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Figure 4.11: Number of Elements in a Heap

since leaves cannot have children by definition.
A third useful property is that, in a heap with n nodes there are maximum

d n
2h+1 e elements residing at height h. This is not hard to see. At height 0 we

only find leaf nodes and we know that a heap has dn
2 e leaves. One level higher

in the heap, at height 1, we have half the number of nodes we have in the lowest
layer, i.e. dn

4 e. This is because we have 1 parent for every 2 nodes (except
maybe for one). Hence, at height h, we find d n

2h+1 e. This property also turns
out to be useful to establish performance characteristics.

4.4.3 The Heap ADT

.
Below we specify heaps in the form of a heap ADT.

1 ADTheap<V>

2

3 from�scheme�vector
4 ( vector ( VV ! boolean ) ! heap<V> )
5 new
6 ( number ( VV ! boolean ) ! heap<V> )
7 full?
8 ( heap<V> ! boolean )
9 empty?

10 ( heap<V> ! boolean )
11 insert!
12 ( heap<V>V ! heap<V> )
13 delete!
14 ( heap<V> ! V )
15 peek
16 ( heap<V> ! V )
17 length
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Figure 7.4: Performance Characteristics of Resolution Strategies

open addressing method can be full. If this happens, we need to allocate a
bigger table and rehash all the elements from the old table into the new table.
In fact, this already happens as soon as the load factor exceeds 75 % because
open addressing methods start to exhibit unacceptable performance beyond this
threshold. External chaining allows table resizes to be postponed much longer
since the performance decreases only gradually (i.e. linearly). Second, deletion
in open addressing methods can result in a table that has many occurrences that
are marked with the ’deleted tombstone. After several deletions, open addressing
methods get slow because the ’deleted tombstones do not make probe sequences
shorter. In other words, after many deletions, open addressing methods get slow
even for small values of ↵. The solution consist of “cleaning up the table” by
removing all the ’deleted tombstones and rehashing all the elements still sitting
in the table.

A drawback of external chaining is that the overhead of searching linked
lists can become significant as the length of the lists grows. One might wonder
whether we can replace the linked lists in the buckets by more e�cient data
structures such as AVL trees. Unfortunately, this only turns out to be cost-
e↵ective when a large number of elements end up in one bucket; i.e. when ↵ is
much bigger than 1. But then again, it is probably more cost-e↵ective to resize
the table and rehash everything from scratch. Another drawback of external
chaining is that the amount of memory needed is not known upfront. This
can be a burden if the technique is to be applied for devices that have limited
amounts of memory.
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interpretatie van computerprogramma’s

	EFGJOF 	DPNQJMF�MBNCEB FYQ UBSHFU MJOLBHF

	MFU 		QSPD�FOUSZ 	NBLF�MBCFM �FOUSZ



	BGUFS�MBNCEB 	NBLF�MBCFM �BGUFS�MBNCEB



	MFU 		MBNCEB�MJOLBHF

	JG 	FR MJOLBHF �OFYU
 BGUFS�MBNCEB MJOLBHF



	BQQFOE�JOTUSVDUJPO�TFRVFODFT
	UBDL�PO�JOTUSVDUJPO�TFRVFODF
	FOE�XJUI�MJOLBHF MBNCEB�MJOLBHF
	NBLF�JOTUSVDUJPO�TFRVFODF �	FOW
 	MJTU UBSHFU

A		BTTJHO UBSHFU

	PQ NBLF�DPNQJMFE�QSPDFEVSF

	MBCFM QSPD�FOUSZ

	SFH FOW






	DPNQJMF�MBNCEB�CPEZ FYQ QSPD�FOUSZ


BGUFS�MBNCEB





DPNQJMF�MBNCEB VTFT UIF TQFDJBM DPNCJOFS UBDL�PO�JOTUSVDUJPO�TFRVFODF
SBUIFS UIBO BQQFOE�JOTUSVDUJPO�TFRVFODFT 	4FDUJPO �����
 UP BQQFOE
UIF QSPDFEVSF CPEZ UP UIF MBNCEB FYQSFTTJPO DPEF CFDBVTF UIF CPEZ JT
OPU QBSU PG UIF TFRVFODF PG JOTUSVDUJPOT UIBU XJMM CF FYFDVUFE XIFO UIF
DPNCJOFE TFRVFODF JT FOUFSFE� SBUIFS JU JT JO UIF TFRVFODF POMZ CFDBVTF
UIBU XBT B DPOWFOJFOU QMBDF UP QVU JU�

DPNQJMF�MBNCEB�CPEZ DPOTUSVDUT UIF DPEF GPS UIF CPEZ PG UIF QSP�
DFEVSF� ॊJT DPEF CFHJOT XJUI B MBCFM GPS UIF FOUSZ QPJOU� /FYU DPNF JO�
TUSVDUJPOT UIBUXJMM DBVTF UIF SVO�UJNF FWBMVBUJPO FOWJSPONFOU UP TXJUDI
UP UIF DPSSFDU FOWJSPONFOU GPS FWBMVBUJOH UIF QSPDFEVSF CPEZۊOBNFMZ
UIF EFਫOJUJPO FOWJSPONFOU PG UIF QSPDFEVSF FYUFOEFE UP JODMVEF UIF
CJOEJOHT PG UIF GPSNBM QBSBNFUFST UP UIF BSHVNFOUT XJUI XIJDI UIF
QSPDFEVSF JT DBMMFE� "ऺFS UIJT DPNFT UIF DPEF GPS UIF TFRVFODF PG FY�
QSFTTJPOT UIBU NBLFT VQ UIF QSPDFEVSF CPEZ� ॊF TFRVFODF JT DPNQJMFE
XJUI MJOLBHF SFUVSO BOE UBSHFU WBM TP UIBU JU XJMM FOE CZ SFUVSOJOH GSPN
UIF QSPDFEVSF XJUI UIF QSPDFEVSF SFTVMU JO WBM�
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'JHVSF ����� #PY�BOE�QPJOUFS BOE NFNPSZ�WFDUPS SFQSF�
TFOUBUJPOT PG UIF MJTU 		� �
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" TZNCPM NJHIU CF SFQSFTFOUFE BT B UZQFE QPJOUFS UIBU EFTJHOBUFT B
TFRVFODF PG UIF DIBSBDUFST UIBU GPSN UIF TZNCPMۏT QSJOUFE SFQSFTFOUB�
UJPO�ॊJT TFRVFODF JT DPOTUSVDUFE CZ UIF -JTQ SFBEFS XIFO UIF DIBSBDUFS
TUSJOH JT JOJUJBMMZ FODPVOUFSFE JO JOQVU� 4JODF XF XBOU UXP JOTUBODFT PG
B TZNCPM UP CF SFDPHOJ[FE BT UIF ۓTBNFے TZNCPM CZ FR BOE XF XBOU
FR UP CF B TJNQMF UFTU GPS FRVBMJUZ PG QPJOUFST XF NVTU FOTVSF UIBU
JG UIF SFBEFS TFFT UIF TBNF DIBSBDUFS TUSJOH UXJDF JU XJMM VTF UIF TBNF
QPJOUFS 	UP UIF TBNF TFRVFODF PG DIBSBDUFST
 UP SFQSFTFOU CPUI PDDVS�
SFODFT� 5P BDDPNQMJTI UIJT UIF SFBEFS NBJOUBJOT B UBCMF USBEJUJPOBMMZ
DBMMFE UIF PCBSSBZ PG BMM UIF TZNCPMT JU IBT FWFS FODPVOUFSFE� 8IFO UIF
SFBEFS FODPVOUFST B DIBSBDUFS TUSJOH BOE JT BCPVU UP DPOTUSVDU B TZNCPM

JT B OVNCFS CFUXFFO � BOE UIF MBSHFTU OVNCFS UIBU DBO CF TUPSFE JO B TJOHMF QPJOUFS�
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)LJXUH��������,PDJHV�IURP��D��XSVWUHDP�DQG��E��GRZQVWUHDP�VXUYHLOODQFH�FDPHUDV�URXJKO\�
WZR�PLOHV�DSDUW�RQ�+LJKZD\����LQ�6DFUDPHQWR��&DOLIRUQLD��7KH�ER[HG�YHKLFOH�KDV�EHHQ�
LGHQWLILHG�DW�ERWK�FDPHUDV��

LQFRUUHFW�DVVLJQPHQWV��DQG�VR�RQ��7ZR�PRGHP�DSSURDFKHV�WXUQ�RXW�WR�EH�PXFK�PRUH�HIIHF�
WLYH��$�SDUWLFOH�ILOWHULQJ�DOJRULWKP��VHH�SDJH������IRU�GDWD�DVVRFLDWLRQ�ZRUNV�E\�PDLQWDLQLQJ�
D�ODUJH�FROOHFWLRQ�RI�SRVVLEOH�FXUUHQW�DVVLJQPHQWV��$Q�0&0&�DOJRULWKP�H[SORUHV�WKH�VSDFH�
RI�DVVLJQPHQW�KLVWRULHV³IRU�H[DPSOH��)LJXUH�������E³F��PLJKW�EH�VWDWHV�LQ�WKH�0&0&�VWDWH�
VSDFH³DQG�FDQ�FKDQJH�LWV�PLQG�DERXW�SUHYLRXV�DVVLJQPHQW�GHFLVLRQV��&XUUHQW�0&0&�GDWD�
DVVRFLDWLRQ�PHWKRGV�FDQ�KDQGOH�PDQ\�KXQGUHGV�RI�REMHFWV�LQ�UHDO�WLPH�ZKLOH�JLYLQJ�D�JRRG�
DSSUR[LPDWLRQ�WR�WKH�WUXH�SRVWHULRU�GLVWULEXWLRQV��

7KH�VFHQDULR�GHVFULEHG�VR�IDU�LQYROYHG� Q��NQRZQ�REMHFWV�JHQHUDWLQJ�Q�REVHUYDWLRQV�DW�
HDFK�WLPH�VWHS��5HDO�DSSOLFDWLRQ�RI�GDWD�DVVRFLDWLRQ�DUH�W\SLFDOO\�PXFK�PRUH�FRPSOLFDWHG��

FALSE ALARM 2IWHQ��WKH�UHSRUWHG�REVHUYDWLRQV�LQFOXGH� IDOVH�DODUPV� �DOVR�NQRZQ�DV�FOXWWHU���ZKLFK�DUH�QRW�
CLUTTER FDXVHG�E\�UHDO�REMHFWV��'HWHFWLRQ�IDLOXUHV�FDQ�RFFXU��PHDQLQJ�WKDW�QR�REVHUYDWLRQ�LV�UHSRUWHG�
DETECTION FAILURE  IRU�D�UHDO�REMHFW��)LQDOO\��QHZ�REMHFWV�DUULYH�DQG�ROG�RQHV� GLVDSSHDUB��7KHVH�SKHQRPHQD��ZKLFK�

FUHDWH�HYHQ�PRUH�SRVVLEOH�ZRUOGV�WR�ZRUU\�DERXW��DUH�LOOXVWUDWHG�LQ�)LJXUH�������G���
)LJXUH�������VKRZV�WZR�LPDJHV�IURP�ZLGHO\�VHSDUDWHG�FDPHUDV�RQ�D�&DOLIRUQLD�IUHHZD\��

,Q�WKLV�DSSOLFDWLRQ��ZH�DUH�LQWHUHVWHG�LQ�WZR�JRDOV��HVWLPDWLQJ�WKH�WLPH�LW�WDNHV��XQGHU�FXUUHQW�
WUDIILF�FRQGLWLRQV��WR�JR�IURP�RQH�SODFH�WR�DQRWKHU�LQ�WKH�IUHHZD\�V\VWHP��DQG�PHDVXULQJ�
demand, L�H���KRZ�PDQ\�YHKLFOHV�WUDYHO�EHWZHHQ�DQ\�WZR�SRLQWV�LQ�WKH�V\VWHP�DW�SDUWLFXODU�
WLPHV�RI�WKH�GD\�DQG�RQ�SDUWLFXODU�GD\V�RI�WKH�ZHHN��%RWK� %HDOV��UHTXLUH�VROYLQJ�WKH�GDWD�
DVVRFLDWLRQ�SUREOHP�RYHU�D�ZLGH�DUHD�ZLWK�PDQ\�FDPHUDV�DQG�WHQV�RI�WKRXVDQGV�RI�YHKLFOHV�
SHU�KRXU��:LWK�YLVXDO�VXUYHLOODQFH��IDOVH�DODUPV�DUH�FDXVHG�E\�PRYLQJ�VKDGRZV��DUWLFXODWHG�
YHKLFOHV��UHIOHFWLRQV�LQ�SXGGOHV��HWF���GHWHFWLRQ�IDLOXUHV�DUH�FDXVHG�E\�RFFOXVLRQ��IDJ��GDUNQHVV��
DQG�ODFN�RI�YLVXDO�FRQWUDVW��DQG�YHKLFOHV�DUH�FRQVWDQWO\�HQWHULQJ�DQG�OHDYLQJ�WKH�IUHHZD\�
V\VWHP��)XUWKHUPRUH��WKH�DSSHDUDQFH�RI�DQ\�JLYHQ�YHKLFOH�FDQ�FKDQJH�GUDPDWLFDOO\�EHWZHHQ�
FDPHUDV�GHSHQGLQJ�RQ�OLJKWLQJ�FRQGLWLRQV�DQG�YHKLFOH�SRVH�LQ�WKH�LPDJH��DQG�WKH�WUDQVLWLRQ�
PRGHO�FKDQJHV�DV�WUDIILF�MDPV�FRPH�DQG�JR��'HVSLWH�WKHVH�SUREOHPV��PRGHP�GDWD�DVVRFLDWLRQ�
DOJRULWKPV�KDYH�EHHQ�VXFFHVVIXO�LQ�HVWLPDWLQJ�WUDIILF�SDUDPHWHUV�LQ�UHDO�ZRUOG�VHWWLQJV��
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LQSXWV��:H
OO�VWDUW�ZLWK�WKH�VLPSOHVW�FDVH�� UHJUHVVLRQ�ZLWK�D�XQLYDULDWH�OLQHDU�IXQFWLRQ��RWK�
HUZLVH�NQRZQ�DV��ILWWLQJ�D�VWUDLJKW�OLQH���6HFWLRQ��������FRYHUV�WKH� PXOWLYDULDWH��FDVH��6HF�
WLRQV��������DQG��������VKRZ�KRZ�WR�WXUQ�OLQHDU�IXQFWLRQV�LQWR�FODVVLILHUV�E\�DSSO\LQJ�KDUG�
DQG�VRIW�WKUHVKROGV��

18.6.1 Univariate linear regression 

$�XQLYDULDWH�OLQHDU�IXQFWLRQ��D�VWUDLJKW�OLQH��ZLWK�LQSXW�
����DQG�RXWSXW�\�KDV�WKH�IRUP�\� �ZL[��³��
DW�����ZKHUH�ZR��DQG� DQL��DUH�UHDO�YDOXHG�FRHIILFLHQWV�WR�KH�OHDUQHGB��:H�XVH�WKH�OHWWHU�����EHFDXVH�
ZH�WKLQN�RI�WKH�FRHIILFLHQWV�DV�weights; WKH�YDOXH�RI�\�LV�FKDQJHG�E\�FKDQJLQJ�WKH�UHODWLYH�
ZHLJKW�RI�RQH�WHUP�RU�DQRWKHU��:H
OO�GHILQH�Z�WR�EH�WKH�YHFWRU� >UXJ ����S L @���DQG�GHILQH�

Kw �[� ��ZL[��

)LJXUH�������D��VKRZV�DQ�H[DPSOH�RI�D�WUDLQLQJ�VHW�RI� UL� SRLQWV�LQ�WKH�[���\�SODQH��HDFK�SRLQW�
UHSUHVHQWLQJ�WKH�VL]H�LQ�VTXDUH�IHHW�DQG�WKH�SULFH�RI�D�KRXVH�RIIHUHG�IRU�VDOH��7KH�WDVN�RI�
ILQGLQJ�WKH� K����WKDW�EHVW�ILWV�WKHVH�GDWD�LV�FDOOHG�OLQHDU�UHJUHVVLRQ��7R�ILW�D�OLQH�WR�WKH�GDWD��DOO�
ZH�KDYH�WR�GR�LV�ILQG�WKH�YDOXHV�RI�WKH�ZHLJKWV� >ZR���:,@�WKDW�PLQLPL]H�WKH�HPSLULFDO�ORVV��,W�LV�
WUDGLWLRQDO��JRLQJ�EDFN�WR�*DXVV 3 ���WR�XVH�WKH�VTXDUHG�ORVV�IXQFWLRQ�� /��� VXPPHG�RYHU�DOO�WKH�
WUDLQLQJ�H[DPSOHV��

ʄʄ����/RVV�K����= (��L2(yi,Fzw(si))  = — hw(xi))2  = (RE��³��WYL]L����ZRQ��
M=i J=1 J=1  

���*DXVV�VKRZHG�WKDW�LI�WKH\�YDOXHV�KDYH�QRUPDOO\�GLVWULEXWHG�QRLVH��WKHQ�WKH�PRVW�OLNHO\�YDOXHV�RI�:L��DQG�ZH�
DUH�REWDLQHG�E\�PLQLPL]LQJ�WKH�VXP�RI�WKH�VTXDUHV�RI�WKH�HUURUV��
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This is a brief example of assigning Lamport Timestamps and Vector Timestamps. The details
of the algorithms are described in the Clock Synchronization notes. This page is less formal
and supplements the lecture notes.

Each process maintains a single Lamport timestamp counter. Each event on the process is
tagged with a timestamp from this counter. The counter is incremented before the event
timestamp is assigned. If a process has four events, a, b, c, d, they would get Lamport
timestamps of 1, 2, 3, 4.

If an event is the sending of a message then the timestamp is sent along with the message.
If an event is the receipt of a message then the the algorithm instructs you to compare the
current value of the process' timestamp counter (which was just incremented before this event)
with the timestamp in the received message. If the timestamp of the received message is
greater than that of the current system, the system timestamp is updated with that of the
timestamp in the received message plus one. This ensures that the timestamp of the received
event and all further timestamps will be greater than that of the timestamp of sending the
message as well as all previous messages.

In the figure below, event k in process P1 is the receipt of the message sent by event g in
P0. If event k was just a normal local event, the P1 would assign it a timestamp of 4. However,
since the received timestamp is 6, which is greater than 4, the timestamp counter is set to 6+1,
or 7. Event k gets the timestamp of 7. A local event after k would get a timestamp of 8.

With Lamport timestamps, we're assured that two causally-related events will have
timestamps that reflect the order of events. For example, event c happened before event k in
the Lamport causal sense: the chain of causal events is c→d, d→f, f→g, and g→k. Since the
happened-before relationship is transitive, we know that c→k (c happened before k). The
Lamport timestamps reflect this. The timestamp for c (3) is less than the timestamp for k (7).
However, just by looking at timestamps we cannot conclude that there is a causal happened-
before relation. For instance, because the timestamp for l (1) is less than the timestamp for j (3)
does not mean that l happened before j. Those events happen to be concurrent but we cannot
discern that by looking at Lamport timestamps. We need need to employ a different technique
to be able to make that determination. That technique is the use of vector timestamps.

Assigning Lamport & Vector
Timestamps

Introduction

Lamport Clocks

Lamport Clock Assignments

CS 417 Documents http://www.cs.rutgers.edu/~pxk/417/notes/clocks/index.html

1 of 3 27/04/16 22:09
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Figure 2.4a illustrates the form of a peer-to-peer application. Applications are 
composed of large numbers of peer processes running on separate computers and the 
pattern of communication between them depends entirely on application requirements. 
A large number of data objects are shared, an individual computer holds only a small 
part of the application database, and the storage, processing and communication loads 
for access to objects are distributed across many computers and network links. Each 
object is replicated in several computers to further distribute the load and to provide 
resilience in the event of disconnection of individual computers (as is inevitable in the 
large, heterogeneous networks at which peer-to-peer systems are aimed). The need to 
place individual objects and retrieve them and to maintain replicas amongst many 
computers renders this architecture substantially more complex than the client-server 
architecture.

Figure 2.4a Peer-to-peer architecture Figure 2.4b A service provided by multiple servers

Peers 4 .... N

Sharable
objects

App
App

App

Peer 1 Peer 2

Peer 3

Service

Client

Client
Server

Server

Server

The development of peer-to-peer applications and middleware to support them is 
described in depth in Chapter 10.

Placement  •  The final issue to be considered is how entities such as objects or services 
map on to the underlying physical distributed infrastructure which will consist of a 
potentially large number of machines interconnected by a network of arbitrary 
complexity. Placement is crucial in terms of determining the properties of the distributed 
system, most obviously with regard to performance but also to other aspects, such as 
reliability and security.

The question of where to place a given client or server in terms of machines and 
processes within machines is a matter of careful design. Placement needs to take into 
account the patterns of communication between entities, the reliability of given 
machines and their current loading, the quality of communication between different 
machines and so on. Placement must be determined with strong application knowledge, 
and there are few universal guidelines to obtaining an optimal solution. We therefore 
focus mainly on the following placement strategies, which can significantly alter the 
characteristics of a given design (although we return to the key issue of mapping to 
physical infrastructure in Section 2.3.2, where we look at tiered architecture):
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Wiskunde ter ondersteuning van computerwetenschap

EEN WOORDJE UITLEG
Structuur van computerprogramma’s  
In dit vak leren we je computationeel denken aan 
de hand van Scheme, een programmeertaal met 
een eenvoudige maar uiterst krachtige syntax 
die ons toelaat om de meest geavanceerde 
programmeerconcepten onder de knie te krijgen. 
Zowel functionele, imperatieve als objectgerichte 
programmeerstijlen passeren in één semester 
de revue. Het zal dan ook niemand verbazen dat 
deze taal in maart 2018 het voorblad haalde van 
‘Communications of the ACM’, het belangrijkste 
wetenschappelijke tijdschrift in ons domein. 

Programmeerproject 1 
In dit vak leer je zelfstandig een klein programma, 
doorgaans een retro-computerspelletje, 
ontwikkelen. Er wordt veel belang gehecht aan 
de kwaliteit van het programma. Zo dient het 
goed leesbaar, herbruikbaar, uitbreidbaar en 
gedocumenteerd te zijn. Je moet het eindresultaat 
ook in levende lijve demonstreren en mondeling 
toelichten. 

Objectgericht modelleren 
Hier wordt de ontwerper in jou wakker geschud. 
In dit vak leer je eerst hoe je de werkelijkheid 
kan vertalen naar modellen en vervolgens hoe je 
modellen gebruikt voor het ontwerpen van nieuwe 
systemen.

Artificiële intelligentie 
(MX�ZEO�MW�IIR�EPKIQIRI�MRPIMHMRK�XSX�HI�EVXMƤGMɲPI�
intelligentie (AI). Drie grote domeinen worden 
FILERHIPH��^SIOQIXLSHIR��PSKMGE�ZSSV�EVXMƤGMɲPI�
intelligentie en redeneren onder onzekerheid. In het 
praktische gedeelte worden deze geïllustreerd met 
enkele toepassingen. 

Discrete wiskunde 
In dit vak bestuderen we wiskundige structuren die 
we kunnen nummeren. We starten met klassieke 
telproblemen en rekenen met gehele getallen. Een 
belangrijk onderdeel van dit vak is de grafentheorie. 
Een graf bestaat uit een verzameling knopen 
waarvan sommigen verbonden zijn door pijlen. 
Deze theorie kent veel toepassingen binnen de 
GSQTYXIV[IXIRWGLETTIR��>S�ZSVQIR�HI�TVSƤIPIR�

van gebruikers van sociale media bijvoorbeeld 
een graf, sorteert Google zoekresultaten aan de 
hand van het aantal pijlen dat naar een pagina 
leidt, en kan er zelfs het volledige verloop van een 
spelletje Risk mee voorspeld worden. We eindigen 
met recurrentievergelijkingen, een theorie die kan 
ingezet worden om de complexiteit van algoritmes 
te bepalen.

Basisvaardigheden wiskunde 
Wiskunde is vaak één van de grote knelvakken voor
studenten in hun eerste jaar. Wie eventuele tekorten 
in zijn voorkennis wiskunde niet heeft kunnen 
wegwerken tegen de start van het academiejaar, 
kan hier tijdens het jaar nog aan werken. Binnen 
de opleiding Computerwetenschappen kan je het 
keuzevak “Basisvaardigheden wiskunde” in het 
eerste semester opnemen. Studenten worden 
intensief begeleid in het verwerven van essentiële 
wiskundige vaardigheden en bij het maken van 
oefeningen.

 

Wiskundekennis bijwerken op maat

Secundair onderwijs
(5e en 6e jaar)

Diploma
Secundair onderwijs

Pretoets Wiskunde
(onthaalweek 1ste bachelor)

Vak Wiskunde: 
calculus en lineaire algebra

(vanaf week 8 academiejaar)

Voorkennistoets wiskunde
(VUB infodagen)

Voorbereidingscursus 
wiskunde

(2 weken in september)

Keuzevak 
Basisvaardigheden 

wiskunde
(week 2 tot 6 academiejaar)

optioneel
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Logica en Formele Systemen
Wiskunde: Calculus en Lineaire Algebra

Discrete Wiskunde
Kansrekening en Statistiek

Wetenschappelijk Rekenen

overgangstraject

1ste BA

2de BA

3de BA

https://www.vub.be/voorbereiden
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1BA 2BA 3BA

Wetenschappelijk Rekenen
Parallellisme en Distributie

Software Engineering
Economie en Bedrijfsleven

Bachelorproef
Keuze (33 ECTS)

Discrete Wiskunde
Algoritmen en Datastructuren 2
Automaten en Berekenbaarheid

Kansrekening en Statistiek
Artificiële Intelligentie

Computersystemen
Structuur van Computerprogramma’s 2

Object-gericht Programmeren
Object-gericht Modelleren

Communicatievaardigheden
Programmeerproject 2

Structuur van Computerprogramma’s 1
Algoritmen en Datastructuren 1

Logica en Formele Systemen
Wiskunde: Calculus en Lineaire Algebra

Interpretatie van Computerprogramma’s 1
Besturingssystemen en Systeemfundam.

Databanken
Programmeerproject 1

Basisvaardigheden - User Interfaces -  
Privacy op Internet

Wetenschap

Ontwikkeling

Wetenschap + programmeertalen + ontwikkeling



Programmeertalen
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fact :: Integer -> Integer
fact 0 = 1
fact n = n * fact (n - 1)
fact 5

Haskell

(define (fac n)
  (if (= n 0)
    1
    (* n (fac (- n 1)))))

(fac 5)

Scheme

public class Factorial {
    public static long factorial( int n ) {
        if( n <= 1 )
            return 1;
        else
            return n * factorial( n - 1 );
    }
    public static void main( String [ ] args {
        System.out.println( factorial( 5 ) );
    }
}

Java

def fact(x): 
   return (1 if x==0 else x * fact(x-1))

print(fact(5))

Python

volgens bepaalde schattingen >5000 in gebruik

1940
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2020

http://hopl.info
http://hopl.info


Programmeertalen aan de VUB

doordachte keuze die het volledige spectrum aan paradigma’s afdekt 
geen voorkennis verondersteld, zelfde talen gebruikt in andere vakken 
loopbaan van 44 jaar: zelfstandig nieuwe talen kunnen leren 

belangrijke onderzoeksgroep in programmeertalen 
aandacht voor ontwerp en implementatie van programmeertalen

paradigma multi-paradigmatisch procedureel object-gericht

typering dynamisch zwak statisch sterk statisch

geheugenbeheer automatisch manueel automatisch

jaar 1ste BA 2de BA vanaf 2de BA

Scheme C Scala

20



Wetenschap + programmeertalen + ontwikkeling
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1BA 2BA 3BA

Wetenschappelijk Rekenen
Parallellisme en Distributie

Software Engineering
Economie en Bedrijfsleven

Bachelorproef
Keuze (33 ECTS)

Discrete Wiskunde
Algoritmen en Datastructuren 2
Automaten en Berekenbaarheid

Kansrekening en Statistiek
Artificiële Intelligentie

Computersystemen
Structuur van Computerprogramma’s 2

Object-gericht Programmeren
Object-gericht Modelleren

Communicatievaardigheden
Programmeerproject 2

Structuur van Computerprogramma’s 1
Algoritmen en Datastructuren 1

Logica en Formele Systemen
Wiskunde: Calculus en Lineaire Algebra

Interpretatie van Computerprogramma’s 1
Besturingssystemen en Systeemfundam.

Databanken
Programmeerproject 1

Basisvaardigheden - User Interfaces -  
Privacy op Internet

Wetenschap

Ontwikkeling



Software-ontwikkeling

22

[https://docs.google.com
/spreadsheets/d/1s9u0uprm

uJvw
R2fkRqxJ4W

5W
fom

im
m

k9pw
GTK4Dn_UI/edit#gid=5]

Pacemaker

Space Shuttle

Hubble Telescope

Mars Curiosity Rover

Firefox

Boing 787

Microsoft Office 2013

Facebook 

miljoenen lijnen code
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

80.000

2.000.000

400.000
14 x 1280p = 17920p

14 x 1280p = 17920p

≈28⨯1285p

https://docs.google.com/spreadsheets/d/1s9u0uprmuJvwR2fkRqxJ4W5Wfomimmk9pwGTK4Dn_UI/edit#gid=5
https://docs.google.com/spreadsheets/d/1s9u0uprmuJvwR2fkRqxJ4W5Wfomimmk9pwGTK4Dn_UI/edit#gid=5
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retrospelletje simulatie Infrabel+NMBS editor interieurplannen
~2000 LOC ~3000 LOC > 10.000 LOC 

individueel individueel groepsverband

van nul van nul uitbreiding bestaande code

programmeren algoritmes + wereld eromheen professionalisatie

1ste BA 2de BA 3de BA 



33ECTS keuzevakken in 3de bachelor

6ECTS credits - Interpretation of Computer Programs 2

3ECTS credits - Digitale wiskunde

6ECTS credits - Machine Learning

6ECTS credits - Multimedia Processing Tools

6ECTS credits - IT Networks

6ECTS credits - Web Technologies

3ECTS credits - Bachelor onderzoeksstage

3ECTS credits - Privacy, veiligheid en eigendom op internet

3ECTS credits - Gebruikersinterfaces

3ECTS credits - Evolution of Software Languages

3ECTS credits - Fysica: inleiding mechanica

3ECTS credits - Evolutie

3ECTS credits - Biotechnologie

3ECTS credits - Business Aspects of Software Industry

3ECTS credits - Academic English 2

3ECTS credits - Academic English I

3ECTS credits - Redelijk eigenzinnig. Nadenken over Mens en Maatschappij

6ECTS credits - Inleiding tot de algemene taalwetenschap

3ECTS credits - De grote stromingen in de wijsbegeerte van de oudheid tot het heden

6ECTS credits - Cognitieve psychologie I

6ECTS credits - Marketingcommunicatie

6ECTS credits - Chemie: bouw van de materie en chemische reacties I

6ECTS credits - Inleiding tot het recht

6ECTS credits - Management

6ECTS credits - Wiskunde voor Data Science

6ECTS credits - Marketing

6ECTS credits - Algemene biologie

6ECTS credits - Sociologie I

3ECTS credits - Sociale psychologie I

6ECTS credits - Digitaal mediagebruik

3ECTS credits - Inleiding tot het bedrijfsbeheer

6ECTS credits - Geo-informatiekunde

4ECTS credits - Marketing

6ECTS credits - Leren van individuele leerlingen

6ECTS credits - Urban Education

3ECTS credits - Onderwijssociologie en onderwijsbeleid

verdiepend
verbredend

onderwijs

https://caliweb.cumulus.vub.ac.be/?page=course-offers&id=001849&target=pr&year=1920&language=nl&output=html
https://caliweb.cumulus.vub.ac.be/?page=course-offers&id=009551&target=pr&year=1920&language=nl&output=html
https://caliweb.cumulus.vub.ac.be/?page=course-offers&id=000653&target=pr&year=1920&language=nl&output=html
https://caliweb.cumulus.vub.ac.be/?page=course-offers&id=005395&target=pr&year=1920&language=nl&output=html
https://caliweb.cumulus.vub.ac.be/?page=course-offers&id=000488&target=pr&year=1920&language=nl&output=html
https://caliweb.cumulus.vub.ac.be/?page=course-offers&id=009155&target=pr&year=1920&language=nl&output=html
https://caliweb.cumulus.vub.ac.be/?page=course-offers&id=009156&target=pr&year=1920&language=nl&output=html
https://caliweb.cumulus.vub.ac.be/?page=course-offers&id=009151&target=pr&year=1920&language=nl&output=html
https://caliweb.cumulus.vub.ac.be/?page=course-offers&id=009152&target=pr&year=1920&language=nl&output=html
https://caliweb.cumulus.vub.ac.be/?page=course-offers&id=009157&target=pr&year=1920&language=nl&output=html
https://caliweb.cumulus.vub.ac.be/?page=course-offers&id=006355&target=pr&year=1920&language=nl&output=html
https://caliweb.cumulus.vub.ac.be/?page=course-offers&id=006318&target=pr&year=1920&language=nl&output=html
https://caliweb.cumulus.vub.ac.be/?page=course-offers&id=003653&target=pr&year=1920&language=nl&output=html
https://caliweb.cumulus.vub.ac.be/?page=course-offers&id=006818&target=pr&year=1920&language=nl&output=html
https://caliweb.cumulus.vub.ac.be/?page=course-offers&id=008732&target=pr&year=1920&language=nl&output=html
https://caliweb.cumulus.vub.ac.be/?page=course-offers&id=009061&target=pr&year=1920&language=nl&output=html
https://caliweb.cumulus.vub.ac.be/?page=course-offers&id=009163&target=pr&year=1920&language=nl&output=html
https://caliweb.cumulus.vub.ac.be/?page=course-offers&id=009819&target=pr&year=1920&language=nl&output=html
https://caliweb.cumulus.vub.ac.be/?page=course-offers&id=009932&target=pr&year=1920&language=nl&output=html
https://caliweb.cumulus.vub.ac.be/?page=course-offers&id=002224&target=pr&year=1920&language=nl&output=html
https://caliweb.cumulus.vub.ac.be/?page=course-offers&id=007203&target=pr&year=1920&language=nl&output=html
https://caliweb.cumulus.vub.ac.be/?page=course-offers&id=006434&target=pr&year=1920&language=nl&output=html
https://caliweb.cumulus.vub.ac.be/?page=course-offers&id=006713&target=pr&year=1920&language=nl&output=html
https://caliweb.cumulus.vub.ac.be/?page=course-offers&id=000414&target=pr&year=1920&language=nl&output=html
https://caliweb.cumulus.vub.ac.be/?page=course-offers&id=011165&target=pr&year=1920&language=nl&output=html
https://caliweb.cumulus.vub.ac.be/?page=course-offers&id=000056&target=pr&year=1920&language=nl&output=html
https://caliweb.cumulus.vub.ac.be/?page=course-offers&id=006319&target=pr&year=1920&language=nl&output=html
https://caliweb.cumulus.vub.ac.be/?page=course-offers&id=000026&target=pr&year=1920&language=nl&output=html
https://caliweb.cumulus.vub.ac.be/?page=course-offers&id=000727&target=pr&year=1920&language=nl&output=html
https://caliweb.cumulus.vub.ac.be/?page=course-offers&id=000384&target=pr&year=1920&language=nl&output=html
https://caliweb.cumulus.vub.ac.be/?page=course-offers&id=004640&target=pr&year=1920&language=nl&output=html
https://caliweb.cumulus.vub.ac.be/?page=course-offers&id=003606&target=pr&year=1920&language=nl&output=html
https://caliweb.cumulus.vub.ac.be/?page=course-offers&id=000055&target=pr&year=1920&language=nl&output=html
https://caliweb.cumulus.vub.ac.be/?page=course-offers&id=010989&target=pr&year=1920&language=nl&output=html
https://caliweb.cumulus.vub.ac.be/?page=course-offers&id=010984&target=pr&year=1920&language=nl&output=html
https://caliweb.cumulus.vub.ac.be/?page=course-offers&id=010788&target=pr&year=1920&language=nl&output=html
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gecoördineerde uurroosters en examenroosters 

regelmatige taken in 1BA: 
elke week één taak (1 per 3SP) 
centrale coördinatie 

tussentijdse evaluaties in week 7: 
logica en formele systemen 
structuur van computerprogramma’s 1 
(basisvaardigheden wiskunde) 

ondersteuning vanuit SBC: 
vakspecifieke studiebegeleidster 
VIP-classes 
opvolggesprekken 
massaprogrammeren



Infrastructuur: hoorcolleges en werkcolleges
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Infrastructuur: afstandsonderwijs
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2018-2019 Jasper Zucka
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Infrastructuur: in alle maten en kleuren



Voorbeeld lessenrooster
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1ste jaar Computerwetenschappen 
Voorbeeld week 5 (oktober) 

 Maandag Dinsdag Woensdag Donderdag Vrijdag 

8h-9h      

9h-10h    Basisvaardigheden 
wiskunde (praktijk) 
Vb keuzevak 

Basisvaardigheden 
wiskunde (praktijk) 
Vb keuzevak 

10h-11h    

11h-12h Structuur van 
comƉƵƚeƌƉƌogƌamma͛Ɛ I 
(praktijk) 

  Structuur van 
comƉƵƚeƌƉƌogƌamma͛Ɛ I 
(theorie) 

12h-13h    

13h-14h  Algoritmen en 
datastructuren I (theorie) 

   

14h-15h Structuur van 
comƉƵƚeƌƉƌogƌamma͛Ɛ I 
(theorie) 

Structuur van 
comƉƵƚeƌƉƌogƌamma͛Ɛ I 
(praktijk) 

Basisvaardigheden 
wiskunde (theorie) 

Algoritmen en 
datastructuren I (theorie) 

15h-16h Logica en formele 
systemen (theorie) 

 

16h-17h Logica en formele 
systemen (praktijk) 

Algoritmen en 
datastructuren I 
(praktijk) 

 

17h-18h    

 

  

 

 



Focusgesprek met studenten tijdens kwaliteitsbewaking

30

Interessant programma en goede hoorcolleges 
Goede volgtijdelijkheid en samenhang van de vakken 
Kleine groepen 
Docenten en assistenten zijn zeer toegankelijk en aanspreekbaar 
Veel projectwerk doorheen het hele jaar 
Goede ondersteuning door het SBC 
Goede fundamentele aanpak van programmeren, makkelijk andere talen te leren 
Het schakelprogramma is goed opgebouwd en is goed verdeeld 
Wat verwacht wordt voor een examen is meestal duidelijk 
Studenten worden fair en objectief beoordeeld

Alle bevraagde studenten 
zouden opnieuw voor de 

opleiding kiezen!



Wist je dat?
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bruto gemiddeld van 4.666€ voor een ontwikkelaar 
tot 7.160€ voor een manager in 2016

Pattie Maes

Felix Van de Maele

30.000 ICT vacatures voor ICT 
experten in 2018

pionier sinds 1978



Bachelor 
Computerwetenschappen 

3 jaar

Master Computer Science 
 2 jaar 

Master Toegepaste Informatica 
 1 jaar

Schakel CW

Voorbereidings 
programma TI

Schakel TI (WS)

Voorbereidings 
programma CW

Schakel TI

Prof. BA TI of 
MM&CT 

Ac. BA of  
Ind. Wet. ICT

Ac. BA TE HI

▪ Varianten in 
begeleidingsonderwijs

Master of Applied Sciences and Engineering in Computer Science

engineering degree

also in evening 
lectures

also in evening 
lectures



Architecture of the programme
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30 ECTS  Mandatory Common

6 ECTS 
Research Training 

24 ECTS 
Master Thesis in  

Specialisation

30 ECTS Specialisation 

Mandatory + Electives

Mobility 
Window

Methods of Scientific Research 
Scientific Integrity 
Information Theory  

Theory of Computation 
Open Information Systems 
Declarative Programming 
Software Architectures

30 ECTS Electives Common

strongly embedded in ongoing research activities of the labs 
prepares for role in CS research and development, in academia and industry



Example course from the core: Software Architectures
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[Richardson 2019]

M A N N I N G

Chris Richardson

FTGO μ-services architecture

13Microservice architecture to the rescue

� Restaurant Service—Maintains information about restaurants
� Kitchen Service—Manages the preparation of orders
� Accounting Service—Handles billing and payments

Many services correspond to the modules described earlier in this chapter. What’s dif-
ferent is that each service and its API are very clearly defined. Each one can be inde-
pendently developed, tested, deployed, and scaled. Also, this architecture does a good
job of preserving modularity. A developer can’t bypass a service’s API and access its
internal components. Chapter 13 describes how to transform an existing monolithic
application into microservices. 

1.4.5 Comparing the microservice architecture and SOA

Some critics of the microservice architecture claim it’s nothing new—it’s service-
oriented architecture (SOA). At a very high level, there are some similarities. SOA
and the microservice architecture are architectural styles that structure a system as a
set of services. But as table 1.1 shows, once you dig deep, you encounter significant
differences.

Amazon
SES

Adapter

Twilio
Adapter

Stripe
Adapter

The API Gateway routes
requests from the mobile
applications to services.

Services have APIs. A service’s data is private.

Services corresponding
to business capabilities/
domain-driven design

(DDD) subdomains

API
Gateway

Restaurant
Web UI

Order
Service

Courier

REST
API

REST
API

REST
API

Consumer

Restaurant

Restaurant
Service

REST
API

Accounting
Service

REST
API

Notification
Service

REST
API

Kitchen
Service

REST
API

Delivery
Service

REST
API

Figure 1.7 Some of the services of the microservice architecture-based version of the FTGO 
application. An API Gateway routes requests from the mobile applications to services. The services 
collaborate via APIs.

Licensed to Coen De Roover <cderoove@vub.ac.be>

monolith distributed vertically into services that are deployed independently  

each service provides and consumes functionality as a mini-application on its own

But resilience remains difficult to get right …
71
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current testing strategy of a system by determining whether tests
also keep succeeding under adverse conditions.

We have several reasons to believe that the combination of test
ampli�cation and delta debugging can expose resilience issues: (i) a
signi�cant amount of time is spent on software testing [40, 43] and
tests are therefore likely to capture domain-speci�c information;
(ii) developers tend to test the most important features (i.e., “happy
paths”) [8, 30] �rst due to timing and budget constraints [7, 18]; (iii)
previous work [48] found that the majority of catastrophic failures
could have been prevented by performing simple testing on error
handling code; and (iv) that many distributed system failures are
caused by the untimely arrival of a single event [33].

To summarize, this paper makes the following contributions:

• The design of an automated resilience testing approach
which combines test ampli�cation with delta debugging to
identify shortcomings in the implementation of resilience
tactics in actor-based applications through perturbation of
their test executions.

• The realization of this approach in a tool called C������3.
It automatically identi�es mistakes in the implementation of
resilience against actor restarts andmessage delivery failures
in actor systems implemented with A���.

• An experimental evaluation of three exploration techniques:
����, �����, and �������. In particular, we show that the
delta-debugging variants ����� and ������� consistently
�nd resilience mistakes up to four times faster compared to
the random exploration of ����.

The remainder of the paper is structured as follows. Section 2
introduces the actor model and the resilience tactics as supported
by A���. In Section 3, we present our resilience testing approach
and its realisation in C������. The exploration strategies it can be
con�gured with are discussed in Section 4. We evaluate the tool in
Section 5, while we discuss the current limitations and challenges
in Section 6. Finally, we discuss related work in Section 7.

2 BACKGROUND
The S����4 ecosystem features A���, a modern implementation
of the actor model [2, 26] where actors communicate through asyn-
chronous message sending, rather than shared state. Listing 1 illus-
trates how developers can render anA��� program resilient against
delivery failures of message CountCommand, even across cluster mi-
gration restarts of the GuaranteedDeliveryActor actor. Listing 2
depicts the corresponding test case which uses S����T���5 , the
most popular S���� testing framework [13].

2.1 Actors in A���
Actors in A��� have local state, a message handler, and a mailbox
in which messages are queued. Actors can (i) update their own local
state, (ii) change their message handler, (iii) send messages to other
actors, and (iv) create new actors.

3https://github.com/jonas-db/chaokka
4https://www.scala-lang.org
5http://www.scalatest.org

1 import akka.actor .{Actor , ActorRef}

2 import akka.persistence .{ PersistentActor , AtLeastOnceDelivery}

3
4 trait Event

5 case class Plus(amount: Int)

6 case class PlusEvent(amount : Int) extends Event

7 case class CountCommand(id : Long , amount : Int)

8 case class ConfirmEvent(id : Long) extends Event

9 case class Confirm(id : Long)

10
11 class GuaranteedDeliveryActor(ref: ActorRef)

12 extends PersistentActor with AtLeastOnceDelivery {

13
14 override def receiveCommand: Receive = {

15 case Plus(amount) =>

16 persist(PlusEvent(amount))(updateState)

17 case Confirm(id) =>

18 persist(ConfirmEvent(id))(updateState)

19 }

20
21 override def receiveRecover: Receive = {

22 case e : Event => updateState(e)

23 }

24
25 def updateState(e: Event): Any = e match {

26 case PlusEvent(amount) =>

27 deliver(ref.path)(id => CountCommand(id , amount))

28 case ConfirmEvent(id) =>

29 confirmDelivery(id)

30 }

31
32 override def persistenceId: String = �actor -1�

33 }

34
35 class Accumulator extends Actor {

36 var count: Int = 0

37
38 override def receive: Receive = {

39 case CountCommand(id: Long , amount: Int) =>

40 count = count + amount

41 sender () ! Confirm(id)

42 case �result� =>

43 sender () ! count

44 }

45 }

Listing 1: Motivating example.

Class Accumulator on lines 35–45 implements an actor and
de�nes its message handler as a partial function returned by the
overriding method receive. Each case in the handler determines
how a certain kind of message sent to the actor should be processed.
Messages are removed one-by-one from the mailbox and processed
by atomatically applying the message handler. For instance, the
case on lines 42-43 matches �result�messages where the handler
will use the ! operator to send the current value of count to the
sender of the message.

Messages are sent to location-transparent addresses of type
ActorRef (e.g., as returned by sender() on line 43); whether the
actor behind this address is local or remote is transparent to the
sender. In fact, the actor’s physical location can be changed through
con�guration without altering the code. This location transparency
enables our tester to simulate a completely distributed deployment
on a single JVM.

2

regular message handler

recovery handler used to 
rehydrate state from journal

message send with at-least-once delivery

message  processing 
acknowledgement sent back

framework can stop resending

Ongoing research
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(integrated development environment) 
or Mule Studio. Unlike prior, some-
what contrived “visual programming” 
attempts, the simple pipes-and-!lters 
architectural style of asynchronous 
messaging solutions makes this visual 
composition of patterns natural. Fig-
ure 2 shows a visual Camel route that 
directs an incoming message to one of 
two possible message endpoints via a 
message router. ESB developers can 
now think, design, communicate, and 
implement their solutions using the 
EIP vocabulary, even if they’re using 
different runtime platforms.

The EIP playing-card deck handed 
out at the inaugural CamelOne confer-
ence is likely the most creative pattern 
adaptation to date (see Figure 3). Each 
card shows a pattern from the pattern 
language together with the solution 
statement. It’s satisfying to see design 
patterns, which were created to improve 
human communication and collabora-
tion, !nding their way (literally) into 
the hands of architects and engineers in 
such an approachable, useful way.

T he statistics we presented 
here indicate that pattern lan-
guages have had a broad im-

pact on the software design community 
over the past 20 years. Many research 
questions around patterns remain 

FIGURE 2. Creating messaging solutions 
using the visual pattern language from 
Enterprise Integration Patterns (EIPs)7 inside 
the Redhat Fuse IDE (integrated development 
environment). Messages arriving from a 
!le-based message endpoint are routed 
by a content-based router to one of two 
potential message endpoints based on the 
city speci!ed inside the message content. 
The content-based router pattern describes 
a reusable design for routing messages to a 
correct recipient based on message content.

FIGURE 3. Playing cards based on Enterprise Integration Patterns. The visual pattern 
language allows for an interactive, almost playful usage of the patterns. Each card displays the 
pattern icon together with the name and solution statement. 

88 IEEE SOFTWARE  | PUBLISHED BY THE IEEE COMPUTER SOCIET Y  074 0 -74 5 9 /13 / $ 31. 0 0  ©  2 013  I E E E

IMPACT

GOOD ADVICE IN software design 
is dif!cult to come by. General design 
principles can guide us, but reality 
tends to force trade-offs between seem-
ingly con"icting goals, such as "exibil-
ity and maintainability against size and 
complexity. Likewise, code libraries 

can go a long way in helping us avoid 
reinventing the wheel, but the vision 
of lesser-skilled developers effortlessly 
wiring together ready-made compo-
nents remains !ction.

Design patterns have helped nar-
row this gap by documenting a well- 

working solution to a problem that 
occurs repeatedly in a given context. 
Instead of presenting a copy-and-paste-
ready code snippet, patterns discuss 
forces impacting the solution design. 
Examples of such forces are perfor-
mance and security in Web applica-
tions: encryption and decryption algo-
rithms improve security but introduce 
processing overhead. Ward Cunning-
ham once described the best patterns as 
your older brother teaching you how to 
do something right.1

Although patterns have become 
popular, their impact as a design tech-
nique is more dif!cult to quantify than 
the impact of a speci!c software prod-
uct (which is what previous install-
ments of this column have examined). 
This installment highlights both the 
breadth of patterns available after 20 
years of pattern-writing conferences 
and the depth of impact some patterns 
have had on open source software.

Twenty Years of 
Patterns’ Impact
Gregor Hohpe, Rebecca Wirfs-Brock, Joseph W. Yoder, and Olaf Zimmermann

This column celebrates the 20th year of software patterns. IEEE 
Software advisory board members teamed up with members of the 
Hillside Group, a nonpro!t organization that promotes the use of 
patterns and pattern languages, to re"ect on the state of the practice 
and impact of patterns. —Michiel van Genuchten and Les Hatton

Editor: Michiel van Genuchten
MTOnyx
genuchten@ieee.org

Editor: Les Hatton
Kingston University
l.hatton@kingston.ac.uk
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INSIGHTS

A Decade of Enterprise 
Integration Patterns
A Conversation with the Authors

Olaf Zimmermann, Cesare Pautasso, Gregor Hohpe, and Bobby Woolf

IN AN INDUSTRY that thrives on 
constant change, few books can sur-
vive the test of time. Enterprise In-
tegration Patterns (EIP)1—with its 
highly in! uential collection of mes-
saging patterns—is de" nitely one of 
those few. So, we interviewed the 
authors Gregor Hohpe and Bobby 

Woolf; here, we have the pleasure 
of sharing their re! ections with you. 
You can discover the inside story of 
their book project as well as their 
views on pattern language design 
and on integration technology’s evo-
lution. We also thank them for their 
precious advice for the next genera-
tion of pattern authors and integra-
tion solution designers.

A General Retrospective
Olaf Zimmermann: How did your 
book come to be? How did you get 
together, and how did you " nd your 
contributors and reviewers?

Bobby Woolf: Martin Fowler was 
the matchmaker. When he wrote 
Patterns of Enterprise Application 
Architecture,2 Kyle Brown pointed 
out that his pattern language was 
not addressing asynchronous mes-
saging. Martin felt that he already 
had plenty of patterns to write, 

which motivated Kyle and me to sub-
mit a collection of 27 patterns to the 
2002 Pattern Language of Programs 
[PLoP] conference under the title, 
“Patterns of System Integration with 
Enterprise Messaging.”3

Gregor Hohpe: I was based some 
3,000 miles away, using enterprise 
application integration [EAI] tools, 
such as TIBCO and Vitria, in my 
consulting job. I had a nagging feel-
ing that these tools share underlying 
concepts, which are obfuscated by 
different terminology. Martin en-
couraged me to document my " nd-

ings in the form of patterns, also to 
be submitted to PLoP 2002,4 where I 
" rst met Bobby and Kyle.

Bobby: So Kyle brought me into the 
effort he’d started with Martin, then 
Martin brought Gregor in. While 
Martin and Kyle contributed a lot 
of material and guidance, they even-
tually lessened their involvement, 
leaving Gregor and me to write and 
complete the book. Gregor and I 
hadn’t known each other before, so 
it was a crash getting-to-know-you 
opportunity.

With encouragement from Martin 
and Kyle, we decided to combine our 
papers with the goal to turn them 
into a book. While there was some 
merging to be done, the two papers 
complemented each other well. We 
only had a handful of patterns that 
overlapped: Kyle’s and my paper de-
scribed message patterns (“message 
construction” in the book) and mes-
sage client patterns (later “messag-
ing endpoints”).

Gregor: Coming from the EAI per-
spective, my 17 patterns focused on 
what was “between” the endpoints: 
message routing, message transfor-
mation, and message management. 
It also contained an early version of 
the pattern icons.

Each pattern represents a decision, so 
the language walks the reader through 
the decisions that need to be made.
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FTGO μ-services: messaging (2/2)

large-scale systems operating worldwide with millions of concurrent users 
architectural patterns for reactivity (react in a timely manner), elasticity 
(react to variable load conditions), resilience (recover from failures) 
instantiate well-known frameworks in projects
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Image Processing 
Data Compression 
Computer Vision 

Speech Synthesis and Coding

MultimediaSoftware Languages &  
Software Engineering

Language Design and Implementation 
Development Tools and Methods 

Program Analysis 
Program Evolution

Artificial Intelligence
Machine learning 

Game Theory 
Bio-informatics 

Natural Language Processing 
Computational Intelligence 

Data Management & Analytics
Data Mining 

Big Data Management 
Information Retrieval 

Human-Data Interaction 
Data Visualisation

designed for students with solid, fundamental background in CS 
provides deep knowledge of CS in general, and in one of four specialisations
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study and apply state of the art techniques 
logic-based, statistical, probabilistic, neural inference systems 
multi-agent systems with emergent intelligence 
language processing and computational intelligence  

rigorous mathematical and scientific context 
supported by oldest AI group on the European continent (1982) 

Artificial Intelligence
Machine learning 

Game Theory 
Bio-informatics 

Natural Language Processing 
Computational Intelligence 
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at the confluence of Big Data and Interactive Data Science 
new since 2020-2021! 

study and apply algorithms, techniques, architectures 
big data management, mining, visualisation, interaction 

supported by all research groups of the department

Data Management & Analytics
Data Mining 

Big Data Management 
Information Retrieval 

Human-Data Interaction 
Data Visualisation
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the art, science, and engineering of software construction 
theoretical foundations: type theory, formal proofs, program analysis 
language design: paradigms for distribution and concurrency 
language implementation: compilers and interpreters 
software engineering: software quality, meta-programming 

supported by a leading research group in PL and SE 

Software Languages &  
Software Engineering

Language Design and Implementation 
Development Tools and Methods 

Program Analysis 
Program Evolution
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study signal processing and transmission for multimedia content 
supported by a leading research group in electronics and holography

Image Processing 
Data Compression 
Computer Vision 

Speech Synthesis and Coding

Multimedia
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Methoden van Wetenschappelijk Onderzoek 

Schaalbare Datamanagementsystemen 
Information Retrieval en Data Mining 

Informatievisualisatie 
Cloud computing en Big Data Processing 

Statistical Foundations of Machine Learning 
Masterproef (15 ECTS)
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Software Architecturen 
Security in Computing 

Natural Language Processing 
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Despite these reservations, Gibson’s theories influence much of this book. The concept
of affordances, loosely construed, can be extremely useful from a design perspective.
The idea suggests that we build interfaces that beg to be operated in appropriate
and useful ways. We should make virtual handles for turning, virtual buttons for
pressing. If components are designed to work together, this should be made percep-
tually evident, perhaps by creating shaped sockets that afford the attachment of one
object to another. This is the kind of design approach advocated by Norman in his
famous book, The Psychology of Everyday Things (1988). Nevertheless, on-screen wid-
gets present affordances only in an indirect sense. They borrow their power from
our ability to represent pictorially, or otherwise, the affordances of the everyday
world. Therefore, we can be inspired by affordance theory to produce good designs,
but we cannot expect much help from that theory in building an applied science of
visualization.

A Model of Perceptual Processing
In this section, we introduce a simplified information processing model of human
visual perception. As Figure 1.5 shows, there are many subsystems in vision, and
we should always be wary of overgeneralization. Still, an overall conceptual frame-
work is useful in providing a starting point for more detailed analysis. Figure 1.11
gives a broad schematic overview of a three-stage model of perception. In Stage 1,
information is processed in parallel to extract basic features of the environment.

Display

“What” system

Features

Patterns

Visual
working
memory

GIST

Verbal
working
memory

Egocentric object and
pattern map

“Action” system

Information
system

Stage 1 Stage 3Stage 2

Figure 1.11 A three-stage model of visual information processing.

20 Foundations for an Applied Science of Data Visualization

102 5. Marks and Channels

Magnitude Channels: Ordered Attributes Identity Channels: Categorical Attributes

Spatial region

Color hue

Motion

Shape

Position on common scale

Position on unaligned scale

Length (1D size)

Tilt/angle

Area (2D size)

Depth (3D position)

Color luminance

Color saturation

Curvature

Volume (3D size)

Channels: Expressiveness Types and E!ectiveness Ranks

Figure 5.6. Channels ranked by effectiveness according to data and channel type. Ordered data should be shown
with the magnitude channels, and categorical data with the identity channels.

types. This primacy of spatial position applies only to 2D positions
in the plane; 3D depth is a much lower-ranked channel. These

! The limitations and ben-
efits of 3D are covered in
Section 6.3. fundamental observations have motivated many of the vis idioms

illustrated in this book, and underlie the framework of idiom design
choices. The choice of which attributes to encode with position is
the most central choice in visual encoding. The attributes encoded
with position will dominate the user’s mental model—their internal
mental representation used for thinking and reasoning—compared
with those encoded with any other visual channel.

These rankings are my own synthesis of information drawn
from many sources, including several previous frameworks, exper-
imental evidence from a large body of empirical studies, and my

visualisatietechnieken voor exploratieve analyse van grote datasets 
case studies illustreren perceptietheorie en interactietechnieken  
in groepsverband visualisatieoplossing ontwikkelen
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From Data-Parallel to Distributed Data-Parallel

�3

Shared memory data parallelism
• Split the data over several nodes

• Combine when done

• Worker nodes independently 
operate on each part of the data 
set

Distributed

Network latency between 
worker nodes is a new 

concern

Cluster Configuration

Different Temporal Windows

�5

E E E E E E E E E E E E E E E
Sliding 
window

E E E E E E E E E E E E E E ELandmark 
window

E E E E E E E E E E E E E E E
Tumbling 
window

E E E E E E E E E E E E E E E
Session 
window

window #1
window #2

window #3

window #1 window #2 window #3

window #1 window #2 window #3

window #1 window #2 window #3
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Proof of work for block #n

000000..........h(           ) = D, h(#n−1) nonce

‣ find nonce by brute-forcing 

‣ miners are financially rewarded for their work 

‣ deter spamming and DoS

block number to guess

typically less 
than 10 
minutes

currently 12.5 BTC

prevent parties from 
"just adding blocks"

(often) useless

make adding a block 
artificially difficult

26

Bitcoin mining stats

after 2016 blocks generated, BC may 
adjust difficulty in order to keep the block 

generation time at ±10 minutes

hash upper bound calculator: hashes/s → BC earnings

https://bitcoinwisdom.com/bitcoin/difficulty

cloud computing: decentralisatie (Blokchain), consistentie, beveiliging, … 
big data processing: cluster computing, gegevenslocaliteit, streaming (Spark) 
raamwerken illustreren fundamentele concepten van beide domeinen
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gedistribueerde databanken voor beheer van grote datasets 
principes onderliggend aan systemen zoals MapReduce  
uitdagingen van partitionering, query planning, transactieverwerking 

Algorithms for Data Analysis

Query

What is the “best” algorithm to compute a query? R(A,B) ⋈ S(B,C) ⋈ T(C,A)

1/2

1/2 1/2

A B

C

Load = M / p2/3


