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Oefeningen ... al doende ...

20095 CSC 285\MIPS assembly code sm - MARS 3.7 ===l
File Edit Run Settings Tools Help

= | = | [ = = el Run speed at max (no interaction)
S AR R R EEE TR P T Y Qe : 5
:|r Edit I’E:ecute | 1 l/ Registers r Coproc 1 r Coproc 0
Text Segment Labels szeroName SRS s
Ekpt Address Code Easic Source Label | Address & | Fat 1 0x00000000
: 000400000 Ox3c0llool/lui £1,4097 [=H la 30, fibs= # load addres=s Fibonacci.asm - w0 = Ox00000000
000400004 0x34300000/0r1 §16,51,0 Fwl 35} Ox00000000
[ ] 000400008 Ox3c0llool/lui $1,4097 o la 35, =ize # load addres= ID'_:'p RNl a0 4 Ox0000oooo
] 0x0040000c| Ox3435004c(0El $21,51,76 prl{]t EXEE:EEE:E Fal 5 Ox00000000
: 0x00400010| Ox8eb50000/1W $21,0(521) Gt dw 535, O(5=35) # load array size EES DilDDlDDDD Faz [ Ox00000000
000400014 Ox24l20001(addiu 515,50, 1 1i 532, 1 # 1 is the know... - Fad 7 Ox00000000
[ ] | 000400018 Dxaelz0000|5W 518,0(516) sv  5s2, 0(%s0) # F[0] = 1 ol e w0 5 FxOnaaAO0N
[] | 0x0040001c| Oxaelz0004|5w §18,4(516) sw__ %32, 4(850) # F[1] = FLO] = 1 S L Fr1 5 0%00000000
] 0x00400020| 0x22blfffe(addi $17,.521,-2 addi 31, £35, -2 # Counter for =5 =3 1o Ox00000000
[ | | ox00400024) Ox8el30000/lw §13,0(516) loop: lw  §s53, 0(5s0) # Get walue fr... L3 11 0x00000000
] 0x00400025| 0x8eld000d/lw §20,4(516) 1w 34, 4(5s0) # Get value fr... Fod 1z Ox00000000
] 0x0040002c| 0x02749020(add §15,519,520 add 532, £33, %34 # F[n] = F[n-1... FLE 13 Ox00000000
L] 0x00400030| DxaelZ0005/5W §18,8(516) sw  §s3Z, B(§s0) # Store newly ... c|stE 14 000000000
L] 0x00400034| OxZ2l00004/addi $16,516,4 addi §s0, §s0, 4 # increment ad... 7 15 Q00000000
] 000400035 Dx2231E£Ef(addi §17,517, -1 addi §sl1, §sl, -1 # decrement lo. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
[ 1 004n0nzcl nxleznefeqlbogtz $17,-7 hotz $s1, loop # repeat whil
[*] Data Segment 7 |
Address Walue (+0) Yalue (+4) Walue (+8) Walue {(+c) Walue (+10) Walue (+ Ijﬂt a.l‘rl Ej a.t a[::l I-'It
Oxl0010000 0x00000000 Ox00000000 Ox00000oo0 Ox00000000 Ox00000000 Ox 0000
0x10010020 Ox0000ooon Ox00000000 Ox00000ooo0 Ox00000000 Ox00000000 Ox000c
0x10010040 Ox00000000 Ox00000000 Oxx00000oo0 Ox00000013 Ox65540020 Oxo9de
0x10010060 Oxez2ed756e 0x20737265 Ox3asb7261 0x00000004| Ox00000000 Ox000C 1'1'1'1'[:] '1 'I::I " " 1' 1'1'[:]'1'[:]
0x10010080 0x00000000 0x00000000 000000000 Ox00000000 Ox00000000 Oz 0000
Ox1l00100a0 000000000 Ox00000000 000000000 Ox00000000 Ox00000000 Ox000C
0x100100c0 0x00000000 0x00000000 000000000 Ox00000000 Ox00000000 Oz 0000
Ox1001l00ed 0x00000000 Ox00000000 000000000 Ox00000000 Ox00000000 Ox000C . . . . . . . . . . . . . .
0x10010100 0x00000000 0x00000000 000000000 Ox00000000 Ox00000000 Ox 0000
0x10010120 0x00000000 Ox00000000 000000000 Ox00000000 Ox00000000 Ox000C . . . . . . . . N N . . . .
0x10010140 0x00000000 0x00000000 000000000 Ox00000000 Ox00000000 Ox0000
0x100Ll0160 000000000 0x00000000 0:x00000000 0x00000000 0=00000000 ox000t| . . L . . ... e ..
0x10010180 0x00000000 0x00000000 000000000 Ox00000000 Ox00000000 Ox0000
= fennnnnnnn fennnnnnnn P hTeTeTaTs] fennnnnnnn feenOnnnnnn e oL
| <@ | B ||IJH1UIJ1IJIJIJIJ (.data) |V| [v] Hexadecimal Addresses [v|Hexade| . . . ., . | e e e e

-
l/Mars Messages rRun 1o |
lAzzemble: assembling D:%2009% CSC Z85VMIPZ assembly code%Fibonacci.asm

ssemhle: operation completed successfully.
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Data Representation



(binary) Data Representation

* Numbers
N, Z, Q, R

* Letters (and “strings”)

* [nstructions



from Analog ...

electrical voltage (V)




to Digital

digital value

True/l 1

False/O

time (s)

logical 0/1 — Boolean True/False — asserted/de-asserted — high/low



Binary representation

* In computing and telecommunications
* a bit Is a basic unit of information storage
* “binary digit”
* the maximum amount of information
that can be stored in only two distinct states

Oorl



Bit sequences

(bit) “string” (vs. char string)

0 1

0111 4

01100001 38
01010160116116111 16

bit

bits
bits
bits
bits
bits

bit

nibble

byte French: “octet”
half-word

word

word

A word is a natural unit of data used by a particular processor design

(historically: 8, 16, 24, 32, or 64 bits)

Bit is abbreviated as “b”. e.g., kbps (kilo bits per second)

Byte is abbreviated as “B”. e.g., kB (kilo Bytes)



Binary representation ++

1 Bit 2 Bits 3 Bits 4 Bits 5 Bits

(0] 00 000 0000 00000

1 01 001 Q001 00001

10 010 0010 00010

. . 11 o111 0011 00011
With 1 bit, can represent 2 — e
distinct entities I o e
1000 01000

] . 1001 01001
With 2 bits, can represent 4 o
distinct entities nEL
1110 Oo1110

1111 o1111

10000

] ] 10001
With N bits, can represent 2N L
distinct entities -
10110

10111

Example: {Red, Green, Blue} e
encoded as {00, 01, 10} T
11100

11101

11110

11111



Binary representation/approximation of numbers

Binary representation/encoding of Unsigned Integers (N)

Binary Coded Decimal (BCD) representation/encoding of
Unsigned Integer (N) / Real numbers (R)

Binary representation/encoding of Signed Integer Numbers (Z)

e Signed magnitude
* One's complement
* Two's complement
* Biased (Excess B)

Fixed-Point binary approximation/representation (Q)
of Real numbers (R)

Floating Point binary approximation/representation
of Real numbers (R)



Binary representation/encoding of Unsigned Integers (N)

“Xn-1Xn-2. . . X1Xe" IS @n n-bit, base 2 (binary) encoding of value x
X=X _ 2" +X 277+ + X, 2" +%,2°

Xo  Least Significant Bit (LSB)

Xn-1 Most Significant Bit (MSB)

Range: [0, +2" - 1] C N

Example

0000 OO0 OO OO0 OO OO OO 10611,
= 0 + ..+ 1x23 + @Ox22 +1x21 +1x2°

-0+ .+8+0+2+1=11,



Powers of 2

N

©OCoo~NOOOUITr~,WDNEO

32

2N binary encoding as unsigned integer

1 0000 0000 0000 0001

2 0000 0000 00O 0010

4 0000 00O 0000 0100

8 0000 0000 00O 1000

16 0000 00O 0001 0000

32 0000 0000 0010 0000

64 0000 00O 0100 0000

128 0000 0000 1000 0000
256 0000 0001 00O 0000
512 0000 0010 O0OOO 00006
1,024 0000 0100 0000 0000
2,048 0000 1000 0000 0000
4,096 0001 00O OOOO OO
8,192 0010 0000 00O 0000
16, 384 0100 00O OOOO OO
32,768 1000 0000 0000 0000
65, 536 1 0000 0000 0000 0060

4,294,967,296 1 0000 0000 0000 OOGO 0660

0000

0000

0000






(intermezzo) Binary addition of Unsigned Integers (N)

Carryin =

0 0 1 1

Operands |: 0 0 1 1 0 0 1
+0 + 1 + 0 + 1 + 0 + 1 + 0 +

0

Carry Sum Example:

out Carry 1 111 0 00 0
Addend: 4 01111100 (124)
Augend:B + 0 1 0 1 1 01 0 (90),
Sum 11010110 (214),

For (much) more detail: see Computer Architecture (slides in presentation.logicDesign.pdf)



unsigned “modulo” arithmetic

— n-1 n-2 1 0
X=X, 2 "+X, ,2 "+ +X,2"+X,2

+1 (unsigned): carry gets discarded, no “overflow”
—

000
111 000 001
010
011
. 7 0 001 100

6 , 101
110

~NOoO ook~ WDNEO

5 2 111
101 010

N bits: [[2"]] = (2") MOD 2" = @;
100 011 (2N) DIV 2V = 1

[[2"+k]] = (2"+k) MOD 2" = k

used in for example address calculation (PC)



Binary Coded Decimal (BCD)
representation of unsigned Int (N)/ Real (R)

Decimal: 0 1 2 3 4 5 6 7 8 9
BCD: OO0 060001 0606010 0606011 0601600 060101 060110 60111 160600 1001

Every Decimal digit gets represented by 4 bits (Binary digits)

Decimal: 127 1 2 7
BCD: P0010010e0111 : 0001 0010 111

Used mostly in

* Mainframes/servers (financial applications)
* Embedded microcontrollers/small processors (computation <<<)

* Only digital logic (no processor), display (7-segment)

Word size often 10 or 12 decimal digits (e.g., in calculators)



Binary Coded Decimal (BCD)

Advantages:

* Easy to print, display (e.g., 7-segment), ... thanks to per-digit conversion
 Numbers such as decimal 0.2 have

an infinite representation in binary
(0.001100110011...)

a finite representation in binary-coded decimal
(0000.0010)

 Scaling by factors of 10 by shifting (clever compiler ...)
* 10-based rounding is easy

Disadvantages:

* More complex to implement +,-,*,/ (+: 15-20% more circuitry)
e Slower
* More storage space required

€.9., 15:0: 111dpinary VS. 00010101scp
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