LAB WORK NO. 1
CONVERSION AND OPERATIONSIN DIFFERENT
NUMERATION BASES

1. Objective of thelab work

The purpose of this lab is to understand the wayinéeger or
decimal number is converted from one base to anofftas paper will
focus on converting integer and decimal numbemh foase 10 to a random
base, especially bases 16, 2 and 8, and also are\bese conversion, from
a random base to base 10, especially from base< l&hd 8. Direct
conversion from base 16 to bases 2 or 8, and \dcsay will also be studied.
Simple operations (add, subtract) in different ntatien bases will be
presented later.

2. Theor etical consider ations

A numeration system consists of all the numberaesgntation rules
by means of certain symbols, called digits.

For any numeration system, the number of disthyatbols for the
system’s digits is equal with the base (b). Sehé& base b=2 (the numbers
are written in binary), the symbols will be therfdal digits. For base b=16
(hexadecimal) the symbols will be 0, 1, 2, 3, 4657, 8, 9, A, B, C, D, E,
F. One can notice that for numbers written in aebagher than 10, other
symbols (letters) are used besides the commorsdaitbase 10. Therefore,
in the case of numbers written in hexadecimal Jeétters A, B, C, D, E, and
F have the associated values of 10, 11, 12, 13ridi15.

To make an easier distinction between numberdenrinh a certain
base, at the end of the number another letterittewy which represents the
base, for instance:

B for numbers written in binary (base 2)

Q for numbers written in octal (base 8)

D for numbers written in decimal (base 10)

H for numbers written in hexadecimal (base 16)

Usually, numbers written in decimal don’t neceggdrave to be
followed by the ,D” symbol, because this base iasidered to be implicit.
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There are others ways to write a number, like ngitihe base at the end of
the number in brackets, for instance: 10010100b(2)7A6B (16).

If a number in a certain base ,b” is given, as ateger and a
decimal part:
Nr (b) =G CiiCia ... GC1Cy, D1DDLDs...

than its value in base 10 will be:

Nr (10) = G*b"+ Cp1* b™ + ... + Co,* b?+ C1* b'+ Co* b%+

+D*bl+ D* b2+ Dg* b+ ...

2.1. Number conversion from base 10 to a random base

First of all, it must be pointed out that for cening a number that
consists of both integer and decimal part, bothsphave to be converted
separately.

2.1.1. Converting theinteger part

The simplest algorithm consists of successivelyddig the number
written in decimal to the base that the conversioth be made to (the
number is divided by the base, then the quotiedivigled by the base and
so on, until the quotient becomes 0), after whiehrests that were obtained
are taken, reversing the order they appeared irchwiepresents the value
of the number in that base.

Examples:
» Converting the integer numbers 347 and 438 frone A@sto bases 16, 2
and 8.

First, the numbers will be converted to base 1@&bse this operation is
done with fewer divisions than the conversionsasds 2 and 8.

347 16
32| 21[16
27' 16 116
167 5! 0] 0
Ne_ 1
(which is ,B™?)

Therefore, reversing the order of the rests we 1&&(H).
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Further on, one can convert to bases 2 and &isame manner, but
there is also a quicker way to convert numbers detwbases 2, 8 and 16,
given the fact that for each hexadecimal digit ¢her a corresponding 4
binary digit number, and that for each digit in actthere are 3
corresponding binary digits, as seen in the tablevix

. . Binary number | Binary number
Value in Value in . .
decimal | hexadecimal corresponqllng tq corresponding to

hexadecimal octal
0 0 0000 000
1 1 0001 001
2 2 0010 010
3 3 0011 011
4 4 0100 100
5 5 0101 101
6 6 0110 110
7 7 0111 111
8 8 1000
9 9 1001
10 A 1010
11 B 1011
12 C 1100
13 D 1101
14 E 1110
15 F 1111

There also has to be considered that when a numsbeassed
between bases 2, 8, 16, grouping the digits is d@men the comma
towards the extremities”, meaning that for integembers it is done from
the right to the left (by completing the numberhwizieros on the left side in
case this is required, that is on the side thasmlbaffect its value), and for
decimal numbers the grouping is done after the canirom the left side to
the right, by filling in with zeros at the rightd& of the number.

Example:
« 347 (D) =15B (H) = 1 0101 1011 (B) = 533 (O)
+ 438 (D)=1B6 (H)=11011 0110 (B) = 666 (O)
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2.1.2. Converting the decimal part

To convert a sub-unitary number (that is the foaal part of a
number) from base 10 to a random base, a seriesuctessive
multiplications of the fractional parts has to lmne, until the fractional part
becomes null, a period is found or the represemtatapacity is surpassed (a
sufficient number of digits has been obtained,alth the algorithm hasn’t
finished). The digit that surpasses the decimal gaeach multiplication is a
digit of that number, in the base that the conwerss made to.

As an example, it is easy to use the followingesef, in which the
digits of the representation are more clearly repméed with the help of the
two lines. Also, the position of the comma is mof®/ious (the numbers
below the first multiplication, that is the onesden the line, are positioned
after the comma). One must notice that only whainishe right side of the
comma is multiplied.

Example:

» Conversion of the number 0, 47 (D) to binary, oatadl hexadecimal:
47*2
94
88
76
52
04
08
16
32
64
28
56
12
24
48
96

o

HOOOHOHOOOOI—‘HI—‘HO|

So: 0, 47 (D) = 0, 0111 1000 0101 0001 (B) = 0,17@3) = 0, 3605 (O)

Converting a number that has both an integer addcamal part is
done by successively converting the integer patittha decimal one.
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Example:
* Representation in bases 2 and 16 of the real nutahéts
We obtain: 14 (D) = 1110 (B) = E (H)
and 0, 75 (D) =0, 11 (B) = C (H).
Therefore 14, 75 (D) = 1110, 11 (B) =E, C (H)

2.2. Converting a number from a random base to base 10

For converting a number from a random base to b@sme can use
the formula that was defined in the first part lstlab, meaning that if a
number is written in a random base ,b” as an integel decimal part:
Nr (b) =G ChiCia... GC1Cy, D1DDLDs. ..
than its value in base 10 will be:
Nr (10) = G*b"+ Cp1* b™ + ... + Co,* b?+ C1* b+ Co* b+
+D1*bl+ D* b2+ Dg* b+ ...

Example:

* The number 3A8 (H) is given in hexadecimal andréhkie in decimal is
required:
N = 3*16° + 10*16"+ 8 = 3*256 + 160 + 8 = 936 (D)

» The fractional number 0, 341 (Q) written in bass §iven and its value
in decimal is required:
N = 3*8 71+ 4*82+1*8 = 3/8 +4/64 + 1/512 = 0. 4394 (D)

* The binary number 110, 11 (B) is given and its galin hexadecimal
and decimal are required:
N =110,11(B)=6,C (H) =6, 75 (D)

2.3. Simple operations with numberswritten in different bases

Further, the adding and subtracting of integerigmesd numbers
written in binary, octal and hexadecimal is presdnt

2.3.1. Addition

Adding is done by the same rules that exist inirda; with the
remark that the highest digit in a base ,b” will bel (9 in decimal, 7 in
octal, 1 in binary and F in hexadecimal). Therefavben a result higher



ASSEMBLY LANGUAGE PROGRAMMING

than b-1 is obtained by adding two digits of raiik g carry will appear to
the digit having the ,i"+1 rank. On the positiomkad ,,i” will be the rest of
the division of the result obtained by adding thekr i’ digits, by the base.
The carry to the ,i"+1 rank digit will become a newuit to the adding of the
rank ,i"+1 digit, meaning that a 1 will be addetidtcarry).

Examples:

11111 11 11
01010110 (B)+ 1364 (Q)+ 6D8A32 (H)+
10110101 (B) 3721 (Q) 33E4C8 (H)
100001011 (B) 5305 (Q) A16EFA (H)

The 1 unit carry to the higher ranked digit washed by writing a 1
above the superior ranked digit to which the cavas made. The adding
operation in binary is useful for representing aber in complement by 2 ,
when one chooses to add a 1 to the number’s raeget®s in complement
by 1 (see lab about data representation).

Examples:

* The students have to add the 2 integer numberg34and 438 (D) that
were converted earlier in the lab to bases 16 agrah8 to check the
result by converting it to base 10.

347 (D)+ 438 (D) = 785 (D)

15B (H) + 1B6 (H) = 311 (H). Checking: 311 (H) =256+1*16+1 = 785

533 (Q) + 666 (Q) = 1421 (Q). Checking:1421 (Q)*51R+4*64+2*8+1 =

785

2.3.2. Subtraction

The subtraction rules in decimal are also usedfioer bases: if one
can't subtract two digits of rank ,,i” (if the minad’s digit is lower than the
subtrahends), then a unit is ,borrowed” from thetrmanked digit (,i"+1).
If the digit from which borrowing is desired is ian one borrows further
from the next ranked digit.

Examples:

01011010 (B) — A3D4 (H) -
01001100 (B) 751B (H)
00001110 (B) 2EB9 (H)
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* The students have to subtract the two integer ntsn®&7 (D) and
438 (D) that were converted earlier in the lab e humeration
bases 16 and 8, and to check the result by congattto decimal.

438 — 347 = 91 (D)
1B6 (H) — 15B (H) = 5B (H). Checking: 5B (H) = 5*#61 = 91
666 (Q) — 533 (Q) = 133 (Q). Checking: 133 (Q) $4#3*8+3 = 91

Subtraction is useful when it is desired to repnésnumbers in
complement by 2 and a subtraction froff-g-"¢Pe2-4i91s * It the absolute
value of the number is made.

3. Lab tasks

Convert integer numbers from base 10 to bas@sa@d 16
Convert integer numbers between bases 2, 8&nd 1
Convert integer numbers from bases 2, 8 and base 10
Convert real numbers to bases 2 and 16

Add and subtract numbers in bases 2 and 16

arwnE
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Notes



