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Figure 2.2: A graph G = (V, E) with node set V = {v1,v2,v3,v4} and edge set
E = {{v1,va}, {v1,vs}, {v2,v3},{v3,v4}}, and the adjacency matrix of G.
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Algorithm 2.11 MST Algorithm
1: Given a weighted graph G = (V, E,w)
2: Let S = {u} be a set of visited nodes, initialized with any node u € V'
3: Let 1" be a tree just consisting of the single node u € S, no edges
4: while S #V do

gl )oj ()

M= # edges
Find minimum weight edge e = {v,w} withw € Sand w e V' \ S W = # o c]es
6:  Add node w to §

7 AddedgeetoT

8: end while
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Algorithm 2.16 SPT Algorithm

1: Given a weighted graph G = (V, E,w) and a node r € V'

2: Set a parent node p, = null for every node v € V- G/ ( 7%} 'o (V\})
3: Set d, = 0 and dy, = oc for every node r £v eV a

4: Let S = {r} be the set of visited nodes

5. while S # V' do —

6:  Find edge ¢ = {v,w} with v € § and w € V'\ .S with minimum d,, +w(e) it # &A €s
7. Setpy=v n = # V\o&es
8  Setd, =d,+w(e)

90 S=SuU{w}
10: end while
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Algorithm 1.26 Link-State (LS) Routing Algorithm.
1: Given a weighted graph G = (V, E,w)
2: Learn w(e) for every edge ¢ € F
3: Compute shortest paths to between all nodes, e.g., by using Algorithm 1.16
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Algorithm 2.27 Distance-Vector (DV) Routing Algorithm.
1. Given a weighted graph G = (V. E,w) and a node u € V
2: Initialize a distance estimate D(u — v) = w({u,v}) for all neighbors N (u)
and D(u — w) = oo for all other nodes
3: Send distance vector D(u) = {D(u = v) | v € N(u)
4: while true do
5. Upon receiving a distance vector D(v) from a neighbor v, update the
distance estimate to all destinations accordingly
6:  if D(u — w) changed for any w then
7 Send the updated distance vector D(u) to all neighbors
8 end if
9: end while
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Algorithm 3.6 Simplex Algorithm
. choose a vertex x of the polytope
: while there is a neighboring vertex y such that f(y) > f(x) do
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. end while
: return x
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Algorithm 3.12 Max-Min-Fair Allocation

S- {:' TC( oS L)a one
1: Given a graph G, a set F = {F}....,F;} of flows with initial rate 0 on all
edges, paths py, ..., P along which the respective flows are to be routed and
demands dq, ..., dy,
2: while 7 # 0 do
3 repeat

2. Yucrease W\H Soannt ac&k

reaches Hs maxi mona ad

4 increase rate of all flows in F evenly, but at most up to the respective

demands . N .
5:  until there is an edge ¢ € I such that Zi:gep; F, =uele) 3 SJ«}P \V\C\-tasmj R </aCl() LWJ‘”'J“)
6: for all such edges e do 5= £- 'NWS ?c«i/\j J'Lvr&vjé\ "'L\a*k
7 for all i such that e € p; do el .
8: F:=F\{F}

9: end for

10: E:=FE\{e}
11:  end for

12: end while
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Algorithm

Description

First Come First
Serve (FCFS)

Process requests in the order they arrived.

Shortest Seek Time
First (SSTF)

Pick request on nearest track.
- V\eow-es)' TNC[‘

Shortest Positioning
Time First (SPTF)

Pick request with shortest positioning time.

Elevator (SCAN)

Move the head like an elevator, inside to outside and
back again, and service all pending requests on the
way.

C-SCAN Similar to SCAN; starting from the current head posi-
tion, service requests in ascending order towards the
outermost track, then move head without servicing
any requests to the now-innermost request.

F-SCAN Like SCAN, but service requests in batches; wait with

sending a new batch of requests to disk until the last
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Figure 6.9: Head movements for different scheduling algorithms. The head
starts at track 53 in each example run, and the sequence of requests sent to the
disk is for pages on tracks 115, 183, 43, 130, 24, 140, 62.
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Example 6.15 (Page Level FTL). We give an example of a page level FTL.
Initially, the mapping is empty, and all pages are erased. For simplicity, every
write goes to the next available erased page, and we erase round-robin. The rows
“Table” and “State” describe the mapping and validity information stored in the
FTL, respectively.

Flash Flash
{ 3 4 3 ‘memory memary
'SSD Controller package #0 | | package #1
Host T Channel £0 T
connection Host
<+——>] Interface —
Logic ‘ ‘
Flash Flash
memory memary
L package #2 package #3

—%Orawzei  Blocks awc\ /o?es

—‘70\&3 J.c\'l-o. S-\-euLtS
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i) Valid
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Table

Block 0 1 2

Page [0 [1 [2 [3 |4 ) 5 [6 [7 |8 [9 Jio J11
Content | 1 |1 [ |1 |[1 |1 (1 ST I g S ) 1S [
State | e e e e e |e e |e e e e e

First we write logical pages 0 to 4.

Table |0 —=0,.... 14

Block 0 1 2

Page 0 1 2 3 4 ] 5 6 | v 82 9 10 | 11
Content | 0 1 2 3 4 | =k = o 1 &3 = 5 1 4
State | v v v v v |e e [e e e e e

Next we write (update) logical pages 2 to 8.

Table |0—201—-1.2—5,....8=11

Block 0 1 2

Page [0 [1 [2 [3 |4 [5 [6 [7 [8 J9 Jio][11
Content | 0 1 220153 4 |2 |3 [4 |5 |6 T
State |[v |v |i i i v v v |v |v |v |¥v

Now we write logical page 6 (erase block 0, write back 0 and 1).
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Algorithm 8.12 Perfect Static Hashing
Input : fixed set of keys N
Output : Primary hash table M and secondary hash tables M;
Function: N; :={k € N: (k) =i} > Sb of kegs it saime location (boceed)
Function: n; := |[N;|— Size of Sk Ni (Luw inany Laas)
1: M := hash table with n buckets

: repeat Fird b with wo
h = hash function N — M (sampled from universal family) e Han
suntil C(h,N) <n collisiens

M; := hash table with 2("}) = n;(n; — 1) buckets
repeat
h; := hash function N; — M; (sampled from universal family)
until C'(h;. N;) < 1
10: end for
11: return (M, I, (Mi)igm), (Ri)icjm))
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5: for i € M do
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Double hashing hi(k) +i-ha(k) ﬁ éhl (ﬁ)
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h(k) = k mod(m) Hash Function
3

0 Hash Table M (m = 3)

Die Grdsse von M und
allen M; zusammen ist
stets kleiner als 3n.
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Algorithm 8.19 Cuckoo Hashing: Insert

Input : key £ € U we want to insert; counter limit specitying the
maximum number of tries

Data Structures: arrays M, Ms of equal size

Functions : hash functions hy : U — M;, ho : U — Ma; chosen indepen-
dently and uniformly at random from universal families

1 if Myl (k)] =k or Malha(k)] =k then

2 return

3: end if

dn Br=ll

5

6

7

: while + < 1imit do

swap k with My [hy (k)]

if = 1 then
return

end if

10:  swap k with Ma[ha(k)]

11:  if k= L then

12: return

13:  end if

14: t:=t+1

15: end while

16: rehash()

17: CuckooHashingInsert(k, limit)
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Wait (S) { do {
while S <=0; wait (S);
5+
} critical section
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signal(S);
Signal (S) {
S+t remainder section
1 } while (TRUE);
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Py Py
wait(8); wait(Q);
wait(Q); wait(S);
signa-l (s); signa-l (Q;
signal(Q); signal(S);

Suppose that Py executes wait(S) and then P; executes wait(Q).
When Py executes wait(Q), it must wait until P; executes signal(Q).
Similarly, when P; executes wait(S), it must wait until Py executes
signal(S). Since these signal() operations cannot be executed, 7, an:
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critical section [OCJ& Conn ComSe Om exce }9 o J

release lock;

remainder section

} while (TRUE);
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» RMW Instruktion

synchronized int testAndSet () {
int prior = value;

value = 1; ,oclg hL Llse = &e
return prior; } H\m%rw Fﬂviws \/m(ue <-¥m S / [<c1

Public void lock() { Wask UV\\'(I Kjr ﬂ;\vrms \(]O»lse = st
while (state.testAndSet()) {} } \CH’&

‘/—"SL'I’C!‘U-

~ Locking

» Unlock

Public void unlock() {
state.set(0); }

— Test and Te_s-]- ond Cel (TTAS)
o Wzl uvxjril ?J' Su/;/;asb\g!g La,CB’VV‘eS -@-{e %J 'HWA Of/’{}

Hwo TAS (Test and "'Sb
» Locking 0 ( (L )_ J’\_{LNL_L
Public void lock() { - ” 2 (OC L\Z\j /’)M "~

while (true) {

while (state.get()) {} okl Glse = SuWos?w(jz;, w[alfe
if (!state.getAndSet()) —TAS

return;
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A Lock
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public class ALock implements Lock {

ThreadLocal<Integer> mySlotIndex = new ThreadlLocal<Integer> (){
protected Integer initialValue() {
return 0;

5

AtomicInteger tail;
boolean[] flag;

9 int size;

10 public AlLock(int capacity) {

1
2
3
4
5 }
6
7
8

11 size = capacity;

12 tail = new AtomicInteger(0);

13 flag = new boolean[capacity];
14 flag[0] = true;

15}

16 public veid lock() {

17 int slot = tail.getAndIncrement() % size;
18 mySlotIndex.set(slot);

19 while (! flag[slot]) {};
20}

21 public void unlock() {

22 int slot = mySlotIndex.get();
23 flag[slot] = false;

24 flag[(slot + 1) % size] = true;
25

26 |}
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1 private class Node {
2 T item;

3 int key;

4 Node next;
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8 public boolean add(T item) {

9 Node pred, curr;

10 int key = item.hashCode();
11 Tock.Tock();

12 try {

13 pred = head;

14 cury = pred.next;

15 while (curr.key < key) {
16 pred = curr;

17 curr = curr.next;

18 }

MAJH’\ JKL H/\)(\L&As {,_,«-a/rl(

oo He sl DHlooo]|
T b el o (e

if (key == curr.key) {
return false;

} else {
Node node = new Node(item);
node.next = curr;
pred.next = node;
return true;

}

} finally {

lock.unlock();
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1 public boolean add(T item) { 29 public boolean remove(T item) {
2 int key = item.hashCode(); 30 Node pred = null, curr = null;
3 head.lock(); 31 int key = item.hashCode();
4 Node pred = head; 32 head.lock():

5 try { 33 try {
6 Node curr = pred.next; 34 pred = head;
7 curr.lock(); 35 curr = pred.next;
8 try { 36 curr.lock();
9 while (curr.key < key) { 37 try {
10 pred.unlock(); 38 while (curr.key < key) {
11 pred = curr; 39 pred.unlock();
12 curr = curr.next; 40 pred = curr;
13 curr.lock(); 41 curr = curr.next;
14 1 42 curr.lock();
15 if (curr.key == key) { 43 }
16 return false; 44 if (curr.key == key) {
17 1 45 pred.next = curr.next;
18 Node newNode = new Node(item); 46 return true;
19 newNode.next = curr; 47
20 pred.next = newNode; 48 return false;
1 return true; 49 } finally {
22 } finally { 50 curr.unlock();
23 curr.unlock(); 51 ]
24 } 52} finally {
25 } finally { 53 pred.unlock();
26 pred.unlock(); 54 }
27 1 55 )
28}
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I public boolean add(T item) {

2 int key = item.hashCode();

3 while (true) {

a Node pred = head;

5 Node curr = pred.next; f o /OCZQS‘
6 while (curr.key <= key) |

7 pred = curr; curr = curr.next; Zg
8 } /‘ ﬁsw\cl = loc
i} pred.lock(); curr.lock();

10 try {

11 if (validate(pred, curr)) {

12 if (curr.key == key) {

13 return false;

14 } else {

15 Node node = new Node(item);

16 node.next = curr;

17 pred.next = node;

18 return true;

19 }

20 t

21 } finally {

22 pred.unlock(); curr.unlock();

23 }

24 1

25

vakidade = ebude i predy 15 veascua ble

W\"’L‘-\}‘\)"’ oc uirivxj ’0c£<s, [oc’<
Do Ciodes L0, ond dn combins o 17 el

Sver-

[ cles are
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public boolean remove(T item) {
int key = item.hashCode();
while (true) {
Node pred = head;
Node curr = pred.next;
while (curr.key < key) {
pred = curr; curr = curr.next;

pred.lock(); curr.lock();
try {
if (validate(pred, curr)) {
if (curr.key == key) {
pred.next = curr.next;
return true;
} else {
return false;
1
}
} finally {
pred.unlock(); curr.unlock();
1
}
1

cw\c] pth,q,V\eer is S‘L” Corr,

pred,

head l tail
=l 67  private boolean validate(Node pred, Node curr) {
EE 68 Node node = head;
69 while (node.key <= pred.key) {
70 if (node == pred)
—|—> —% a ‘ 71 return pred.next == curr;

72 node = node.next;
73 }
74 return false;

curry 75 }

Figure 9.15 The OptimisticList class: why validation is needed. Thread A is attempting to
remove a node a. While traversing the list, curr, and all nodes between curry, and a (including
a) might be removed (denoted by a lighter node color). In such a case, thread A would proceed
to the point where currs peints to a, and, without validation, would successfully remove a,
even though it is no longer in the list. Yafidazinn iz reguied fo determing that @ iz oo longsr
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1 private boolean validate(Node pred, Node curr) {
2 return !pred.marked && !curr.marked &% pred.next == curr;
3}



1 public boolean add(T item) {

? int key = item.hashCode();

3 while (true) {

4 Node pred = head;

5 Node curr = head.next;

6 while (curr.key < key) {

7 pred = curr; curr = curr.next;
8 }

9 pred.lock();

10 try {

11 curr.lock();

12 try {

13 if (validate(pred, curr)) {
14 if (curr.key == key) {

15 return false;

16 } else {

17 Node node = new Node(item):
18 node.next = curr;

19 pred.next = node;

20 return true;

21 }

22 }

23 } finally {

24 curr.unlock();

25 ¥

26 } finally {

27 pred.unlock();

28

29 }

g}

key && !marked[0])

1 public boolean remove(T item) { ) )
2 int key = item.hashCode(); 11 ‘public bogYean”remove(T “9"“) { 35 public boolean contains(T item) {
hile (true) | 18 int key = !tem.hashCnde(}, 36 boolean[] marked = false{};
3 W 19 boolean snip; 3 T :
- 1 0 37 int key = item.hashCode();
4 Node pred = head; 20 while (true) { 38 Hadercurr = beads
5 Node curr = head.next; 2% Window window = find(head, key); hil K * K
6 while (curr.key < key) { 22 Node pred = window.pred, curr = window.curr; 39 while _(CU"‘ ey <' ey} {
7 pred = curr; curr = curr.next; 23 1 (curr.key != key) { 40 CUrR=eURrexty
] E 24 return false; 41 Node succ = curr.next.get(marked);
8 25 } else { 42 }
9 pred.lock(); 26 Nede succ = curr.next.getReference(); 43 return (curr.key ==
10 try | 27 snip = curr.next.attemptMark(succ, true); 44 }
11 curr.lock(); 28 if (Isnip)
2 try { 29 continue;
13 if (va]idate(pred, curr}) [ g(l) i::i;:ei:dz?mpareﬂnﬁet(cur'r', succ, false, false);
14 if (curr.key != key) { 2 } ’
15 return false; 33 }
16 } else { 31}
17 curr.marked = true;
18 pred.next = curr.next;
19 return true; )
20 } - PrOIo ems:
21 } ) ® The need to support atomic modification of a reference and a Boolean mark
22 } finally { has an added performance cost.®
23 curr.unlock(); As add() and t the list, th t engage i t
21 } = add() and remove() traverse the list, they musi engage in concurren
95 } finally { cleanup of removed nodes, introducing the possibility of contention among
26 pred.unlock(); threads, sometimes forcing threads to restart traversals, even if there was no
27 change near the node each was trying to modify.
28 }
29}

public boolean contains(T item) { LOC |'<5 ‘%r H‘l S"\-:‘/\z
4

int key = item.hashCode();

Node curr = head;

curr = curr.next;

— See PVK skoff

return curr.key == key && lcurr.marked;

1
Z
3
4 while (curr.key < key)
5
6
7

1

5. Lock - free dote skwémes

— For exoim (Q LAJ\\'I'\A Cow\ mr’Qch) SL+ (CAS) - ch,;co\) N-L/\AWo\)
ond FOIW&‘W clnwge_, (fL\asuca Yoo al) J sune stk P

— Al-owda W\Aatol& V'LIQA.-Mca

1 class Window { 1
2 public Node pred, curr; 2
3 Window(Node myPred, Node myCurr) { 3
4 pred = myPred; curr = myCurr; 4
5 5
6 ) 6
7 public Window find(Node head, int key) { 7
8 Node pred = null, curr = null, succ = null; 8
9 boolean[] marked = {false};

10 boolean snip; 9
11 retry: while (true) { 10
12 pred = head; 11
13 curr = pred.next.getReference(); 12
14 while (true) { 13
15 succ = curr.next.get(marked); 14
16 while (marked[0]) { 15
17 snip = pred.next.compareAndSet(curr, succ, false, false); 16
18 if (!snip) continue retry;

19 curr = succ;

20 succ = curr.next.get(marked);

21 }

22 if (curr.key >= key)

23 return new Window(pred, curr);

24 pred = curr;

25 curr = succ;

26 }

27 }

public boolean add(T item) {
int key = item.hashCode();
while (true) {
Window window = find(head, key);
Node pred = window.pred, curr = window.curr;
if (curr.key == key) {
return false;
} else |
Node node = new Node(item);
node.next = new AtomicMarkableReference(curr, false);
if (pred.next.compareAndSet(curr, node, false, false)) {
return true;
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the owner of u creates fake websites «' and u” whose purpose is to exchange
links with u. Moreover, the new websites increase the probability to visit u after
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~ 0.41.
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Algorithm 13.4 (1, n)-Threshold Secret Sharing
Input: A secret k, encoded in binary representation of length [(k).

- PWLJ’ Secrecy  evenn \_,\)\\—H/\
Secret distribution n-1 collabor Qﬁ
1. Generate n— 1 random binary numbers k; of length I(k) and distribute them

among n — 1 participants

2: Give participant n the value k&, as the result of XOR of k and ky,... , kn—1,

e, kn=k@ki @k Sk,
Secret recovery /_” o®@a =0 QV\A \0 @ 0= lD
1: Collect all n values kq,..., ky, and obtain k =k G ke @ - - T kp_1 Dk,

Algorithm 13.6 (¢,n)-Threshold Secret Sharing
Input: A secret k, represented as a real number.

Secret distribution
1: Generate t — 1 random a;,...,a;—1 € R
2: Obtain a polynomial f of degree t — 1 with f(z) = k+ayz+ -+ a1z’ ™!
3: Generate n distinct xq,..., 2, € R\ {0}
4: Distribute (x1, f(x1)) to participant Py, ..., (zp, f(z4)) to P,

'

n X=X;
/ Lk - I[; X=X

Secret recovery

1: Collect t pairs (z;, f(x;)) from at least ¢ participants
2: Use Lagrange’s interpolation formula to obtain f(0) = k

Algorithm 13.7 One-Time Pad
Input: A message m known to Alice, and a symmetric key & (as a random
bitstring) of length [(k), known by both Alice and Bob.

/’ Aiso as Feréx.lv secre c;/

Encryption
1: Alice sends ¢ = m & k to Bob

Decryption
1: Bob obtains m by m =c QO k
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Algorithm 12.3 Diffie-Hellman Key Exchange
Input: Publicly known prime p and a primitive root g of p.

Result: Alice and Bob agree on a common secret key. J
wLosL we Ssemnm
A l ~ 1: Alice picks k4, with 1 < k4 < p — 2 and sends g¥4 mod p to Boh
li’j rececves 2: Bob picks kg, with 1 < kg < p — 2 and sends ¢"#  mod p to Alice
. . ee oA ksk
B 3: Alice calculates (g*= mod p = ¢"#" mod p
Z MOA F (vk ‘)75 ! kak £ ’—M kBL{A = 7 VV\»OJ ]7
4: Boh calculates (gf /‘) mod p = g*4%% mod p
5: Alice & Bob have a common secret key ¢"4*5 mod p = ¢"#*2 mod p l/
R kgk,
S N B4A
> Alice > Bob Sc\/\miow&sé (j v\/\ocj /D
- Wahit ky =2 -Wahlt kg =3

- Sendet 22 mod 5 (also 4) an Bob -Sendet 2% mod 5 (also 3) an Bob

- Rechnet 3 mod 5=4 -Rechnet 4> mod 5= 4
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Algorithm 13.24 Diffie-Hellman Key Exchange with Forward Secrecy

Input: Alice’s and Bob’s common secret key k4 g, and furthermore a prime p
with a primitive root g for p.

Result: A Diffie-Hellman key exchange not vulnerable to a man in the middle

L\e«- Laeg -Q_)(Q,(/ij,& 1{ c,e«,l(/ log usec/ ‘LO AV\O/ [<A/ Z<B 7 A ‘B attack, and with forward secrecy.

- FRads V\j l&rae, FHW\O— nuwa bers: 1: Bob picks a random number kp € {1,2,..., p—1} and sends Alice
R T (gkﬂ mod p) encrypted with k4 p as ep as a challenge
Algorithm 13.18 Probabilistic Primality Testing s 5 i k
L 9. . ) 9 — < A
T At sldmibar G, 2 Ahcle picks etlraudom number ks € {1,2,...,p— 1} and sends (g mod p)
Result: Is p a prime? encrypted with ka g as ca to Bob as a challenge
3. Alice and Bob decrypt the respective messages, and Alice sends gFs + 1
1: gelt Jre T\Ii\]and_ fj Odld with Pd* 1 :12;j encrypted with %4, g to Bob as a response (and Bob as well with g*4 + 1)
3 32:‘:0 n':i.j Iﬁgdo;“ ¥t random, L2 @< p 4: If deeryption vields g®4 41 for Alice, and ¢*# 4 1 for Boh, respectively, they
4 if 29 =1o0r 2y = p— 1 then accept the round key g"4*5 mod p
5. Output “p is probably prime” and stop
6: end if
7 fori=1,...r—1do
8 Seta; =a2_; modp

9.  if z; =p—1 then

10: Output “p is probably prime” and stop
11:  end if

12: end for

13: Output “p is not prime”

Lemma 13.19. Algorithm 13.18 is correct with probability 75% if it outputs “p
is probably prime”, and 100% correct if it outputs “p is not prime”.

Corollary 13.20. The runtime of Algorithm 13.18 is O(r) € O(log p)
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Dec Hxoct Char Cec Hx Oct Himl Chr |Dec Hx Oct Himl Chr| Dec Hx Oct Himl Chr
0 0 000 MNOL jrall) 32 20 040 &#32; 3pace| 64 40 100 s#ad; [ 95 60 140 &#96;
1l 1 001 30H (start of heading) 33 Z1 041 &#33; ! 65 41 101 &#657 4 a7 6l 141 &«#97: A
2 2 00Z 5T (start of text) 34 Zz 042 &#34; 7 66 42 102 «#66; B | 95 62 142 &#95; b
3 3 003 ETx f[end of text) 35 23 043 &#35; # a7 43 103 «#67: C 99 53 143 &#99; C
4 4 004 EOT (end of transwmizssion) 36 24 044 &#36) & 65 44 104 «#658; D (100 64 l44 &#100; d
£ 5 005 ENQ (engquiry) 37T 25 045 &#37; % a9 45 105 &#69; E |101 65 145 &#101; e
6 6 006 ACE f[acknowledge) 38 26 046 &#35) & 70 46 106 &#70: F |102 A6 14 s#loz: €
7 7 007 BEL (bell) 39 27 047 &#39; T1 47 107 «#71; G (103 67 147 &#103; O
& & 010 BS (backspace) A0 28 050 &#40; | 72 45 110 &#72; H (104 68 150 &#104; h
9 9 011 TAE (horizontal tab) 41 29 051 =#41; ) 73 49 111 «#73: I |105 69 151 &#lo5: 1
10 & 0lz LF (NL line feed, new line)| 42 24 052 &#dd; + 74 48 112 =#74; T |106 64 152 &#106; ]
1l E 013 WT (wertical tab) 43 2B 053 &#43) + 75 4B 113 «#75: K |107 6B 153 &#107: k
1z C 0l4 FF (NP form feed, new page)| 44 2ZC 054 &#dd; | 76 4C 114 «#76; L |105 &C 154 «#l0s; 1
13 D 015 CR [carriage return) 45 ZD 085 &#45; - 77 4D 115 &#77: M (109 6D 155 &#109;
14 E 0lg 30 (shift out) dg ZE 056 &#46; . 78 4E 116 &#78; N (110 6E 156 &#110; n
15 F 017 3I  (shift in) 47 ZF 087 &#47; / 79 4F 117 &#79: 0 [111 &F 157 &#1ll; o
le 10 020 DLE (data link escape) 45 30 0G0 &<#45; 0 g0 50 1zZ0 «#30; P (112 70 la0 &#112: p
17 11 0zZ1 DCLl (device control 1) 49 31 06l &#49; 1 81 51 121 «#81; 0 |113 71 161 &#113; 4
18 12 022 DCE [dewice control 2) L0 32 0R2 &#50; 2 B2 52 122 &#32: B (114 72 162 &#l14: ¢
19 13 023 DC3 (device control 3) Sl 33 063 &#0l; 3 83 53 123 #8372 5 115 73 163 &#ll5; =
20 14 024 DC4 [dewice control 4) E2 34 0fd &#52: 4 g4 54 124 «#34; T |116 74 1gd &#lle: T
21 15 025 NAE (negatiwve acknowledge) 53 35 0a5 &#53) 5 85 55 125 &#85; T |117 75 lo5s &#117: u
22 16 0Ze 3TN (synchronouz idle) 54 36 086 &#5d; @ g6 56 1Z6 &#36:; V (113 76 leg &#113; ¥
23 17 027 ETE (end of trans. block) E5 37 D@7 &#55: 7 g7 57 127 &#87: W |119 77 167 &#119: w
24 18 030 CAN (cancel) 56 33 070 &#ba; O 858 58 130 «#83; X |120 78 170 &#1lzZ0; X
25 19 031 EM  (end of medium) E7 39 071 &#57: 9 89 59 131 &#39:; Y |121 79 171 &#121: ¥
26 14 032 3UEB (substitute) 53 34 07z &#53; a0 54 132 &#90; 2 |122 74 172 &#lZ:2; E
27 1B 033 EiSC [escape) E9 3E 073 &#59; ; a1 EB 133 &#91: [ |123 7B 173 &#123; |
28 1C 034 F3 (file separator) g0 3C 074 &#60; < Q2 5C 134 &#92: % |124 7C 174 &#124: |
29 1D 035 33 (group sSeparator) 6l 30 075 &#6l; = 95 5D 135 #9537 ] |125 7D 175 &#125; }
30 1E 036 BES  (record separataor) 62 3E 076 &#E6E) & 94 5E 136 &#94: * (126 7E 176 &#lZ6; ~
31 1F 037 U3  (unit separatokr) 63 3IF 077 &#03; 7 95 5F 137 &#95; _ |17 7F 177 «#l27; DEL

Source: www.LookupTables.com
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ON A.Key = B.Key
WHERE B.Key IS NULL

SQL JOINS C.

SELECT <select_list> SELECT <select_list>
FROM TableA A FROM TableA A

LEFT JOIN TableB B RIGHT JOIN TableB B
ON A.Key = B.Key ON A.Key = B.Key

SELECT <select_list>
FROM TableA A
INNER JOIN TableB B
ON A.Key = B.Key

SELECT <select list> SELECT <select lisi>
FROM TableA A FROM TableA A
LEFT JOIN TableB B RIGHT JOIN TablcB B

ON A.Key = B.Key
WHERE A.Key IS NULL

SELECT <select list>
SELECT <select_list> FROM TableA A
FROM TableA A FULL OUTER JOIN TableB B
FULL OUTER JOIN TableB B ON A.Key = B.Key
ON A Key = B.Key WHERE A.Key IS NULL

@ C L. Moffatt, 2008 OR B.Key IS NULL
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- filter your columns
SELECT col1, col2, col3, ... FROM table1
- filter the rows
WHERE col4 =1 AND col5 =2
-- aggregate the data
GROUP by ...
-- limit aggregated data
HAVING count(*) > 1
-- order of the results
ORDER BY col2

Useful keywords for SELECTS:

DISTINCT - return unigue results

BETWEEN a AND b - limit the range, the values can be
numbers, text, or dates

LIKE - pattern search within the column text

IN (3, b, ) - check if the value is contained among given.

Data Modification

-- update specific data with the WHERE clause
UPDATE table1 SET col1 = 1 WHERE col2 =2
-- insert values manually
INSERT INTO table1 (ID, FIRST_NAME, LAST_NAME)
VALUES (1, ‘Rebel’, ‘Labs’);
-- or by using the results of a query
INSERT INTO table1 (ID, FIRST_NAME, LAST_NAME)
SELECT id, last_name, first_name FROM table2

Views

AVIEW is a virtual table, which is a result of a query.
They can be used to create virtual tables of complex queries.

CREATE VIEW view1 AS
SELECT col1, col2
FROM table1

WHERE ...

LEFT OUTER JOIN - all rows from table A,
even if they do not exist in table B

Updates on JOINed Queries

You can use JOINs in your UPDATES

UPDATE t1 SETa =1

FROM table1 t1 JOIN table2 t2 ON t1.id = t2.t1_id
WHERE t1.col1 = 0 AND t2.col2 IS NULL;

NB! Use database specific syntax, it might be faster!

Semi JOINs

You can use subqueries instead of JOINSs:

SELECT col1, col2 FROM table1 WHERE id IN
(SELECT t1_id FROM table2 WHERE date >
CURRENT_TIMESTAMP)

Indexes

If you query by a column, index it!
CREATE INDEX index1 ON table1 (col1)

Don't forget:
Avoid overlapping indexes

Avoid indexing on too many columns
Indexes can speed up DELETE and UPDATE operations

INNER JOIN - fetch the results that
exist in both tables

)

RIGHT OUTER JOIN - all rows from table B,
even if they do not exist in table A

-- convert strings to dates:
TO_DATE (Oracle, PostgreSQL), STR_TO_DATE (MySQL)
-- return the first non-NULL argument:
COALESCE (col1, col2, "default value”)
-- return current time:
CURRENT_TIMESTAMP
-- compute set operations on two result sets
SELECT col1, col2 FROM table1
UNION /7 EXCEPT / INTERSECT
SELECT col3, col4 FROM table2;

Union - returns data from both queries

Except - rows from the first query that are not present
in the second query

Intersect - rows that are returned from both queries

Reporting

Use aggregation functions

COUNT - return the number of rows
SUM - cumulate the values
AVG - return the average for the group

MIN / MAX - smallest / largest value B OUGHTTOYOUBY

Rebel


https://zeroturnaround.com/rebellabs/
http://zeroturnaround.com/software/xrebel/
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