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From the Board
Louise Zwep, Applied Mathematics 

Education Affairs

When writing this, I am already halfway through my board year. It has been 
an incredible experience so far, from which I would not have thought to be 
standing here a few years ago.

My road ‘through CH’ was a long one. It started out, off course, with the 
freshmen weekend. Here some amazing lumberjacks showed me what CH was. I 
was so keen about this association, I signed up to be part of the SjaarCie. This 
is the committee who organized Algorhythm, which you can read more about 
in this MaCHazine. Here I met eleven other freshmen with whom I was able to 
set up a great party at Proteus with the theme ‘Catsino’!

I enjoyed throwing a party for CH so much that the next year I signed up to be 
part of the Dies committee, so I could organize a whole week of parties! This 
was a great new challenge.  We also became very close with the committee, 
some are still friends that I hang out with a lot. Our theme was CHeers, and 
thus we went CHeerfully roller-skating, invited a CHeerleader and said CHeers 
to each other while riding a ‘beer bike’. 

In my third year, I still could not get enough of CH. That is why I signed up to 
do the iCom committee, which organizes trip of somewhat less than a week to 
a city somewhere in Europe. In my year, the trip went to ManCHester. Here my 
mind set about company visits. We went to a company, and over there I got 
inspired. There I saw how our studies were applied in real life. It is also a real 
nice way to get to know new people and create a network.

Doing this committee I also got way more involved at CH. I found out about all 
the nice things that CH offers for their students. This also brought me to the 
point where I am now, a board member. I am not organizing one event or a week 
of events, but I am running a whole association. This is a big responsibility. 
While doing this board year, I am learning a lot. These skills are very different 
from those I learned during my bachelor.

But next to these soft skills that I develop by working together in a team, 
I am learning a lot about the TU Delft as well. I am in charge of all the 
educational affairs for Applied Mathematics. When doing this, I learn about 
all the different parts of the faculty. For example, did you know that within 
the faculty we have a director of Studies (‘Opleidingsdirecteur’) and a director 
of Education (‘Directeur Onderwijs’) and that in Dutch the word for director is 
placed in different order, because otherwise the acronym would be the same 
(OD), which would be quite maladroit? Did you also know that it is not true that 
all the floors of the EEMSC building are empty? On the 16th floor there are a 
lot of important people of the faculty, such as Marketing and Communication, 
the dean and our own honorary member Ank! These are just little fun facts I 
learned during this year.

Now I also gained another soft skill: writing a piece for this MaCHazine. I keep 
on doing and learning new things this year. I hope that you, as a member of 
CH reading this MaCHazine, gain as much out of our beautiful association as 
I do!  
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Quite a lot of members of the MaCHazine committee have been doing their minor last half year, and we 
found out that we all did very diverse things. Therefore, this issue we answer the question:

‘What have you done during your first semester?’

Eva - ‘In September, I started with the Master Applied Mathematics. During the first semester everyone 
follows two mandatory courses: Scientific Writing and Ethics. Next to that, I decided to take 4 common core 
courses, since I hadn’t decided yet which track I wanted to do.’

Louise - ‘I jumped into this year by starting the multimedia track in which I followed the adjoining signal 
processing and image processing courses. The semester ended with a license plate recognition project which 
allowed us to apply our knowledge in building a real life application.’

Kilian - ‘I started with my minor Finance. During this mathematical minor I learned how I can use my 
mathematical knowledge in the field of finance, for example how to make sure that you don’t lose money on 
an investment. If you are interested, you can read more about my minor on page p.34!’

Maxime - ‘I participated in the minor Fashion Industry at Erasmus University. I really enjoyed learning and 
gaining new skills from a totally different field than mathematics. On page p.34 you can read more about 
my minor!’

Tom - ‘At the start of the third year I packed my bags and moved to Sweden. In Sweden I followed some 
design and networking courses at Chalmers University. Besides studying, I travelled through Sweden and 
made new friends from all over Europe. You can read about it on page p.16!.’

Kasper - ‘The past half year has been relatively calm for me. I started my second year of the Bachelor 
Computer Science and I did not have to worry about BSA. I passed ADS, one of the most infamous courses 
of the bachelor, so I got that going for me. ’

Annerieke - ‘I started the second year of my Bachelor Applied Mathematics. The first semester of the second 
year does not have any electives so I just followed 5 mandatory courses. As usual, I liked some courses more 
than others, but it was a fun and interesting half year.’

Sterre - ‘I hopped on a plane to the land of kangaroos and Vegemite, where I studied for roughly 10% of 
the semester and travelled for the rest of it. You can read about my semester abroad at the University of 
Sydney on page p.16!’

Hiba - ‘I spent my semester in Denmark where I chose to take some courses outside of CS to broaden my 
horizon. I also travelled around quite a bit to explore more of Scandinavia. You can read more about my 
semester abroad at the Technical University of Denmark on page p.16!’

Boaz - ‘In september, I started my board year for CH! The first quarter was mainly focused on learning how 
to run the association, and the second quarter I was working towards ‘De Delftse Bedrijvendagen’ which is 
a big career event that CH organises together with 5 other associations!’
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-PWF JO UIF UJNF PG $PSPOBWJSVT
#IPPNJLB "HBSXBM
 4UVEFOU .4D $PNQVUFS 4DJFODF

5IF DPSPOBWJSVT $07*%��� JT TQSFBEJOH JOGFDUJPVTMZ
 DBVTJOH QBOJD
XPSMEXJEF� "T B SFTVMU
 DPVOUSJFT BSF CFJOH MPDLFE EPXO
 DBVTJOH TPDJBM
JTPMBUJPO� *O UIF NJETU PG BMM PG UIJT DIBPT
 UIFSF JT POF MPWF TUPSZ UIBU
IBT B MPU PG QPUFOUJBM UP HSPX BOE CMPTTPN � ZPVS MPWF TUPSZ XJUI
ZPVSTFMG� :FT
 UIJT BSUJDMF JT BCPVU B KPVSOFZ PG MPWF CVU XJUI B NBKPS
UXJTU� *U JT BCPVU NZ KPVSOFZ XJUI EJTDPWFSJOH UIF JNQPSUBODF PG
TFMG�MPWF JO UIF UJNF PG $07*%����

8IJMF UIF JOGFDUJPVTOFTT PG $07*%��� TFFNFE MJLF B NBKPS TPDJBM JTTVF
 UIF
TUSJDU NFBTVSFT CFJOH JNQPTFE UP QSFWFOU UIF TQSFBE PG UIF EJTFBTF CSPVHIU JO
B MPU PG VOGPSFTFFO JTTVFT� 0OF PG UIF NBKPS JTTVFT GPS NF XBT UIF EFQSFTTJPO
UIBU DBNF JO XJUI UIF TPDJBM JTPMBUJPO�

5IF VODFSUBJOUZ PG UIF FOUJSF TJUVBUJPO XBT TUBHHFSJOH BOE VOTFUUMJOH� "MTP

CFJOH BXBZ GSPN IPNF BOE GBNJMZ NBEF UIJOHT XPSTF� * XBT DPOTUBOUMZ XPSSJFE
BCPVU NZ GBNJMZ BOE WJDF WFSTB� %VF UP UIF JODSFBTFE SJTL PG DPOUSBDUJOH UIF
JOGFDUJPO EVSJOH USBWFM
 * SVMFE PVU UIF PQUJPO PG HPJOH CBDL UP NZ IPNF
DPVOUSZ� 5IJT MFGU NF GFFMJOH PWFSXIFMNFE CZ IPNFTJDLOFTT CVU IFMQMFTT
BT * XBT TUVDL JO UIF DSPTT�mSF� 5IF MBTU UIJOH * XBOUFE XBT UP CF QVU JO
RVBSBOUJOF PODF * HPU CBDL IPNF�

5IF mSTU EBZ PG TPDJBM JTPMBUJPO TFFNFE BMSJHIU� * TUPDLFE VQ PO HSPDFSJFT GPS
BCPVU B XFFL BOE HPU UISPVHI UIF EBZ EFTQJUF B GFX IJDDVQT BOE B MPU PG
QBOJD� )PXFWFS
 XJUI FBDI QBTTJOH EBZ
 * HPU NPSF BOYJPVT BOE SFTUMFTT� 5IJT
JT XIFO * MFBSOFE UIF JNQPSUBODF PG TQFOEJOH UJNF BMPOF BOE MPWJOH NZTFMG�
5IJT JT XIFO * CFHBO UP SF�EJTDPWFS NZTFMG BOE EFDJEFE UP iEBUF NZTFMGw GPS B
XIJMF�

*U BMM TUBSUFE XJUI B TJOHMF RVFTUJPO� i"N * CFJOH UPP TUSJDU PO NZTFMG w 8IFO
* BTLFE NZ CFTU GSJFOE UIJT RVFTUJPO
 IF WFIFNFOUMZ BOTXFSFE� i:FT� :PV BSF�
8IBU ZPV OFFE JT TPNF TFMG�DPNQBTTJPO BOE TFMG�MPWF�w 8IBU SFBMMZ TUSVDL NF
UIFO XBT UIF SFBMJ[BUJPO UIBU * EJE OPU LOPX UIF USVF NFBOJOH PG UIPTF XPSET�
"OE TP CFHBO B KPVSOFZ PG B MJGFUJNF�

" HPPE TUBSUJOH QPJOU GPS NF XBT UIF FYQFSJFODFT BOE UFBDIJOHT PG %S� ,SJTUJO
/FGG BCPVU A5IF 4QBDF #FUXFFO 4FMG�&TUFFN BOE 4FMG $PNQBTTJPO�� 4FMG�
DPNQBTTJPO JT FTTFOUJBMMZ BCPVU CFJOH DPNQBTTJPOBUF OPU POMZ BCPVU PUIFST
CVU BMTP BCPVU ZPVSTFMG CZ JODMVEJOH ZPVSTFMG JO UIF DJSDMF PG DPNQBTTJPO� 8F
OFFE UP USFBU PVSTFMWFT XJUI UIF TBNF DPNQBTTJPO UIBU XF USFBU B HPPE GSJFOE�

" VTFGVM USJDL UIBU * MFBSOFE BOE CFHBO JNQMFNFOUJOH JO NZ MJGF XBT UP BTL
NZTFMG JG * XPVME CF PLBZ XJUI TBZJOH DFSUBJO UIJOHT UP NZ HPPE GSJFOE CFGPSF
TBZJOH JU UP NZTFMG� 3FQFBUFEMZ BTLJOH NZTFMG UIJT RVFTUJPO MFE NF UP SFBMJ[F
UIBU * IBWF CFFO UPP IBSTI PO NZTFMG BOE * EP OFFE UP BMMPX NZTFMG UP CF OJDFS
BOE FODPVSBHJOH� 5IF CPPTU JO NZ TFMG�JNBHF BOE QSPEVDUJWJUZ XFSF BQQBSFOU
BMNPTU JNNFEJBUFMZ� "OPUIFS NBKPS UBLFBXBZ GPS NF XBT NJOEGVMOFTT PS
ACFJOH JO UIF QSFTFOU NPNFOU�� * USJFE UP NBLF B DPOTDJPVT FGGPSU UP FOKPZ UIF
QSFTFOU DPNQBOZ BOE JU IFMQFE NF DPOOFDU CFUUFS XJUI UIPTF BSPVOE NF�

'JHVSF �� 5IF TUSVHHMF PG TPDJBM JTPMBUJPO

* VTFE UIJT UJNF PG TPDJBM JTPMBUJPO UP SFBE B MPU BOE UP XSJUF� * BMTP JOWFTUFE
UJNF JO XPSLJOH PO IPCCJFT UIBU * IBE CFFO QVUUJOH PO UIF CBDL TFBU GPS B
MPOH UJNF OPX� 'PPE IBT BMXBZT CFFO NZ mSTU MPWF� (PPE GPPE JT NZ HP�UP mY
GPS BOZ LJOE PG NPPE� * XFOU HSPDFSZ TIPQQJOH BOE EFDJEFE UP QBNQFS NZTFMG
XJUI B MPU PG HPPE GPPE� * BMTP EFDJEFE UP EFMWF EFFQFS JO NZ FYQFSJNFOUT
XJUI GPPE� * TUBSUFE TQFOEJOH NPSF UJNF DPPLJOH BOE USJFE PVU OFX SFDJQFT�

5P NBLF NZTFMG NPSF BU IPNF JO NZ SPPN
 * EFDJEFE UP EFDPSBUF NZ SPPN BOE
QFSTPOBMJ[F JU� 5IJT JT XIBU TQVSSFE NF UP HFU CBDL UP PSJHBNJ� *U JT JOEFFE
MPWFMZ XIBU ZPV DBO EP XJUI B TJNQMF QJFDF PG TRVBSF QBQFS KVTU CZ GPMEJOH JU
VQ� * MPPLFE GPS XBMMT BOE TQBDFT JO NZ SPPN UIBU * DPVME EFDPSBUF� 'PMMPXJOH
UIJT
 * NBEF PSJHBNJ XBMM EFDPSBUJPOT
 QIPUP GSBNFT
 MBNQTIBEFT
 QPTUFST BOE
NVDI NPSF� *O FBDI PG UIFTF
 * FOTVSFE UIBU * BEEFE B TQMBTI PG DPMPS BOE BO
FMFNFOU PG NZTFMG� * CFHBO TPNF TQSJOH DMFBOJOH BOE SF�BSSBOHFE NZ SPPN� *O
B XFFL PS UXP 	PXJOH UP UIF POMJOF DMBTTFT BOE IFBWZ DPVSTFXPSL

 NZ SPPN
CFHBO UP GFFM NPSF DP[Z BOE * TUBSUFE MPPLJOH GPSXBSE UP TQFOEJOH UJNF JO
JU� "U UIF TBNF UJNF
 * BMTP EJTDPWFSFE B MPOH�MBTU IPCCZ UIBU IFMQFE NF HFU
TPNF TQBDF BOE BMTP HBWF NF B MPU PG QFBDF PG NJOE BOE TBUJTGBDUJPO� *U IBE
B NFEJUBUJWF BOE UIFSBQFVUJD FGGFDU PO NF�

8IJMF * XBT FYQMPSJOH B MPU PG OFX XBZT UP JNQSPWF NZTFMG
 * BMTP DIBODFE VQPO
UIF 2VBOUJmFE TFMG NPWFNFOU <�>
 XIJDI CFMJFWFE JO VTJOH EBUB DPMMFDUFE WJB
TFOTPST BT B NJSSPS UP SFnFDU JOXBSET� * TUBSUFE MPPLJOH BU BTQFDUT PG NZTFMG
UIBU * XBOUFE UP RVBOUJGZ BOE IPX * DPVME VTF UFDIOPMPHZ GPS TFMG�EJTDPWFSZ


Love in the time of Coronavirus
Bhoomika Agarwal, Student MSc Computer Science
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'JHVSF �� "O PSJHBNJ XBMM EFDPSBUJPO UIBU * DSFBUFE

TFMG�JNQSPWFNFOU
 BOE TFMG�LOPXMFEHF� "GUFS BMM
 JG XF XBOU UP BDU NPSF
FGGFDUJWFMZ JO UIF XPSME
 XF HPU UP HFU UP LOPX PVSTFMWFT CFUUFS� "GUFS HJWJOH
UIJT B MPU PG UIPVHIU
 * SFBMJ[FE UIBU * XBOUFE UP XPSL PO UXP NBJO BTQFDUT�
SFEVDJOH UIF UJNF * TQFOE POMJOF PO NZ QIPOF
 XIJMF BMTP JNQSPWJOH NZ GPDVT
BOE SVOOJOH BOE XPSLJOH PVU SFHVMBSMZ�

* EPXOMPBEFE UXP BQQT� 'PSFTU <�> BOE 4DSFFO 5JNF <�> UP HFU TUBSUFE PO
UIF mSTU HPBM� 8IFOFWFS * IBE UP GPDVT BOE XPSL
 * CFHBO VTJOH 'PSFTU BOE
JU IFMQFE NF TUBZ GPDVTFE PO UIF HPBM BU IBOE� "U UIF TBNF UJNF
 * CFHBO
USBDLJOH NZ TDSFFO VTBHF JO UFSNT PG UJNF TQFOU BOE BMTP BQQ�XJTF� 5IF
DPOTUBOU BXBSFOFTT PG UIF UJNF * TQFOU POMJOF IFMQFE NF SFEVDF JU PWFS UJNF�
5IF SFBMJ[BUJPO UIBU * TQFOU B MPU PG UJNF PO TPDJBM NFEJB IFMQFE NF EJWFSU NZ
UJNF JOUP NPSF QSPEVDUJWF BQQT� 'PS UIF TFDPOE HPBM
 * CFHBO VTJOH B mUOFTT
USBDLFS UP CFDPNF BXBSF PG IPX NVDI QIZTJDBM BDUJWJUZ * IBE EVSJOH UIF EBZ�
5IJT NPUJWBUFE NF UP JODSFBTF JU HSBEVBMMZ� 4VSQSJTJOHMZ
 JU IFMQFE NF mY NZ
GPPE BOE TMFFQ DZDMF BOE mY B EBJMZ DBMFOEBS GPS NZTFMG�

"OPUIFS SFBMMZ JOUFSFTUJOH DPODFQU UIBU * SFBE BCPVU BOE USJFE UP JNQMFNFOU
XBT "UPNJD )BCJUT <�>� * XBT JOUSPEVDFE UP JU UISPVHI UIJT UBML <�> BOE UIJT
CMPH QPTU <�> CZ +BNFT $MFBS� 5IF DPSF JEFB CFIJOE JU JT UIBU JG ZPV XPSL UP
JNQSPWF ZPVSTFMG �� FWFSZ EBZ GPS B ZFBS
 UIBU BMSFBEZ NBLFT ZPV �� UJNFT
CFUUFS CZ UIF FOE PG UIF ZFBS� 8IJMF XF NJHIU OPU SFBMJ[F JU
 TNBMM IBCJUT
BOE MJUUMF DIPJDFT BSF USBOTGPSNJOH VT FWFSZEBZ BMSFBEZ� *OTQJSFE CZ UIJT
 *
CFHBO XPSLJOH PO EFWFMPQJOH QPTJUJWF IBCJUT CZ JOUFHSBUJOH UIFN JOUP NZ
EBJMZ TDIFEVMF�

'JHVSF �� 5IF )BCJU -PPQ

* TUBSUFE NZ EBZ XJUI TPNF FYFSDJTF BOE FOEFE JU XJUI TPNF NFEJUBUJPO� *
CFHBO LFFQJOH B CPPL CZ NZ QJMMPX BOE JU IFMQFE NF HFU CBDL UP SFBEJOH� *
BMTP FOTVSFE UIBU UIF IBCJUT * XBOUFE UP EFWFMPQ XFSF XJUIJO FBTZ SFBDI PS
QSPNQUFE XIJMF * XPSLFE� QMFOUZ PG XBUFS
 QVUUJOH BXBZ NZ QIPOF
 SFNJOEFST
GPS NFEJDJOFT BOE GPPE BOE DSFBUJOH UP�EP MJTUT BOE QVUUJOH UIFN PO NZ XBMM�
*U XBT OPU MPOH CFGPSF UIFTF CFDBNF IBCJUT BOE IBWF OPX TUBSUFE CFDPNJOH B
QBSU PG NF� 5P RVPUF +BNFT $MFBS� w&WFSZ BDUJPO JT B WPUF GPS UIF UZQF PG QFSTPO
ZPV XJTI UP CFDPNF� *G ZPV DBO DIBOHF ZPVS IBCJUT
 ZPV DBO DIBOHF ZPVS MJGF�w

* EJE NZ CFTU UP VTF UIJT UJNF PG TPDJBM JTPMBUJPO BOE RVBSBOUJOF CZ JOUFHSBUJOH
NPSF TFMG�MPWF BOE TFMG�DPNQBTTJPO JO NZ MJGF� * XPVME TUSPOHMZ BEWJTF JU UP
FWFSZPOF SFBEJOH UIJT QPTU� "U UIF TBNF UJNF
 JU XPSLT JO UIF CFTU JOUFSFTU PG
QVCMJD TBGFUZ BOE IFMQT VT mOE XBZT UP TQFOE PVS UJNF JO JNQSPWJOH PVSTFMWFT�
4UBZ IBQQZ
 TUBZ TBGF BOE MPWF ZPVSTFMG�

3FGFSFODFT
<�> w2VBOUJmFE 4FMGw
 IUUQT���RVBOUJmFETFMG�DPN��

<�> i'PSFTU � 4UBZ 'PDVTFE
 #F 1SFTFOU�w 'PSFTUBQQ�DD
 XXX�GPSFTUBQQ�DD�

<�> i4DSFFO 5JNF � 3FTUSBJO :PVSTFMG � 1BSFOU $POUSPM � "QQT PO (PPHMF 1MBZ�w (PPHMF
 (PPHMF

QMBZ�HPPHMF�DPN�TUPSF�BQQT�EFUBJMT JE�NBTUFS�BQQ�TDSFFOUJNF�BNQ�IM�FO�

<�> $MFBS
 +BNFT� "UPNJD )BCJUT� BO &BTZ � 1SPWFO 8BZ UP #VJME (PPE )BCJUT � #SFBL #BE 0OFT

IUUQT���KBNFTDMFBS�DPN�BUPNJD�IBCJUT

<�> w"UPNJD )BCJUT� )PX UP (FU �� #FUUFS &WFSZ %BZ � +BNFT $MFBSw

IUUQT���XXX�ZPVUVCF�DPN�XBUDI W�6@O[RO98W4P

<�> $MFBS
 +BNFT� i)PX 5P 4UBSU /FX )BCJUT 5IBU "DUVBMMZ 4UJDL�w
 IUUQT���KBNFTDMFBS�DPN�UISFF�
TUFQT�IBCJU�DIBOHF
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5JNF UP TBZ HPPE CZF
'SFE 7FSNPMFO

* IBWF CFFO UIF BVUIPS PG UIF DPMVNOT PG .BDIB[JOF GPS NPSF UIBO TJY
ZFBST� 5JNF IBT DPNF UP TBZ HPPE CZF�

5IFSF JT BMXBZT TPNFUIJOH JO TPDJFUZ UIBU EJTUVSCT NF� 5IJOHT MJLF IPX
UIF HPWFSONFOU PG UIF &VSPQFBO 6OJPO PQFSBUFT
 UIF GBDU UIBU PVS UBY�QBJE
JOTUJUVUJPOT BOE PVS KPVSOBMJTUT DFEF UP WJPMFOU QFPQMF XIP BSF ZFMMJOH UIBU
UIF USBEJUJPOBM 4JOUFSLMBBT DFMFCSBUJPO TIPVME CF BCPMJTIFE PS BMUFSFE
 PS UIF
NBTTJWF QPQVMBUJPO HSPXUI JO POF PG UIF NPTU EFOTFMZ QPQVMBUFE DPVOUSJFT
PG UIF XPSME
 PS DMJNBUF DIBOHF JO XIJDI JU JT WFSZ DMFBS UIBU XF DBO OP
MPOHFS FYQFDU QSPQFS XJOUFST UIBU NBLF PVUEPPS JDF�TLBUJOH QPTTJCMF
 PS UIF
HPWFSONFOU UIBU JT JNQPTJOH NPSF BOE NPSF SFTUSJDUJPOT PO UIF %VUDI GBSNFST

XIP BSF BMSFBEZ BNPOH UIF NPTU FOWJSPONFOUBMMZ DPODFSOFE PG UIF XPSME�
0S UIF GBDU UIBU HFOEFS IBT CFDPNF BO JTTVF� 8F TFF UIJT JO IJSJOH QFPQMF�
5IF VOJWFSTJUZ TUSJWFT UP IBWF NPSF GFNBMF 	GVMM
 QSPGFTTPST� 5IF HPWFSONFOU
GVOET TQFDJBM QPTJUJPOT GPS XPNFO� .Z HPPEOFTT
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(PPE CZF� )FK EÌ� 4LÌM CVSQ�

Time to Say Goodbye
Fred Vermolen, Department Numerical Analysis
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The beginner and the advanced 
skiers, but both organisation
Laura Pircalaboiu, Ardy Zwanenburg, Ski Trip Committee
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This years ski trip was organised by the WiFi. We were a committee 
with a lot of diversity in ski experience. Ardy was an expert skier 
and goes down the mountains like there is nothing to be feared of, 
however we also had Laura. Laura has never skied before. Here you read 
the experience of being in the WiFi as an experienced skier and as a 
beginner. Spoiler: in both cases being in the WiFi is fantastic!

Ardy
I have been skiing since I was 4, that is now 16 years. I have been on ski 
vacation 17 times. One of them was the CH ski trip of 2019, organised by 
the WiFi before my WiFi year. During this trip I already wanted to join the 
WiFi next year. This year we worked hard and then stepping into the bus 
was an amazing feeling. Going on a trip you and the rest of the committee 
organised, that feeling is amazing. We had a nice room with our committee. 
Laura woke up early for her ski lessons, Elise and I were as early as possible 
on the slopes and Max, Jules and Jaron came after us when they were ready. 
It was a lot of fun. As organisation we kept having contact with each other, 
but we had good communication so we could just enjoy skiing the whole day 
without having to do anything before leaving the slopes. After leaving the 
slopes on a nice day of skiing, you do your tasks for the organisation part, 
like meeting your responsible room to see if everything was okay. Thanks to 
being in the WiFi, I met every person that was with us on the ski trip and 
even made some friends.

Of course we also had the seriousness of being “sober” one night, which 
means no alcohol for the night, and the “day manager” jobs. However, 
because we were with 6 people, everyone but Max only had to be one night 
“sober” and 2 times “day manager”, which you do with one other WiFi 
member. So we had to solve problems during those times, but that is also a 
part of what you signed up for when doing the WiFi. I enjoyed solving these 
problems and learnt from them.

As an expert skier I loved to organise these week and still be able to ski as 
much as possible. I could easily ski from 09:00 to 17:00 even though I was 
part of the organisation. And that was the most important in my opinion. 
Having a super nice holiday and being the one in the organisation.
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Laura
I had never skied before I went on the Ski Trip with CH. I joined the WiFi 
because I wanted to do a committee, and it seemed fun and interesting to 
organize a trip. Overall, the trip brought me a lot closer to my fellow com-
mittee members, since we shared a room. We cooked together every night 
and shared stories about our experiences on the slopes. We also organized a 
bread delivery service for each room, and ended each day by having a drink 
with our responsible rooms, and going out together in the club. 

My ski lessons were another fun part of the trip: starting every morning at 
9:30, we were on the slope together with an instructor for a couple of hours, 
learning the fundamental techniques necessary for skiing. Personally, I went 
from not knowing how to put my shoes on, to actually taking my first steps in 
parallel skiing in the span of one week, and I could not be more proud of myself 
since I am not exactly the sporty type.

Overall, I think being in a committee made me strengthen my problem-solving 
skills: It’s easy to feel lost when something goes wrong, but with some quick 
thinking, I was able to do my part to offer everyone an unforgettable week!
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From Friday the 28th of February till Sunday the 1st of March, one of the 
big sports hall of X was unusable for sporters. This was because the hall 
was filled with 200 gamers. Some of you might have already heard about 
this annual CH event. I am of course talking about the AreaFiftyLAN! 

This year the AreaFiftyLAN was organized for the sixth time. It also marked the 
third time that I attended the event. Two times as a participant, and this year, 
as part of the LANcie, I organized the event. And this year really changed my 
perspective on the event. 

Previous years I would show up with my computer, discuss with my friends 
what games we were going to play during the weekend, and play them. There 
were times where we might have felt adventurous and signed up for one of 
the tournaments, like Rocket League or League of Legends. We already knew 
we weren’t going to win of course, but that also took of the pressure and gave 
us the most important thing of all: lots of fun. Every now and then we would 
take a small break from our computers to go to the LAuNCH area and play some 
arcade games. There was always just an enormous amount of things to do, and 
most of these things I definitely took for granted.
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During the event things were also very different. Besides all the minor pro-
blems that arose during the event, I was mostly checking out what all the 
participants were playing. At this point I realized that everybody really is able 
to play whatever they want. There were a large number of people who were 
playing the games we hosted tournaments in, like CS:GO, Overwatch or League 
of Legends. Besides this, a lot of different games were also played. I saw a lot 
of people playing Minecraft and Factorio, and there were even some people 
who brought their VR setup. This really shows that anyone can have a lot of 
fun at the AreaFiftyLAN. Just bring some friends and play whatever you want!

Fast forward to this year, and suddenly I realized how much work goes into 
organizing an event like this. Every piece of furniture in the hall has to be 
rented. Companies need to be contacted about arcade machines. And every 
tournament requires a price, a format, and a set of rules. And then the event 
hasn’t even started yet. Luckily, I didn’t have to do this all by myself, because 
I was accompanied by 5 fantastic fellow committee members: Sebastien, 
Dante, Louise, Eva and Diederik.

My highlight of the event happened in the depth of Saturday night: The 
Achtung Die Kurve tournament. During the entire event the ‘ACHTUNG’ chants 
could be heard, slowly building up towards this mainstay tournament. Finally, 
Sundaymorning at 3 AM it was time for the tournament. There was only a 
handful of people still present at the event, and about 30 people actually 
participated in the tournament. What followed was 90 minutes of pure chaos 
and randomness, which words won’t do justice. I highly recommend anyone 
who is willing to throw away their sleep schedule to participate in an ACHTUNG 
tournament at some point.

Did you miss the event, or can’t you wait for the next edition of the AreaFifty-
LAN? Then there is some great news for you! The next edition will take place at 
the end of 2020, so you won’t have to wait as long to participate (again). Keep 
an eye out on our Facebook and Instagram pages @areafiftylan to stay up to 
date about the next event. And maybe we will see each other there, because I 
will definitely be there again.
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Algorythm:                                 
a golden oppertunity
George Hellouin de Menib, Cut and Paste Affairs of the SjaarCie

The second most important part was music. After all, the place can look nice 
and all, but without funky beats, how is any party supposed to take place? 
SjaarCie hired three different DJs’ to give the party a real crescendo of music 
and to appeal to all dancers! First came DJ Schatje, who started with a 
strong beat and quickly got the dancing started. Then, DJ PJ, a Delft favorite 
who mixed Dutch and English music. Lastly, DJ Dennis, a fairly obscure DJ 
who blew crowd expectations by relaunching the party’s momentum, despite 
the late hours, ensuring the event did not end until 3am.

Of course, good music is nice, but how can you have a party without party 
goers? SjaarCie knew they had to promote the event if it really wanted the 
“best party of the year”. If you were in the EEMCS building during lunch 
periods, you might have noticed some students walking by with tacky 
golden outfits. These were members of the SjaarCie going around generating 
interest for the party to any student. A golden ticket promotion was also 
made. One in 30 tickets had the chance of being a “golden ticket”, which 
came with a prepaid drink. On top of that, the first hour was “golden hour”, 
which gave a 50-cent discount on beer and nonalcoholic drinks!

On February 26, the CH’s own SjaarCie threw its famous party, Algo-
rythm, golden oldies. A real blast from the past, it featured all kinds 
of old music and decoration that reminded us of great hits from the 
chrome modern all the way to the camp of disco. If you missed it, you 
can always try going next year, though you’ll have to expect a different 
theme. 

The party went from 10 pm to 3 am, featured 3 DJs and plenty of drinks. It 
had over 300 guests, including multiple study association boards.  Going by 
the number of hook-ups, the mood was electrifying. 

How did SjaarCie pull it off?
Part of the magic of the party was the location. Near the Train Station and 
the Bolk, Cafe De Tobbe was an ideal place. Easy to find and access, near 
the trains for those that needed to leave, and containing a strong “vintage” 
style, the Cafe got turned into a party ground. The SjaarCie added its own 
dash of gold to it to make it even more splendid. 

Association
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Dear reader, 

Every year the AnnuCie makes a beautiful yearbook. This book is made for 
all the members, honorary members and alumni of CH and the employees 
of the faculty EEMCS. The yearbook is a kind of summary of everything 
that has happened that year at CH. This year it is our job to make this 
beautiful book, so that after a couple years you can look back and think 
about how amazing the academic year 2019-2020 has been. We are very 
honored to be this year’s AnnuCie. 

The theme of this year’s Annuarium is ‘Identity’. Our committee consists of 
seven people with several identities. With a combination of all these identi-
ties, we will make a beautiful yearbook. On the 12th of May we will present to 
you the greatest and most personal yearbook you have ever seen. 

Of course we can’t make a beautiful book without text in it. As the Commissi-
oner of Content Affairs, it is my job to make sure that we receive every piece 
of text that has to be in the Annu. This means I have to contact the sister and 
niece associations, the organizations of the faculty, ambassadors, honorary 
members, Board 62 and 63 and of course the committees. 

At the beginning I already thought that it would not be easy to receive all the 
pieces on time. But when at the date of the first deadline, from the committees 
I had only received the contributions of the Business Tour committee and the 
LanCie (well done!!), I was a bit worried. 

It is not really in my identity to nag at people, so I tried to get all the con-
tributions on time in my own way. Luckily, after 3 reminder mails most of the 
contributions slowly entered my inbox. But for some committees it was a bit 
harder, so I had to nag a little bit after all. Therefore I would like to take this 
moment to apologize for the many mails I send to all of you. 

We would like to thank you for sending all your contributions, memes, quotes 
and responses to the Annuquête. We really enjoyed them! 

We hope to see you all at the Annu drinks on the 12th of May to get your (very 
personal) Annu!
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Exchange Minor
Hiba Abderrazik, Sterre Lutz & Tom Saveur, Students Computer Science

Hiba Abderrazik
I spent last semester abroad in Denmark at Danmarks Tekniske Universitet (DTU). 
I am excited to share my experience with the country and my travels.

There are a ton of ways to spend time in Copenhagen. Of course, the architecture 
and history of the city, and Denmark in general, are fascinating and beautiful. 
Some museums I loved are the National Museum (if you want to learn a bit 
about the history of Denmark), the Design Museum, Glyptotek (for some classic 
sculptures) and the Botanical Garden. Apart from that I spent a lot of my time 
travelling in and around Denmark! I visited Mons Klint, Helsingor, Malmö in 
Sweden (45 minutes by train from Copenhagen), Stockholm, Oslo and Helsinki. 
I also became a member of ESN (European Student Network) while I was there, 
meaning I could join several parties and trips organized by the network.

All of these activities were even more special because I got to do them with 
all of the amazing friends I made during my stay abroad. I met most people 
at Introduction Week. After that, I just met a lot of new people through those 
friends, at parties and in class. Being in a foreign country by myself I discovered 
a whole new social side of myself. I have found other people on exchange and 
even locals to be very open and interested in meeting new people like myself. I 
am extremely pleased to have built a set of friends all over the world, as well as 
strengthened my academic and professional network on an international level.

Overall, Denmark and especially DTU encourages people from all over the world 
to study there. The facilities at the university are great, as well as the student 
funding and compensation from the government, healthcare, public transport, 
etc. There is a very realistic possibility that I would go back to do a Master at DTU 
or even to find a job in Denmark. I have grown to love the country and the people, 
even the rain and cold. Looking back on my stay abroad I learnt way more than I 
thought I would, in many different facets in my life. I don’t believe I would have 
gotten this experience if I had stayed in Delft.

Sterre Lutz
After two years of serious studying in good ol’ Delft, I decided that it was time to 
explore a new part of the world! I applied to the minor abroad program and was 
assigned a spot at the University of Sydney, Australia. Of course I had already 
heard that Australia was a beautiful country, but I figured that I would probably 
still have to study for most my time there, just in slightly sunnier weather. Oh 
boy, was I wrong..

.

If you do your minor at USYD, you usually choose four courses that last the 
full semester. I chose two second-year mathematics courses (Analysis and 
Cryp- tography), the computer science course Human-Computer Interaction, 
and a philosophy course called Society, Knowledge and Self. In retrospect, I 
chose rel- atively challenging courses compared to other students doing a minor 
abroad. (Protip: choose the course Outdoor Education, where you just go on hikes 
in National Parks and write a few reports!) I would estimate the entire semester 
cost me on average 25 hours per week, for 15 weeks in total. Yes, do the math, 
that’s nothing compared to two full quarters at the TU Delft. So I’m sure you’re 
wondering, what on earth did I do during my time in Sydney?
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Travel, travel, travel! I figured that I probably wasn’t going to be back in Austra-
lia for a while, so I decided to travel until time and money ran out. I drove up to 
the beautifully sunny Queensland coast to sail on the Great Barrier Reef, I road 
tripped around Tasmania to explore hidden rain forests and laugh at its peculiar 
wildlife, and I flew inland to hike in unforgiving heat and sleep under the crystal 
clear night skies of the Uluru-Kata Tjuta National Park. I know it sounds like an 
Australian tourism add, but truly, those were sights I will remember forever.

As amazing as it was to explore the more remote parts of Australia, it was always 
just as special to come back home to the hustle and bustle of Sydney. For me 
personally, there is just nothing quite like taking the first Sunday ferry out to 
Watsons Bay for a morning hike and being back in Newtown in a cute second-
hand book cafe by noon. I’m certain there is a perfect day for everyone hidden in 
the streets of Sydney, and I highly recommend you go out and find it!

Tom Saveur
Last semester I went to a far and cold place called Sweden, where I studied in a 
city called Gothenburg. I did some courses in computer science, mainly focussing 
on design and security. And while I could bore you with anything concerning 
actual studying, I’d much rather tell you about all the trips I made.

Usually, I went to a pub in the city center about 1 or 2 times a week with some 
friends. Here we could enjoy the worst thing in Sweden: the alcohol prices. We 
thought this is because of the short days. In the first week, even before univer-
sity started, I went with a group of friends to some islands close to Gothenburg 
city, where we enjoyed the view and went to a beach to swim. And don’t forget 
the famous Swedish saunas, where you go to warm up before you jump into an 
ice lake.

During one visit to the city my wallet got stolen, and this event resulted in me 
having to take another trip. A trip to the capital to get a new ID card at the 
embassy. I woke up at 4 in the morning to catch the first train up to Stockholm, 
where I spend a lovely day trying to forget about the things that happened a 
couple of nights before.

And now the best trip of them all, going up to the Swedish Lappland to look at 
the Northern Lights and enjoy the snow. While up there it was freezing cold, 
about -10C to be exact, because of this there was also a lot of snow and ice. 
While we were there for a full week, we enjoyed many things, like looking at 
fjords, going to the ice hotel, going to Norway, going on a snowmobile tour, and 
dog sledging. The best thing of them all was looking at the Northern Lights but, 
unfortunately, we could only do this on one of the seven days, because of the 
bad weather on the other days.
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The World of Music Recommendation
Sandy Manolios, PhD Candidate Multimedia Computing Group

5IF XPSME PG NVTJD SFDPNNFOEBUJPO
4BOEZ .BOPMJPT
 1I% $BOEJEBUF .VMUJNFEJB $PNQVUJOH (SPVQ

8F BMM MJTUFO UP NVTJD PO B EBJMZ CBTJT JO B WBSJPVT SBOHF PG DPOUFYUT� UP
DPNNVUF
 UP XPSL
 UP FYFSDJTF
 UP GBMM BTMFFQ
 UP DIFFS VT VQ PS UP TJNQMZ
KVTU FOKPZ JU� )PXFWFS
 XJUI UIF JODSFBTJOH DPMMFDUJPOT PG TPOHT
 JU IBT
CFDPNF DPNQMJDBUFE UP OBWJHBUF PO PVS PXO UP mOE OFX QJFDFT XF�MM MJLF�
.VTJD SFDPNNFOEFS TZTUFNT FNFSHFE UP BOTXFS UIJT QSPCMFN� 5IFZ BSF
XJEFTQSFBE OPX BOE NPTU PG VT VTF UIFN RVJUF GSFRVFOUMZ UISPVHI
TFSWJDFT MJLF :PVUVCF
 4QPUJGZ PS 1BOEPSB� " WFSZ XFMM�VTFE BOE DPNNPO
BQQSPBDI JT UP DPNQVUF UIF TJNJMBSJUZ CFUXFFO JUFNT 	PS VTFST
 BOE
SFDPNNFOE ZPV TPOHT UIBU BSF TJNJMBS UP UIF POFT ZPV MJLF 	PS UIBU
QFPQMF XIP MJLF UIF TBNF TPOHT BT ZPV MJLFE
� *U�T DBMMFE DPMMBCPSBUJWF
mMUFSJOH BOE JU JT RVJUF FGmDJFOU
 QBSUJDVMBSMZ TJODF TUVEJFT TIPXFE UIBU B
MBSHF QPSUJPO PG VTFST JT QFSGFDUMZ DPOUFOU XJUI UPQ DIBSUT
SFDPNNFOEBUJPOT�

#VU UIJT BQQSPBDI IBT B GFX MJNJUBUJPOT BT XFMM� 5IF NPTU GBNPVT JT LOPXO
BT UIF wDPME�TUBSU QSPCMFNw� 5IF DPMMBCPSBUJWF mMUFSJOH BQQSPBDI OFFET UP
DPNQVUF QBTU DPOTVNQUJPO PG VTFST PS PG JUFNT UP GVODUJPO
 CVU BU UIF TUBSU PG
UIF TZTUFN PS BU UIF JOUSPEVDUJPO PG B OFX VTFS PS JUFN
 UIJT JOGPSNBUJPO JT OPU
LOPXO� 5IJT NBLFT JU EJGmDVMU GPS UIF TZTUFN UP NBLF HPPE SFDPNNFOEBUJPOT
UP OFX VTFST PS UP SFDPNNFOE OFX TPOHT�

"OPUIFS JTTVF JT UIBU UIF TZTUFN SFMJFT PO UIF TPOHT ZPV MJTUFOFE UP UP
SFDPNNFOE TJNJMBS TPOHT
 XIJDI NFBOT UIBU JU NPTUMZ SFJOGPSDFT ZPVS DVSSFOU
UBTUF GPS B TQFDJmD DBUFHPSZ PG TPOHT BOE JT OPU SFBMMZ IFMQGVM UP EJTDPWFS OFX
DBUFHPSJFT VOMFTT ZPV BMSFBEZ LOPX XIBU ZPV BSF MPPLJOH GPS� *U�T B CJU MJLF NZ
HSBOENPUIFS XIP BMXBZT DPPLT UIF TBNF EJTI XIFO * WJTJU IFS� 5IBU�T CFDBVTF
TIF LOPXT * MJLF JU BOE JT UPP XPSSJFE UIBU * NJHIU OPU MJLF XIBU TIF NBEF JG
TIF EFDJEFT UP USZ TPNFUIJOH FMTF� *U�T B DPNGPSUBCMF DIPJDF CVU JU NBLFT VT
NJTT PVU PO B MPU PG OFX TPOHT 	PS EJTIFT
 XF NJHIU FOKPZ�

5IJT JT XIBU NZ 1I�%� JT BCPVU� FYQMPSJOH B EJGGFSFOU XBZ UP NBLF NVTJD
SFDPNNFOEBUJPOT� .Z BQQSPBDI JT UP VTF JOGPSNBUJPO BCPVU ZPV BT B QFSTPO
BOE OPU KVTU BT B NVTJD MJTUFOFS UP VOEFSTUBOE ZPVS NVTJDBM UBTUF CFUUFS�
6TJOH UIJT LJOE PG JOGPSNBUJPO JT OPU OFX� GPS FYBNQMF
 UIFSF BSF B MPU PG
TUVEJFT PVU UIFSF UIBU IBWF USJFE UP BEE JOGPSNBUJPO BCPVU VTFS QFSTPOBMJUZ
BOE NBOBHFE UP JNQSPWF UIF SFDPNNFOEBUJPOT� 1FSTPOBMJUZ JT B XFMM�LOPXO
BOE WFSZ QPQVMBS IVNBO GBDUPS UIBU SFQSFTFOUT XIP QFPQMF BSF� #VU * CFMJFWF
UIBU QFSTPOBM WBMVFT DBO CF FWFO NPSF BQQSPQSJBUF CFDBVTF UIFZ SFQSFTFOU
XIP QFPQMF XBOU UP CF
 XIBU JT JNQPSUBOU GPS UIFN JO MJGF PO UIF NPTU
BCTUSBDU MFWFM� 'PS FYBNQMF
 JG UIFZ QBSUJDVMBSMZ DBSF BCPVU UIF FOWJSPONFOU

UIF XFMM�CFJOH PG UIFJS SFMBUJWFT
 CFJOH SFTQFDUFE GPS UIFJS BDIJFWFNFOUT
 FUD�
.BSLFUJOH SFTFBSDI IBT BDUVBMMZ IJHIMJHIUFE UIF JNQPSUBOU SPMF PG PVS WBMVFT
JO PVS DPOTVNQUJPO DIPJDFT RVJUF B MPOH UJNF BHP BOE UIFSF JT OP SFBTPO UP
CFMJFWF UIBU JU TIPVMEO�U JNQBDU PVS NVTJD QSFGFSFODFT BT XFMM�

6OGPSUVOBUFMZ
 XIJMF NBOZ XPSLT JO UIF QTZDIPMPHZ PG NVTJD TUVEJFE UIF
DPOOFDUJPO CFUXFFO QFSTPOBMJUZ BOE NVTJD QSFGFSFODFT
 WBMVFT IBWF CFFO
XJEFMZ VOEFSTUVEJFE JO UIJT DPOUFYU� * DPOEVDUFE NZ mSTU FYQFSJNFOU UP TUBSU
mMMJOH UIJT HBQ <�>� *U XBT B NBSLFUJOH�QTZDIPMPHZ FYQFSJNFOU� * VTFE B

NBSLFUJOH JOUFSWJFX UFDIOJRVF DBMMFE UIF wMBEEFSJOH UFDIOJRVFw JO XIJDI UIF
JOUFSWJFXFS IFMQT UIF JOUFSWJFXFF VODPWFS UIF NPTU BCTUSBDU SFBTPOT CFIJOE
UIFJS QSFGFSFODF GPS TQFDJmD QSPEVDU BUUSJCVUFT� .PSF DPODSFUFMZ
 * BTLFE UIF
QBSUJDJQBOUT UP HJWF NF UIF mWF UIJOHT UIFZ QBSUJDVMBSMZ MJLF BCPVU NVTJD 	BOE
UIF POF UIFZ QBSUJDVMBSMZ EJTMJLF
� 'PS FBDI PG UIPTF NVTJD BUUSJCVUFT
 * BTLFE
wXIBU NBLFT JU JNQPSUBOU UP ZPV  w RVFTUJPOT VOUJM UIF QBSUJDJQBOUT DPVMEO�U
BOTXFS
 NFBOJOH UIBU XF SFBDIFE UIF IJHIFTU BCTUSBDUJPO MFWFM 	PS WBMVF
�

5IF SFTVMUT PG UIJT FYQFSJNFOU TVHHFTU UIBU JOEFFE QFSTPOBM WBMVFT IBWF B
NFEJVN DPOOFDUJPO XJUI NVTJD QSFGFSFODFT� * BMTP HPU B MPU PG JOUFSFTUJOH
SFTVMUT UIBU NJHIU UVSO JOUP GVUVSF SFTFBSDI RVFTUJPOT
 MJLF UIF GBDU UIBU
OPU BMM WBMVFT XFSF FRVBMMZ SFQSFTFOUFE PS UIBU OFBSMZ BMM PG UIF QBSUJDJQBOUT
NFOUJPOFE UIBU UIFZ MJLF UP VTF NVTJD UP GFFM DFSUBJO FNPUJPOT� 5IJT XJMM IBWF
UP XBJU B CJU UIPVHI CFDBVTF OPX * BN XPSLJOH PO IPX UP FYUSBDU QFSTPOBM
WBMVFT BCPVU NVTJD GSPN UFYU CZ DPNQBSJOH EJGGFSFOU UFDIOJRVFT� *U�T BO
JOUFSFTUJOH RVFTUJPO GPS NZ SFTFBSDI CFDBVTF XJUI QTZDIPMPHJDBM WBSJBCMFT JU�T
DPNQMJDBUFE UP LOPX JG ZPV SFBMMZ NFBTVSF FYBDUMZ XIBU ZPV XBOU UP NFBTVSF�
/BUVSBM -BOHVBHF 1SPDFTTJOH UFDIOJRVFT TFFN RVJUF QSPNJTJOH
 NBZCF NPSF
UIBO RVFTUJPOOBJSFT� 4PNF XPSLT BSHVF UIBU IPX XF UBML BOE XSJUF DBO UFMM
NPSF BCPVU VT UIBO B RVFTUJPOOBJSF DBO NFBTVSF <�>� 1MVT
 RVFTUJPOOBJSFT DBO
CF RVJUF UFEJPVT UP mMM GPS VTFST BOE CVJMEJOH UIPTF RVFTUJPOOBJSFT JT EFMJDBUF
CFDBVTF UIF XPSEJOH PG B RVFTUJPO DBO JOnVFODF UIF BOTXFST� 5IF TDBMBCJMJUZ
BOE UIF WBMJEJUZ PG UIPTF RVFTUJPOOBJSFT DBO UIFO CF B CJU QSPCMFNBUJD BOE *
IPQF MBOHVBHF�CBTFE UFDIOJRVFT BSF NPSF SFMJBCMF�

*OEFFE
 SFMJBCJMJUZ BOE WBMJEJUZ BSF DPSF DPNQPOFOUT PG HPPE TDJFODF� "T B
SFTFBSDIFS
 * DBSF B MPU BCPVU JU CFDBVTF NZ NBJO HPBM JT UP NBLF SFMFWBOU
DPOUSJCVUJPOT UP TDJFODF� 5IFSFGPSF * USZ UP QBZ B MPU PG BUUFOUJPO UP NBLF NZ
XPSL BT PQFO BOE USBOTQBSFOU BT QPTTJCMF� *U NFBOT UIBU * USZ UP NBLF GSFFMZ
BOE XJEFMZ BWBJMBCMF BT NVDI JOGPSNBUJPO BT * DBO BCPVU NZ FYQFSJNFOUT TVDI
BT DPEF
 EBUBTFUT
 FUD� BOE PG DPVSTF UIF QBQFS JUTFMG
 BT XFMM BT SFQPSUJOH
IPOFTUMZ UIF QPUFOUJBM MJNJUBUJPOT PG NZ XPSL� * CFMJFWF JU JT WFSZ JNQPSUBOU
UP SFnFDU PO UIPTF UPQJDT BOE * BN IBQQZ UIBU UIFSF BSF B MPU PG EJTDVTTJPOT
BCPVU IPX XF DBO EP TDJFODF CFUUFS JO NZ MBC� 8F QBZ B MPU PG BUUFOUJPO
UP PVS FYQFSJNFOUBM EFTJHO BOE RVFTUJPO FWFSZ TUFQ
 MJLF XIBU LJOE PG EBUB
QSF�QSPDFTTJOH UP VTF BOE XIZ PS XIJDI EBUBTFU� *U MFE UP B QBQFS JO XIJDI
XF IJHIMJHIUFE UIBU UIPTF LJOET PG EFDJTJPOT 	BMTP DBMMFE EFHSFFT PG GSFFEPN

UIBU NBZ TPVOE USJWJBM DBO BDUVBMMZ DPNQMFUFMZ DIBOHF UIF SFTVMUT PG BO
FYQFSJNFOU <�>�

*U DBO CF B MPU PG XPSL CVU JU�T XPSUI JU� 8IFO ZPVS FYQFSJNFOUBM EFTJHO JT
TPVOE BOE XFMM�EFGFOEFE
 BOZ SFTVMU ZPV XJMM PCUBJO XJMM CF BO JOUFSFTUJOH
DPOUSJCVUJPO� ,OPXJOH XIBU EPFTO�U XPSL JT BT JNQPSUBOU BT LOPXJOH XIBU
XPSLT BOE OFHBUJWF SFTVMUT DBO SBJTF JOUFSFTUJOH RVFTUJPOT UIBU NBZ MFBE UP
VOFYQFDUFE EJTDPWFSJFT� 4UVEJFT UIBU USZ UP SFQSPEVDF PS SFQMJDBUF UIF SFTVMUT
PG B QSFWJPVT TUVEZ BSF FRVBMMZ OFDFTTBSZ� FBDI TUVEZ JT DPOEVDUFE PO B TBNQMF
PG UIF QPQVMBUJPO 	EBUBTFUT BSF TBNQMFT UPP
 BOE HJWF UIF NFBO PG UIF TBNQMF
CVU XF OFFE NPSF UIBO POF TBNQMF NFBO UP HFU B TFOTF PG XIBU UIF SFBM
QPQVMBUJPO NFBO BDUVBMMZ JT�
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"T B DPOTFRVFODF
 GPS NF B TDJFOUJTU JT OPU OFDFTTBSJMZ TPNFPOF CSJMMJBOU CVU
CFGPSF BMM TPNFPOF XIP JT CPUI DVSJPVT FOPVHI UP CF QBTTJPOBUF BCPVU TDJFODF
BOE XIP JT SFTQPOTJCMF FOPVHI UP CF ESJWFO UP EP JU JO UIF CFTU XBZ QPTTJCMF�
*G ZPV BSF DVSJPVT BCPVU UIF XPSME BOE MJLF MFBSOJOH OFX UIJOHT
 ZPV NJHIU
UISJWF JO SFTFBSDI� 1FSTPOBMMZ
 * SFBMMZ FOKPZ CFJOH B 1I�%� TUVEFOU� .Z GBWPSJUF
BTQFDU PG JU JT UIBU * HFU UP EP NBOZ EJGGFSFOU UIJOHT
 OPU POMZ SFTFBSDI 	FWFO
UIPVHI JU�T B HSFBU QBSU PG UIF KPC
� 4IBSJOH ZPVS SFTFBSDI BOE UFBDIJOH BSF
BMTP WFSZ JOUFSFTUJOH BTQFDUT PG B 1I�%�

4IBSJOH ZPVS SFTFBSDI JOWPMWFT HPJOH UP DPOGFSFODFT PS PUIFS TDJFOUJmD FWFOUT
UP QSFTFOU ZPVS XPSL FJUIFS BT B QPTUFS PS B QSFTFOUBUJPO� * mOE UIF QSFTFOUB�
UJPO QBSU UIF NPTU DIBMMFOHJOH CVU JU NBLFT JU QBSUJDVMBSMZ SFXBSEJOH� * UFOE
UP CF RVJUF TIZ BOE IPOFTUMZ NZ PXO TFMG�DPOmEFODF JT OPU HSFBU TP UIF JEFB
PG UBMLJOH BCPVU NZ XPSL JO GSPOU PG NBOZ QFPQMF NBLFT NF WFSZ OFSWPVT� *
BN BMXBZT XPSSJFE UIBU * XJMM TBZ TPNFUIJOH EVNC PS GBJM UP QSFTFOU UIJOHT
DMFBSMZ�

8IFO * BN XSJUJOH UIPTF MJOFT
 * BDUVBMMZ
KVTU HBWF NZ WFSZ mSTU UBML B DPVQMF PG EBZT
BHP� * IBWF CFFO JOWJUFE UP QSFTFOU UIF
XPSL * EFTDSJCFE IFSF BU UIF ��UI 3FD4ZT/-
NFFU�VQ 	3FD4ZT TUBOE GPS 3FDPNNFOEFS
4ZTUFNT
 BU #PM�DPN� 5IF FWFOU XBT TPME�PVU
BOE * XBT B CJU JOUJNJEBUFE CVU JU BMM XFOU
WFSZ XFMM� 1FPQMF XFSF JOUFSFTUFE JO NZ
UPQJD BOE BTLFE NBOZ JOUFSFTUJOH RVFTUJPOT�
/PX * DBO�U XBJU UP IBWF OFX SFTVMUT UP
QSFTFOU�

"T B 1I�%� * BMTP EP TPNF UFBDIJOH
 * BN DVSSFOUMZ TVQFSWJTJOH B HSPVQ GPS
UIF CBDIFMPS TFNJOBS BCPVU MJUFSBUVSF SFWJFXT� * BMTP EJE JU MBTU ZFBS BT XFMM
BT UIF DPOUFYU QSPKFDU� 5IJT JT B HSFBU BOE SFXBSEJOH FYQFSJFODF CFDBVTF *
MPWF UP TIBSF NZ LOPXMFEHF BOE QBTTJPO GPS TDJFODF� *O HFOFSBM
 TUVEFOUT
BSF RVJUF FOUIVTJBTUJD BCPVU UIF UPQJDT BOE POF PG UIF DPOUFYU QSPKFDUT FWFO
CFDBNF B EFNP BU B DPOGFSFODF� 5IF OBNF PG UIF QSPKFDU XBT 4QPUJWJCFT <�>

B UPPM BMMPXJOH UP UBH TPOHT XJUI BCTUSBDU DPMPST UIBU DBO SFQSFTFOU BOZUIJOH
UIF VTFS XBOUT PS GFFMT� 4QPUJWJCFT DBO UIFO NBLF QMBZMJTUT CBTFE PO UIPTF
DPMPST� 5IJT XBT B HSFBU QSPKFDU BOE * BN MPPLJOH GPSXBSE UP TVQFSWJTJOH OFX
FYDJUJOH TUVEFOU QSPKFDUT� 4P JG ZPV IBWF BO JEFB ZPV XPVME MJLF UP QVSTVF

EPO�U IFTJUBUF UP DPOUBDU NF BU 4�.BOPMJPT!UVEFMGU�OM�

3FGFSFODFT
<�> "CEFSSB[JL
 )JCB
 FU BM�	����
� 4QPUJWJCFT� 5BHHJOH QMBZMJTU WJCFT XJUI DPMPST�� �UI +PJOU 8PSLTIPQ

PO *OUFSGBDFT BOE )VNBO %FDJTJPO .BLJOH GPS 3FDPNNFOEFS 4ZTUFNT
 *OU34 �����

<�> #PZE
 3ZBO -�
 BOE +BNFT 8� 1FOOFCBLFS� 	����
� -BOHVBHF�CBTFE QFSTPOBMJUZ� B OFX BQQSPBDI
UP QFSTPOBMJUZ JO B EJHJUBM XPSME�� $VSSFOU PQJOJPO JO CFIBWJPSBM TDJFODFT ��� ������

<�> ,JN
 +BFIVO
 FU BM� 	����
� #FZPOE &YQMJDJU 3FQPSUT� $PNQBSJOH %BUB�%SJWFO "QQSPBDIFT UP 4UVEZJOH
6OEFSMZJOH %JNFOTJPOT PG .VTJD 1SFGFSFODF�� 1SPDFFEJOHT PG UIF ��UI "$.

<�> .BOPMJPT
 4BOEZ
 "MBO )BOKBMJD
 BOE $ZOUIJB $4 -JFN� 	����
� 5IF JOnVFODF PG QFSTPOBM WBMVFT PO
NVTJD UBTUF� UPXBSET WBMVF�CBTFE NVTJD SFDPNNFOEBUJPOT�� 1SPDFFEJOHT PG UIF ��UI "$. $POGFS�
FODF PO 3FDPNNFOEFS 4ZTUFNT�

j24n01.indb   19j24n01.indb   19 4/20/20   10:08 AM4/20/20   10:08 AM



Volume 24 • Issue 3 • May 2020
Co

m
pu

te
r 

Sc
ie

nc
e

20

In the Msc CS course Building Serious Games, students are challenged to 
build and test a game that has a primary purpose other than just enter-
tainment. We are a group of five students (called SeaAhead Studios) and 
we built a game for MeerEffect (http://meereffect.nl/). That is a company 
that teaches knowledge workers how to increase focus and decrease 
stress, by applying the Getting Things Done® methodology by David Allen 
(https://gettingthingsdone.com/). 

Students struggle with time and energy management, and usually struggle 
with keeping their mind clear with all the tasks and activities happening in 
their life. We built a game that reduces stress for students. 

The game, called BusyBusy, applies constructivist learning theory, meaning 
that students gain habits from experiencing the consequences of their acti-
ons in the game, and use these experiences in real life. The goal of the game 
is to acquaint the player with the capturing habit as described in GTD. This 
capturing habit means writing thoughts in external places such as a to-do list 
or a calendar, instead of keeping them in your head. Thoughts can be anything 
from “I still have to buy milk” to “How is my friend doing? Should I call her?”.

The game is inspired by the fast-paced game Dumb Ways to Die (http://www.
dumbwaystodie.com/). The player goes through a collection of mini-games in 
which roughly each aspect of a students’ life is resembled. At the same time, 
thought bubbles float around the screen which challenge and distract the 
player from those mini-games. The thought bubbles resemble the uncaptured 
thoughts of a student; thoughts that are in the head of the student, but are 
not yet captured externally. By playing these minigames, the player experi-
ences the direct consequence of trashing or capturing the thought bubbles on 
the screen, as the mini-games are easier to play when there are less thought 
bubbles. Moreover, capturing more thoughts will allow the player to play more 
mini-games in a short time and progress faster. 

Building Serious Games is an intensive course with quick iterations. In 10 
weeks, you design and build a fully working game and test it with a large 
group of people. This is a challenge, but at the same time it is very rewarding 
to see a game idea come alive in a mobile game in a short time. 

Tim Wissel 
SeaAhead Studios (Together with Wouter Raateland, Konstantinos Chronas, 
Tim Bruyn and Bertan Konuralp)

A mobile game that creates          
productivity habits for students
Tim Wissel, SeaAhead Studios
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Hi, I am Thomas, an old board member of CH during Board 60 (‘Vo) and 
nowadays one of the Co-Founders of Breeze. A lot of you probably heard 
of some friend who used our service or maybe uses Breeze themselves, 
but just to be sure, let’s start with a short explanation of what we do. 
Breeze is creating a dating app that arranges a fun date with someone 
you are attracted to whenever you feel like dating without the hassle of 
online chatting.

Our algorithm suggests two high match potential profiles each day at 19:00. 
These profiles are largely based on your past profile preferences, but also the 
personal information you provided. You cannot swipe but you select either “I’ll 
go for a drink” or “not for me”. When you both respond with “I’ll go for a drink”, 
you cannot chat but you fill in a date picker. The date is also organized for you 
at one of our partnered locations. They make sure you are welcomed, do not 
have to search for each other and have a fun evening. 

Breeze started with the belief that the current dating apps were not working 
as well and no one likes chatting online. The concept seemed to work and by 
using a big excel file and some gut feeling we started matching people. The 
PDF profiles were then sent over WhatsApp asking for a yes or no as a reply. As 
more  dates started to take place, things were automated and a website was 
built, which was replaced by an app in September. At this time we had about 
450 registered users, which doubled in just a few weeks. 

This was the moment that I joined, Breeze was growing fast and they needed 
someone to help them grow on the level of IT. I had finished my Bachelor in 
Computer Science the year before and had my own development company for 
about 9 years. 

The app was live, the amount of users was growing, but there were only two 
programmers that learned programming just for Breeze. It was time for the 
next level. At that time the backend was built with NodeJS and the app itself 
was built with Flutter. While the app was already able to automatically show 
2 profiles on the matchdays and let the users pick a date in the app itself, 
most other tasks went by hand. “You have a date on the 22nd of November, 
you can pick between 3 date locations, please give your preference”, one of 
the many WhatsApp messages that were sent by hand, together with checking 
the preference, picking a location, informing, sending a tikkie, reserving, 
reminding, etc. 

This was fine with a few matches each week, but the idea was to grow, time 
for something new. We started working on a new backend based on Golang 
and a PostgreSQL database. Furthermore a new design was made for the app, 
and all manual methods were implemented in this design. The initial idea 
was to create this in a short time and build further upon this. Here we made 
the error however on making it perfect, resulting in a development time of 
about 3 months instead of 1... we learned. During the last two weeks of the 
development of this new app, we decided to see what would happen if we would 
send out a press release. RTLNieuws happened, they created an article the next 
day that was picked up by numerous radio stations in the Netherlands, AD.nl 
came with a camera crew to make an item, EditieNL came by to make a video 
for live tv. In a week we saw a rise of users of 200% all using the old app, it 
would have been nice if the new app had been live. Shortly after that the new 
app launched, offering daily matchrounds, automatic pickers, cancellations, 
replans, etc. Due to a new matching algorithm created by the other Thomas 
(Also CH ‘Vo), the media attention, the daily matchrounds and the amount of 
dates grew tremendously, giving us the confirmation that we had a serious 
idea here.

The next week came the decision, let’s stop studying and all go full-time on 
Breeze. A lot more happened. While we are constantly working on new app 
releases, we have been accepted to Yes Delft, started looking for an investment 
and have over 8000 users and planned more than 550 dates. 

Looking back on my life there are few very happy decisions, starting my own 
company, saying yes to doing a board at CH and especially saying yes to join 
this company. I am now doing my dream job at a company with a lot of poten-
tial and fantastic colleagues. 

If you are into entrepreneurship or organizing things, then follow this feeling, 
do some committees at CH and try working on those ideas you think of, you’re 
a programmer, you can build anything. Things will go wrong, bad decisions 
will be made, but you’ll learn from them and end up stronger and with more 
knowledge.

Thomas Oomens, CTO of Breeze.Social & COI of Board 60 of the magnificent CH.

Breeze
Thomas Oomens, CTO of Breeze.Social 
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Document Intelligence: Automated Interpreta-
tion of Photographed Invoices.
Bram Renting is a Data scientist at DSW and an Alumnus of Computer Science at TU Delft

DSW
What does DSW health insurance have to do with Computer Science or Mathe-
matics? It is not really the first company that pops up when EEMCS students 
think about a company to work for. However, about 200 out of 650 employees 
at DSW work in IT/Data Engineering/Data Science. Why? Because we believe 
that digitalisation and AI (obligatory buzzword) is very effective in reducing 
costs in the health insurance sector, saving money for actual health care.

At the data science team, we touch many topics in ML, NLP, CV, Probability & 
Statistics, Graph theory, Optimization. A few examples of our projects:

 • Bipartite graph modelling to detect networks of fraudulent 
            healthcare providers or to optimise company processes.
 • Predicting the topic of incoming phone calls based on a sequence 
            of touch points in the past.
 • Automatically redirecting emails to the correct address based on 
            the content.
 • Automated interpretation of phone conversations with customers                      
to         to analyse both frequent topics and customer sentiment.

But let us tell you a little bit more about one of our current projects: invoices 
processing using AI.

Invoice processing
At DSW, we receive many (~1.300.000) invoices per year from customers that 
want to declare health care costs. Customers can take a picture of their invoice 
via the DSW app and DSW aims to reimburse customers as soon as possible. 
However, the manual transformation of a picture to usable data is a tedious 
job and, in such quantities, an expensive one as well in terms of labor. There is 
much information to be extracted before DSW can reimburse a customer: Who 
is the patient?, Who is the healthcare provider?, What healthcare is provided?, 
What is the cost?, What is the date of treatment?, etcetera.

About 15 years ago DSW started implementing a system to automate this job, 
combining OCR with good old fashion rule-based AI to automatically extract 
data from the invoices. This system has been manually tuned over the past 
years to optimize its performance, but has now hit the ceiling that we often 
observe in rule-based AI. Combined with the current rapid advances in ML, 
NLP and CV, this fact led to the decision to redesign our invoice processing 
pipeline.

Document understanding
So, document understanding through AI. Can’t be that hard, right? Wrong... 

This is a very difficult challenge that caught the attention of and is discussed 
during the highly popular Neural Information Processing Systems (NeurIPS) 
conference (should you be interested, google “Document intelligence NeurIPS 
2019”).

The goal is to recognize and classify named entities (e.g. total amount, street) 
on the invoices. This is difficult for multiple reasons:
 • Every document is structured differently as every healthcare 
            provider uses its own format.
 • Many different formats exist to indicate an amount, date, 
            phone  number, and many more (see Table 1).
 • There is noise induced by mistakes in optical character       
            recognition (OCR).
 • We must cope with bad quality images made by our customers 
            phone camera.
 • The amount of entities to classify differ per invoice as not all 
            data is always present and an invoice can contain multiple 
            treatments (sometimes across pages).

Approach
Using CV techniques on the raw pictures of the invoices, like convolutional 
neural networks (CNN), is usually one of the first things that comes to mind. 
CNNs are not designed to grasp the semantic and context that is present within 
text and is, therefore, not a decent solution. Another issue is the large amount 
of whitespace on invoices that needlessly complicate the model without provi-
ding informational value. However, there is visual and structural information 
in invoices like table lines and relative positions, so some form of CV could 
be useful.
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A recently published approach (BERTgird) by Denk et al. combines NLP with 
CNNs in an attempt to overcome the shortcomings of both components. They 
first use OCR to extract the text from the document and then encode the words 
to context aware semantic embeddings (vectors that represent the meaning of 
words). They then rebuild a 2D grid that represents the original invoice, but 
replace the RGB values on the grid with the word embeddings (see the paper for 
further details). This grid is often smaller than the original pixel dimension of 
the image. This newly created representation that contains structure, context, 
and semantics is then used as if it is a normal image.

At DSW we went a step further by omitting the required grid-like structure as 
used in CNNs. Instead, we move towards a graph-like structure and replace 
the CNNs with Graph Attention Networks (GATs). The benefit of this approach 
is the absence of input values with zero informational value (the whitespace 
on the invoices).

Graph representation
We describe the creation of the graph representations in a few steps using a 
fake invoice (see images):

 1. We start with the original picture of the invoice (Figure 1).
 2. We let Google do our OCR step, as we will never be able to beat 
            their accuracy (Figure 2).

 3. We construct a graph in which every vertex represents a word 
            and every edge represents a directed connection to the 
            neighbouring word (in 4 directions).

 4. We create a feature set per vertex consisting of:
 a. A word embedding using NLP (for now we use the Universal 
            Sentence Encoder).
 b. Word details (character count, frequency in Dutch, starting 
            with capital, etc.).
 c. Size of word box.
 d. Position in normalized coordinates.
 e. (future) Include some pixels features.

 5. We add labels to the graph using output of our currently used system.

Network
We are currently in the process of building the network and for now we are 
following the architecture of the inductive learning task of the paper on 
Graph Attention Networks. The input forms a list of features per vertex and an 
adjacency matrix that define the edges. 

The idea is that vertex features are aggregated over the graph in the direction 
of the edges passing one edge per layer of GAT. This allows neighbouring 
vertices to influence the features of a vertex, which sounds intuitively right 
since neighbouring words can be a major indication for the potential label of 
a vertex (see “Datum” in front of “03 maart 2020” and “Euro” in front of an 
amount).

There is still much work to be done, but we expect to see our first results in 
the coming month. After that, we will start fine-tuning our network and input 
representation. Should you be interested in reading more about the techniques 
we use, please find a list of recommended papers below this article.

Work at DSW
The work environment at DSW is casual and non-hierarchical. DSW attempts to 
stay close to the frontier of innovation by exploring new techniques, actively 
motivating you to keep learning. There is also a brand new employee gym to 
get fit and a bar in the basement (to get unfit). We are located in Schiedam, 
near the station. It’s only 15 minutes from Delft to desk!

What we work with mainly:
 • Debian Buster
 • Python 3
 • Git
 • Visual Studio Code & Jupyter Hub

Should you be interested in working for the data science team at DSW in the 
form of a student job or master thesis (or of course a fulltime job)? Contact 
Joël Koppe, Team lead Data & Analytics at jkoppe@dsw.nl or take a look at 
ictbijDSW.nl

Reading list
Attention Is All You Need - Vaswani et al.
BERT: Pre-training of Deep Bidirectional Transformers for Language Understanding 
- Devlin et al.
Multilingual Universal Sentence Encoder for Semantic Retrieval - Yang et al.
Semi-Supervised Classification with Graph Convolutional Networks - Kipf et al.
Graph Attention Networks - Velickovic et al.
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Minor Robotics
Julian van Dijk, Student Computer Science

I have had the opportunity to join the minor robotics of 3me for my 
minor during the first half of the academic year. During this minor you 
build a robot with a multidisciplinary team of students from different 
bachelors. 

During the first week of the minor we started off with an introduction on how 
the first quarter of the minor would look: A kick off with your team, meeting 
with your clients and some selected courses based on the bachelor you are 
doing. Let’s start off with the team. All teams have a composition of 4 diffe-
rent bachelors with 6 students per team in total. Every team had 2 Computer 
Science and Engineering students, 2 Mechanical Engineering students, 1 Elec-
trical Engineering student and 1 Industrial Design and Engineering student. 
Together we had all the knowledge necessary to build a working robot. 

Or so we thought, because before we started with building the robot we had 
some courses to attend. We all had courses from the other disciplinaries. For 
me this meant: Circuit Analysis(EE), Statics(ME) and Introduction to ROS and 
Design in Robotics(IDE). The others had their disciplinary course switched to 
Software Engineering methods(CSE). The courses were doable, although Design 
in Robotics is time consuming. It was scheduled for one and a half days per 
week, which alternated a bit between weeks. During these courses we already 
started meeting with our client. They clarified what they wanted the robot to 
do and what the absolute no-go’s were. Our task was to build a cheap and small 
robot bottling machine. The initial idea was to receive a pallet of boxes with 
empty bottles, process them and return a pallet of boxes where all the bottles 
were filled, capped and labelled. However one of the no-go’s we received was: 
“You are not allowed to use conveyor belts”. This meant we had to be more 
creative within the assigned budget. Which ended up in us deciding to tackle 
the single box problem first.  

After deciding upon the specifics of the problem it was time to come up with 
a solution. Doing this is easier said than done. We had a deadline at the end 
of the quarter in which we had to hand in our design report. This report had 
to be less than 100 pages, which proved to be a challenge. We had to include 
our three possible designs and which design we eventually chose and why. 
Furthermore it had to include the entire software design, electrical design and 
human interaction design. 

With all our time spent on brainstorming for design, creating them and actually 
following our courses, we were finally able to start on the report two weeks 
in advance. After some stress, late nights and some more stress we managed 
to hand-in the report 3 minutes before twelve, which meant it was time for 
celebration, because the time of documenting and courses was over. It was 
time to start on the robot! Our eventual solution was a robot arm with a smart 
gripper capable of grabbing bottles with computer vision and passing them 
through stations that would do the filling, capping and labelling.

It felt great knowing that we now had the time to start working on the robot. 
Parts were being ordered and the git repository was being filled with issues. 
We started working on getting our simulation up and running with ROS and 
gazebo. ROS stands for Robot Operation System and gazebo is a simulation 
tool that can be used with ROS.  We had to build a simulation, because the 
physical robot would be finished around week 8. Turns out shipping parts and 
making sure everything works takes a long time. Eventually we got a working 
robot 6 days before the demo day. We needed a new robot arm that was com-
patible with ROS, since the one given to us was not.  This meant a lot of stress 
for everyone since our entire system was designed for another arm, but our 
Electrical Engineer and Mechanical Engineers came through and modified the 
entire gripper to fit and work on the new arm. Now it was time for the software 
to work. This took some sleepless nights as well, because of the computer 
vision not working well with light changes. This was fixed eventually and thus 
we were ready for the demo day.

On the demo day itself we displayed our robot together with the others. Parents 
and companies came to see them and asked about functions and such. It was 
a great day which came with a great sense of accomplishment after seeing all 
the work you put in the project come to fruition. It takes a lot of time to do 
this minor and almost anything you do will not go as planned, but I gained a 
lot of experience from it. Not only from the project, but also from my team. It 
was great to work together with different kinds of disciplinaries and learn from 
their views on a problem. I would recommend this minor to anyone who wants 
to see further than their own profession. 
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MRI for Uganda
Merel de Leeuw den Bouter, PhD candidate Numerical Analysis

M
at

he
m

at
ic

s

.3* GPS 6HBOEB
.FSFM EF -FFVX EFO #PVUFS
 1I% DBOEJEBUF /VNFSJDBM "OBMZTJT


8F BSF EFWFMPQJOH BO JOFYQFOTJWF .3* TDBOOFS GPS 6HBOEB
 UPHFUIFS XJUI
UIF -FJEFO 6OJWFSTJUZ .FEJDBM $FOUFS
 1FOOTZMWBOJB 4UBUF 6OJWFSTJUZ BOE
.CBSBSB 6OJWFSTJUZ PG 4DJFODF BOE 5FDIOPMPHZ� 0VS mSTU UBSHFU JT UP CF
BCMF UP BJE JO UIF EJBHOPTJT PG IZESPDFQIBMVT 	wXBUFS PO UIF CSBJOw
 PG
JOGBOUT�

.BHOFUJD SFTPOBODF JNBHJOH 	.3*
 JT BO JNBHJOH UFDIOJRVF UIBU DBO CF VTFE
UP WJTVBMJ[F UIF JOTJEF PG UIF IVNBO CPEZ� .3* TDBOOFST VTF TVQFSDPOEVDUJOH
NBHOFUT UP HFOFSBUF NBHOFUJD mFME TUSFOHUIT JO UIF PSEFS PG TFWFSBM UFTMBT�
4VDI TUSPOH NBHOFUJD mFMET MFBE UP JNBHFT PG FYDFMMFOU RVBMJUZ� )PXFWFS

UIFTF NBHOFUT NBLF UIJT UFDIOPMPHZ FYUSFNFMZ FYQFOTJWF� "MTP
 UIFZ SFRVJSF B
MPU PG FOFSHZ� 'PS UIFTF SFBTPOT
 QFPQMF JO TVC�4BIBSBO "GSJDB IBWF WFSZ MJNJUFE
BDDFTT UP .3* UFDIOPMPHZ
 PS OP BDDFTT BU BMM� 0VS .3* TDBOOFST BSF CVJMU VTJOH
QFSNBOFOU NBHOFUT
 JOTUFBE PG UIF TVQFSDPOEVDUJOH NBHOFUT VTFE JO DPOWFO�
UJPOBM .3*� 5IJT NBLFT UIFN DPOTJEFSBCMZ DIFBQFS BOE NPSF MJHIUXFJHIU� )PX�
FWFS
 UIF EPXOTJEF JT UIBU UIF NBHOFUJD mFME HFOFSBUFE JOTJEF UIF TDBOOFST JT
DPOTJEFSBCMZ XFBLFS
 XIJDI DPNFT XJUI JOUFSFTUJOH OFX DIBMMFOHFT�

)PX EPFT .3* XPSL 
5IF NBKPSJUZ PG UIF BUPNT JO UIF IVNBO CPEZ BSF IZESPHFO BUPNT� )ZESPHFO
BUPNT IBWF BO JOUSJOTJD NBHOFUJD QSPQFSUZ XIJDI NBLFT UIFN BDU MJLF WFSZ TNBMM
NBHOFUT� 5IJT JT FYQMPJUFE JO .3*� #Z BQQMZJOH B TUSPOH NBHOFUJD mFME
 BMM
IZESPHFO BUPNT BSF GPSDFE UP BMJHO UIFNTFMWFT JO UIF TBNF EJSFDUJPO
 QBSBMMFM
UP UIF NBHOFUJD mFME� 5IFO
 SBEJPGSFRVFODZ QVMTFT BSF BQQMJFE UP NBOJQVMBUF
UIF wNBHOFUTw
 TVDI UIBU UIFZ TUBSU TQJOOJOH 	BMTP DBMMFE QSFDFTTJOH
� 5IF
GSFRVFODZ BU XIJDI UIFZ TQJO JT EFUFSNJOFE CZ UIF TUSFOHUI PG UIF NBHOFUJD
mFME B0� UIF TUSPOHFS UIF mFME
 UIF GBTUFS UIFZ TQJO� 5IJT JT JMMVTUSBUFE JO
'JHVSF ��

�

�

�

�

	B
 .BHOFUJD mFME TUSFOHUI 	C
 )ZESPHFO BUPNT BOE
UIFJS TQJOOJOH GSFRVFODJFT

'JHVSF �� 5IF TUSFOHUI PG UIF NBHOFUJD mFME EFUFSNJOFT UIF GSFRVFODZ BU XIJDI
UIF IZESPHFO BUPNT TQJO�

5IF TQJOOJOH PG UIF IZESPHFO BUPNT JOEVDFT BO FMFDUSJD TJHOBM JO UIF SFDFJWFS
DPJM PG UIF .3* TDBOOFS� 5IF GSFRVFODJFT PG UIF IZESPHFO BUPNT� TQJOOJOH BSF
FRVBM UP UIF GSFRVFODJFT UIBU BSF QSFTFOU JO UIF TJHOBM UIBU JT NFBTVSFE JO UIF
DPJM� #Z FWBMVBUJOH XIJDI GSFRVFODJFT BSF QSFTFOU JO UIF TJHOBM BOE IPX TUSPOH
FBDI GSFRVFODZ DPNQPOFOU JT
 XF DBO SFDPOTUSVDU BO JNBHF� 5P JMMVTUSBUF UIJT


XF XJMM VTF B WFSZ TJNQMF FYBNQMF� 4VQQPTF XF BSF DPOTJEFSJOH UIF HSJE PG �Y�
QJYFMT JO 'JHVSF �B
 XJUI GSFRVFODJFT �
 �
 � BOE �� 8F NFBTVSF UIF TJHOBM JO
'JHVSF �
 XIJDI XF DBO EFDPNQPTF JOUP UXP TJHOBMT PG GSFRVFODZ � BOE ��

�Y

���Y

'JHVSF �� %FDPNQPTJUJPO PG NFBTVSFE TJHOBM JOUP UXP DPNQPOFOUT�

*G XF DPNQBSF UIJT UP UIF GSFRVFODJFT JO 'JHVSF �B
 XF TFF UIBU UIJT DPSSFTQPOET
UP UIF GPMMPXJOH WFSZ TJNQMF wJNBHFw�

'JHVSF �� 3FTVMUJOH wJNBHFw
 XIJUF DPSSFTQPOET UP BO JOUFOTJUZ PG �
 HSFZ UP
��� BOE CMBDL UP ��

0CWJPVTMZ
 UIJT JT OPU B SFBMJTUJD FYBNQMF CFDBVTF XF BSF EFBMJOH XJUI POMZ �
QJYFMT
 CVU UIJT JT UIF JEFB CFIJOE .3* JNBHF SFDPOTUSVDUJPO�

5XP QSPUPUZQFT
5IF QSFWJPVT FYBNQMF TIPXFE UIBU JU JT JNQPSUBOU UP IBWF EJGGFSFOU GSFRVFO�
DJFT
 CFDBVTF UIFTF BMMPX VT UP EJTUJOHVJTI CFUXFFO EJGGFSFOU MPDBUJPOT JO UIF
JNBHF� *G UXP QJYFMT DPSSFTQPOE UP UIF TBNF GSFRVFODZ
 JU JT JNQPTTJCMF UP UFMM
UIFJS DPOUSJCVUJPOT BQBSU� )PXFWFS
 JU JT WFSZ EJGmDVMU UP HFOFSBUF B NBHOFUJD
mFME XIJDI IBT B VOJRVF GSFRVFODZ JO FBDI QJYFM� *G ZPV BQQMZ B MJOFBSMZ JO�
DSFBTJOH mFME JO UIF x�EJSFDUJPO PG UIF TDBOOFS GPS FYBNQMF
 JU JT POMZ QPTTJCMF
UP EJTUJOHVJTI CFUXFFO EJGGFSFOU MPDBUJPOT JO UIF x�EJSFDUJPO
 OPU JO UIF y�
EJSFDUJPO� 4PNFUIJOH IBT UP CF EPOF UP PWFSDPNF UIJT DIBMMFOHF� 8F DPOTJEFS
UXP BQQSPBDIFT� 5IF mSTU POF JT UP SPUBUF FJUIFS UIF TDBOOFS PS UIF PCKFDU
JOTJEF UIF TDBOOFS BGUFS FBDI NFBTVSFNFOU
 SFQFBU UIJT B OVNCFS PG UJNFT
 BOE
DPNCJOF UIF JOGPSNBUJPO JO BMM NFBTVSFE TJHOBMT�
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 4FDPOE EFTJHO

'JHVSF �� 5XP QSPUPUZQFT

0VS mSTU QSPUPUZQF
 XIJDI JT TIPXO JO 'JHVSF �B
 VTFT UIJT TUSBUFHZ� 5IF TFD�
POE QSPUPUZQF 	TFF 'JHVSF �C
 VTFT B EJGGFSFOU BQQSPBDI� CZ BQQMZJOH B MJOFBS
HSBEJFOU JO UIF y�EJSFDUJPO CFGPSF UIF NFBTVSFNFOU UBLFT QMBDF
 UIF IZESP�
HFO BUPNT TUBSU TQJOOJOH CFGPSF UIF NFBTVSFNFOU CFHJOT� 5IJT NFBOT UIBU
BU UIF CFHJOOJOH PG UIF NFBTVSFNFOU
 UIF QIBTF 	PS PSJFOUBUJPO
 PG UIF IZ�
ESPHFO BUPNT EFQFOET PO UIFJS y�QPTJUJPO� %VSJOH UIF NFBTVSFNFOU
 B MJOFBS
HSBEJFOU JT BQQMJFE JO UIF x�EJSFDUJPO
 TP UIFJS GSFRVFODZ EFQFOET POMZ PO
UIFJS x�MPDBUJPO� 5IJT HJWFT FBDI QJYFM JO UIF JNBHF B VOJRVF GSFRVFODZ�QIBTF
DPNCJOBUJPO
 XIJDI XF DBO UIFO VTF UP EFUFSNJOF XIJDI QBSU PG UIF TJHOBM
PSJHJOBUFT GSPN XIJDI QJYFM� 8F XJMM GPDVT PO UIJT TFDPOE BQQSPBDI� 5IF TJHOBM
s
 JO EJTDSFUJ[FE GPSN
 DBO CF EFTDSJCFE BT

s(tj) =
∑

p∈QJYFMT

xpe
−i(tjωp+φp). 	�


)FSF
 tj JT UIF jUI UJNF TBNQMF
 i JT UIF JNBHJOBSZ VOJU
 xp JT UIF QJYFM JOUFOTJUZ
	XIJDI JT EFUFSNJOFE CZ UIF OVNCFS PG IZESPHFO BUPNT JO UIF QJYFM
 BOE φp

JT UIF QIBTF BDRVJSFE CZ UIF IZESPHFO BUPNT JO QJYFM p CFGPSF UIF FYQFSJNFOU�
5IF TZNCPM ωx JT UIF TQJOOJOH GSFRVFODZ EVSJOH UIF FYQFSJNFOU� #PUI ωp

BOE φp BSF EFUFSNJOFE CZ UIF TUSFOHUI PG UIF NBHOFUJD mFME HFOFSBUFE CZ UIF
MJOFBS HSBEJFOUT� 5IF POMZ VOLOPXOT JO &RVBUJPO 	�
 BSF UIF xp
 UIF QJYFM
JOUFOTJUJFT
 CFDBVTF XF LOPX UIF NBHOFUJD mFME TUSFOHUIT BOE XF NFBTVSF
UIF TJHOBM� 4JODF XF BSF EFBMJOH XJUI B MJOFBS TZTUFN PG FRVBUJPOT
 XF XSJUF
&RVBUJPO 	�
 JO NBUSJY�WFDUPS GPSN�

T = "Y. 	�


/PJTF JTTVFT
"T NFOUJPOFE CFGPSF
 UIF NBHOFUJD mFME JOTJEF PVS TDBOOFST JT SFMBUJWFMZ XFBL�
5IJT NFBOT UIBU OPJTF
 XIJDI JT JOFWJUBCMZ QSFTFOU JO BOZ LJOE PG NFBTVSFE
TJHOBM
 IBT B NVDI TUSPOHFS JOnVFODF PO UIF NFBTVSFE TJHOBM
 BOE IFODF PO UIF
SFDPOTUSVDUFE JNBHF� 8F SFDFOUMZ QFSGPSNFE JNBHJOH FYQFSJNFOUT PO EJGGFSFOU
PCKFDUT
 JODMVEJOH BO BQQMF BOE B CFMM QFQQFS� *G XF EP OPU VTF BOZ LJOE PG
TJHOBM PS JNBHF QSPDFTTJOH
 BOE TJNQMZ TPMWF &RVBUJPO 	�

 UIF JNBHFT DPNF
PVU MPPLJOH BT JO 'JHVSFT �B BOE �D
 XIJDI BSF WFSZ OPJTZ
 FTQFDJBMMZ UIF CFMM
QFQQFS SFTVMU� *OTUFBE PG TPMWJOH &RVBUJPO 	�

 XF DBO TPMWF

BSH NJO
x

‖T− "Y‖22 + λL(Y). 	�


/PUF UIBU UIF mSTU UFSN JT TJNQMZ UIF MFBTU�TRVBSFT GPSN PG &RVBUJPO 	�

 XIJDI
NBLFT TVSF UIBU PVS TPMVUJPO Y DPSSFTQPOET UP UIF NFBTVSFE EBUB BT XFMM BT QPT�
TJCMF� 5IF UFSN L(Y) JT B QFOBMUZ UFSN� *U BMMPXT VT UP JODPSQPSBUF JOGPSNBUJPO
UIBU XF IBWF BCPVU UIF TPMVUJPO JOUP UIF SFDPOTUSVDUJPO QSPDFTT� 0GUFO
 JO .3*
BOE JO JNBHJOH JO HFOFSBM
 XF DIPPTF L UP CF BO PQFSBUPS UIBU DBMDVMBUFT UIF
TJ[F PG KVNQT CFUXFFO OFJHICPSJOH QJYFMT� 5IJT XBZ
 XF DBO GPSDF UIF KVNQT UP
CF TNBMM JO HFOFSBM
 XIJDI IFMQT TVQQSFTT UIF OPJTF� 5IJT DIPJDF JT NPUJWBUFE
CZ UIF GBDU UIBU OFJHICPSJOH QJYFMT PGUFO SFQSFTFOU UIF TBNF CPEZ UJTTVF
 TP
XF FYQFDU UIFN UP IBWF UIF TBNF JOUFOTJUZ� 8F TIPVME CF WFSZ DBSFGVM XJUI

UIJT CFDBVTF XF EP OPU XBOU UIF JNBHF UP CFDPNF UPP TNPPUI PS CMVSSZ� 5IBU
JT XIZ UIFSF JT B QBSBNFUFS λ JO &RVBUJPO 	�
� 5IJT λ JT UIFSF UP FOTVSF UIBU
UIF UXP UFSNT BSF OJDFMZ CBMBODFE� 8F VTVBMMZ TPMWF &RVBUJPO 	�
 VTJOH BO
JUFSBUJWF QSPDFEVSF� 5IF SFTVMUT BSF TIPXO JO 'JHVSFT �C BOE �E� 'PS UIF BQQMF

XF TFF OPX UIBU JUT TIBQF BOE TFFET BSF DMFBSMZ WJTJCMF
 BOE UIF OPJTF IBT CFFO
FMJNJOBUFE� 'PS UIF CFMM QFQQFS
 UIF SFTVMU JT FWFO NPSF JNQSFTTJWF� XIFSF mSTU
XF POMZ TBX OPJTF
 OPX XF DBO TFF UIF TIBQF PG UIF PCKFDU�

	B
 "QQMF� OPJTZ JNBHF 	C
 "QQMF� EFOPJTFE JNBHF

	D
 #FMM QFQQFS� OPJTZ JNBHF 	E
 #FMM QFQQFS� EFOPJTFE JNBHF

'JHVSF �� 3FTVMUT PG UXP EJGGFSFOU FYQFSJNFOUT

.BOZ PUIFS BTQFDUT
5IJT JT POMZ B TNBMM QBSU PG UIF QSPKFDU� *U DPNFT XJUI DIBMMFOHFT XJUI NBOZ
PQQPSUVOJUJFT GPS NBUIFNBUJDBM TPMVUJPOT� 8F BSF XPSLJOH PO EFFQ MFBSOJOH

NBDIJOF MFBSOJOH BOE DPSSFDUJPO PG UIF NPEFM
 BNPOH PUIFS UIJOHT� "OPUIFS
BTQFDU XIJDI NBLFT UIJT QSPKFDU TQFDJBM JT UIF NVMUJUVEF PG CPUI OBUJPOBM BOE
JOUFSOBUJPOBM QBSUOFST XF BSF XPSLJOH XJUI� *U JT WFSZ JNQPSUBOU UP NBJOUBJO
B TUSPOH QBSUOFSTIJQ XJUI PVS QBSUOFST
 FTQFDJBMMZ UIPTF JO 6HBOEB� 5IFZ XJMM
CF UIF QFPQMF XIP BSF HPJOH UP VTF PVS .3* TDBOOFS� 5IFSFGPSF
 TUVEFOUT
BOE UFBN NFNCFST GSPN %FMGU SFHVMBSMZ WJTJU .CBSBSB 6OJWFSTJUZ PG 4DJFODF BOE
5FDIOPMPHZ
 BOE WJDF WFSTB� 8F BSF FNCBSLJOH PO UIF OFYU TUBHF PG UIF QSPKFDU

BT UIF TDBOOFS TIPXO JO 'JHVSF �C XJMM CF TIJQQFE UP 6HBOEB TPPO
 GPS MPDBM
UFTUJOH BOE FWFOUVBMMZ DMJOJDBM USJBMT�

3FGFSFODFT
<�> EF -FFVX EFO #PVUFS
 .� -� 
 WBO (JK[FO
 .� #�
 BOE 3FNJT
 3� '� 	����
� i$POKVHBUF HSBEJFOU

WBSJBOUT GPS #p�SFHVMBSJ[FE JNBHF SFDPOTUSVDUJPO JO MPX�mFME .3*�w 4/ "QQMJFE 4DJFODFT
 �	��


�����

<�> -JBOH
 ;� 1�
 BOE -BVUFSCVS
 1� $� i1SJODJQMFT PG NBHOFUJD SFTPOBODF JNBHJOH� B TJHOBM QSPDFTTJOH
QFSTQFDUJWF�i 41*& 0QUJDBM &OHJOFFSJOH 1SFTT
 �����

<�> 0�3FJMMZ
 5�
 5FFVXJTTF
 8� .�
 BOE 8FCC
 "� (� i5ISFF�EJNFOTJPOBM .3* JO B IPNPHFOPVT �� DN
EJBNFUFS CPSF )BMCBDI BSSBZ NBHOFU�w +PVSOBM PG .BHOFUJD 3FTPOBODF ��� 	����
� �������

<�> 'FTTMFS
 +� "� w.PEFM�CBTFE JNBHF SFDPOTUSVDUJPO GPS .3*�w *&&& TJHOBM QSPDFTTJOH NBHB[JOF ����
	����
� ������
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Are we experiencing warmer   
winters than a few decades ago?
David Sarkisian, Student Applied Mathematics

"SF XF FYQFSJFODJOH XBSNFS XJOUFST UIBO B GFX EFDBEFT BHP 
%BWJE 4BSLJTJBO
 4UVEFOU "QQMJFE .BUIFNBUJDT

"U UIF FOE PG NZ UIJSE ZFBS * XSPUF NZ CBDIFMPS UIFTJT
 MJLF FWFSZPOF
FMTF BU UIF FOE PG UIFJS CBDIFMPST� *O UIF MBTU RVBSUFS PG UIF ZFBS *
BOBMZTFE XIFUIFS XJOUFST JO 5IF /FUIFSMBOET IBWF CFDPNF TJHOJmDBOUMZ
XBSNFS PWFS UIF QBTU GFX EFDBEFT�

*O 'FCSVBSZ XF IBE UP DIPPTF UIFTJT UPQJDT UIBU TPVOEFE JOUFSFTUJOH BOE NBLF
B UPQ��� 5IF SFTFBSDI UPQJD UIBU FOEFE PO NZ OVNCFS POF XBT BMTP UIF UPQJD
* XBT BTTJHOFE UP
 w"SF XJOUFST JO 5IF /FUIFSMBOET CFDPNJOH XBSNFS w� 4JODF
DMJNBUF DIBOHF JT B DVSSFOU UPQJD UIJT TFFNFE MJLF B GVO QSPKFDU UP XPSL PO�
.PSFPWFS
 DMJNBUF DIBOHF JT GSFRVFOUMZ PO UIF OFXT BOE HMPCBM XBSNJOH TFFNT
MJLF B MPHJDBM GBDU� )PXFWFS
 * IBWF OFWFS SFBMMZ TFFO BOZ SFTFBSDI NZTFMG�
5IFSFGPSF
 UIJT TFFNFE MJLF UIF QFSGFDU PQQPSUVOJUZ UP MPPL BU UIF GBDUT BOE
mHVSFT XJUI UIF NBUIFNBUJDBM TLJMMT *�WF BDRVJSFE PWFS UIF QBTU GFX ZFBST�

5IF mSTU UXP PS UISFF XFFLT EJEO�U HP BU GVMM TUFBN
 UIPVHI� "T * XBT OFX
PO UIF TVCKFDU PG NFUFPSPMPHZ BOE DMJNBUPMPHZ
 JU XBT IBSE UP EFDJEF IPX *
XBOUFE UP SFTFBSDI DMJNBUF DIBOHF JO 5IF /FUIFSMBOET� "GUFS BMM
 UIFSF JT B
QMFUIPSB PG EBUB BOE QBSBNFUFST UIBU POF DBO FYBNJOF� 4P JU TFFNFE B MPHJDBM
UIJOH UP UBLF B MPPL BU XIBU EBUB UIF ,/.* IBT BOE IPX PUIFS SFTFBSDIFST
DBSSZ PVU UIFJS SFTFBSDI� "T * EFMWFE JOUP UIF EBUB BOE FYBNJOFE XIBU LJOE PG
NBUIFNBUJDBM UFDIOJRVFT BSF CFJOH VTFE
 NZ PXO UIFTJT CFDBNF DMFBSFS BOE
DMFBSFS�

&WFOUVBMMZ
 * DIPTF GPS UIF TPNFXIBU FBTJFS NFUFPSPMPHJDBM QBSBNFUFST PG UFN�
QFSBUVSF 	NBYJNVN
 NJOJNVN
 BWFSBHF
 QFS ZFBS BOE UIF TP�DBMMFE )FMMNBOO
OVNCFS� *O BEEJUJPO
 * BMTP MPPLFE BU UIF /PSUI "UMBOUJD 0TDJMMBUJPO JOEFY

XIJDI JT TPNF NFBTVSF PG UIF BJS QSFTTVSF CFUXFFO *DFMBOE BOE UIF "[PSFT�
5IJT JT FTQFDJBMMZ JOUFSFTUJOH
 CFDBVTF IJHIFS WBMVFT UFOE UP CF DPSSFMBUFE XJUI
XBSNFS XJOUFST� *O UIF FOE UIFTF QBSBNFUFST HJWF B DMFBS WJFX PO UIF SFTVMUT
BOE BSF NPSF EJSFDUMZ MJOLFE XJUI DMJNBUF DIBOHF� .PTU PG UIF EBUB
 IPXFWFS

XBT OPU JNNFEJBUFMZ SFBEZ UP CF BOBMZTFE� "T ZPV DBO JNBHJOF UIF ,/.* IBT
MPBET PG EFUBJMFE EBUB
 J�F� EBJMZ 	BOE TPNFUJNFT IPVSMZ
 EBUB PG UFNQFSBUVSFT

QSFDJQJUBUJPO
 XJOE TQFFET
 FUD� 4P
 JO UIF mSTU XFFLT * XBT NBJOMZ USZJOH UP
mMUFS PVU FWFSZUIJOH UIBU * EPO�U OFFE BOE DPOWFSU EBUB JOUP B TVJUBCMF GPSNBU
JO 1ZUIPO�

5IF GPMMPXJOH XFFLT * XBT QBSUJDVMBSMZ USZJOH UP BOBMZTF UIF EBUB JO 3� "T * TBJE
FBSMJFS
 * MPPLFE BU EJGGFSFOU QBSBNFUFST MJLF UFNQFSBUVSF BOE PUIFS JOEJDFT�
)PXFWFS
 JO UIJT BSUJDMF * XJMM GPDVT PO UIF )FMMNBOO OVNCFS JO QBSUJDVMBS�
5IF )FMMNBOO OVNCFS JT B NFBTVSF UIBU UBLFT UIF OVNCFS PG EBZT CFMPX �¡$
JOUP BDDPVOU CZ BEEJOH VQ UIF BCTPMVUF WBMVF PG BMM TVC[FSP UFNQFSBUVSFT JO B
XJOUFS� 4P JG XF MFU n CF UIF OVNCFS PG EBZT JO B QFSJPE BOE MFU T̄1, ..., T̄n CF
UIF BWFSBHF EBJMZ UFNQFSBUVSFT JO $FOUJHSBEF JO UIBU QFSJPE
 UIFO UIF )FMMNBOO
OVNCFS 	)
 PG B XJOUFS JT EFmOFE BT

H =
n∑

i=1

NJO (0, T̄i). 	�


XJUI n = 90 PS n = 91 	GSPN %FDFNCFS �TU UJMM .BSDI �TU
 EFQFOEJOH PO
XIFUIFS JU�T B MFBQ ZFBS� 5IF ,/.* VTFT UIF )FMMNBOO OVNCFS BT B NFBTVSF UP

DMBTTJGZ XJOUFST PO UIFJS TFWFSJUZ� *O 5IF /FUIFSMBOET XF DBMM B XJOUFS XJUI

GPS JOTUBODF
 B )FMMNBOO OVNCFS CFUXFFO �� BOE ��� OPSNBM� #FMPX ZPV DBO
TFF BMM UIF DMBTTJmDBUJPOT�

)FMMNBOO OVNCFS H $MBTTJmDBUJPO
H > 300 4FWFSF

160 < H ≤ 300 7FSZ DPME
100 < H ≤ 160 $PME
40 < H ≤ 100 /PSNBM
20 < H ≤ 40 .JME
10 < H ≤ 20 7FSZ NJME
0 < H ≤ 10 6OVTVBMMZ NJME

*O NZ UIFTJT * IBWF BOBMZTFE UIF XJOUFST GSPN ���� VOUJM ����
 XIJDI ZPV
DBO TFF JO mHVSF �� :PV DBO TFF UIF NPWJOH BWFSBHF 	UIF BWFSBHF PG UIF ��
ZFBST CFGPSF TPNF HJWFO ZFBS
 PG UIF )FMMNBOO OVNCFS JO SFE BOE UIF BDUVBM
WBMVFT� "OBMZTJOH TVDI HSBQIT HJWFT B CFUUFS JEFB PG XIBU JT IBQQFOJOH BOE
DBO TUSFOHUIFO UIF NPUJWBUJPO PG B IZQPUIFTJT�

'JHVSF �� 5IF SPMMJOH BWFSBHF PG UIF )FMMNBOO OVNCFS PWFS UIF QBTU DFOUVSZ

*O mHVSF � BOE � XF DBO RVJUF DMFBSMZ TFF UIBU XJOUFST PG UIF MBTU UXP EFDBEFT
UFOE UP IBWF MPXFS )FMMNBOO OVNCFST BOE BMTP UFOE UP IBWF MFTT FYUSFNF WBM�
VFT� 5IJT HBWF NF B HPPE TUBSUJOH QPJOU BOE TUSPOHFS NPUJWBUJPO UP EJH EFFQFS
BOE mOE PVU XIFUIFS XJOUFST IBWF CFDPNF XBSNFS� )PXFWFS
 IJTUPHSBNT BOE
PUIFS mHVSFT EPO�U QSPWF BOZUIJOH
 UIFZ POMZ IFMQ ZPV HSBTQ UIF TJUVBUJPO CFU�
UFS� *O PSEFS UP TBZ BOZUIJOH BCPVU B QPTTJCMF USFOE XF IBWF UP BQQMZ TUBUJTUJDBM
UIFPSZ�
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'JHVSF �� )JTUPHSBN DPNQBSJOH UXP DPOTFDVUJWF QFSJPET PG �� ZFBST

5IFSF BSF EJGGFSFOU XBZT UP EFUFSNJOF XIFUIFS EBUB GPMMPXT B USFOE
 J�F� JO�
DSFBTFT PS EFDSFBTFT TJHOJmDBOUMZ� 0OF XBZ UP mOE B USFOE XIFO BOBMZTJOH
DMJNBUF DIBOHF
 XIJDI JT UIF UFDIOJRVF UIBU B MPU PG UIF SFTFBSDIFST * IBWF
FYBNJOFE VTF
 JT CZ VTJOH UIF .BOO�,FOEBMM UFTU� 5IF CBTJD JEFB PG UIJT UFTU
JT UP SBOL PCTFSWBUJPOT PG UXP EBUB TFUT BOE MPPL BU IPX NVDI UIF SBOLT QBJS�
XJTFMZ UFOE UP HP VQ PS EPXO� *O PSEFS UP VOEFSTUBOE UIJT
 JU JT HPPE UP TFF
BO FYBNQMF� 4BZ XF IBWF TPNF mDUJPOBM EBUB UIBU XPVME HJWF VT
 GPS JOTUBODF

UIF GPMMPXJOH SBOLJOH�

:FBS ���� ���� ���� ����
3BOL S � � � �

)FMMNBOO OVNCFS �� �� �� �
3BOL T � � � �

5P TFF XIFUIFS UIFSF JT B USFOE XF mSTU IBWF UP BTTJHO B +1 PS B −1
 DBMMFE B
QBJSXJTF TDPSF
 UP FWFSZ QBJS PG UIF )FMMNBOO OVNCFS SBOLT� "GUFS DBMDVMBUJOH
UIF QBJSXJTF TDPSFT XF DBO BEE UIPTF TDPSFT GPS FWFSZ QBJS TVDI UIBU XF HFU B
mOBM TDPSF XIJDI UFMMT VT TPNFUIJOH BCPVU UIF EFHSFF JO XIJDI UIF )FMMNBOO
OVNCFS SBOLJOH EFWJBUFT GSPN UIF ZFBS SBOLJOH� 4P GPS QBJS (2011, 2012) XF
TFF UIBU UIF SBOLJOH QBJS JT (4, 3) X�S�U� w:FBSw BOE (2, 1) X�S�U� w)FMMNBOO
OVNCFSw� 4JODF CPUI SBOLT BSF EFTDFOEJOH
 UIJT QBJS HFUT B +1� *G XF EP UIJT
GPS FBDI VOJRVF QBJS
 UIJT XPVME HJWF UIF GPMMPXJOH QBJSXJTF TDPSFT�

1BJS 4DPSF Si,j

2011, 2012 �
2011, 2013 ��
2011, 2014 ��
2012, 2013 ��
2012, 2014 ��
2013, 2014 ��

5IF TDPSF PG UIFTF SBOLJOHT XPVME UIFSFGPSF CF UIF TVN PG UIF QBJSXJTF TDPSFT�
��� 4VDI B TDPSF JOEJDBUFT UIBU BT XF DPOUJOVF JO UJNF
 UIF )FMMNBOO OVNCFST
UFOE UP EFDSFBTF� *O B NPSF GPSNBM XBZ
 UIJT TDPSF JT EFmOFE BT�

-FU x1, ..., xn BOE y1, ..., yn CF UXP TFUT PG PCTFSWBUJPOT� -FU r1, ..., rn BOE
s1, ..., sn CF UIF SBOLJOHT PG TPNF RVBMJUJFT A BOE B SFTQFDUJWFMZ
 XIFSF XF
PSEFS UIF A�SBOLJOH MJLF r1 < ... < rn� 'PS FBDI QBJS (yi, yj) EFmOF UIF
QBJSXJTF TDPSF

Si,j =

{
1 if Ti < sj

−1 if Ti > sj
. 	�


5IF TDPSF PG UIF SBOLJOHT PG A BOE B JT UIFO EFmOFE CZ

S =
n−1∑

i=1

n∑

j=i+1

Si,j 	�


"T ZPV DBO JNBHJOF
 JU JT B WFSZ UFEJPVT UBTL UP DBMDVMBUF UIJT NBOVBMMZ TP *
IBWF DBMDVMBUFE UIF TDPSFT GPS EJGGFSFOU QBSBNFUFST JO 3� )PXFWFS
 LOPXJOH
UIF TDPSF POMZ UFMMT VT IPX NVDI B SBOLJOH EFWJBUFT GSPN UIF PUIFS POF� 5P
TBZ TPNFUIJOH BCPVU B TJHOJmDBOU EFWJBUJPO
 B USFOE
 XF VTF UIF GBDU UIBU BMM
UIF QPTTJCMF TDPSFT IBWF TPNF LJOE PG EJTUSJCVUJPO F(S) UIBU DPOWFSHFT UP
UIF OPSNBM EJTUSJCVUJPO� 5IJT XBZ
 UIF EFWJBUJPO PG B QBSUJDVMBS TDPSF PG B
SBOLJOH DBO CF DPNQBSFE UP XIBU XF TIPVME FYQFDU 	UIF OPSNBM EJTUSJCVUJPO
�
)PXFWFS
 TJODF UIF EJTUSJCVUJPO PG UIF TDPSF JT EJTDSFUF 	B TVN PG ��T BOE ���T

BOE UIF OPSNBM EJTUSJCVUJPO JT DPOUJOVPVT
 B TMJHIUMZ BEKVTUFE WFSTJPO PG UIF
TDPSF 4 JT VTFE� 5IJT DPSSFDUJPO JT BT GPMMPXT�

Z =






S−1√
S

ifS > 0

0 ifS = 0
S+1√

S
ifS < 0

, 	�


XIFSF S = 1
18

[
n(n− 1)(2n+ 5)−

∑T
j=1 tj(tj − 1)(2tj + 5)

]
�

*O PSEFS UP TQPU B USFOE
 UIF NFBTVSF Z JT DPNQBSFE UP UIF WBMVF PG UIF
JOWFSTF $%' PG UIF OPSNBM EJTUSJCVUJPO
 EFQFOEJOH PO B TJHOJmDBODF MFWFM α

XIJDI XF DBO EFOPUF BT Φ−1(α)� "QQMZJOH UIFTF QSJODJQMFT UP UIF EBUB MFE UP
UIF DPODMVTJPO UIBU UIF )FMMNBOO OVNCFST IBWF JOEFFE CFDPNF TJHOJmDBOUMZ
MPXFS� 5IJT MPHJDBMMZ JNQMJFT UIBU XJOUFST IBWF CFDPNF MFTT TFWFSF PWFS UIF
QBTU DFOUVSZ�

"T ZPV DBO QSPCBCMZ TFF
 * EJE OPU HP JOUP UIF SFTFBSDI QBSU SJHIU BIFBE� #Z
BOBMZTJOH BOE mMUFSJOH EBUB BOE USZJOH UP mOE MJUFSBUVSF PG PUIFS SFTFBSDIFST

* TMPXMZ GPVOE TPNF TUSVDUVSF BOE XBT BCMF UP EJH B MJUUMF EFFQFS BOE EFFQFS
JOUP UIF UIFPSZ� 0G DPVSTF
 NZ TVQFSWJTPS 'SFE 7FSNPMFO BMTP IFMQFE NF B MPU
BT XF EJTDVTTFE NZ XPSL BOE UIF DPVSTF PG UIF SFTFBSDI BMNPTU XFFLMZ� 5IJT
XBZ
 * LOFX XIBU UP EP FWFO JG NZ UIFTJT HPU B CJU NFTTZ BU UJNFT� 4JODF IF
BMTP XSJUFT BSUJDMFT GPS UIF .B$)B[JOF TPNFUJNFT
 * BTTVNF IF JT BO BWJE SFBEFS
PG UIJT NBHB[JOF
 TP * BMTP XBOU UP UBLF UIJT PQQPSUVOJUZ UP HJWF IJN B TQFDJBM
UIBOLT BHBJO�

* IPQF FWFSZPOF XIP JT HPJOH UP TUBSU UIFJS CBDIFMPS UIFTJT UIJT ZFBS BMTP mOET
B UPQJD UIBU SFBMMZ JOUFSFTUT UIFN BOE mOET UIFJS XBZ JOUP UIF MBTU QBSU PG UIFJS
CBDIFMPS� * XJTI ZPV BMM HPPE MVDL�

3FGFSFODFT
<�> ,FOEBMM
 .� (� 	����
� 3BOL $PSSFMBUJPO .FUIPET� -POEPO� $IBSMFT (SJGmO $PNQBOZ -JNJUFE�
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Second and third year electives
Maxime Hoekstra, Lieke van der Linden, Jasper Rou, Eva Slingerland, Students Applied Mathematics

4FDPOE BOE UIJSE ZFBS FMFDUJWFT
-JFLF WBO EFS -JOEFO
 +BQTFS 3PV
 &WB 4MJOHFSMBOE
 .BYJNF )PFLTUSB

*O UIF UIJSE RVBSUFS PG CPUI UIF TFDPOE BOE UIJSE ZFBS
 "QQMJFE
.BUIFNBUJDT TUVEFOUT GPMMPX FMFDUJWFT� 5IFSF BSF NBOZ DPVSTFT UP DIPPTF
GSPN
 TP JU DBO CF IBSE UP NBLF B EFDJTJPO� 5IFSFGPSF
 XF IBWF BTLFE �
TUVEFOUT UP UFMM VT NPSF BCPVU UIF FMFDUJWFT UIBU UIFZ IBWF GPMMPXFE�

"EWBODFE 1SPCBCJMJUZ � +BTQFS 3PV
*O UIF QBTU UIJSE RVBSUFS * GPMMPXFE UIF FMFDUJWF DPVSTF "EWBODFE 1SPCBCJMJUZ
BT QBSU PG NZ #BDIFMPS� "EWBODFE QSPCBCJMJUZ JT B DPVSTF XIFSF ZPV DPNCJOF
UIF DPODFQUT PG *OUSPEVDUJPO UP 1SPCBCJMJUZ GSPN UIF mSTU ZFBS XJUI UIF
DPODFQUT PG 3FBM "OBMZTJT GSPN UIF TFDPOE ZFBS� 0O QBQFS UIF DPVSTF JT B
UIJSE�ZFBS FMFDUJWF
 CVU JU JT QPTTJCMF UP EP UIJT DPVSTF PODF ZPV IBWF mOJTIFE
SFBM BOBMZTJT�

5IF DPVSTF JT LOPXO BT B EJGmDVMU POF� 5IJT JT QBSUMZ USVF� 5IF DPVSTF
TUBSUT XJUI B DPNQMFUFMZ EJGGFSFOU BQQSPBDI UP QSPCBCJMJUZ UIBO UIBU ZPV
FODPVOUFSFE JO ZPVS mSTU ZFBS� 5IJT DBO CF WFSZ EJGmDVMU DPODFQUVBMMZ�
"MUIPVHI UIF XPSE QSPCBCJMJUZ JT JO UIF OBNF
 UIF mSTU IBMG MPPLT NPSF MJLF
SFBM BOBMZTJT� * XPVME TVHHFTU UIBU JG ZPV MJLFE SFBM BOBMZTJT UIBU ZPV DPO�
TJEFS UIJT FMFDUJWF
 CFDBVTF JG ZPV MJLF B DIBMMFOHF UIF DPVSTF DBO CF SFBMMZ GVO�

5IJT ZFBS UIF DPVSTF JT HJWFO CZ "MFTTBOESB $JQSJBOJ� 5IF XBZ UIF DPVSTF JT
PSHBOJ[FE JT CZ UXP MFDUVSFT B XFFL BOE UXP FYFSDJTF DMBTTFT� %VSJOH UIF
MFDUVSFT UIF NBUFSJBM PG UIF DPVSTF JT FYQMBJOFE PO UIF CMBDLCPBSE� %VSJOH
UIF FYFSDJTF DMBTTFT ZPV DBO XPSL B OFX FYFSDJTF TIFFU FWFSZ UJNF BOE BTL
RVFTUJPOT� 5IFSF JT BMTP B CPPL UP SFBE UIF NBUFSJBM GPS ZPVSTFMG
 CVU XF
EP OPU EP FYFSDJTFT GSPN JU� "MTP
 UIFSF BSF UXP IPNFXPSL BTTJHONFOUT
UIBU DPVOU GPS ��� PG UIF HSBEF� 5IF SFTU PG UIF HSBEF JT CZ B mOBM XSJUUFO FYBN�

*O UIF DPVSTF ZPV MFBSO DPODFQUT ZPV BSF BMSFBEZ GBNJMJBS XJUI GSPN ZPVS mSTU
ZFBS CVU OPX PO B SJHPSPVT SFBM BOBMZTJT XBZ� 4PNFUJNFT UIJT DPOUSJCVUFT UP B
CFUUFS VOEFSTUBOEJOH PG QSPCBCJMJUZ UIFPSZ� 8IFSF B DPODFQU TVDI BT B SBOEPN
WBSJBCMF XBT RVJUF WBHVFMZ GPSNVMBUFE JO ZPVS mSTU ZFBS
 OPX JU JT FYQMBJOFE BT
B NFBTVSF� "MTP
 FYQFDUBUJPO
 DPOEJUJPOBM FYQFDUBUJPO
 $IFCZTIFW�T JOFRVBMJUZ
BOE UIF MBX PG MBSHF OVNCFST BSF BHBJO USFBUFE CVU PO B EJGGFSFOU MFWFM� *O
ZPVS mSTU ZFBS ZPV POMZ EJE UIF XFBL MBX PG MBSHF OVNCFST
 XIJDI JNQMJFE
UIFSF XBT B TUSPOH POF� "OE JOEFFE
 JO UIJT DPVSTF UIF MBUUFS JT USFBUFE BT XFMM�

*O UIF CFHJOOJOH * UIPVHIU UIF DPVSTF XBT RVJUF BCTUSBDU BOE UIFSFGPSF RVJUF
EJGmDVMU� "T UIF DPVSTF DPOUJOVFE NPSF GBNJMJBS DPODFQUT PG QSPCBCJMJUZ DBNF
GPSXBSE BOE * TUBSUFE UP VOEFSTUBOE CFUUFS� %FTQJUF UIF SPVHI TUBSU * FOKPZ
UIF DPVSTF BOE * BN HMBE UIBU * DIPTF JU� * DBO SFDPNNFOE BOZPOF UIBU JT VQ
GPS B GVO DIBMMFOHF UP DIPPTF UIJT DPVSTF�

/VNFSJDBM .FUIPET � � &WB 4MJOHFSMBOE
%VSJOH UIF UIJSE RVBSUFS PG MBTU ZFBS
 * GPMMPXFE UIF DPVSTF /VNFSJDBM .FUIPET
�
 XIJDI XBT HJWFO CZ .BSUJO WBO (JK[FO� * SFBMMZ FOKPZFE UIF DPVSTF /VNFSJDBM
.FUIPET �
 XIJDI MFE NF UP DIPPTF UIJT DPVSTF BT BO FMFDUJWF� *U JT OFDFTTBSZ
UP QBTT UIF DPVSTF /VNFSJDBM .FUIPET � JO PSEFS UP GPMMPX JU
 XIJDI JT XIZ
UIJT JT B UIJSE ZFBS FMFDUJWF�

"T UIF OBNF TVHHFTUT
 UIJT DPVSTF JT SFBMMZ B GPMMPX VQ DPVSTF PO /VNFSJDBM
.FUIPET �� *O UIBU DPVSTF NPTU UIFPSJFT BOE NFUIPET XFSF FYQMBJOFE BOE
BQQMJFE UP POF�EJNFOTJPOBM QSPCMFNT� 5IJT DPVSTF EFBMT XJUI UXP�EJNFOTJPOBM
QSPCMFNT� *O UIF mSTU XFFL DPODFQUT MJLF UIF DMBTTJmDBUJPO PG QBSUJBM EJGGFSFO�
UJBM FRVBUJPOT XJUI CPVOEBSZ DPOEJUJPOT BOE JOJUJBM DPOEJUJPOT BOE UIF mOJUF
EJGGFSFODF NFUIPE XFSF SFQFBUFE� /FYU
 UIF mOJUF WPMVNF NFUIPE
 XIJDI JT
CBTJDBMMZ UIF UXP�EJNFOTJPOBM WFSTJPO PG UIF mOJUF EJGGFSFODF NFUIPE
 BOE JUT
QSPQFSUJFT BOE UIFPSFNT XFSF FYQMBJOFE� "GUFS UIBU
 TPMVUJPOT UP OPOMJOFBS
1%&�T BOE OVNFSJDBM TDIFNFT GPS UJNF�JOEFQFOEFOU 1%&�T� 5IF DPVSTF JT SFBMMZ
VTFGVM JO JUT DPOUFOU� 'PS FYBNQMF
 JU JT FYQMBJOFE IPX POF TIPVME EFBM XJUI B
EPNBJO UIBU JT OPU B TRVBSF PS B SFDUBOHMF�

'JHVSF �� /PJTZ JNBHF PG .3* TDBO�

&WFSZ XFFL XF IBE UXP MFDUVSFT BOE UXP JOTUSVDUJPO DMBTTFT� *O UIPTF JOTUSVD�
UJPO DMBTTFT
 XF DPVME XPSL PO UIF IPNFXPSL
 XIJDI MVDLJMZ XBT OPU NBOEBUPSZ

PS PO UIF QSPKFDU� 5IF QSPKFDU BMTP SFBMMZ JNQSPWFE UIF WBMVF PG UIJT DPVSTF� 8F
XFSF HJWFO B OPJTZ JNBHF 	TFF 'JHVSF � PG BO BMUFSOBUJWF LJOE PG .3* TDBOOFS�
0VS KPC XBT UP SFEVDF UIF OPJTF
 CVU LFFQ UIF TIBSQOFTT PG UIF CPVOEBSJFT
VTJOH OVNFSJDBM NFUIPET� 5IF QSPKFDU SFBMMZ BQQMJFE UIF UIFPSZ UIBU XBT FY�
QMBJOFE EVSJOH UIF MFDUVSF
 BOE JU XBT HSFBU UP TFF TVDI BO BQQMJDBUJPO� #FMPX
* IBWF JODMVEFE UIF NPEFM JNBHF BOE UIF QJDUVSF UIBU XF PCUBJOFE BU UIF FOE�
5IF DPVSTF FOEFE XJUI B TIPSU FYBN DPOTJTUJOH PG IPNFXPSL SFMBUFE FYFSDJTFT
BOE BO PSBM FYBN XIFSF CPUI UIF SFQPSU PG UIF QSPKFDU BOE TPNF UIFPSZ PG UIF
DPVSTF XFSF EJTDVTTFE�

'JHVSF �� .PEFM JNBHF� 'JHVSF �� 0VS mMUFSFE JNBHF�
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.BSLPW 1SPDFTTFT � -JFLF WBO EFS -JOEFO
-BTU ZFBS
 * EJE UIF DPVSTF .BSLPW 1SPDFTTFT BOE UIF .B$)B[JOF BTLFE NF
 BT
BO FYQFSJFODF FYQFSU
 UP XSJUF TPNFUIJOH BCPVU NZ BEWFOUVSF�

* DIPTF UIJT DPVSTF BT NZ TFDPOE ZFBS�T FMFDUJWF DPVSTF� * EJE UIJT NPTUMZ
CFDBVTF JU TFFNFE MJLF B OJDF XBZ UP HFU EFFQ JOUP POF PG UIF QSPCBCJMJUZ
QIFOPNFOB
 BOE *OUSPEVDUJPO UP 1SPCBCJMJUZ XBT B DPVSTF * SFBMMZ MJLFE GSPN
UIF mSTU ZFBS� "MTP
 UIJT FMFDUJWF DPVSTF XBT HJWFO CZ $PS 	,SBBJLBNQ
 BOE IF
JT BMXBZT WFSZ FOUIVTJBTUJD EVSJOH IJT MFDUVSFT
 TP * BMSFBEZ IBE GVO JO BEWBODF�

5IJT DPVSTF VTFE UIF TBNF CPPL UIBU XBT VTFE EVSJOH *OUSPEVDUJPO UP 1SPC�
BCJMJUZ� *O UIF mSTU GFX XFFLT XF SFDBQQFE TPNF NBUFSJBM BCPVU QSPCBCJMJUZ
SVMFT� 5IFSFCZ
 XF HBUIFSFE TPNF OJDF QSPQFSUJFT PG UIF TP DBMMFE ASBOEPN
XBMLT� BOE A1PJTTPO QSPDFTTFT�� 5IFTF UXP UFSNT BSF FYBNQMFT PG B .BSLPW
1SPDFTT
 XF MBUFS GPVOE PVU�

'JHVSF �� &YBNQMF PG B POF�EJNFOTJPOBM SBOEPN XBML <�>�

" .BSLPW QSPDFTT JT B QSPDFTT XIFSF UIF OFYU TUBUF TPNFUIJOH JT JO
 EPFT OPU
EFQFOE PO UIF IJTUPSZ PG TUBUFT XIFSF JU IBT CFFO JO
 CVU POMZ PO UIF DVSSFOU
TUBUF� "T BO TJNQMF FYBNQMF
 XF DPVME DPOTJEFS B POF EJNFOTJPOBM SBOEPN XBML
XJUI B DPJO UPTT� :PV TUBSU PO UIF JOEFY [FSP� *G ZPV UISPX IFBET
 ZPVS JOEFY
XJMM JODSFBTF XJUI POF
 BOE JG ZPV UISPX UBJMT
 ZPVS JOEFY XJMM EFDSFBTF XJUI
POF� *O UIJT DBTF
 ZPV XJMM XBML SBOEPNMZ BDSPTT UIF POF EJNFOTJPOBM OVNCFS
MJOF� "MTP
 UIF QSPCBCJMJUZ PG HFUUJOH TPNFXIFSF PO UIF MJOF OFYU
 XJMM POMZ
EFQFOE PO XIJDI JOEFY ZPV IBWF DVSSFOUMZ� *U EPFT OPU EFQFOE PO XIFUIFS ZPV
IBWF XBMLFE B IVOESFE UJNFT CBDL BOE GPSUI BMSFBEZ�

Sn+1 =

{
Sn − 1 XJUI QSPCBCJMJUZ ���

Sn + 1 XJUI QSPCBCJMJUZ ���

8JUI UIF TLJMMT XF HBJOFE EVSJOH UIJT DPVSTF
 XF FWFOUVBMMZ QSPWFE
 GPS UIJT
SBOEPN XBML
 UIBU ZPV XJMM BMXBZT FOE VQ JO [FSP BGUFS TPNF UJNF�

5IJT BMTP IBT B OJDF BQQMJDBUJPO JO UIF SFBM MJGF� TVQQPTF ZPV BSF BU UIF DBTJOP
BOE ZPV QMBZ IFBET PS UBJMT� *G ZPV UISPX IFBET
 UIF DBTJOP HJWFT POF FVSP
UP ZPV
 BOE JG ZPV UISPX UBJMT
 ZPV IBWF UP HJWF POF FVSP UP UIF DBTJOP�
/PX BTTVNF UIBU ZPV IBWF FOEMFTT UJNF UP QMBZ BOE UIF DBTJOP IBT FOEMFTT
NPOFZ 	XIJDI JT USVF JO TPNF XBZ DPNQBSFE UP PVS TNBMM BNPVOU PG TUVEFOU
MPBO
� /PX UIF DPOTFRVFODF PG XIBU XF QSPWFE JT UIBU JG ZPV TUBSU XJUI mOJUF
BNPVOU PG NPOFZ
 ZPV BMXBZT FOE VQ CFJOH CBOLSVQU�

.BSLPW 1SPDFTTFT DBO CF VTFE UP FYQMBJO NVDI NPSF QIFOPNFOB
 GSPN CJPMPHZ
UP FDPOPNJDT� "OE UIJT DPVSTF XBT B HSFBU XBZ UP VOEFSTUBOE UIF QSPQFSUJFT PG
UIFTF LJOE PG QSPDFTTFT� .PSFPWFS
 UIJT DPVSTF JT HPPE GPS NZ XBMMFU
 CFDBVTF
* MFBSOFE UIBU * TIPVME OFWFS QMBZ IFBET PS UBJMT JO UIF DBTJOP�

4ZTUFNT 5IFPSZ � .BYJNF )PFLTUSB
8IFO * IBE UP TFBSDI GPS BO FMFDUJWF DPVSTF JO NZ TFDPOE ZFBS PG UIF CBDIFMPS
"QQMJFE .BUIFNBUJDT
 UIF DPVSTF 4ZTUFNT 5IFPSZ TPVOEFE MJLF B HPPE DIPJDF
GPS NF� 0OF SFBTPO XBT CFDBVTF JU JOWPMWFT NPEFMMJOH BOE QIZTJDT
 XIJDI BSF
UIF BQQMJDBUJPOT PG NBUIFNBUJDT UIBU BQQFBM UP NF� "MTP
 UIJT DPVSTF JOWPMWFT
MJOFBS BMHFCSB
 BOBMZTJT BOE EJGGFSFOUJBM FRVBUJPOT
 XIJDI XFSF DPVSTFT UIBU *
GPVOE JOUFSFTUJOH EVSJOH NZ CBDIFMPS�

5IF DPVSTF EFBMT XJUI NPEFMMJOH PG TZTUFNT� " TZTUFN JT B QBSU PG SFBMJUZ UIBU
DBO CF TFFO BT B TFQBSBUFE VOJU XJUIJO UIJT SFBMJUZ� &WFSZUIJOH PVUTJEF PG UIF
TZTUFN BSF UIF TVSSPVOEJOHT� 5IF TZTUFN JT JOnVFODFE CZ JOQVU GVODUJPOT
BOE UIF TZTUFN JUTFMG JOnVFODFT UIF TVSSPVOEJOHT CZ PVUQVU GVODUJPOT� 5IF
HPBM PG TZTUFNT UIFPSZ JT UP TUVEZ BOE DPOUSPM UIJT QSPDFTT� "O FYBNQMF PG B
TZTUFN XJUI JOQVU BOE PVUQVU DBO CF GPVOE JO BO BFSPQMBOF� UIF QPTJUJPO PG
UIF DPOUSPM XIFFM 	JOQVU
 IBT BO JOnVFODF PO UIF DPVSTF 	PVUQVU
� )PXFWFS

B TZTUFN DBO BMTP CF NPSF BCTUSBDU
 MJLF JO FDPOPNJDT�<�>

%VSJOH UIF DPVSTF XF XPSLFE PO B DBTF TUVEZ
 JO XIJDI XF EJSFDUMZ BQQMJFE UIF
NBUFSJBM GSPN UIF MFDUVSFT UP TUVEZ B QIZTJDBM QIFOPNFOPO� 8F IBE UP TUVEZ
UIF EPVCMF QFOEVMVN
 B QFOEVMVN XJUI BOPUIFS QFOEVMVN BUUBDIFE UP JUT
FOE� 5IF NBJO HPBM XBT UP EFTJHO B MJOFBS DPOUSPMMFS GPS UIF EPVCMF QFOEVMVN
BOE JOWFTUJHBUF UIF DPOUSPMMFST RVBMJUZ� 5IF DPOUSPMMFS TIPVME TUBCJMJ[F UIF
QFOEVMVN JO JUT FRVJMJCSJVN QPTJUJPOT� 5IJT JT FTQFDJBMMZ DIBMMFOHJOH GPS UIF
DPNQMFUF VQXBSE QPTJUJPO
 CFDBVTF POMZ JG CPUI QBSUT PG UIF EPVCMF QFOEVMVN
BSF FYBDUMZ WFSUJDBMMZ PO UPQ PG FBDI PUIFS
 JU XJMM TUBZ UIFSF� *G POF PG UIF
BOHMFT JT TMJHIUMZ EJGGFSFOU
 UIF QPTJUJPO XJMM DPMMBQTF JNNFEJBUFMZ EVF UP
HSBWJUZ� 5IF DPOUSPMMFS NBLFT TVSF UIF QPTJUJPO SFNBJOT TUBCMF BMTP XIFO
WJCSBUJPOT BSF FYFSUFE UP UIF QFOEVMVN�

"O JNQPSUBOU QBSU PG UIF QSPKFDU JT HFOFSBUJOH TJNVMBUJPOT PG UIF EPVCMF QFO�
EVMVN JO .BUMBC PS 1ZUIPO� 5IFTF BSF VTFE UP WJTVBMJ[F XIBU UIF QFOEVMVN JT
EPJOH BGUFS DIBOHJOH QBSBNFUFST PS BQQMZJOH DFSUBJO EFTJHOT� 5IF QSPKFDU DBO
CF GSVTUSBUJOH BT XFMM
 XIFO UIF TJNVMBUJPOT GPS JOTUBODF KVTU EPO�U EP XIBU
ZPV XPVME MJLF UIFN UP EP� )PXFWFS
 * NBOBHFE UP NBLF FWFSZUIJOH XPSL BOE
* XBT WFSZ QSPVE PG UIF FOE SFTVMU� 5IBU JT NPTUMZ XIZ * MJLFE UIJT DPVSTF TP
NVDI� * GFMU MJLF * XBT CVTZ XJUI FOHJOFFSJOH
 XIJDI * IBWFO�U FYQFSJFODFE JO
PUIFS NBUIFNBUJDT DPVSTFT TP GBS�

'JHVSF �� &YBNQMF PG B TZTUFN <�>�

3FGFSFODFT
<�> IUUQT���UPXBSETEBUBTDJFODF�DPN�SBOEPN�XBMLT�XJUI�QZUIPO��������CD�CD
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*O UIF mSTU TFNFTUFS PG UIF UIJSE ZFBS
 TUVEFOUT NVTU DIPPTF UIFJS NJOPS�
4PNF TUVEFOUT DIPPTF B NBUIFNBUJDBM NJOPS
 PUIFST DIPPTF UP EP
TPNFUIJOH DPNQMFUFMZ EJGGFSFOU� *O UIJT BSUJDMF
 UISFF "QQMJFE
.BUIFNBUJDT TUVEFOUT UFMM BCPVU UIFJS NJOPS�

'JOBODF � ,JMJBO #VJT
*O UIF mSTU TFNFTUFS
 * EJE UIF NJOPS 'JOBODF� 4JODF UIF NJOPS DPOUBJOT B GBJS
CJU PG NBUIFNBUJDT
 FDPOPNJDT BOE SFMJFT PO NVMUJQMF .BUMBC JNQMFNFOUBUJPOT

UIF NJOPS JT WFSZ JOUFSFTUJOH GPS CPUI "QQMJFE .BUIFNBUJDT BOE $PNQVUFS 4DJ�
FODF BOE &OHJOFFSJOH TUVEFOUT� %VSJOH UIF NJOPS * MFBSOFE B MPU
 CVU UIFSF
XBT POF DPODFQU UIBU UPPL DFOUFS� BO PQUJPO� 5P FYQMBJO XIBU BO PQUJPO JT
 XF
DPOTJEFS BO BTTFU XJUI B DFSUBJO JOJUJBM QSJDF S0� *G ZPV CVZ B DBMM PQUJPO
 ZPV
XJMM HFU UIF SJHIU UP QVSDIBTF GSPN UIF TFMMFS B QSFTDSJCFE BTTFU GPS B QSFTDSJCFE
QSJDF 	E
 JO MFU�T TBZ B ZFBS GSPN OPX� *G ZPV CVZ B QVU PQUJPO
 ZPV XJMM IBWF
UIF SJHIU UP TFMM UIJT BTTFU UP UIF CVZFS BTTFU GPS B QSFTDSJCFE QSJDF JO B ZFBS
GSPN OPX� 6OEFS UIF JOnVFODF PG EJGGFSFOU QBSBNFUFST
 UIF BTTFU QSJDF DBO
FJUIFS HP VQ PS HP EPXO� 0G DPVSTF
 JG ZPV IBWF CPVHIU B DBMM PQUJPO
 ZPV IPQF
UIBU UIF BTTFU QSJDF XJMM HP VQ UP QSJDF ST 
 TJODF ZPV DBO UIFO CVZ UIF BTTFU
BU B QSFTDSJCFE QSJDF BOE UIFO TFMM GPS ST � 5IJT XJMM HJWF ZPV B WBMVF PG ST oE�
*O UIF TBNF XBZ
 ZPV IPQF GPS B ESPQ JO UIF QSJDF JG ZPV CPVHIU B QVU PQUJPO�
5IJT HJWFT ZPV B WBMVF PG EoST � )PXFWFS
 XF OFFE UP EFUFSNJOF B QSJDF GPS
UIFTF PQUJPOT 	V0
� 5IBU JT OPU TP FBTZ
 BOE DBO CF EPOF JO NVMUJQMF XBZT�
%VSJOH UIF NJOPS
 ZPV XJMM MFBSO UIBU JO UIF EJTDSFUF DBTF UIFSF JT BO BMHPSJUIN
GPS EFUFSNJOJOH UIJT QSJDF� *O BOPUIFS DPVSTF
 XF TUVEJFE UIF DPOUJOVPVT DBTF�
8JUI UIF IFMQ PG B GBNPVT EJGGFSFOUJBM FRVBUJPO 	UIF #MBDL�4DIPMFT FRVBUJPO

XF DPVME mOE UIF QSJDF VTJOH B .BUMBC QSPHSBN� #FTJEFT TUVEZJOH UIFTF PQ�
UJPOT
 XF BMTP MFBSOFE IPX UP JOWFTU PVS NPOFZ QSPQFSMZ XIFO XF IBWF UIF
DIPJDF PG NVMUJQMF JOWFTUNFOUT� *O BEEJUJPO
 XF BOBMZ[FE UIF SJTLT JOWPMWFE JO
UIFTF JOWFTUNFOUT� 8IBU * MJLFE NPTU BCPVU UIF NJOPS JT UIBU BMUIPVHI BU mSTU
HMJNQTF UIF DPVSTFT TFFNFE WFSZ EJWFSTF
 JO UIF FOE JU CFDPNFT DMFBS UIBU UIFZ
BMM TIBSF NVMUJQMF UPQJDT� "MTP
 BMM UIF NBUFSJBM ZPV MFBSO DBO JNNFEJBUFMZ CF
VTFE JO TPNF SFBMMZ DPPM FYBNQMFT� 'PS JOTUBODF
 XF BOBMZ[FE UIF TUPDL QSJDF
DIBOHFT PG TPNF CJH CBOLT BOE UIFO NBEF TPNF QSFEJDUJPOT GPS UIF GVUVSF PG
UIF CBOLT� &TQFDJBMMZ UIF MBTU * GPVOE SFBMMZ JOUFSFTUJOH BOE GPS UIJT SFBTPO
BMPOF * XJMM EFmOJUFMZ SFDPNNFOE UIJT NJOPS JG ZPV MJLF mOBODF�

'BTIJPO *OEVTUSZ � .BYJNF )PFLTUSB
* XBOUFE UP VTF NZ NJOPS TQBDF GPS USZJOH TPNFUIJOH DPNQMFUFMZ EJGGFSFOU
GSPN NBUIFNBUJDT� 8IJMF TFBSDIJOH GPS BSUT BOE DVMUVSF UIFNFE NJOPST
 * DBNF
BDSPTT UIF NJOPS 'BTIJPO *OEVTUSZ BU &SBTNVT 6OJWFSTJUZ� * IBWF BMXBZT CFFO
JOUFSFTUFE JO GBTIJPO BOE * XBT QMFBTBOUMZ TVSQSJTFE UP mOE PVU UIFSF FYJTUT
B GBTIJPO UIFNFE QSPHSBN PO VOJWFSTJUZ MFWFM� * LOFX JNNFEJBUFMZ UIBU *
XBOUFE UP QBSUJDJQBUF JO UIJT NJOPS� 5IF NJOPS EPFT OPU UFBDI GBTIJPO EFTJHO

CVU DPWFST UIF CSPBE JOEVTUSZ CFIJOE UIF GBTIJPO EFTJHOFST
 XIP BSF POMZ UIF
UJQ PG UIF JDFCFSH� 5IF HPBM PG UIF NJOPS JT UP TIPX UIBU GBTIJPO JT B CSPBE

DPMMFDUJWF QSPDFTT XJUI NBOZ TUBLFIPMEFST JOWPMWFE� *U QSPWJEFT JOTJHIU JOUP
UIF CVTJOFTT
 IJTUPSJDBM
 DVMUVSBM
 FDPOPNJD BOE NFEJB BTQFDUT PG UIF GBTIJPO
JOEVTUSZ BOE JUT JNQPSUBODF GPS UIF FDPOPNZ� 5IF NJOPS DPOTJTUT PG UISFF
DPVSTFT� FDPOPNJDT PG GBTIJPO
 CVTJOFTT IJTUPSZ PG GBTIJPO BOE GBTIJPO NF�
EJB� 5IF mSTU DPVSTF
 FDPOPNJDT PG GBTIJPO
 EFMWFT JOUP UIFPSZ BCPVU TVQQMZ


EFNBOE BOE JOUFSNFEJBSJFT 	QFPQMF XIP GPSN UIF CSJEHF CFUXFFO UIF GBTIJPO
JOEVTUSZ BOE UIF DVTUPNFST
� 5IFSF XBT BMTP B TUSPOH GPDVT PO TVTUBJOBCJMJUZ
JO UIJT DPVSTF� 'PS JOTUBODF
 TVTUBJOBCMF QSPEVDUJPO QSPDFTTFT
 FUIJDBM QSPEVD�
UJPO BOE USBOTQBSFODZ PG GBTIJPO DPNQBOJFT� 5IF DPVSTF CVTJOFTT IJTUPSZ PG
GBTIJPO EFMWFT JOUP UIF IJTUPSZ PG GBTIJPO DPNQBOJFT BOE DSVDJBM FWFOUT UIBU
EFUFSNJOFE UIF JOEVTUSZ� 5IF MBTU DPVSTF
 GBTIJPO NFEJB
 EFMWFT JOUP UIF GBTI�
JPO NB$)B[JOFT BOE PUIFS DPNNVOJDBUJPO GPSNT PG GBTIJPO
 BMTP JODMVEJOH OFX
NFEJB BOE EJHJUBMJ[BUJPO� "MM UISFF DPVSTFT VTF MFDUVSFT
 TFNJOBST
 HVFTU MFD�
UVSFT BOE mFME USJQT� 5IF BTTJHONFOUT XFSF NPTUMZ FTTBZT BOE QSFTFOUBUJPOT
CBTFE PO MJUFSBUVSF� 0UIFS BTTJHONFOUT XFSF NPSF GVO
 GPS JOTUBODF
 XF IBE
UP NBLF B GBTIJPO FEJUPSJBM GPS B NB$)B[JOF� 5IJT NFBOU UIBU XF IBE UP EP B
QIPUPTIPPU XIFSF XF XFSF UIF NPEFMT PVSTFMWFT BOE XF XPSF DMPUIFT GSPN PVS
PXO DMPTFU� * BMTP FOKPZFE UIF mFME USJQT WFSZ NVDI� 8F WJTJUFE UIF 5FYUJMF
.VTFVN JO 5JMCVSH BOE %FOJN $JUZ JO "NTUFSEBN� 8JUI UIF MBUUFS FYDVSTJPO *
MFBSOFE BCPVU UIF QSPEVDUJPO PG KFBOT BOE %FOJN $JUZ�T SFTFBSDI UP NBLF UIJT
QSPDFTT NPSF TVTUBJOBCMF� 8F BMTP WJTJUFE UXP GBTIJPO FYIJCJUJPOT
 POF BCPVU
GBTIJPO BOE EBODF JO ,VOTUNVTFVN %FO )BBH BOE POF BCPVU GBTIJPO EFTJHOFS
5IJFSSZ .VHMFS JO ,VOTUIBM 3PUUFSEBN� 0WFSBMM
 * SFBMMZ FOKPZFE UIJT NJOPS BOE
* MFBSOFE B MPU BCPVU XIBU HPFT PO CFIJOE PVS DMPUIFT� *G ZPV BSF BMTP JOUFS�
FTUFE JO B mFME PVUTJEF PG NBUIFNBUJDT BOE DPNQVUFS TDJFODF
 ZPVS NJOPS JT
UIF QFSGFDU PQQPSUVOJUZ UP CSPBEFO ZPVS LOPXMFEHF�

+PVSOBMJTN � /FX .FEJB � %PSJT "BGKFT
5IJT ZFBS * BN GPMMPXJOH NZ NJOPS JO -FJEFO� 5IF NJOPS JT DBMMFE +PVSOBMJTN
� /FX .FEJB BOE JU MBTUT BO FOUJSF ZFBS
 XIJDI NFBOT �� &$5T QFS TFNFTUFS� *
XBOUFE UP EP TPNFUIJOH DPNQMFUFMZ EJGGFSFOU GPS NZ NJOPS CFDBVTF * DBOOPU
BMXBZT FYQSFTT NZ DSFBUJWJUZ JO NZ "QQMJFE .BUIFNBUJDT TUVEZ� * mHVSFE UIBU
KPVSOBMJTN NJHIU CF BO JOUFSFTUJOH EJSFDUJPO GPS NF
 CFDBVTF * BN WFSZ JOUFS�
FTUFE JO GPMMPXJOH EJGGFSFOU NFEJB UZQFT� #FTJEFT UIBU
 * IBWF TPNF FYQFSJFODF
JO NBLJOH WJEFPT BOE * XBOUFE UP MFBSO NPSF BCPVU UFMMJOH TUPSJFT� 5IF QSP�
HSBN PG UIF NJOPS JT B DPNCJOBUJPO PG DSFBUJOH BOE PCTFSWJOH NFEJB� *O UIF
mSTU TFNFTUFS XF IBE UISFF DPVSTFT� *O UIF mSTU DPVSTF XF MFBSOFE BCPVU UIF
IJTUPSZ PG KPVSOBMJTN BOE UIF NFEJB DVMUVSF JO UIF /FUIFSMBOET� *O UIF TFDPOE
DPVSTF XF MFBSOFE IPX UP XSJUF EJGGFSFOU LJOE PG KPVSOBMJTUJD QSPEVDUJPOT
 TVDI
BT B OFXT BSUJDMF PS B DPMVNO� 8F BMTP IBE MFDUVSFT PO IPX UP DPOEVDU BO
JOUFSWJFX BOE XF IBE UP EP POF PVSTFMWFT� 5IF UIJSE DPVSTF XBT WFSZ EJGGFSFOU
CFDBVTF IFSF XF MFBSOFE IPX ZPV DBO EP SFTFBSDI JO KPVSOBMJTN� 8F IBE UP MPPL
GPS BOTXFST UP RVFTUJPOT DPODFSOJOH KPVSOBMJTN
 MJLF� XIBU JT UIF EJGGFSFODF
CFUXFFO UIF QVCMJD XBUDIJOH UFMFWJTJPO UXFOUZ ZFBST BHP WFSTVT OPX 0S
 XIZ
EP XF TFF TVDI B TNBMM OVNCFS PG XPNFO XIFO XF MPPL BU TQPSUT KPVSOBMJTN 
*O UIF TFDPOE TFNFTUFS UIFSF BSF UXP DPVSTFT UP GPMMPX� 5IF mSTU POF JT DBMMFE
BVEJP�WJTVBM KPVSOBMJTN� *O UIJT DPVSTF XF IBWF UP XPSL PVU WJEFP DPODFQUT
BOE FEJU UIFN PVSTFMWFT� 8F BMTP PCTFSWF EPDVNFOUBSJFT
 QPEDBTUT BOE PUIFS
BVEJP�WJTVBM QSPEVDUJPOT� 5IF TFDPOE DPVSTF JT DBMMFE JOUFSOFU KPVSOBMJTN BOE
IFSF XF NBLF JOUFSBDUJWF QSPEVDUJPOT XJUI NBQT
 EBUB BOE UJNFMJOFT� * SFBMMZ
MJLF UIF TFDPOE TFNFTUFS CFDBVTF XF DBO QSPEVDF B MPU� 5IF NJOPS mUT NF WFSZ
XFMM CFDBVTF * DBO SFBMMZ FYQSFTT NZ DSFBUJWJUZ� 5IJT NJOPS BMTP HBWF NF B
EJGGFSFOU WJFX PO XIBU LJOE PG NBTUFS * XBOU UP EP� *O UIF GVUVSF * XPVME MJLF
UP DPNCJOF TDJFODF XJUI NZ QBTTJPO GPS DSFBUJOH� 3JHIU OPX
 * BN UIJOLJOH
BCPVU TDJFODF KPVSOBMJTN
 CVU * BN TUJMM mHVSJOH UIBU PVU�
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Dreamteam Vattenfall Solar
Pieter Tolsma, Software Engineer & Logistics 

Every two years, the Bridgestone World Solar Challenge takes place. This 
is a solar race across the outback starting in Darwin and finishing in Ade-
laide. People call it the ‘world cup’ of solar racing since it is the biggest 
and oldest solar challenge in the world. Out of the 10 times that Delft has 
participated, we won 7 times. Last year I was part of the Vattenfall Solar 
Team. With a group of 16 people, we designed, built and raced our own 
ultra-efficient solar car against other top universities across the world.

When I started in August 2018, the pressure was on to live up to our prede-
cessors. A big challenge to say the least, since the competition was bound to 
be strong this year. We had the advantage of a good history of building solar 
cars, but this was also our biggest disadvantage. We build upon a mountain 
of research already done by the previous teams, but we had to be very careful 
about blind spots. What if we missed something that the other teams did not? 
NunaX had to become the smallest, lightest, fastest solar car ever.

The beautiful thing about this project is that the goal is dead simple. Finish 
first, roughly meaning; make the car as efficient as possible. Unlike other 
competitions, we base all our decisions on this one goal. With almost every 
faculty represented in our team, we channel all knowledge gathered at the TU 
Delft and focus it on this optimization goal.

Building a solar car is more a form of art than it is an exact science. You have to 
be creative, especially when things do not work out as you thought they would. 
Seeing NunaX on the road for the first time gave us all chills, after seeing the 
car being built up from scratch. We joked about the fact that NunaX was our 
baby, but in some sense she was. We would never let strangers near the car 
since even a tiny scratch would impact our aerodynamic performance.

As you might know, after the most exciting race in history, NunaX did not make 
it to the finish line. At 08:10, the day we would finish, she caught fire due to a 
battery incident. As a team, we are extremely proud of what we have achieved 
and glad that everyone returned home safely. I hope we inspired many people, 
especially young kids to get into the field of engineering. As Wubbo Ockels, our 
first team coach, once said; “We have only one earth, there is no spare”. During 
our school visits, we let children see the car and talked about our project. I 
was glad to hear that many kids were excited to study engineering because of 
our visit. 

I feel privileged that I could experience what I did as a student. I hope the 
TU Delft will continue to appreciate this wonderful tradition and what kind of 
impact it has on individuals across the world.

Photographers:
 Jorrit Lousberg 

  Hans-Peter van Velthoven

j24n01.indb   34j24n01.indb   34 4/20/20   10:08 AM4/20/20   10:08 AM



Volume 24 • Issue 3 • May 2020
M

iscellaneous

35

Historical Figure: Niccolò Tartaglia
Annerieke Ohm, Editorial Staff MaCHazine

/FX IPVTJOH TDBN BGGFDUT 56 %FMGU TUVEFOUT
4SJOBUI +BZBSBNBO
 4UVEFOU $PNQVUFS 4DJFODF

4PNF TDJFOUJTUT BSF WFSZ XFMM�LOPXO CFDBVTF UIFZ IBWF GBNPVT MBXT PS
UIFPSFNT OBNFE BGUFS UIFN� 0UIFST BSF XFMM�LOPXO CFDBVTF UIFZ NBEF B
CJH EJTDPWFSZ
 CVU UIFSF BSF BMTP TDJFOUJTUT XIPTF OBNF NJHIU OPU SJOH B
CFMM CZ BT NBOZ QFPQMF
 CVU XJUIPVU XIPN UIPTF CJH EJTDPWFSJFT XPVME
IBWF OFWFS CFFO QPTTJCMF� 0OF PG UIFTF TDJFOUJTUT JT /JDDPMÛ 'POUBOB

XIP BDUVBMMZ NBOBHFE UP mHVSF PVU IPX UP TPMWF DVCJD FRVBUJPOT BOE
GPSNFE B CSJEHF GSPN UIF QIZTJDT PG "SJTUPUMF UP UIF QIZTJDT PG (BMJMFP
(BMJMFJ�

/JDDPMÛ 'POUBOB XBT CPSO JO #SFTDJB
 B DJUZ JO OPSUIFSO *UBMZ JO ���� PS ����
"%� "U BCPVU UIF BHF PG TJY
 IJT GBUIFS XBT NVSEFSFE CZ SPCCFST� 5IFO
 BSPVOE
���� "%
 UIF 'SFODI BSNZ MFBE CZ (BTUPO PG 'PJY�/FNPVST JOWBEFE #SFTDJB�
%VSJOH UIJT JOWBTJPO
 /JDDPMÛ TVGGFSFE TPNF NBKPS JOKVSJFT JO IJT GBDF� 0OF PG
UIFTF TFWFSFMZ EBNBHFE IJT KBX MFBEJOH UP TQFFDI EJTBCJMJUJFT� 5IJT JT XIFSF
IJT OJDLOBNF A5BSUBHMJB� DPNFT GSPN
 XIJDI JT *UBMJBO GPS ATUVUUFS��

4JODF UIF GBNJMZ XBT RVJUF QPPS
 5BSUBHMJB XBTO�U BCMF UP HP UP TDIPPM
BOE JOTUFBE UBVHIU IJNTFMG IPX UP SFBE BOE XSJUF GSPN B TUPMFO CPPL�
8IFO IJT NPUIFS SFDPHOJ[FE UIBU IF IBE BO VOVTVBM HJGU GPS NBUIF�
NBUJDT
 TIF NBOBHFE UP mOE B XBZ GPS IJN UP TUVEZ BU UIF VOJWFSTJUZ
PG 1BEVB� )F NBOBHFE UP HBJO FOPVHI LOPXMFEHF PG NBUIFNBUJDT UP CF
BCMF UP UFBDI JU
 QVCMJDMZ BOE QSJWBUFMZ
 JO 7FSPOB
 7JDFO[B
 #SFTDJB BOE 7FOJDF�

"SPVOE UIJT UJNF
 TDJFOUJTUT XFSF EFTQFSBUFMZ USZJOH UP mOE B XBZ UP TPMWF
DVCJD SFMBUJPOT� 5IFZ LOFX IPX UP TPMWF RVBESBUJD FRVBUJPOT
 TP FRVBUJPOT
PG UIF GPSN ax2 + bx = c
 CVU OP POF IBE CFFO BCMF UP mHVSF PVU IPX
UP TPMWF FRVBUJPOT JOWPMWJOH B DVCJD UFSN
 x3 
 ZFU
 FYDFQU GPS 4DJQJP
EFM 'FSSP� )F IBE EJTDPWFSFE B XBZ UP TPMWF DVCJD FRVBUJPOT PG UIF GPSN
x3 + ax = b� )F OFWFS UPME BOZPOF IPX UP EP UIJT
 FYDFQU GPS IJT TUVEFOU
"OUPOJP 'JPS
 XIP
 BGUFS UIFZ HPU JO B EJTQVUF
 DIBMMFOHFE 5BSUBHMJB UP B
DPNQFUJUJPO XIFSF UIFZ CPUI IBE UP TPMWF DVCJD FRVBUJPOT� 5BSUBHMJB IBE
BMSFBEZ EJTDPWFSFE IPX UP TPMWF DVCJD FRVBUJPOT PG UIF GPSN x3 + ax2 = b

BOE JO QSFQBSBUJPO GPS UIF DPNQFUJUJPO IF IBE NBOBHFE UP EJTDPWFS IPX UP
TPMWF BOZ DVCJD FRVBUJPO� 5IJT NFBOU UIBU EVSJOH UIF DPNQFUJUJPO
 5BSUBHMJB
NBOBHFE UP TPMWF BMM FRVBUJPOT
 XIJMF 'JPS POMZ NBOBHFE UP TPMWF UIF
FRVBUJPOT PG UIF TQFDJmD GPSN� )F XPO UIF DPNQFUJUJPO
 CVU EJEO�U UFMM IJT
NFUIPE UP BOZPOF CVU NBUIFNBUJDJBO (JSPMBNP $BSEBOP
 XIP QSPNJTFE UP
LFFQ JU TFDSFU CVU QVCMJTIFE JU TJY ZFBST MBUFS BOZXBZ
 HJWJOH DSFEJU UP 5BSUBHMJB�

5BSUBHMJB BMTP NBOBHFE UP NBLF QSPHSFTT JO UIF mFME PG QIZTJDT� *O ���� IF
QVCMJTIFE B CPPL
 JO XIJDI IF USJFE UP VTF NBUIFNBUJDT UP FYQMBJO UIF QIZTJDBM
XPSME� 0OF JNQPSUBOU TUFQ IF NBEF JO DMPTJOH UIF HBQ GSPN UIF QIZTJDT PG
"SJTUPUMF UP UIF QIZTJDT PG (BMJMFP (BMJMFJ JT JO UIF mFME PG BJS SFTJTUBODF�
"SJTUPUMF DMBJNFE UIBU BJS SFTJTUBODF XBT OFFEFE JO PSEFS UP TVTUBJO NPUJPO�
)PXFWFS
 5BSUBHMJB DBNF UP UIF DPODMVTJPO UIBU BJS SFTJTUT NPUJPO
 CVU UIBU
UIFSF BSF TJUVBUJPOT JO XIJDI JU DBO CF JHOPSFE� )F XBT BMTP UIF mSTU POF UP
TBZ UIBU UIF USBKFDUPSZ PG B QSPKFDUJMF JT B DPOUJOVPVT DVSWF� )PXFWFS
 IF
EJEO�U NBOBHF UP mOE UIF DPSSFDU DVSWF UP DBMDVMBUF XJUI ZFU
 TP IF DBMDVMBUFE
XJUI B TUSBJHIU MJOF
 GPMMPXFE CZ UIF BSD PG B DJSDMF
 GPMMPXFE CZ B TUSBJHIU
MJOF� *O UIFTF BOE TPNF PUIFS XBZT
 5BSUBHMJB NBOBHFE UP GPSN B CSJEHF GSPN
"SJTUPUMF UP (BMJMFP (BMJMFJ BOE UISPVHI UIBU
 UP PVS NPEFSO VOEFSTUBOEJOH PG
QIZTJDBM NPUJPO�

%VSJOH UIF UJNF 5BSUBHMJB MJWFE JO 7FSPOB
 IF HPU NBSSJFE BOE IBE DIJMESFO� )F
EJFE JO 7FOJDF JO ����
 POMZ �� ZFBST PME� 5IF DBVTF PG IJT EFBUI JT VOLOPXO�

3FGFSFODFT
<�> UUQT���XXX�CSJUBOOJDB�DPN�CJPHSBQIZ�/JDDPMP�'POUBOB�5BSUBHMJB

<�> UUQT���OM�XJLJQFEJB�PSH�XJLJ�/JDDPM

<�> UUQT���XXX�GBNPVTTDJFOUJTUT�PSH�OJDDPMP�UBSUBHMJB�

<�> UUQT���XFMMDPNFDPMMFDUJPO�PSH�XPSLT�Q�QN�NIB
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,JMMJOH 4RVBSFT
$POTJEFS BO n¨n CPBSE GPSNFE CZ 2n(n+ 1) UPPUIQJDLT UIBU TFSWF BT CPSEFST PG UIF 1¨1 TRVBSFT 	TFF 'JHVSF � GPS BO FYBNQMF
� %FTJHO BO BMHPSJUIN UP SFNPWF
UIF NJOJNVN OVNCFS PG UPPUIQJDLT UIBU XJMM CSFBL UIF QFSJNFUFS PG FWFSZ TRVBSF PG BOZ TJ[F�

'JHVSF �� 5IF � ¨ � CPBSE GPS UIF ,JMMJOH 4RVBSFT QV[[MF�

4PMVUJPO UP MBTU JTTVFT� DPNQVUFS TDJFODF QV[[MF� 5IF 'JGUFFO 1V[[MF
3FBEJOH UIF UJMF OVNCFST UPQ EPXO BOE MFGU UP SJHIU
 XF DBO BTTPDJBUF B MJTU PG OVNCFST GSPN � UP �� XJUI FWFSZ QPTJUJPO JO UIF HBNF� 5IFO UIF HPBM JT UP HFU
GSPN UIF JOJUJBM MJTU

1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 15, 14 	�


UP JUT QFSNVUBUJPO
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15 	�


CZ B TFRVFODF PG BMMPXFE NPWFT�
/PUF UIBU UIF JOJUJBM BOE mOBM QPTJUJPOT IBWF EJGGFSFOU QBSJUJFT� 	�
 JT PEE
 BOE 	�
 JT FWFO� -FU VT OPX JOWFTUJHBUF IPX UIF QBSJUZ PG B QFSNVUBUJPO SFQSFTFOUJOH
B CPBSE�T QPTJUJPO NBZ DIBOHF CZ UIF HBNF�T NPWFT� 5IF QV[[MF BMMPXT UXP LJOET PG NPWFT� B IPSJ[POUBM TMJEF BOE B WFSUJDBM TMJEF PG B UJMF UP UIF FNQUZ MPDBUJPO
OFYU UP JU� " IPSJ[POUBM TMJEF EPFT OPU DIBOHF UIF QFSNVUBUJPO BOE IFODF JUT QBSJUZ� " WFSUJDBM TMJEF PG B UJMF DSFBUFT B DZDMJDBM TIJGU PG GPVS DPOTFDVUJWF FMFNFOUT
JO UIF QFSNVUBUJPO� GPS FYBNQMF
 UIF PSEFSJOH PG UJMFT K
 L
 M
 N JO 'JHVSF � CFDPNFT L
 M
 N
 K�

'JHVSF �� *NQBDU PG TMJEJOH PG UIF K�UJMF EPXO�

*U JT DPOWFOJFOU UP JOUFSQSFU UIF HBNF�T NPWFT BT B TFRVFODF PG TMJEFT PG UIF FNQUZ TRVBSF� *O PVS QV[[MF
 UIF FNQUZ TRVBSF PDDVQJFT UIF TBNF MPDBUJPO JO CPUI
UIF JOJUJBM BOE HPBM QPTJUJPOT� 5IFSFGPSF
 UIF OVNCFS PG IPSJ[POUBM TMJEFT BOE UIF OVNCFS PG WFSUJDBM TMJEFT JO BOZ TFRVFODF TPMWJOH UIF QV[[MF XPVME IBWF UP CF
FWFO ��� 4PMVUJPOT UP DPNQFOTBUF FBDI TMJEF UP UIF SJHIU XJUI B TMJEF UP UIF MFGU BOE FBDI TMJEF VQ XJUI B TMJEF EPXO� 4JODF OFJUIFS IPSJ[POUBM TMJEFT OPS BO
FWFO OVNCFS PG WFSUJDBM TMJEFT DIBOHF UIF QPTJUJPO�T QBSJUZ
 UIF QBSJUJFT PG JOJUJBM BOE HPBM QPTJUJPOT NVTU CF UIF TBNF GPS UIF QV[[MF UP IBWF B TPMVUJPO� 4JODF
UIJT OFDFTTBSZ DPOEJUJPO GBJMT JO PVS DBTF
 UIF QV[[MF IBT OP TPMVUJPO�

3FGFSFODFT
<�> "OBOZ -FWJUJO BOE .BSJB -FWJUJO
 "-(03*5).*$ 16;;-&4
 Q� ��
 Q� �������
 ����

36

Computer Science Puzzle
Louise Leibbrandt, Editorial Staff MaCHazine
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Mathematics Puzzle
Kilian Buis, Editorial Staff MaCHazine

1SPCMFN �
4JNQMJGZ UIF GPMMPXJOH FYQSFTTJPO�

MPH2(3)× MPH3(4)× MPH4(5)× ...× MPH127(128).

1SPCMFN �
4VQQPTF XF IBWF�

ax+ by = 5 	�


ax2 + by2 = 10 	�


ax3 + by3 = 50 	�


ax4 + bx4 = 130 	�


8IBU JT UIF WBMVF PG
13(x+ y − xy)− 120(a+ b)?

4PMVUJPO UP MBTU JTTVF�T 1SPCMFN �
8F TUBSU CZ KVTU FWBMVBUJOH TPNF WBMVFT
 TUBSUJOH XJUI O � ����

f(1000) = 997

f(999) = f(f(1004)) = f(1001) = 998

f(998) = f(f(1003)) = f(1000) = 997

f(997) = f(f(1002)) = f(999) = 998

f(996) = f(f(1001)) = f(998) = 997

f(995) = f(f(1000)) = f(997) = 998

f(994) = f(f(999)) = f(998) = 997

f(993) = f(f(998)) = f(997) = 998

etc.

8IBU XF TFF JT B QBUUFSO� 'PS FWFSZ FWFO OVNCFS
 XF HFU B WBMVF PG ��� BOE GPS FWFSZ PEE OVNCFS XF HFU B WBMVF PG ���� 'SPN UIJT
 XF DPODMVEF UIBU G	��
 �
����

4PMVUJPO UP MBTU JTTVF�T 1SPCMFN �
5IF LFZ IFSF JT UP XPSL CBDLXBSET� 8F EP OPU LOPX XIBU UIF BHFOU BOTXFST UP UIF mOBM RVFTUJPO PS XIFUIFS IF BOTXFST USVUIGVMMZ� #VU XF EP LOPX UIBU CZ UIF
UJNF $ISJTUJBBO BTLFE JU
 IF IBT OBSSPXFE UIF PQUJPOT EPXO UP � OVNCFST� POF XIFSF UIF TFDPOE EJHJU JT � BOE POF XIFSF UIF TFDPOE EJHJU JT OPU �� 8F NVTU
mOE BOTXFST UP UIF QSFWJPVT RVFTUJPOT UIBU MFBE UP KVTU � QPTTJCJMJUJFT�

0G UIF UISFF RVFTUJPOT
 UIF POF UIBU OBSSPXT PVS PQUJPOT EPXO UIF NPTU JT JG UIF OVNCFS JT B QFSGFDU DVCF� 5IBU MFBWFT VT XJUI POMZ � BOTXFST CFUXFFO �� BOE
����
 OBNFMZ ��
 ��
 ���
 ���
 ���
 ���
 ��� BOE ����� 4P MFU�T BTTVNF UIF BOTXFS UP UIF UIJSE RVFTUJPO XBT B USVUIGVM ZFT�

/PX MFU�T MPPL BU UIF TFDPOE RVFTUJPO� *G UIF BHFOUT BOTXFSFE ZFT UP UIF OVNCFS CFJOH B QFSGFDU TRVBSF
 JU XPVME OBSSPX $ISJTUJBBO�T PQUJPOT UP KVTU �� BOE
���
 UIF POMZ OVNCFST JO PVS SBOHF UIBU BSF CPUI B TRVBSF BOE B DVCF� #VU OFJUIFS PG UIFTF IBT B � BT UIFJS TFDPOE EJHJU� 4P UIF HJWFO BOTXFS UP UIF TFDPOE
RVFTUJPO NVTU IBWF CFFO OP� 5IBU BMTP NFBOT UIBU XF DBO FMJNJOBUF �� BOE ��� GSPN UIF MJTU
 MFBWJOH POMZ � OVNCFST�

*G UIF BHFOUT BOTXFST ZFT UP UIF OVNCFS CFJOH MFTT UIBO ��� XF XPVME IBWF � PQUJPOT 	��
 ���
 ��� BOE ���
� )PXFWFS B OP MFBWFT VT XJUI UXP PQUJPOT 	���
BOE ����

 POF PG XIJDI UIF TFDPOE EJHJU JT B �� 8F EP OPU LOPX XIJDI PG UIFTF UXP OVNCFST $ISJTUJBBO UIJOLT JT DPSSFDU
 CVU UIBU EPFT OPU NBUUFS
 TJODF IJT
DPODMVTJPO XBT CBTFE PO MJFT�

8F
 PO UIF PUIFS IBOE
 DBO OPX DPOTUSVDU UIF USVUI�

t 5IF BHFOU TBJE UIBU UIF OVNCFS XBT HSFBUFS UIBO ���
 CVU IF MJFE
 NFBOJOH JU JT BDUVBMMZ MFTT UIBO ����
t 5IF BHFOU TBJE UIBU JU XBT OPU B QFSGFDU TRVBSF
 CVU MJFE BHBJO
 NFBOJOH UIF OVNCFS JT JOEFFE B QFSGFDU TRVBSF�
t 5IF BHFOU BMTP USVUIGVMMZ DPOmSNFE UIBU JU XBT B QFSGFDU DVCF�

"T XF IBWF BMSFBEZ TFFO
 UIF POMZ OVNCFS MFTT UIBO ��� UIBU JT CPUI B TRVBSF BOE B DVCF JT ��� "OE UIBU JT FYBDUMZ UIF OVNCFS UIBU XF OFFEFE UP mOE�

37
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Science Trends: The Mind and Happiness
Akash Singh, MSc Computer Science

4DJFODF 5SFOET� 5IF .JOE BOE )BQQJOFTT
"LBTI 4JOHI � .4D $PNQVUFS 4DJFODF

0O UIJT QBHF ZPV XJMM mOE TPNF CSJFG JOGPSNBUJPO PO SFDFOU TDJFOUJmD
CSFBLUISPVHIT PS JOUFSFTUJOH OFXT� 8IFUIFS UIFZ�SF CJH PS TNBMM
 JG XF
UIJOL UIFZ NJHIU JOUFSFTU ZPV
 XF XJMM NFOUJPO UIFN IFSF� %P ZPV NJTT B
DFSUBJO USFOE PS XBOU UP JOGPSN ZPVS GFMMPX SFBEFST PG BO JOUFSFTUJOH
JOOPWBUJPO 'FFM GSFF UP DPOUBDU VT�

)VNBOJUZ
 PWFS JUT UJNF PO UIF QMBOFU TP GBS
 IBT QSPHSFTTFE JO MFBQT BOE
CPVOET XIFO JU DPNFT UP FDPOPNZ
 DJWJMJTBUJPO
 BOE TDJFODF� #VU IPX
NVDI IBWF XF QSPHSFTTFE JO VOEFSTUBOEJOH BOE JNQMFNFOUJOH
IBQQJOFTT "T B TQFDJFT
 IBWF XF HSPXO IBQQJFS PWFS UJNF JO QSPQPSUJPO
UP UIF QSPHSFTT XF IBWF NBEF
 JG BU BMM -BUFTU SFTFBSDI JO /FVSPTDJFODF
QSPNJTFT BO PQUJNJTUJD QFSTQFDUJWF PO UIJT RVFTUJPO�

i5IF NJOE DBO CF PVS HSFBUFTU GSJFOE
 PS PVS XPSTU FOFNZw

*NBHJOF UIF MBTU XFFL CFGPSF FYBNT o UIFSF BSF NPSF QSPKFDU EFBEMJOFT
UIBO ZPV MJLF
 ZPV BSF MFTT QSFQBSFE GPS UIF FYBNT OFYU XFFL UIBO ZPV
XPVME IBWF MJLFE
 BOE UIBU :PV5VCF WJEFP XJUI B EVEF CVSOJOH UIPVTBOET PG
NBUDITUJDLT JT TVEEFOMZ TP JOUFSFTUJOH� :PV LOPX ZPV SFBMMZ TIPVMEO�U CVU ZPV
HP EPXO UIBU SBCCJU IPMF BOE CFGPSF ZPV LOPX JU
 UISFF IPVST IBWF QBTTFE
BOE ZPV IBWF XBUDIFE UISPVHI B UPO PG HPPGZ WJEFPT BOE NFNFT� 5IF TUSFTT
TIPPUT UISPVHI UIF SPPG BOE JU CFDPNFT NVDI IBSEFS UP GPDVT OPX� $BVHIU
JO B XJME TOPXTUPSN PG UIPVHIUT BCPVU MJGF DIPJDFT
 NBUIFNBUJDBM FRVBUJPOT

ESPQQJOH UIBU POF QBSUJDVMBSMZ HOBSMZ DPVSTF
 BOE CVSOJOH NBUDITUJDLT
 ZPV
TPMEJFS PO BOE LFFQ TUVEZJOH BOE TVGGFSJOH� &YBN UJNF DBO GFFM MJLF EZJOH�

* BTL ZPV UP DPOTJEFS B HSJNNFS TDFOBSJP OPX o UIJOL CBDL UP B EBSL
UJNF PG ZPVS MJGF� -PTT PG B MPWFE POF
 GBJMVSF JO TPNFUIJOH POF USVMZ DBSFT
BCPVU o FWFOUT MJLF UIJT UVSO PVS NFOUBM MBOETDBQFT JOUP B QMBDF PG HMPPN
XIFSF UIF TVO OFWFS TIJOFT BOE UIF EBSLOFTT TFFNT UP KVTU MBTU GPSFWFS�
&WFOUVBMMZ
 NPTU QFPQMF NBOBHF UP DMJNC PVU PG TVDI EFQSFTTJWF FQJTPEFT
CVU TPNF
 GPS NBOZ QIZTJPMPHJDBM BOE QTZDIPMPHJDBM SFBTPOT
 DBOOPU BOE SVO
UIF SJTL PG CFJOH EJBHOPTFE BT EFQSFTTFE� "OE FWFO UIF POFT XIP EP
 IBWF
B UFSSJCMF UJNF EFBMJOH XJUI UIF HSJFG XIJMF JU MBTUFE� *U JT OFWFS FBTZ GPS BOZPOF�

*O CPUI PG UIFTF TJUVBUJPOT
 XF mOE PVSTFMWFT JO B TJUVBUJPO XIFSF
XF�SF FYQFSJFODJOH TPNFUIJOH XIJDI XF XPVME SBUIFS OPU� %FQFOEJOH PO
IPX CBEMZ XF XBOU UP HFU PVU PG TVDI FYQFSJFODFT
 PVS PXO NJOE DBO CFHJO
UP GFFM MJLF B QSJTPO� 8IJDI JT TVDI B TUSBOHF JEFB
 SJHIU *TO�U UIF IVNBO
NJOE TVQQPTFE UP CF UIF HSFBUFTU BDIJFWFNFOU PG FWPMVUJPO XIJDI HBWF
SJTF UP TDJFODF
 DJWJMJTBUJPO
 BOE :PV5VCF 5VSOT PVU
 UIF IVNBO NJOE JT B
EPVCMF�FEHFE TXPSE XIJDI BMTP IBT UIF QPUFOUJBM UP JOnJDU UFSSJCMF EBNBHF UP
B QFSTPO� 5IJT JT PCWJPVT OPX NPSF UIBO FWFS XJUI UIF VOQSFDFEFOUFE SJTF
PG NFOUBM IFBMUI JTTVFT HMPCBMMZ� "DDPSEJOH UP B SFQPSU CZ 8)0
 iCZ ����
EFQSFTTJPO XJMM CF UIF MFBEJOH DBVTF PG EJTFBTF CVSEFO HMPCBMMZw <�>�

4UBOGPSE QSPGFTTPS 3PCFSU 4BQPMTLZ RVPUFE JO B HSFBU UBML <�> PO DMJOJ�
DBM EFQSFTTJPO
 w*U�T B CJPDIFNJDBM EJTPSEFS XJUI B HFOFUJD DPNQPOFOU XJUI
FBSMZ FYQPTVSF FYQFSJFODFT UIBU NBLFT JU TP TPNFPOF DBO�U BQQSFDJBUF TVOTFUTw�

)F HPFT PO UP FYQMBJO IPX EFQSFTTJPO JT B DIBPUJD QIFOPNFOPO PG IPSNPOBM
BOE QTZDIPMPHJDBM JNCBMBODF XJUIJO UIF CPEZ� %JGmDVMU EBZ�UP�EBZ FYQFSJFODFT
BSF VOEFSTUPPE CZ NFEJDBM TDJFODF JO UFSNT PG B QIZTJPMPHJDBM QIFOPNFOPO
o CFJOH UPP EFQSFTTFE UP EP BOZUIJOH JT DBMMFE QTZDIPNPUPS SFUBSEBUJPO BOE
CFJOH UPP BOYJPVT UP TJU TUJMM JT DBMMFE IZQFSBDUJWF TUSFTT SFTQPOTF� 5IF QPJOU
JT
 UIFTF TFFNJOHMZ FUIFSFBM FYQFSJFODFT PG TBEOFTT
 BOYJFUZ BOE TP PO BSF
JO GBDU DPNQMFY CJPMPHJDBM QIFOPNFOPO XIJDI TDJFODF IBT mOBMMZ CFHVO UP
VOEFSTUBOE� *O PUIFS XPSET
 JU JT UIF TVQFS�DPNQMJDBUFE EBODF PG DIFNJDBMT
BOE FMFDUSJDJUZ XJUIJO PVS CPEJFT XIJDI EFUFSNJOFT XIFUIFS PS OPU XF XJMM mOE
UIBU TVOTFU CFBVUJGVM� $MFBSMZ
 JU JT OPU UIF TVOTFU�T GBVMU� #VU XF BMM XBOU UP
BQQSFDJBUF TVOTFUT
 SJHIU 5IFSF NVTU CF TPNF XBZ UP EP TP� 4VSF
 CVU CFGPSF
XF HFU UIFSF
 B EJTDMBJNFS�

5IJT BSUJDMF JT OPU B HVJEF UP DVSF DMJOJDBM EFQSFTTJPO� 5IBU JT B NFEJ�
DBM DPOEJUJPO EFTFSWJOH PG BT NVDI SFTQFDU 	JG OPU NPSF
 BT TPNFUIJOH MJLF
EJBCFUFT�

" DPNNPO SFBTPO PG TVGGFSJOH JO BMNPTU FWFSZPOF�T MJWFT JT UIF EJGGFS�
FODF CFUXFFO FYQFDUBUJPO BOE SFBMJUZ� 8F SFBMMZ FYQFDUFE UP IBWF UIBU HSBEF

UIBU JOUFSWJFX
 PS UIBU EBUF CVU XFSF EFOJFE BOE FOUFS TPNF CMVFTZ NPPE
XIJDI NBLFT MJGF B MJUUMF EJGmDVMU UP FOKPZ� "T FYQMBJOFE CZ UIF TUVEJFT EPOF
JO FYUSFNF DBTFT MJLF DMJOJDBM EFQSFTTJPO
 PVS FNPUJPOBM TUBUF FNFSHFT GSPN
UIF VOEFSMZJOH CJPMPHJDBM BDUJWJUZ XIJDI PVS NJOE JOUFSQSFUT BT CFJOH HMPPNZ

BOYJPVT
 FU DFUFSB� 8F PCTFSWF PVS SFBMJUZ UISPVHI UIF MPPLJOH HMBTT PG
PVS NJOE
 B TJNQMF XPSE GPS XIJDI JT QFSTQFDUJWF� *U JT DPNNPO LOPXMFEHF
UIBU QFSTQFDUJWF DBO CF UIF EJGGFSFODF CFUXFFO CFJOH OBVTFBUJOHMZ BOYJPVT
BOE TVQFS TUPLFE CFGPSF
 TBZ
 B TLZEJWF� .PEFSO SFTFBSDI JO OFVSPTDJFODF
SFWFBMT UIBU UIFTF EJGGFSJOH QFSTQFDUJWFT PO UIF TBNF TJUVBUJPO BSF MJUFSBMMZ
SFQSFTFOUFE CZ UIF EJGGFSFODF JO UIF OFVSPDIFNJDBM QBUIXBZT JOTJEF PVS
CSBJOT� 4P UIF OFYU UJNF XF mOE PVSTFMWFT EFBMJOH XJUI B DIBMMFOHJOH FNPUJPO

SFNFNCFS UIBU JU JT B SFTVMU PG UIF VOJRVF NBOOFS JO XIJDI ZPVS CSBJO JT
XJSFE� 0G DPVSTF
 TPNF BNPVOU PG TVGGFSJOH JT JOFWJUBCMF JO MJGF� #VU XF BMM
FOE VQ CFJOH NPSF PGGFOEFE
 NPSF OFSWPVT
 PS NPSF EFWBTUBUFE BCPVU UIJOHT
UIBO XF XPVME MJLF UP� 4P JG PVS NJOE HPWFSOT PVS QFSTQFDUJWF BCPVU UIJOHT

BOE JG QFSTQFDUJWF NBLFT VT GFFM IBQQZ PS TBE BCPVU UIJOHT
 TIPVME XF OPU
USZ UP ADSBGU� PVS QFSTQFDUJWF TP UIBU XF TVGGFS BT MJUUMF BT QPTTJCMF 5IJT JT
XIFSF B SFDFOU EJTDPWFSZ CZ OFVSPTDJFODF DPNFT JOUP QJDUVSF o OFVSPQMBTUJDJUZ�
/FVSPQMBTUJDJUZ JT UIF BCJMJUZ PG UIF NJOE UP LFFQ SFTIBQJOH JUTFMG PWFS UIF
DPVSTF PG BO JOEJWJEVBM�T MJGF�
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0OF NBKPS QSJODJQMF JO OFVSPQMBTUJDJUZ JT UIBU UIF OFVSBM�QBUIXBZT XF
VTF DPOTUBOUMZ BSF TUSFOHUIFOFE
 UIF POFT XF EPO�U BSF MPTU� &YBNQMF PG B
DPNQMFY UBTL XIJDI XF IVNBOT EP FGGPSUMFTTMZ $PNNVOJDBUJOH JO PVS NPUIFS
UPOHVF� 4JNQMZ CFDBVTF XF IBWF QSBDUJDFE UIJT TLJMM DPOTJTUFOUMZ GPS NBOZ
ZFBST� 5IJT BQQMJFT UP UIF DBTF PG FNPUJPOBM SFTQPOTF UP TJUVBUJPOT BT XFMM
<�> o XF CFDPNF B CFUUFS QSPDSBTUJOBUPS FWFSZ UJNF XF HJWF JO UP FYBN TUSFTT
BOE
 XFMM
 QSPDSBTUJOBUF� 5IJT NJHIU TPVOE MJLF CBE OFXT CVU UIFSF JT BO
FYDJUJOH TJMWFS MJOJOH IFSF � UIF MJNJUT PG UIF IVNBO CSBJO�T BCJMJUZ UP SFXJSF
JUTFMG JT TUJMM VOLOPXO
 EFTQJUF BMM UIF SFDFOU mOEJOHT <�>� 3FDFOU TUVEJFT IBWF
VOFBSUIFE UIF NJOE�T BTUPVOEJOH BCJMJUZ UP SFBSSBOHF JUTFMG JO BMM BTQFDUT

GSPN UIF CSBJO SFHJPOT DPOUSPMMJOH NBKPS NPUPS BDUJPOT UP NBKPS QFSTPOBMJUZ
SFPSHBOJTBUJPO PG BO JOEJWJEVBM�

*O IJT CPPL
 5IF #SBJO 5IBU $IBOHFT *UTFMG
 /PSNBO %PJEHF QSFTFOUT
DBTF TUVEJFT PG TUSPLF QBUJFOUT TVGGFSJOH NBTTJWF MPTT PG NPUPS DPOUSPM�
5ISPVHI B TFU PG UBSHFUFE UIFSBQJFT
 UIFTF QBUJFOUT SFHBJOFE TJHOJmDBOU
BNPVOUT PG UIFJS NPUPS DPOUSPM
 FWFO XIFO UIFTF QBUJFOUT XFSF GSPN BHFT
EFFNFE UPP BEWBODFE GPS UIF CSBJO UP SFXJSF JUTFMG� 5VSOT PVU
 UIF TUSPLF
MFTJPO JO UIFJS CSBJOT XIJDI DBVTFE UIF JOJUJBM QBSBMZTJT XBT TUJMM UIFSF
 CVU
PUIFS SFHJPOT PG UIF CSBJO IBE SF�MFBSOFE UIF NPUPS UBTLT BT UIF QBUJFOUT XFSF
FYQPTFE UP UBSHFUFE BDUJWJUJFT�

*O BOPUIFS DIBQUFS
 %PJEHF QSFTFOUT %S� +FGGSFZ 4DIXBSU[�T XPSL JO
USFBUJOH FYUSFNF DBTFT PG 0$% TJNQMZ CZ VTJOH iNJOEGVMOFTTw� .JOEGVMOFTT

BO JNQPSUBOU UFSN JO NFEJUBUJPO MJUFSBUVSF
 NFBOT PCTFSWJOH ZPVS NJOE BT JU
JT
 XJUIPVU KVEHFNFOU
 SFTJTUBODF
 PS BDUJPO� *O IJT XPSL XJUI 0$% QBUJFOUT

%S� 4DIXBSU[ IFMQFE UIFN UP TUFQ CBDL GSPN UIFJS DPNQVMTJWF UIPVHIUT�
#Z OPU BDUJOH VQPO UIPTF JNQVMTFT
 UIF QBUJFOUT XFBLFOFE UIF VOEFSMZJOH
OFVSPDIFNJDBM QBUIXBZT
 XIJDI JO UVSO MFE UP XFBLFOJOH PG UIFJS DPNQVMTJPOT
PWFS UJNF� 5ISPVHI NBOZ TVDI DBTF TUVEJFT %PJEHF EFNPOTUSBUFT UIBU UIF
CSBJO
 XIJDI DPOUSPMT BMM PG PVS FYQFSJFODFT GSPN CJSUI UJMM EFBUI JT BO FWFS
FWPMWJOH TZTUFN PG OFVSPDIFNJDBM QBUIXBZT JOTUFBE PG UIF SJHJEMZ mYFE UJTTVF
JU XBT PODF UIPVHIU UP CF�

*O B KPVSOBM PG IJT MJGF�T XPSL
 QTZDIJBUSJTU 1FUFS .JDIBFMTPO UBMLT BCPVU
UIF QTZDIPMPHJDBM DPSF PG IVNBO CFJOHT XIJDI JT NBEF PG DFSUBJO FNPUJPOBM
QBUUFSOT XIJDI XF MFBSO EVSJOH PVS DIJMEIPPE XIJDI CFDPNFT TFDPOE OBUVSF BT
XF HSPX VQ <�>� /VDMFVT #BTBMJT
 B HSPVQ PG OFVSPOT SFTQPOTJCMF GPS TVTUBJOFE
BUUFOUJPO JO PVS CSBJOT JT FYUSFNFMZ BDUJWF EVSJOH DIJMEIPPE XIJDI NBLFT
DIJMESFO DBQBCMF PG FGGPSUMFTTMZ MFBSOJOH BOZUIJOH
 CF JU B NVTJDBM JOTUSVNFOU
PS EFTUSVDUJWF QFSTPOBMJUZ USBJUT � JU�T BMM UIF TBNF GPS B IZQFS�GPDVTFE DIJME�T
NJOE� 5IFSFGPSF
 JU JT UIJT FBSMZ QFSJPE PG MJGF XIJDI TFUT UIF UPOF GPS PVS
QFSTPOBMJUZ 	UIJOHT XIJDI PGGFOE VT
 FYDJUF VT
 PS NBLF VT BOYJPVT
 JO MJGF�
5ISPVHI IJT DBTF TUVEJFT
 %S� .JDIBFMTPO JMMVTUSBUFT IPX UIFTF QFSTPOBMJUZ
QBUUFSOT NBZ CF SFWFSTFE UISPVHI EFMJCFSBUFMZ CFJOH BXBSF PG POF�T FNPUJPOT

TJNJMBS UP IPX %S� 4DIXBSU[ USFBUFE 0$% QBUJFOUT VTJOH NJOEGVMOFTT� 5IFSF JT
NVDI UP CF TBJE BCPVU UIF mOF EFUBJMT PG UIF QSBDUJDF PG NJOEGVMOFTT
 TJNQMZ
B (PPHMF TFBSDI BXBZ GPS UIF NPUJWBUFE POFT�

" TDJFOUJmD QFSTQFDUJWF XPVME EFmOF IBQQJOFTT BT B IJHIMZ EFTJSBCMF
TUBUF PG B TZTUFN PG OPO�USJWJBM DPNQMFYJUZ 	UIF NJOE
� "OPUIFS QFSTQFDUJWF
NJHIU DBMM IBQQJOFTT BT UIF BCJMJUZ PG UIF NJOE UP OPU CF PWFSXIFMNFE CZ
iVOIBQQZ UIPVHIUTw� .PSF JNQPSUBOUMZ
 IBQQJOFTT TFFNT UP CF MFTT BCPVU
UIF FYUFSOBM XPSME BOE NPSF BCPVU UIF JOUFSOBM EFTJHO PG UIF NJOE� #VU
JG JU XBT UIBU FBTZ UP CF IBQQZ
 XIZ EPFT FWFSZPOF OPU BDIJFWF QFSGFDU
IBQQJOFTT #FDBVTF PG UIF QSJODJQMF PG OFVSPQMBTUJDJUZ TUBUFE BCPWF o JG
ZPV�WF CFFO VOIBQQZ POF XBZ PS UIF PUIFS GPS B MPOH UJNF
 ZPVS AVOIBQQZ�

OFVSPDIFNJDBM QBUIXBZT BSF SFBMMZ TUSPOH BOE EFFQ� "OE ZFU
 JU JT QPTTJCMF
UP TDVMQU B IBQQJFS NJOE� *U KVTU UBLFT UJNF BOE QBUJFODF
 MJLF MFBSOJOH DPEJOH�

1TZDIPMPHZ
 QIJMPTPQIZ
 BOE OFVSPTDJFODF
 BMM PGGFS EJGGFSFOU UBLFT PO
UIF OBUVSF PG UIF NJOE� #VU VOEFSTUBOEJOH JU TFFNT UP PGGFS B DIBODF
UP VOEFSTUBOE JU�T GVOEBNFOUBM SPMF JO PVS QFSTQFDUJWF PO MJGF
 BDUJPOT
EFUFSNJOFE CZ UIBU QFSTQFDUJWF
 BOE PVS VQEBUFE QFSTQFDUJWF CBTFE PO UIF
PVUDPNF PG UIPTF BDUJPOT� 5IJT GFFECBDL MPPQ JT XIBU XF BMM QFSDFJWF BT
wSFBMJUZw GPS UIF FOUJSFUZ PG PVS MJWFT� 4P UIFSF JT TPNF TJHOJmDBOU NFSJU UP
4UFQIFO 3� $PWFZ�T XPSET
 wXF TFF UIF XPSME
 OPU BT JU JT
 CVU BT XF BSFw�

*U JT XPSUI QPJOUJOH PVU UIBU HFOVJOFMZ IBQQZ QFPQMF
 POFT XIP TFFN UP IBWF
B DIFFSGVM PVUMPPL EFTQJUF BOZ TJUVBUJPO TFFN UP CF EPJOH JU FGGPSUMFTTMZ�
*U BMNPTU TFFNT MJLF B TVQFSQPXFS� 5IF TJNQMF FYQMBOBUJPO JT UIFJS AIBQQZ�
OFVSPOBM QBUIXBZT BSF SFBMMZ TUSPOH
 BOE UIF �VOIBQQZ� POFT BSF XFBL� 8IJDI
NFBOT IBQQJOFTT JT TJNQMZ B TLJMM XF DBO XPSL PO BOE EFWFMPQ PWFS UJNF� *U
NJHIU TPVOE VOOBUVSBM CVU IBQQJOFTT JT OPU UIBU EJGGFSFOU GSPN MFBSOJOH B
MBOHVBHF o JU TFFNT EJGmDVMU JOJUJBMMZ CVU ZPV HFU CFUUFS BU JU XJUI UJNF� 0OF
PG UIF mOFTU HVJUBSJTUT PG PVS UJNF
 (VUISJF (PWBO
 IBT TBJE�

A8IBUFWFS ZPV�WF MFBSOFE CFDPNFT USVMZ VTFGVM POMZ PODF JU CFDPNFT TFDPOE
OBUVSF��

%PFT IBQQJOFTT BT TFDPOE OBUVSF TPVOE B XPSUIZ PCKFDUJWF JO MJGF 

3FGFSFODFT
�� (MPCBM CVSEFO PG NFOUBM EJTPSEFST BOE UIF OFFE GPS B DPNQSFIFOTJWF
 DPPSEJOBUFE SFTQPOTF
GSPN IFBMUI BOE TPDJBM TFDUPST BU UIF DPVOUSZ MFWFM
 8PSME )FBMUI 0SHBOJTBUJPO
 ����
�� 5IF #SBJO 5IBU $IBOHFT *UTFMG
 /PSNBO %PJEHF
�� 5IF 1IBOUPN PG UIF 1TZDIF
 1FUFS .JDIBFMTPO
�� 4UBOGPSE�T 4BQPMTLZ PO %FQSFTTJPO � IUUQT���XXX�ZPVUVCF�DPN�XBUDI W�/0"HQMH5YGD
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