Fundamentals of computer
aAVE1—2DER



Numeric representation

(FDERIR)
Base 10 1975 = 1x1000 +9x100 + 7x10 + 5x1
(decimal) = 1x10° +9x102+ 7x10! + 5x10Y
(10)&&) the 1000’s place
(1000 131)

All data in computer are represented by 0 or 1 (binary) : bit (b)

Base 2 (11011),= 1x2%+ 1x23 + 0x2? + 1x2! + 1x20

(binary) = 1x(16),, + Ix(8);, + Ox(4),, + 1x(2 + 1x(1
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Baser N=ayg'"+a, "'+ +ayrd +ar?+ar' +agr’
() = (ana S (30,0,0)



Numeric representation
BDERB)

Base 8 (octal) (83#%)) (01234567)
2 digits: 0 ~ 82— 1 =63
00: 0x8! + 0x8° =0
53: 5x8! + 3x8" =43
77: Tx8! + 7x8" = 63

Base 16 (hexadecimal) (16£%)  (0123456789ABCDEF) = (0 ~ 15)
2 digits: 0 ~ 162— 1 = 255
00: O0x16' + 0x16°=0
OF: 9x16!+ 15x16°=159
FF: 15x16! + 15x16° = 255

(ABCDEFGHIJKLMNOPQRSTUVWXYZ
abcdefghijklmnopqrstuvwxyz
0123456789+/) = (0 ~63)



Correspondence relations G i B{%)

Base 10 Base 2 Base 8 Base 16

0 0000 00 0
1 0001 01 1
2 0010 02 2
3 0011 03 3
4 0100 04 4
5 0101 05 5
6 0110 06 6
7 0111 07 7
8 1000 10 8
9 1001 11 9
10 1010 12 A
11 1011 13 B
12 1100 14 C
13 1101 15 D
14 1110 16 E
15 1111 17 F
16 10000 20 10



Convert Base (E# 0 Z#h)

Base r to Base 10
N.=(a,a,, " a3a,a,4,),

Nyg=ay’+ayr! +ar?+ar’ +
Ex. 1101,=1x20+0x21+ 1 x22+1x23=13,,

..... + an_lrn-l + Clnl"n

Base 10 to Base r

Nyg=(b,byym" - b3byb,by) o= (c, €y ™ €2C1C0),
=cgVt el +epr?+ s+, rm+ e
=cotric;tert+ -+ ¢, rm2+c )
=cytr(egtrle o -+ ¢ ™ o) =

Ny Ny @

where 0 < ¢y <7

(I)Nm(o) =Ny :Nlo(l) *r+c
where 0 < ¢; <r

(2) Ny'" =N, (P * r+ ¢
... repeat until N;,"*D =0
=> N, =(¢,Cp”" " €2C1Co),
Ex. Base 10 to Base 8
302,,=8%x37+6
37,0=8x 4+5
4,=8x 0+4

302,, = 456,



Python program: base.py

Program: base.py
Usage: python base.py value base source base target

Ex.
COMMAND:
python base.py FA 16 8
Convert FA 1n base 16 to base 8

OUTPUT:

Convert FA 1n base 16 to base 10

Istdigit =10: +10*16° =+ 10,,=> 104,
2nd digit=15: +15* 16! =>+240,,=> 250,

Convert 250 in base 10 to base 8
250,,= 31 *8+ 2: base §=>2
31,,= 3%8+ 7: base §=>72
310= 0 * 8+ 3: base 8 => 372 result



Units of data processed in computers
@AYEL—2RNDOT—2HEf)

bit (b): binary: 0 or 1

In computer: 8 bits data 1s treated as a fundamental unit
byte (B): 0 ~28—1 =255

Prefixes in computer science
NOTE: Two different expressions, e.g., kB and KiB, have conventionally often used to mean 2'° B.

1kB =2"B =1,024B =1 KiB (kibibyte)
1 MB=1024 kB =1,048,576 B =1 MiB (mebibyte)
1TB =1024 GB=1024* MB=1024°kB=1024*B =1 GiB (gibibyte)

The current SI conventional strictly means:
1kB =10°B=1,000B
1 KiB=21""B=1,024 B



Numeric representation: Integer (B#%)
Integer type:

Historically, integer sizes in C were related to the CPU word size, but actual sizes are implementation-dependent.
/@fﬁg/:/i‘ CEE?@%%(’!&”#%XV;‘CPU@ '7_/*#¢X&/;7£%L Tl \f:;j\“‘ %ﬁmﬁ’f;\?/iﬂlﬁ%ﬁkﬁfﬂéo

16bits for 16bit CPU
unsigned int (FEELEHE) 0~ 21— 1=65,535
signed int  (FEFEEHE) 32,768 —+32,767

32bits for 32bit CPU
unsigned int (FEELEHE) 0~4,294,967,295
signed int  (FFS{FEBHE) —2,147,483,648 ~ +2,147,483,647

In C language (typical examples; implementation-dependent):

short int . at least 16 bits, often 16 bits
Int . often 32 bits
long 1nt . at least 32 bits, often 32 or 64 bits

long long int . at least 64 bits, often 64 bits



Numeric representation of real values: Floating point
CGEEHEHORE: FE/NH AT

Floating point type: Minimum 32bit (except half precision) , , _
Fixed, hidden bit

The range of available value depends on computer architectures, /
rogramming language etc. -0101
programming languag 1011101, x 2-010%2
C language (CE& SFlfgn 1 Xp(;‘;ﬁ;;
float .32 bits 3.4E-38 — 3.4F+38 ®%)  Fraction ~ (EXE)
double : 64 bits 1.7E-308 — 1.7E+308 _ (R ¥ ER)
long double: 64 bits |I TR AR AR A AR
Sign Exponent Fraction
Fortran (1bit)(11bit) (52bit)

Single precision  (BE#5E) FP (REAL) : 32bits
Double precision  (f&¥&FE) FP (DOUBLE) : 64 bits, 16 digits (#7) in decimal
Quadruple precision (4{&#5E) FP (REAL*16) : 128 bits

Definition of IEEE 754 (binary32, binary64):
Sign : 1 bit
Exponent: 8 bits (REAL, —128 ~+127) 11 bits (DOUBLE, —1024 ~ +1023)
Fraction : 23+1(hidden bit) bits (REAL) 52+1 bits (DOUBLE)
8,388,608: 7 digits  4,503,599,627,370,495: 16 digits


http://ja.wikipedia.org/wiki/%E3%83%95%E3%82%A1%E3%82%A4%E3%83%AB:IEEE_754_Double_Floating_Point_Format.svg

Required variable sizes: Integer types

unsigned int (16 bits): 65,536

16bit CPU can handle only 64 kB of memory
(FRLRINZDV6bitI=E ., 64 kKBDAE)—LHRZLELY)

unsigned int (32 bits): 4,294,967,295

32bit CPU can handle 4 GB memory
(FRLURINZAHI32bitT=E ., 4 GBDAE—FRA D)

GDP of Japan: ~5 trillion US$ = 500,000,000,000,000 JYen
(requires 16 digits)
cf. unsigned long long int (64 bit): ~1.8E+19 (18 digits)

The ratio of the circumference of a circle (AE):
Significant figure: 50 trillion digits (as of Jan, 2020)
Need to use multi-fold calculation (Z{EREHE)

Implemented based on software



Required sizes: FP types for quantum calculations

1s orbital energy level:
H atom : 13.6 eV
heavy atoms: >> keV

Energies related to physical properties
Thermal energy at room temperature: 26 meV
Magnetism: several meV

Quantum simulations of physical properties require
the precision for the meV — MeV range (over 9 digits precision)

Definition of standard FP: IEEE 754
Fraction: 23 bit (single) 8,388,608 7 digits
Fraction: 52bit (double) 4,503,599,627,370,495 16 digits



Required sizes: FP types for semiconductor simulation

Boltzmann factor: exp(-E, / kyT)

Eg =1.1eV
keT= 0.026eV (T=300K) =>exp(-42)~10""

E, = 4.0 eV
keT= 0.026eV (T=300K) =>exp(-154) ~10°7
ksT=0.00026 eV (T=3K) =>exp(-15400) ~ 1006688

Double precision (64bit): Fraction: 16 digits

Exponent: —1024 ~ +1023 (271024 ~ 107399)
Quad precision : 128 bit
Octuple precision (8f£#E): 256 bit
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  0 ≤  c 0 < r


  0 ≤  c 1 < r


    − 𝟏 . 𝟎 𝟏 𝟏 𝟏 𝟎 𝟏 𝟐 ×  𝟐    − 𝟎 𝟏 𝟎 𝟏 𝟐

