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FIFOs: Mastering queues JGiE5eH : #&HIBAF

@ Objects are considered in turn, one by one T &gy —1
— M Ab B

@ Process each object according to their arrival time #& 4 X}

G0 R IR [a] R AT A0 2R
® While objects are processed, others are queued BENR
AR, HEXNRHNER

@ First object should be first served! 25— 21K BIXT G 4% 56

— M Ab B

Basic examples: {aj 5[ JLAME 7~
@® \Waiting in a queue at the post office. 7B /& HERA
@® Printing ?jobs> on a printer. 2 ™ A [A] B 75 4T EIHLFT
Efl
FIFO = First In First Out ! FIFO = JEi3EsEH !



A basic solution F=7% JH %
@ Stack objects in an array as soon as they arrive — W 21X} F it EAF1E
At

@® To stack an incoming object, should know the index of the last location

AU RAAAERR T, LR EREAERIE (RE)D

@® Should also know the index of the last processed object
(so that we can process the next one)
While processing an object, others can come in the array
(= queued)
[F I A 7 B RE E— DR R R G CXFEA RERIE F — X R 2
WA o BRI — NG, He e % nT AR B HERA



A basic solution F=7% JH %
@ An array: container array for storing objects —™ array( {20 ) : 1FfiE4L
H, HULEENSR
® Two indices: lastProcessed and freePlace WH~Z5]: lastProcessed
(HPLC R )G A B RALE D) F freePlace  (FH LAiC % a] FH 25 8] B A7
I=®)
@® To add an object x, we do array[freePlace]=x and
we then increment: freePlace++ I JI1— %% x :  array[freePlace] = x
® To process an object, we increment lastProcessed and
we process array[lastProcessed]
AT BEAL B — AT ZES, 8 lastProcessed N1, 285 EHATHCH
array[lastProcessed] #F17 4B



Visual depiction of a FIFO fif Bl ISR B R e gk s &k C FIFO )



FIFO: Queuing objects JGiEJGH CFIFO ) @ X ZRHAERA



Queuing another object 1A% #T 4 % 41 N\ BATL



Processing and queuing AbFE X G AN X 5 51 N\ BA %)

Processing and queuing can be done in parallel using threads b ¥ X} G 04
T RIS AT LR 2 2638 HAT b 32



Programming queues A% HACHS
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FIFO: First In First Out FIFO : Jctsic

11



Exercise: FIFO in action! Z£>]: FIFO
Let A be a set of integers such that: &% A N— 1 EEEFIES, e bl T4
-
® 1lbelongstoA,and 18T A
® |f a belongs to A, then 2*a+1 and 3*a belongsto A W a8 T A, A4
2*a+1 fll 3*a #JE T A
Question: |a)#:
For a given n, display all integers less or equal to n that belong to A.

EREGE D n, B rA/NTET n JFHET AT,
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Programming queues %5 A\ 51 i F&
Start with a FIFO initialized with element 1 & %cH 1 45 FIFO #J4E1k
Use a boolean array to store whether a belong to A #4i& — M7 /R (Boolean)
HAH, HUAERE 1M ERET A
(= marks, tag elements) (FH4THrZ)
For each element a of the FIFO do: X} T FIFO BJ&— " JL 5
® Compute 2*a+1 and 3*a 115 2*a+1 il 3*3
® Add them to the FIFO if they are less than n...and not yet encountered
(=marked) GRAATT/NT n I HE— DT ARG /I,
HEABATTBN FIFO BAFI
Terminate when the FIFO is empty H 24 FIFO A N2 B2 11
Display all marked elements (=result) &7~ A #bricid BT (458

13



14



A few remarks on FIFOs <1 FIFO B L S E ST Z L
@ Set beforehand the size of the array? & 532w S I K/ ?
@ Can wrap the array using mod MAX_SIZE 1] L mod MAX_SIZE K4 i&
A DR
(=circular ring, extend arrays, etc.) CELIIHTESARIA, ¥ EEH S 4:
AP,
...But how to check whether the queue is empty 1H v /5 52 0 {r] A6 56 BA 371) &
BT

... or full with circular arrrays? LA Gra] o 56 1F 34 48 A4 R B 240 8 15 3
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Priority queues: Heaps (=tas) fLZcPAFI] ()
@ Objects are considered in turn XT R H S (FHRAFALED)
® Need to process them according to their priorities Rt T I e 2k
Ab T
@® While processing an objects, other may arrive 4403 — N6 5y, H
BN R g2k GBI
(= are being queued)
® Serve the object with the highest priority first /5% FRAR 516 2% 5% = 1 %ot
R
Examples: ¥
@ Ressource request HFIHETH K
@ Operating system tasks #1E RS IS5

16



Defining mathematically heaps F&5#1E 5 ke X HfE
A heap is a sequence of integers: HE & — /M 'S B8 0% E B 20 o B 5
4l
stored compactly in an array such that:
For example: Eh1:
37,22,31,16,17, 2, 23,12,6,9
( heap of 10 elements) ( 10 NIGEHIHE)
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Drawing a heap [H|H} M
® Draw a heap as a tree (=special graph Vertex/Edge) FIMIRZER) (FH2Y
THRFRITED R HE
@® Each nodei contains a value t[i] and has &—/~1 & i #iIE8 —ME. t[i]
FHWA O, 1, B2 PXMNAE/DTARAIA 21 2B
0, 1 or 2 siblings that contain nodes of values
less than its parent
® Node i has children 2i and 2i+1 &P H 2 ML T 2i F 2i+1
37,22,31,16,17, 2, 23,12, 6, 9:
Read layer by layer, MR 2+, —FE—EHiix

from the root til the leaves
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Storing and manipulating heaps X HEFH AT 171 FEEAE
Easy to code with a linear array FZIEEAHIR A 5
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Fundamental property of heaps HE [\ JL A 14 5
Largest value is stored at the root of the tree, namely & KAE #%17-fif 7F

WA, BIEZHAE — M E

at the first element of the array.
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Adding an element in a heap FEHEFHII—NTTE
@ Add the new element in position n (=n+1th element)... {5 70 K BAELL

Eon (5 n+l DIoE)
@ But the condition that the array is a heap is violated... {HiX £ 1) 15%02H
A A& DA N A7 1
@® So that we swap the element until...
...it satisfies the heap constraint Fr AT/ E X e = Iy (52
Woux) , EHENHCHEREM N IE
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Example: Add element 25 #If: IEhNJcE 25

Not a heap anymore!!l 25517 K2y 25) 17, XAHE A HELEM T !
!

Swap with your parent! AZ#eA2 Y &
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Add element 25... and swap!!! IINCEK 25, R)GA H! ! !
It is a heap now! WIE'E & —HE 1!
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Adding an element in the heap 7EHEZE F PN ICER
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Removing the largest element of a heap WA £ FRHEH & KHIJCE
® We move the element at position (n-1) and

put it at the root (position 0) FATFELE n-1 7 & ERIJCEEIR T & (f7
B®0) L
@ Butitis not anymore a heap... {HIXZ A EHERITER T
@® So we swap to the bottom until...
...the heap condition is satisfied XM FRATIHE o 2= A0 #0 2 HEHYJIES, E 20
& HE ) 25
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Removing the largest element of a heap WA £ FRHEH & KL E
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Then Swap parent-child... A G XL FILEHR
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Removing the largest element of a heap WA £ FRHEH & KL E
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Non-static methods and objects JFFFZS AN %
® Do not write static in front of the method A ZE7E /7 VAR H static IeHE
1]
® Method is thus attached to the object for which it applies for X #f i
%7 VE RN BT N B9 5 VA HE R BK
® For example, we prefer: i, FAMRE
u.display() rather than display(u) u.display() AN 7& display(u)
u.addElement(a) instead of addElement(a,u) u.addElement(a) i A&
addElement(a.u)
® To reference the object on which the method is called upon
use this GNRZX /R FHZERIX S, H this R4
Object-oriented programming paradigm (00) [HAXT % ( 00 ) ZmFE s
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Object-oriented programming paradigm (00) MiEIXT% ( 00 ) Fwigiufl
@® Design a software as a set of objects and methods applying on these
objects & 1H—NERAFR, FEHAAMN—HXT F LK — RPN AEIX LR
R ERTTE,
® Ask yourself first: B 4G H -

- What are the objects? 14 X 4 ?

- What are the methods? {4 /& H1:?

@® Usually, a method often modifies the object (=fields)
on which it applies for. I K, —DNI7iEREEIE S B N H BIX R
(But not always, for example: Obj.Display()) ({HHIFIEZ4EXt, Ehlnii
Obj.Display() ANEEEHUE T HIIXT R .

Picture :
Public procedures 3% (public) /2
Private data FAF (private) 2
Private procedures FAF (private) /1%
Interaction-Interface 2 H. - #11 ( Interface )
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OO style: MI[AXIHR (00 ) Xt%:
object methods X% 47
versus LA
static functions FFASERZEL?
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Static methods are useful for defining: E#Z T VEH TAEREZE (library )
T E X
- Constants %X
- Basic functions A pR 4

....in a library. 555,
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Heaps revisited in Object-Oriented style HIH X% ( 00 ) X% S 1) HE
U7 7] £
Observe that the keyword static has disappeared F&A TS B FH o< i
static |
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List in object-oriented style T[H] [F] %] % XS HIEER ( list )
@® A cell stores information (say, an integer) and
point/refer to the next one. ®F— M HEAAEEE (Lbin—/MEHD i
[ N M=K AE O E = o
@® Pointing to another cell means storing a reference

to the corresponding cell. 5 A T —~ B4 B RIS 174 0 N 8L T 51 F
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Pay special attention to null 11! ZE45FIVEZ null!!!
® Remember that we cannot access fields of the null object Z 14+, AT
VI 20 G ) 3k
@ Throw the exception nullPointerException <= ! 5
nullPointerException
® Thus we need to check whether the current object is null or not, before

calling the method Al LA T 75 ZEAE T A T VA TR BN 2 &5 A

® Inthe reminder, we consider that all lists (also the void list) contain a first

cell that stores no information. £ JGHIIRFEF, AV ITE KR
(RFEETEER) PHE M AAEEAE R TR,
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Revisiting the linked list (00 style) HEHTREFER ( linked list ) ( [H [ X %
KFE )
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Revisiting the linked list (00 style) HEHTREFER ( linked list ) ( [H [ X %
KFE )
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Revisiting the linked list (00 style) HEHTREFER ( linked list ) ( [H [ X %
KFE )

39



Revisiting the linked list (00 style) HEHTREFER ( linked list ) ( [H [ X %
KFE )
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Revisiting the linked list (00 style) HEHTREFER ( linked list ) ( [H [ X %
KFE )
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Stacks (LIFO): Last In First Out #&Ei#4i#): JedtstH ( LIFO, Last In First
Out )
Two basic operations for that data-structure: 2 /|~ 3= AN /E
® Push: Add an element on top of the stack JE A Cpush) :  TEFTIHN
A—PTLR
@ Pull: Remove the topmost element  #H C Pull ) : MARTIFZ L —
I
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Stacks (LIFO) using arrays  FHZUZHRSZHEIAR ( LIFO )
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Stacks (LIFO) using linked lists ~ FI8ER R ( LIFO )
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Stacks: APl FRIIN FHFEF#:10 CAPL)
// Use a Java package here  // IXHFA1E ] Java 2
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Stacks (LIFO) using linked lists ~ FI8ER R ( LIFO )
Notice: Same code as StackArray demo program. JE=.: L StackArray Ji

ANFE AR AR ]
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Static functions versus methods &2 PR EL & X G 71k
@ Static (class) functions:  FFASPRZL:
Access static/local variables only. R ﬁ[‘%@ﬁﬁ A/ AR AR e
{ class methods » KD
Potentially many arguments in functions %%%?l%iﬁﬁpf?%ﬁ%ﬁ%?}i&
@ Object methods: % J7 k.
Access object fields (using this) 7] EA# A X SR P8R & 8575 (H this
KRBT
Access (class) static variables too. tA] DAf# FH & &A= .
Objects are instances of classes X7 %R &35 (class) HJ L4
Data encapsulation #3123
(=functions with limited number of arguments) (={#F/bESE W RE0
Constructor (= field initialization)  #Ji& K%L (=W IH10)
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