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WHY DIGITAL / CONTINUOUS CHANGE
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ANALOG MEDIA / PHYSICAL RECORDING
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WHY DIGITAL / ANALOG COPYING
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WHY DIGITAL / THE KEY QUESTION
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WHY DIGITAL / REGENERATION
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WHY DIGITAL / ERROR BOUNDARY
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TWO STATES / PHYSICAL SIGNAL

LOW & HIGH Z. 0 & 1 &S
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TWO STATES / TRANSISTOR

BET, BEXDEDEZHET S
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FROM SIGNALS TO INFORMATION
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ENCODING / CONTENT TO NUMBERS
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DECODING / SAME BITS, DIFFERENT RULES
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PART 2 / BITS AS NUMBERS
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BIT / THE SMALLEST CHOICE
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BYTE / EIGHT BITS

S8EvhZ, 1T/IXA LS

1T 0|1 110

O |10

8 bit = 1 byte
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11111111 256 #|#b
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POSITIONAL NOTATION / POWERS OF TWO

EHDHTDEH
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BINARY TO DECIMAL / FIRST EXAMPLE
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QUICK PRACTICE / BOTH DIRECTIONS
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BINARY ADDITION / ONE COLUMN
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BINARY ADDITION / CARRY MOVES LEFT
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THE NEXT PROBLEM / NEGATIVE NUMBERS

O& 17T, AEDHELESRT ?
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FIRST ATTEMPT / SIGN AND MAGNITUDE

FEED1 bitz, FSICESE?
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FIXED WIDTH / 16-POSITION CLOCK

4 bit QR T,
15 DRIF 0 ICES

4 bit TENDLTE 16 BRFETEC . BRIDAUBNED
£}

15+1 EO(de16)

OLIVIA CHEN TOYAMA - CZLAB COMPUTER SYSTEM FUNDAMENTALS - 2026



NEGATIVE DIRECTION / AROUND ZERO
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TWO'S COMPLEMENT / READING RULE

RU bitjlz, 13 &6 -3 &HFHHSB
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TWO'S COMPLEMENT / FIND THE OPPOSITE
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TWO'S COMPLEMENT / INTERACTIVE
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FIXED WIDTH / OVERFLOW
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HEXADECIMAL /7 FOUR BITS PER DIGIT
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REPRESENTATION / SAME BITS, DIFFERENT RULES
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CHARACTER ENCODING / A CORRESPONDENCE RULE

XFIA—KNE, XFEBESEXINSET S
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ASCIl / CHARACTER TO NUMBER

ASCIl : XFICESZDIT5
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RECALL / WHICH RULE?

01000001 DY TA, ICRZ2DIE. HLHE?
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01 / READ AS A NUMBER
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UNICODE /7 CODE POINTS

Unicode : tfROXFICHBODEHE S ZDIT5

A & <

U+0041 U+3042 U+1F600

d—RRA Y MNE. XFICDFTRBEOEFESTT
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UTF-8 / CODE POINTS TO BYTES

UTF-8 : XFDESZ/\1 MNIICT S

A & <

47 E3 81 82 FO 9F 98 80

1 byte 3 byte 4 byte

BADDIXMETIERL, XFICL>T byte HHES Z &

OLIVIA CHEN TOYAMA - CZLAB



ENCODING / FONT
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REPRESENTATION / SAME BITS, DIFFERENT RULES

HETRY, XF - BiR - T - i

XFiE, BESTXATEL

0 X

A ss

XFICESZEDYTS
A — 65 — 01000001
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RASTER IMAGE / ZOOM INTO PIXELS XF Eif%

BEEZILhKTDE, IZNSREIVLCLILDRZATL S

NN
I
T

-t

50 X 50 PIXELS CLICK / 1 pixel 225

ONE PIXEL / POSITION (795, 375)

R67 G116 B 157

CLICK / 50x50 2.5 1672 X 941 pixels

BFEQEZZRATH, RRIFUEL RGB OHFICHD
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RGB / THREE LIGHT INTENSITIES

=ODHFIE, TRk FBOHDHASZEZRY

0 =3/l 255 =&\X SELECTED PIXEL
R = I 67
—
G = I 116
RGB(67, 116, 157)
BEHRbHEWN
B » I 157 - BBOBEE

1 channel = 8 bit = 256 E&f& 3 channel T 24 bit # 1,677 At
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COLOR MODELS 7/ LIGHT AND INK

HHIk RGB. EIRliX CMY(K) : DD DAHES

DISPLAY / LIGHT

&R
Hekd
BnslEE
5<%
R-A
BE- 703749

R #& GE& BE

RGB PRINT / INK CMY + K
kRS
KZRINT S
Bh3EE
<%
B - B
Y K=8B1v%

Lsryos M=E4% YAIOo—

COLOR MODEL

RGB / CMYK 8% ESHAIITED
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sRGB / ICC profile BEOMT. AVEEESHIEEESH

COMPUTER SYSTEM FUNDAMENTALS - 2026 42



REPRESENTATION / SAME BITS, DIFFERENT RULES

HETRY, XF - BiR - T - i

BiRlE. (EBECEICEBZRIRUL

0 X

A ss

XFICESZEDYTS
A — 65 — 01000001
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O
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SPACE — TIME / SAME IDEA, NEW AXIS XF )4 ] &

B e, %, SREBEC "EE 2R3

xr
)
IMAGE / SPACE E@ AUDIO / TIME <] 'B

TRA=-BAt0

e ¥y

ZEH

R

t 21

fizi# (x,y) + RGB
RFOEZIC, AEhiHsH Bz t + #RIE a
WD, BAEDBE ot h

BRI TRL., T/ WolcitiihbigRo—R
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SAMPLING FREQUENCY / MEASUREMENTS PER SECOND

BRAERRE : 1851 ORITERIE

LOW RATE / AIEMBHEN

@ &
® ® ®
& @
] At K ,
HIGH RATE / I RE A8k
& SO, @ o
@ [ @ @ @& @ @ & ®
At I & & @ [
|

RELATION AEMRE At BNEW — 1 BBEDOEHSW f,=1/ At 44.1 kHz = 1 #REic 44,100 [=
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SAMPLING FREQUENCY / LISTEN AND COMPARE

AU 7 #7TH, ASEPEZHST EAHEDLS ?

01 / REFERENCE 02 / THEN 03 / LAST

44.1 kHz 1#:c42100m 8 kHz 1 Wic 8,000 B 4 kHz 1 Bic 4,000 E

» 0:00/0:00 » 0:00/0:00 » 0:00/0:00

78 mono / 16 bit 617 kB 78 mono / 16 bit 112 kB 78 mono / 16 bit 56 kB

(AY=1 =10 E ZHbhA ETHEDSRE?

FALEARE | — 1®8BLEHOT—9E |1 / SVWELZERAIKLLLES

g
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ALIASING / TOO FEW SAMPLES

A5HEREERZSKEDEL

FRDZE K RURZESER

X Ui WREBREOD 2 SZ28A5FRALEREDE
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SOUND / ONE SAMPLE TO BITS

HAl>TeROESZ. bit Sllcd 3

1 EDREICHES KX m 3 bit

4 bit

@ fl-icEBE O REIZIET ===
BEOBE

1.00

0.67

0.33

0.00

Al 1 2 3

Aofcde
A&l 0~1 I L rciiat il ERR I ElE

SEWEHED ICHHD -
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Al 7o fE Ol 60

4 BPED ECICECIRT D ?

?
BER — 02 BEDDFES% bit FicT 3
6 7
®22 ?7 - .
0.60

01 |REEWEREDICHDS

RShic bit 8Tid. HHLREZITXNTEHTEEWN
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REPRESENTATION / SAME BITS, DIFFERENT RULES

HETRY, XF - BiR - T - i

EZid. EEBEIEICESELE Rig. BERZDHD=RFEIBEICIERS
01 =P 02 Hf& 03 F 04 EfjjH zTHs
A s NN |l e
1 2 3
WFICESEEHYTS BOEEMES & ICERS BOBS ERHEIEICERS ESEBEIEICIERS
A — 65— 01000001 firi® + aD{E Bzl + RIED(E H&DT + RREH

HEZ bit ITRRFEI S BHRZRDHZDIEF. FTZORA EAHNRTT
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VIDEO / IMAGES PLUS TIME

BEZ2F Y 5 EFRIEBEDICES

CONTINUGUS MOTION

& L TEN<

—ERRTUONS

01

02

03

04

05

06
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FRAME RATE / IMAGES PER SECOND

BRED 1 PICE, [THROERDHS ?

OLIVIA CHEN TOYAMA

CZLAB

ARRIVAL OF A TRAIN

12 fps .

AT LA CIOTAT

Lumiére No. 653

REILEVWVTRAS

1895 : PUBLIC DOMAIN

Lumi&re brothers,

BHEHDNRATRRS "
L

24 fps .

i< 2Eh'S .
1%

60 fps .

EDRESHERZS .
18

fps T — BEHBESD / 1 BWHLEHOEGHRET—FIELERZD
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VIDEO DATA / CALCULATE THE SIZE

BiE%Z 1759 5 &. AGBICES?

1920 X 1080 % Sbyﬁe X 30 fps s 186.6 MB / #
E#% / frame RGB / pixel frame / ¥
MR- 1GB=10"byte $#3#:1GiB=23"byte
RGB VALUES / EVERY FRAME BEBEZEDRGBEZFD X £iLiz
60 Wik
11.2 @
o 108 308 60 %
#W11 4 vorszw | #9 1.34TB FTEST COXXTRRETES HO/NIERTERLD?
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PART 4 / COMPRESSION 10110010101 1001010

RETEBT— &, R
ESINELTS? =

HMRY

11.2 GB / 4 = KYELEVRIIA
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RUN-LENGTH ENCODING / REPEATED VALUES

RIUVEDHEDRLZ ME+EIRI TRY
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AX5 BX3 CXx2

Ei U TR UENSZ WIFE EFHRHAE VLVABCABC... [CIEFh= (< LY

COMPUTER SYSTEM FUNDAMENTALS - 20826

54



LOSSLESS AND LOSSY / WHAT RETURNS

LOSSLESS FeZZTNELTS ey —HEETTNELTS
TERIUREILRES TEREICIIRES RN
EIEE% ZIP - PNG - FLAC ;FﬁjﬁEm JPEG - MP3 : H.264

XE&- 7075 LRREERNMVEEE - 55 - BERBENICH U THRREZRESED
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LOSSY IMAGE COMPRESSION / A COMMON EXAMPLE

EEROIFFIEEFREDRRG : JPEG

.3pg / .jpeg SR file TE<REUATF | BEBEEBBINEELHS, file size NI TS

JPEG ORENREZTS

» BHE320ELRB. KBHL-HNDET

s BOWENRBELEE, DPURST

= E#R% 8x8 block Ic9iF. fNBRELEMHEL &

g—
MG E(LH B Sk i EE(LE X & HTCER
RERBFKRBRIEMERS T5L. HIBPRFOBVHIRZITLS
OTHER IMAGE FORMATS PNG Lf: | WebP REVE L | GIF T - 256 &

BHNESDOETARAEZER « XF - BRER Web DEi A% animation
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COMPRESSION LAB / SET THE CONDITIONS

JPEGEfEZR U EETLEERT 5

B U RiER ‘ ACEbhik=E ‘ BURRHYA X EZ5DRBEMRODBIET
sE ORIGINAL PNG = JPEG QUALITY 88 &I JPEG QUALITY 12
2.30 MB Rr-BLERIE? ECBNS?

OLIVIA CHEN TOYAMA - CZLAB COMPUTER SYSTEM FUNDAMENTALS
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COMPRESSION LAB / HIGH QUALITY

RIcBRIERERALU. BERKN1/4

OLIVIA CHEN TOYAMA

ORIGINAL PNG JPEG quality 88

¥ 78% B BLWHEBEAERZRBWI ED, CORBRDORT VB
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COMPRESSION LAB / STRONG COMPRESSION

S5lINES < TS LillED BN S

JPEG quality 88 JPEG quality 12

O = block Ric%3 © EROWALICUT 0O WMWEHHAD
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AUDIO COMPRESSION / PERCEPTION

EREMR: BCARTZFATS

NSRBEEZE. BERT5NS?

HOBS S apm

INE TS

iR —
D> hERBFEG || D ZoZzRKIC O

BRAX - ZBAOENE / HCAHTREE RETEDLD

ADEZ Z A %ZFA

NAXVYT

KELREFENH D & EVWERKD
INESRBFEEENDICS W

B ZIC< WD %

V' enamubitess

MP3 - AAC
B DI AT ERET

1Ho7F—s206 PCM#1,411 kbit > AAC 256 kbit
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VIDEO COMPRESSION / REUSE THE PREVIOUS FRAME
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MINI INTERACTION / INFORMATION TO BITS
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LECTURE 2 / ONE MODEL
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LECTURE 2 - LECTURE 3 / FROM RULES TO CIRCUITS
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