials:

weblinks , handouts
Homework:

(own) study notes, handouts, read through weblinks.
Session 2
teaching method: 
Lecture, Demonstration, Labs
Goals:


Work with DEEDS Microprocessor Emulator



structure of Assembly programming

Lectures:

Binary numbers, Addition, Subtraction, Two’s complement

Starting Deeds, Board, Dipswitches, Editor, Debugger



programming structure:





Assembly directive: ORG memory designator





Labels





Statements





Operands





Comments




Deeds Help function




Registers, Flags, Memory, Decimal and Hexadecimal

Materials:

DEEDS suite, handouts, weblinks.

Homework:

(own) study notes, handouts, read through weblinks.




Problems, problems reports




Problems 4 and 5 


Problem 1
Target: 
to get familiar with the Deeds Assembly environment. 

Enter 

using the Editor:

[image: image1]
Compile 
the program, enter the debugger

Observe:
registers, memory, program counter, step-key, run, reset and stop/start

Vary: 
contents of the A register at program start and observe changes in the registers and the flags.
Explain your findings.

Deliver: 
the program, explanation (max 100 words)

Problem 2

Target: 
to get familiar with program sequencing and labels

Enter 

using the  Editor 


[image: image2]
Compile 
the program, enter the debugger

Observe:
registers, memory, program counter, step-key, run , reset en stop/start

Change:
the clock speed using the slider
Explain your findings.

Deliver: 
the program, explanation (max 100 words)
Problem 3

Target: 
to get familiar with sequential program sequencing 

Enter 

using the  Editor 


[image: image3]
Compile 
the program, enter the debugger, run the program 

Observe:
registers, memory, and program counter

Explain your findings.

Deliver: 
the program, explanation (max 100 words)

Problem 4
Target: 
train programming, structuring.

Task: 
Design a program similar to Problem 3, that first continuously increases the A register by 2. The increase action stops when the NC flag condition is reached and the A register is reset to 0, immediately followed by the increase of the A register by 2, etc.
Deliver: 
the program, note: the quality of the remarks is most important
Problem 5, homework
Target: 
train programming, structuring.

Task:

Design a program that loop wise adds to the A register: 
1, then 2, then 4, then 8, then 16,…… 31 …. until A>= 255 (NC fails) is 
reached.

thus: A is subsequently: 0, 1, 3, 7, 15…………etc.

Deliver: 
the program, note: the quality of the remarks is most important

Session 3

teaching method: 
Discuss Homework, Lecture, Demonstration, Labs

Goals:


basic Assembly programming, simple statements.

Lectures:

Load




Addition

Flags




Jump, Jump conditional 




CarryFlag at addition




Compare

Materials:

DEEDS suite, handouts, weblinks.

Homework:

(own) study notes, handouts, read through weblinks.




Problems, problems reports

Problem 6

Target: 
to get familiar with the Assembly instructions 

Enter 

using the  Editor:

[image: image4]
Compile 
the program, enter the debugger, 

Observe:
step through the program and observe the registers and flags

Explain your findings. ( by adding remarks and remark lines)
Deliver: 
the program, explanation (max 100 words) in TXT format, eventually zipped into a .ZIP file (NO ARJ etc etc)

Problem 7

Target: 
to get familiar with Assembly language and its Flags. 

Enter 

using the  Editor into Deeds:

[image: image5]
Compile 
the program, enter the debugger

Observe:
step through the program and observe the registers and flags

Explain your findings. ( by adding remarks and remark lines)
Deliver: 
the program, explanation (max 100 words) in TXT format, eventually zipped into a .ZIP file (NO ARJ etc etc)

Problem 8

Target: 
train programming, structuring.

Task: 
Design a program that 

initializes the HL registers to 0 each

repeatedly adds 29 decimal to the L register,

eventually overflowing into the H register

The program stops when the H register overflows which you could detect by a carry

Deliver: 
the program, in TXT format, eventually zipped into a .ZIP file (NO ARJ etc etc)

note: the quality of the remarks are most important

Problem 9, homework

Target: 
train programming, structuring.

Task: 
Design a program that 


starts with a value X in the E-register     

(X is any number between 0 and 255 inclusive)

starts with a value of Y in the D register

(Y is any number between 0 and 255 inclusive)

computes into HL the value X*Y by adding Y times X into

the originally empty HL register 

using a loop structure.

Deliver: 
the program, in TXT format, eventually zipped into a .ZIP file (NO ARJ etc etc)

note: the quality of the remarks are most important

Session 4

teaching method: 
Discuss Homework, Lecture, Demonstration, Labs

Goals:


basic Assembly programming, simple statements.

Lectures:

Subtract, SUB, SBC




Increase/decrease



looping strategies

Materials:

DEEDS suite, handouts, web links.

Homework:

(own) study notes, handouts, read through web links.




Problems, problems reports

Problem 10

Target: 
to get familiar with the Assembly instructions 

Enter 

using the  Editor:
Compile 
the program, enter the debugger, 

Observe:
step through the program and observe the registers and flags 
[image: image6]
Explain your findings. ( by adding remarks and remark lines)
Deliver: 
the program, explanation (max 100 words) in TXT format, NO COMPRESSIONS
Problem 11

Target: 
programming, structuring.

Task: 
Design a program that by using forward looping multiplies two single byte registers B and C into a single byte result register D by adding C by B times into the (while initializing emptied) D register. Experiment with the program and see where limitations to the correctness of the answer occur. Use INC for the loopingvariable (B)
Deliver: 
the program, in TXT format, NOT zipped 

note: the quality of the remarks are most important

Problem 12

Target: 
programming, structuring.

Task: 
Design a program that by using backward looping divides two single byte registers B and C into a single byte result register D by subtracting C  D times  from B. (D=B/C)   Experiment with the program and see where limitations to the correctness of the answer occur.

Deliver: 
the program, in TXT format, eventually zipped into a .ZIP file (NO ARJ etc etc)

note: the quality of the remarks are most important

Problem 13 Homework

Target: 
programming, structuring.

Task: 
Design a program using the techniques from 11 and 12 multiplies two byte numbers into a result register HL. try to use as few as possible statements.

Deliver: 
the program, in TXT format, NOT zipped 

note: the quality of the remarks are most important

Session 5

teaching method: 
Discuss Homework, Lecture, Demonstration, Labs

Goals:


basic Assembly programming, simple statements.

Lectures:

SHIFTt and ROTATE commands

Materials:

DEEDS suite, handouts, web links.

Homework:

(own) study notes, handouts, read through web links.




Problems, problems reports

Problem 14

Target: 
orientation shift commands

Task: 
type a program that consists of just a sequence of 20 shift commands. Load a value in the appropriate  registers and step through the program and note changes in numbers and flags. Explain the findings. Use at least three values per command: 15, 63 and 251.


repeat this with all the commands: 

SLA, SRA,SRL

RL, RLC , RR, RRC

check your findings against the help-sheet provided with the DEEDs help functions.

Deliver: 
the program and your brief conclusions , in TXT format, NOT zipped 

note: the quality of the remarks are most important

Problem 15 Homework

Target: 
programming, structuring.

Task: 
Try whether the multiplication example could be improved:

· using less statements

· checking restrictions to input/output

Deliver: 
the program, in TXT format, NOT zipped 

note: the quality of the remarks are most important

Problem 16 Challenge

Target: 
programming, structuring.

Task: 

would it be possible to write a division program using shift commands??

Deliver: 
the program, in TXT format, NOT zipped 

note: the quality of the remarks are most important

Session 6
teaching method: 
Demonstration, Labs

Goals:


basic Assembly programming, greater complexity.

Lectures:

Demonstrate multiply by shifts
Materials:

DEEDS suite, Multiply Program.

Homework:

(own) study notes, handouts, read through web links.




Problems, problems reports

Problem 17 Demo
;
multiply two numbers
;
one number is in BC register pair
;
the other one in E register single register
;
and the result we dump into HL
;
value:
LD BC,139
;VALUE 1

LD E,7
;VALUE2
;

init:
LD HL,0
;reset HL

LD B,0
;reset B

LD D,0
;reset D

LD A,0
;reset A
;
;
next we find the rightmost bit of E
;
and add a shifted BC into HL if it is 1
;
otherwise, we shift but do not add
rightE:
SRL E

;the rightmost bit falls into the carry

jp c,adding
;if it was 1, we need to add BC into HL

jp z, eind; done
;if E is zero, (and we did check the carry already) we reached the end

jp Ezero
;if else, we had 0 for the value of the rightmost E-bit
;
;
here we add BC into HL
;
adding:
add HL,BC

;
;
and now we shift BC for next step
;
Ezero:
xor a

;reset flags, set A to zero

; strategy: we first shift the leftmost byte, if it carries it is overflowing (why?)

sla b

;shift B leftwards, filling from right with zeroes

jp
c,overflow
;if it carries, there is an overflow

sla c

;shift c leftward, the carry should be added to B

adc a,b
;add the carry into A then into B

ld b,a
;store back to B

jp rightE
;proceed
overflow:
halt


nop


nop

eind:
halt

Session 7  EXAM 1
Session 8
teaching method: 
Lecture, Demonstration, Labs

Goals:


Memory structure, Stacking and Character representation
Lectures:

Memory , aspects of memory



memory types




memory dedication




stack, principle and location




Characters




Coding tables.
Materials:

DEEDS suite, Multiply Program.

Homework:

(own) study notes, handouts, read through web links.




Problems, problems reports

Problem 18 
Target: 
memory
Task: 
start up DEEDS, try to change memory (HOW??) and explain what differs if you change memory at different locations, f.e.:   1000hex and A000hex
Deliver: 
explain the differences (in a text file), why does DEEDS allw for program code to appear in the first memory cells?? 

Problem 19 
Target: 
stack, stacking problems.

Task: 

Load HL with FFFF hexadecimal


in a one-line program PUSH HL
                       now expand your program, by adding a loop in which you



LOAD HL with 0000 hexadecimal


PUSH HL (use a label)


loopwise, keep PUSHing HL 
Deliver: 
OBSERVATIONS, where do the values get stored ???


what is the final consequence after many PUSHES were effected?



what happened to your simple PUSH-loop??

Problem 20
Target: 
Characters.

Task: 

write into memory some words


what are their numerical equivalents?



what coding is used?
Deliver: 
the program, in TXT format, NOT zipped 

note: the quality of the remarks are most important

Problem 21 (homework)
Target: 
modifying text
Task: 
Try to write a program, that takes a word in UPPERCASE text of a known length and converts the text to lowercase.
Deliver: 
the program, in TXT format, NOT zipped 

note: the quality of the remarks are most important

Session 9
teaching method: 
Lecture, Demonstration, Labs

Goals:


Assembly directives




Strings
Lectures:

Assembly directives




Strings
Materials:

DEEDS suite
Homework:

(own) study notes, handouts, read through web links.




Problems, problems reports

Problem 22

Target: 
Assembly directives.

Task: 

copy the following program into DEEDS



change some of its values and test for the effects
;
;            ***************************
;            *  EXAMPLE PROGRAM        *
;            ***************************

;          PROJECT: ASSEMBLY COURSE

;
;
DATE: 03 MAY 2007
;
PGMR: ERNST MAK
;
(c) : INHOLLAND, DIEMEN
;
;
; definitions

PRG EQU 0100h


VAR EQU 0120h

;
;
;program startclause


ORG 0000h

start:

jp PRG

;

;
; program section


ORG PRG

begin:

nop

end:

nop

;
;
; variables section


ORG VAR
tekst1:

DB "hello world"

tekst2:

DB 15

tekst3:

DB 015h

value1:

DW 0f00dh

Deliver: 
observations in text

Problem 23 

Target: 
moving text
Task: 
Try to write a program, that takes a sentence from ROM and moves this into RAM . See lecture sheet:


[image: image7.emf]MOVING Strings

• Determine Current Location

• Determine New Location

• Determine number of bytes to transport

• TRANSPORT

• Question? how to do this????


Deliver: 
the program, in TXT format, NOT zipped 

note: the quality of the remarks are most important

Problem 24 (homework)
Target: 
modifying text
Task: 
Try to write a program, that takes a sentence from ROM, moves this into RAM and then reverses the text.
Deliver: 
the program, in TXT format, NOT zipped 

note: the quality of the remarks are most important

Session 10
teaching method: 
Lecture, Demonstration, Labs

Goals:


Strings and their manipulations

Lectures:

Strings move routine, demo



String reverse routine, Algorithm




String Bubble sort, Principle
Materials:

DEEDS suite

Homework:

(own) study notes, handouts, read through web links.




Problems, problems reports

Problem 25

Target: 
String manipulation
Task: 

Create comments at the MOVESTRING example

Material:
See Lecture

Deliver: 
the program, in TXT format, NOT zipped  

note: the quality of the remarks are most important

Problem 26
Target: 
String manipulation
Task: 

Create a program, that reverses a string using the stack
Material:
See Lecture
Deliver: 
the program, in TXT format, NOT zipped  

note: the quality of the remarks are most important

Problem 27 (homework)
Target: 
String sorting
Task: 

Create a program, that sorts a string using a bubblesort.
Material:
See Lecture

Deliver: 
the program, in TXT format, NOT zipped  

note: the quality of the remarks are most important

Session 11
teaching method: 
Lecture, Demonstration, Labs

Goals:


Reflection, Position within Deeds, Input, Output

Lectures:

Calling




IN and OUT 




The Deeds Processor Board




Integration
Materials:

DEEDS suite

Homework:

(own) study notes, handouts, read through web links.




Problems, problems reports
Problem 28

Target: 
The Deeds processor board
Task: 

Implement DIP-switch input and two numerical outputs


for the following code:

ORG 0000

start:
in A,(00)
;accept input from port 00



out (131),a
;output to numerical display

and 51h
;and with 51 hexadecimal

out (130),a
;check output from second numerical display

jp start
;loop
Material:
See Lecture

Deliver: 
the case and your comments in PDC
Problem 29

Target: 
Create a binary to numerical converter
Task: 

Create a program, that accept a hexadecimal input,



but outputs to  a digital display the decimal value.



in case of overflow, display FF 
Material:
See Lecture

Deliver: 
the project, program included in PDC
note: the quality of the remarks are most important

Problem 30

Target: 
Create an extended  binary to numerical converter
Task: 

Create a program, that accept a double hexadecimal input,



but outputs to  a digital display the decimal value.

Material:
See Lecture

Deliver: 
the project, program included in PDC
note: the quality of the remarks are most important

Problem 31 (homework)
Target: 
Create a decimal multiplier-calculator
Task: 
Create a program, that accepts two dipswitch input numbers of 8 switches each, displays each input in decimal on a single display and outputs the result on double decimal display
Material:
See also previous Lectures
Deliver: 
the project, program included in PDC
note: the quality of the remarks are most important

ORG	0000		;start at reset-location


jp 	100	;jump to program area


ORG 100		;continue at program area


ld 	b,5	;store 5 into the B-register


add 	a,b	;add B into the A register


halt		;stop the program








ORG 	0000		;start at reset location


	jp	0100	;jump at the program area


ORG    0100		;program area


start: 	ld 	b,1	;load 1 into the B register


add 	a,b	;add the value of B into A   A=A+B


jp 	start	;jump to the program area start





ORG 	0000			;start at reset location


	jp	0100		;jump at the program area


ORG    0100			;program area


start: 	ld 	b,1		;load 1 into the B register


add 	a,b		;add the value of B into A   A=A+B


jp 	nc,start		;jump to the program area start





LD 	A,86d


ADD 	A,57d





LD 	A,86d


ADC 	A,57d








ORG   0000


JP	0100


ORG 	0100


LD 	A,87


ADD 	A,57


LD	L,A


LD	A,H


ADC	A,0


LD	H,A








 ld	hl,515d


	ld	c,245


	ld	a,l


	sub	c


	ld	e,a


	ld	a,h


	sbc	a,0


	ld	d,a


	halt
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