Name: (hand in these sheets or copies)
CSI 404 Computer Organization Spring 2001 Professor Chaiken
Homework 6 Assigned: March 16 Due: March 23, 10:13 AM

Reading: Complete Mano Chapter 3 and Chapter 5; read the material on I/0 and interrupts to prepare for a future
topic. Read Chapter 6 through section 6-7 for now and all of Chapter 8. Chapter 8 is mostly review of CSI333; refer
to material from your prerequisiste assembly language course as necessary. Future homework: Write and run Mano
basic assembly language programs.

Problem 1:

a. Discover (and explain in writing) what property of the weight sequence 2421 makes the 2421 binary code for
decimal digits “self-complementing”. Hint: The sum ... .

b. Invent another 4 bit weighted self-complementing code for the decimal digits that uses a weight multiset different
from {1,2,2,4}. Hint: Try one or more 3’s.

c. Find on letters or postcards the bar code for the “Zip plus 4” code. This bar code is printed either above or below
the address or near the lower right edge of the front of the envelope. The bar code is a row of short or tall vertical

> ) equals Ten.

lines. Figure out US Postal Service’s coding scheme. Hint: 5C2 = ( 9

Practice Problem A: This problem pertains to the assembly language of the Mano basic computer.

a. Explain the syntax of the label field. (Syntax means how it is written.) Explain the semantics of the label
field. (Semantics means what it means.) How is the label field processed during pass 1 of the assembler, explained
in section 6-47 What is the role of the location counter (LC) discussed on page 1857 What are the differences
between the LC of the Mano assembler and the PC of the Mano basic computer? How is the label field processed
during pass 2 of the assembler?

b. Suppose an assembly language program has an infinite loop. What happens when it is assembled?

c. Explain the syntax and semantics of the instruction field. Note the instruction field has two parts: The first
symbol is called the operator and the remaining symbols are called operands.

d. Explain the syntax and semantics of the comment field.

e. Explain the difference between the first group of two pseudoinstructions (ORG and END in table 6-7) and the
last group (DEC and HEX). Hint: The last group of pseudoinstructions “convert to binary.” Explain why it is
false to say the the decimal or hexadecimal numeral is converted to binary when the program runs. What does
the converting? Where is the binary result put after conversion?

Problem 2: Mano page 171, problem 5-22: Derive the control gates for the memory read enable input in addition
to the write enable input. Draw a clocked block (i.e., flip-flop) for the source of signal R.

For credit, the answer must be neat enough to be readily graded and the output wire of EACH AND gate that
decodes a control function must be labelled with the relevant control function and microoperation copied from Table
5-6 of page 159.

Table 5-6 is a complete description of Mano’s basic computer’s inplementation. Future exams will include a copy
of the table and some questions to test understanding of its meaning.

Problem 3: Make a copy of Table 6-13 from page 191 of Mano’s book. Assemble this symbolic program by hand
(up to line 19.) On the left, write the results in TWO columns. The first column must show the address at which
the the assembler will store the assembled line. Write the address in 3 digit hexadecimal. The second column must
show the data in 4 digit hexadecimal which the assembler puts at the given address.

If in doubt, re-read about the first pass and the second pass from pages 185-190. If your answer shows any aspect
of program execution, then 0 credit will be awarded since it is critical to distinguish between (A) assembling an
assembly language program into machine language, and (B) running the machine language program.

Problem 4: The organization and design of Mano’s basic computer have the property that different kinds of
instructions take different numbers of clock steps to complete.



a. Express in a table the number of clock steps used for each of the instructions in Table 5-2, page 133. Note that
the micro-operation that makes the current clock step be the last for the current instruction is SC + 0. Hint:
Get the answers from page 159.

b. The “Indirect” step can be skipped for direct addressing mode memory instructions. Therefore, the time for one
clock step can be saved for such instructions. However, this improvement will require a redesign of some of the
control functions. Explain how to change Table 5-6 to implement this improvement.

Problem 5: Analyze what micro-operations are performed when the Mano basic computer executes the given program.
Assume the initial register contents are those given in the table. To express your results in the given table:

(1.) Cross out clock steps that are not taken.

(2.) Write the name of the instruction for each instruction cycle. Cross out any unused instruction cycles.

(3.) Every time a register (named in the table) value changes at the end of a clock step, write the new value in
the corresponding box. When the register value doesn’t change, leave the box blank. If you change an entry (say to
make it blank), write in English exactly what you intend and draw an arrow to the box it applies too. Ambiguities

will cause loss of credit.
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PC AC E AR IR
Original contents: 200 0000 0 000 0000
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ORG 200

LDA NXT 200:2204

CIR 201:7080

ISZ NSY I 202:E205

BUN NXT  203:4204
NXT, HLT 204:7001
NSY, HEX 206  205:0206

HEX FFFF 206:FFFF




