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Lab 1:
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[ Class

0 T **students
0 int count
O int capacity

o void addStudent(T *student)
o void takeAttendancel()

@ Student

0 string id

@ void signup()

/
© Graduate

@ void signupl)

© Undergraduate

@ void signupl)
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» Ed/2Ken Thompson & [ — Nk 2 B AT SCARJm i 45
« BEH T USRI . o, B ORI At — te AR
P 2

e command mode
o JA BN AR
o MY ARS8 im0 4T Ab 3
* Input mode
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Lab 2: MiniEd 17X A ZR4E a5

(Editor::dispatchCmd())

(Editor::cmdAppend()) (Editor::cmdlnsert()) (Editor::cmdDelete()) (Editor::cmdNumber()) (Editor::cderite()) [Editor::cmdNulI())
Y ¥ ¥ ¥ ¥

(Buffer::append()...) (Buf‘fer::deleteLines()) (Buffer::showLines(J) (Buffer::writeToFiIe()) (Buf‘fer::moveToLine(J)




Lab 3: =T33 (List) HYMiniEd

cmd> 100 let a = b + ¢ Cmd> d 100
cmd> 30 1if T < 0 then 70

cmd> 70 printf "hello world\n" cmd> d 9993
cmd> 30 printf "Override an existing line\n"

cmd> list

cmd> LiSt cmd> save code.txt

cmd> save hello
#For the above inputs, the Eidtor will print:

30 printf "Override an existing line\n"
70 printf "hello world\n"
100 let a = b + ¢



Lab 3: EF8%3% (List) AYMiniEd

A% FH 8% 2 SCE SO A g 48 28 TR PR A7 350 99
« HH

o I IUTH] [A]0) GAR 7 A B AN S

« F I MEEC+H+HIITRES
T N A

c BER IR fREMERE

c HENEEF (new. delete)




. Text-based User Interface

.config - Linux/x86 4.17.3 Kernel Configuration

Arrow keys navigate the menu. <Enter> selects submenus -—> (or empty submenus ----). Highlighted
letters are hotkeys. Pressing <Y> includes, <N> excludes, <M> modularizes features. Press <Esc><Esc>
to exit, <?> for Help, </> for Search. Legend: [*] built-in [ ] excluded <M> module < > module
capable

[g] 64-bit kernel]

eneral setup -—->
[*] cnable loadable module support -—>
[*] “nable the block layer -—>

rocessor type and features -—>

ower management and ACPI options -—->

us options (PCI etc.) -—>

xecutable file formats / Emulations -—>
[*] Networking support --->

evice Drivers --—>

irmware Drivers -—>

ile systems --—->

ernel hacking -—>

ecurity optiens -—>

ryptographic API -—>

irtualization -—>

ibrary routines --—->

<Select> < Exit > < Help > < Save > < Load > fier] [
nutnrr.'-wirn.l

TUI f511: Linux kernel menuconfig TUI {512 https://github.com/fdehau/tui-rs
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Lab 5: 2D-Tree

o Z IR EOR S — 1 2DRR £ 44
o SCRFPREE 2 i) e 5 H BT A

From Stanford CS106B



Lab 5: 2D-Treelll

« HIJ
o 52 B IRBIR NI (2D-F)
o omdk TR & A8
o 252 e EVEIISEI
ST
o RESRMIRIT
o PR EAE (M ED
o FREMT
c SN FEH (new. delete)
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Project 1: QSnake iz iy

fili FHQt BB FE 1 v A S — A4 &

» H

o S ) MR B A 22 B (GUT) - (fd FHQ

?7 ERSE S5 ans
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#1 Adam 8
#2 Doug 6
#3 Ben 5
#4 James 5
#5 Eve 4
#6 Hari 3
#7 Harry 3
#8 mysnake 3 .
#9 Hulk 2 ~
#10 Elvin 1 Le
Elvin normal
Your Score : 3 . .
Position : 8 out of 10
.
I XXX )
mysnake
Y
- itk chipku
'ﬂ'
° 8
: Ben courage =
o
-
- p——
L o 6
Adam paytu Harry paytu

alames chipku
ari normal It

an
Eve chipku
Potter paytu
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Project 2: Boggle$k B 13 150k

MRIEZE QU N AEZRAAY, 58 B3 3R] ) i 4K

« HIY
o 25238 H A=
* '7’)—[1‘% %/'f/t
« W NNE
o CHCHERAE.
« fRET T

o WO LR

o 15 A A [F]
« SAEALTE

Jim |

RPN Ay

|28 AN A A 2
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Modified from Stanford CS106B
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Me

stand rats sate
feet

Welcome to the game Boggle!
stand

rats

nado

noda

sate

zets

feet

Now it's the computer's turn!!
You lose,human

QBoggle!

N X O\ X )

NN N N\
W | Z E F T
NI\ I\ ___J\__
N NC N\ )
L E S T || N
NI\ I\
N NC N N\ )
E U T || AJlN
JN\ I\ I\ ___J\__J
NCNC N N\
O D R D O
NI\
NN N N\ )
A || E R I H
N NI\

Computer
weet weets
weest west
weel weed
Zeta zetas
zees efts
etnas etas
feta fetas
fees feel
lezes leet
lees lest
leud lues

519

wees
wets
weeder
zest
etna
estate
fets
fezes
leets
lets
lust



Project 3: Minimal Basic

To: BASIC Development Group
From: Bil Gates

Subject: C++ reimplementation
Date: April 1, 1981

This
guy from Bell Labs, Bjarne Stroustroup, Just sent,
written in a new language he's

Ithink it's time to mow angu

€ away from
for our version of BASIC, 111.nac;yc++ massben}blyl >y
i ay be just the right

Please get going on this project as soon ag possible

6&2?,&&&@

—_—

SCIR— AN {kBasiciE=

1Y R e wn A R =e
Modified from Stanford CS106B

o6 Basic
Minimal BASIC — Type HELP for help.

100 REM Program to print the Fibonacci sequence
110 LET max = 10000

120 LET nl = 0

130 LET n2 = 1

140 IF nl > max THEN 190

150 LET n3 = nl + n2

160 LET nl = n2

170 LET n2 = n3

180 GOTO 140

190 END

RUN

145 PRINT nl

LIST

100 REM Program to print the Fibonacci sequence
110 LET max = 10000

120 LET nl = 0

130 LET n2 = 1

140 IF nl > max THEN 190

145 PRINT nl

150 LET n3 = nl + n2

160 LET nl = n2

170 LET n2 = n3

180 GOTO 140

190 END

RUN




Project 3: Minimal Basic

* BHY » R TIER 1R
ERAEEGENEEAIFIISEMT - XHAESEEN
- G S RA RO FIFIFOA T R 1B - SIS
. G SBIIE Frh 7 « S HEREE AR
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FHFHRE (BETHEASR)

* 2 Log-Structured Merge Tree (LSM)

* LSM Tree;2Google ;&I H LevelDBFIFacebook &1
RocksDBRYIZ/ M X TR 2514
s IR FERFEFEARAST PR TR

levelDB

(1

https://upload.wikimedia.org/wikipedia/commons/thumb/d/da/Rocksdb-icon.svg/220px-Rocksdb-icon.svg.png



LSM Tree BB FER %
HEARBRE

* PUT(K\V): X EH#EKHIE AV
* GET(K): ZKEXEEKAYE

* SCAN(K1, K2): ZREXERFEKI~K2Z Bl AP B 821EX]
* ERIERER

« DELETE(K): MiBREKFIEH(E




LSM Tree BB FE R %

BEALEN: NFMUEEIHS memtable

s NTFEIELEE . memtable

- B RHNEBkF (skip-list) , 0] [}k
1o — X F

B M EIE R Ememtabledh  —m == === === = —==—-m -

s MEP D ERFEAMLEGE EEF DISK
g/\IT¢ (SStab|E) Level 1
s FPXHFHIRTFRIKeyEER FHY
« B—E PR XHFRFKkeyX [B] N ERE Level 2
. %T%Y#&E@é@, =L B 2Tk
\ Level 3

1y
13
v
)
>,
X
>
<




LSM Tree BB FE R %

& FH 1€ (compaction)  memtable

e MmemtableFEUIEE1LEHIE, FH
R H BRI

« J3DRAMH Fymemtablesll ALevel O

Ty
!
v
¥
>,
X
>
<

Level 1

Level 2

Level 3




LSM Tree {B{EFMER &

B F#R1E (compaction)

memtable

* Ymemtable PEIEZIRZHE, F
16 E R R A7 R A ;
o J%EDRAMAI fmemtablefll A Level 0 Level 0
« ¥Level OFRIX S T —EHFHIXHF DRAM
HITHFHEE, EREANET—EFR - - e TR e s e m i mm
Level 1 DISK
Level 2

Level 3




LSM Tree BB FE R %

53 1ZE{E (compaction)

M memtable P EIE =1L Z|FHE,
¥ HEIREREFR#ET

* JDRAMH gFymemtablefll ALevel O Level 0

+ foLevel OBEY {5 F— A M DRAM
WTIAFHEF, SERBAB T B oo oo o moom oo

* %_F_J%Yﬁ:*i IL_HBE/ZE )|_|IJ I—J'-E;I::I Level 1 DISK

— I X REEE TREEH

Level 2

Level 3




LSM Tree BB FE R %

53 1ZE{E (compaction)

M memtable P EIE =1L Z|FHE,
¥ HEIREREFR#ET

* JDRAMH gFymemtablefll ALevel O Level 0

+ foLevel OBEY {5 F— A M DRAM
HITRAFHEF, ERBAE T —FEF c e e e e -

* %_F_)%Yﬁ:*i IL_HBE/ZE j|_|lJ I—J'-E;I::I Level 1 DISK

— I X REEE TREEH

Level 2

Level 3




LSM Tree BB FE R %

M BRI AR S A
« ERENIE IT AT BRI R TI T
* ?f&%%/ 189 KV/E"Jl_t'E
* 4[] Yahoo! Cloud Serving Benchmark (YCSB)

/||l||'




LSM Tree BB FE R %

EIBviA: kR NIk DD
* J7[g]
RABIRE
« TS M8E
* BDERK
- RF AT bE
* 1K
o FHMEITIERS (Bloom Filter) : [RZE H|K¥s EKey A TEF Psstable
* FAM memtable: H—NESFFH, AI—PT BN ERE
o 890 write-ahead-log: {R1EE Zmemtablefy iR A= E 5k
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int BinarySearch(int a[], int len, int value)

{
int low=0, high=1len;
while(low < high) {

int mid = (low + high) / 2;
if(a[mid] < value)

low := mid + 1;

else if(value < a[mid])
high := mid;

else

return mid;

}

return -1;

}

method BinarySearch(a: array<int>, value: int) returns (index: int)
requires © <= a.Length && sorted(a)

ensures O <= index ==> index < a.Length && a[index] == value
ensures index < © ==> forall k :: O@<=k<a.Length ==> a[k] != value
{
var low, high := 0, a.lLength;
while low < high
invariant @ <= low <= high <= a.lLength
invariant forall i
O<=i<a.Length & & !(low <= i < high) ==> a[i] != value
{
var mid := (low + high) / 2;
if a[mid] < value
low := mid + 1;
else if value < a[mid]
high := mid;
else
return mid;
}
return -1;
}

Dafny 2.3.0.10506

Dafny program verifier finished with 3 verified, @ errors
Program compiled successfully
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