SYSC3601 LABORATORY #1 (Summer 2008)

Familiarization with the SDK-86 Keypad Monitor, Downloading,

and the 8086 Instruction Set

Fill in the blanks on the answer sheets provided by the TAs (one per group). The T.A. will ask you questions about your work. You will have to demo your work to the T.A.

Resources for this lab

· Download the software package for lab1 (Lab1Materials.zip). Unzip the contents onto your H: drive. Keep all files in the same directory. The zip file contains:
· ML.exe – MASM (Microsoft Macro Assembler v6.14.8444).
· ML.err – MASM error messages file.
· Link.exe – 16-bit linker program, used with ML.exe (MS Overlay Linker v3.64).
· EXE2HEX.exe – Program to convert an .exe assembled & linked executable file into a hex file suitable for transfer to SDK-86 over the serial interface.
· ASSEM.bat – DOS Batch file script to automate assembly, linking and conversion.
· SDK.com – Program to interface to SDK-86 from PC through the serial interface.
· Lab1b.asm – Code for use with Part B below.
· Lab1d.asm – Code for use with Part D below.
NOTE: Included in these 2 programs are valuable comments about how to use the MASM assembler. (valuable in future labs)

· The SDK-86 (MCS-86 System Design Kit) User’s Guide describes the SDK-86 system. The system consists of an external SDK-86 board connected to a PC.

· Chapter 1 gives some quick specs for the SDK-86 board.

· Chapter 2 provides a functional description of each component on the SDK board.

· Chapter 3 describes the SDK-86 on-board keyboard monitor. Chapter 3 is summarized in Tables 3-1, 3-2, 3-5.

· Chapter 4 describes the serial monitor which performs the same type of commands as the keyboard monitor, except it allows you to execute them remotely from the PC keyboard. Chapter 4 is summarized in Table 4-1.

· Side note: Appendix A describes how to modify a teletypewriter to use an SDK-86 (just in case you were interested…)


· Appendix B of the Brey text provides descriptions of the 8086 instruction set including instruction timing information.

Part A: SDK-86 and keypad monitor commands:

Familiarization with SDK-86 board layout

For the following questions, refer to the image of the SDK-86 board included on the last page of this document.  Use the Internet and SDK User’s Guide to look up part numbers and chip functions.

1. Locate the 8086 microprocessor on the SDK-86 board.  What is the corresponding letter on the SDK-86 image?  ____ A1a_______

Who manufactured the 8086 on your board?   ___ A1b_____

What year was it manufactured? ____ A1c_______

2. Locate the RAM on the board and provide the corresponding letter from the image: __ A2__

3. Page 1-1 of the SDK-86 User’s Guide indicates that the systems can have either 2K or 4K of RAM. By examining the silkscreen layer (white writing) on the S​​​​​​​​​​DK-86 printed circuit board, how much RAM is in the systems in the lab? ___A3________K

4. What addresses does the RAM memory occupy? ______ A4_________

5. Why is there an even number of RAM chips?  _____ A5__________

6. Page 1-1 also indicates the clock frequency is 2.5 MHz or 5 MHz (jumper selectable). From page 2-1 of the SDK User’s Guide the jumper settings are either W40 or W41. What is the correct jumper setting for 2.5 MHz operation? _____ A6_____

7. Why is chip “M” located near the display and keypad?  ______ A7_____

8. Crystals come in tin can packaging.  Locate the crystal on the board and provide the corresponding letter from the image: ____ A8_____

9. Identify chip “I” and its function:  ______ A13_____

10. Identify chip “J” and its function:  ______ A14_____

11. Identify chip “L” and its function:  ______ A15_____

12. The PROM chips on the SDK board are used to store the software to accept input from the key and serial port.  What memory addresses do they occupy? ____ A16_____

13. Stop.  Give a TA a guided tour of your SDK-86 board.
Familiarization with Keypad Instructions

For the following exercises, refer to the examples on pages 3-8, 3-9 and 3-12 of the SDK-86 User’s Guide.

14. Reset the system (press SYSTEM RESET key). Note: Hitting reset will not clear the main memory. Only the registers are reset.

15. Examine bytes FE00:5 to FE00:9 using the SDK command:
EB FE00:5,,,,,. (EB is a single key “examine byte” command. See page 3‑8). Fill in the A19 table shown below with the memory contents.


	FE00:5
	FE00:6
	FE00:7
	FE00:8
	FE00:9

	
	
	
	
	


16. What physical address is represented by FE00:0?  ___ A20____

17. Give an EB command that examines the same 5 bytes as 15) above, but uses different segment and offset values:

EB command: ________________ A21______________________________


18. Do a SYSTEM RESET. What are the contents of CS? _______ A22a___________
What is the absolute address (i.e. physical address) of CS:29h? _____ A22b______
Examine the DS register (see pp. 3-12); give its contents: _______ A22c___________

Change its contents to 99h and examine it again to confirm the change. Do not hit reset between changing DS and examining DS since all registers are reset by the reset button.


19. Examine all registers starting from AX using the command ER AX,,, (until all shown) and write down the contents in table A23:

PART B: 8086 OBJECT CODE

1. Using your pre-lab, key in the “TEST” program machine code on the keypad as bytes starting from location 100h. If you enter them as words, you may get the order of the bytes reversed.


2. Set the program input data by modifying the Words (use “EW”) at location 17Ah to 0005h and 17Eh to 00FFh. Note that this is different input data from that used in the pre-lab so you should expect different output.


3. Execute the program by keying the GO key with a break point set at 116h. (see pp.3-17 and 3‑18 of SDK User’s Manual for syntax). Note that you must use a segment value of ZERO (or enter no segment at all), otherwise CS and DS are set to the wrong values.

What instruction is about to be executed when the breakpoint is reached? ______B1_________


4. Examine the Words (use “EW”) at the following locations and complete table B2:


	17Ah
	17Ch
	17Eh

	
	
	


PART C: DOWNLOADING FROM THE PC TO THE SDK BOARD

1. Make sure that you have downloaded Lab1Materials.zip and have unzipped the files to a single directory on you H: drive. Open LAB1B.ASM using Notepad.exe or another editor. Notice that this program is identical to the “TEST” program in part 1) of your pre-lab.


NOTE: We have provided you with a DOS batch program called ASSEM.BAT that will do steps 2-5 for you. Open a command prompt and go to the directory where your Lab1Materials were extracted.  Type: ASSEM LAB1B   This will assemble your program for you.  It is always wise to examine the listing file (e.g. LAB1B.LST) to check for errors.  You can skip to step #6.
2. Open a DOS CMD prompt and make sure you are in the same directory as the contents of Lab1Materials.zip. Assemble the LAB1B program by typing:

 ML /FlLAB1B.lst /Zm /c LAB1B.ASM. The assembler creates an object file: LAB1B.OBJ and a listing file: LAB1B.LST. 

NOTE: the /Fl (lower case ‘L’, not number ‘1’) sets the filename for the listing file; /Zm tells the assembler to ignore non-8086 keywords; /c forces assemble-only (no linking).


3. Examine the listing file and compare the machine code to the pre-lab (should match). Note that the offset of each instruction is given as well (useful for setting breakpoints…).


4. Link the program by typing: LINK LAB1B. This produces a linked executable: LAB1B.EXE. Note that you may have to press ENTER twice when prompted for MAP and EXE filenames.


5. Convert the executable code to hexadecimal format for downloading to SDK-86 by typing:
 EXE2HEX LAB1B.EXE LAB1B.HEX

6. Execute the PC command: SDK
(Note that an error may appear “No response from board” – ignore this for now)
7. Reset the SDK board and execute the SDK-86 command: GO FE00:0. (don’t forget the period at the end).  This will cause the SDK to use the programming on the second set of ROM chips and accept input from the serial port.  The SDK will display 86 1.2 to show that the serial monitor is operating. A message will also appear on your PC in the SDK program.


8. The prompt for the SDK program is a dot. To download the program enter the PC command:
L LAB1B.HEX

9. Run the 8086 program either from the PC keyboard or directly on the SDK keyboard. To run it from the PC enter the command ‘G’ and hit return. If you check the program you will see that it is in an infinite loop and therefore nothing will show on the screen or keypad monitor.


10. To stop it, press the SDK-86 SYSTEM RESET. Note that you do not need to re-download your program since hitting RESET will not clear the contents of RAM.

11. Set the program input data by modifying the Words (use “EW”) at location 17Ah to 0005h and 17Eh to 00FFh.

12. Now run the program from the SDK-86.  Press the SDK-86 SYSTEM RESET followed by: GO 100,116. (don’t forget the dot). This results in a breakpoint shown on the SDK display as: ‑br

13. Examine the Words (use “EW”) at the following locations (complete Table C1):

	17Ah
	17Ch
	17Eh

	
	
	


PART D: FAMILIARIZATION WITH THE 8086 INSTRUCTION SET

Included in Lab1Materials.zip is a file called LAB1D.ASM. It is an 8086 assembler program that simulates a clock. It displays hours, minutes and seconds on the SDK-86 LED display.

1. Browse through the code. You will find that the subroutine to wait one second (WAIT) only contains a return statement. Finish the WAIT subroutine by entering the 1 second delay code that you prepared as part of the pre-lab assignment. For this lab, it is not required to understand the rest of the LAB1D.ASM program. However, you will have to understand the concepts of the software-hardware interface later in the course. It can’t hurt to browse through it now.


2. Assemble/link/download the completed LAB1D.ASM program to the SDK.


3. Run it from a DOS CMD prompt and demonstrate it to the TA.

Final Remarks:

Do not leave any of your files on the local hard drives (e.g. C:). Keep all your files on the H: drive, on a USB memory key, or email them to yourself.
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