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Exoweb — the beginning:
e Exoweb's demand for new employees (2005)
Crucial ability to write correct code

Hires-to-candidates ratio ~ 1 : 50

°
°

@ Average interview time of 100 min.

@ 80h of senior engineer's time per one hire
°

Main cause of rejection — inability to write bug-free code
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Solution:
@ Screening — programming test

@ Automated evaluation
Exobench — command-line evaluation system

90 % screening accuracy

12 h of senior engineer’s time per one hire
Post-screening hires-to-candidates ratio ~ 1:5
Codility is born (2008)

Reimplementation of pre-hire screening as a web service.
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Task characteristics:

@ Goal of IOl and other programming contests:
select top contestants and fairly distribute points among other
contestants

@ Goal of pre-hire screening:
eliminate candidates that should not be employed

@ Binary outcome of pre-hire screening —
reject or send for interview

@ Tasks are much more elementary (compared to 101)
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Task Preparation

Task preparation:

Over a hundred tasks (and growing)

General task preparation schema is similar to 10l
Simpler task formulation

No narrative story

Only batch tasks are supported
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Task Preparation

Task preparation:
@ Procedural interface (instead of standard 1/0)
@ Testing procedures instead of predetermined test files
@ Tests profile similar to 10I:

e correctness tests of various sizes,
e border-cases tests,
o efficiency tests
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Task Preparation for Multiple Programming Languages

Variety of programming languages:

o C, C++, C#, Java, JavaScript, Pascal, Python, Perl, PHP,
Ruby
(and still growing)

o Fully compilable, byte-code level compilable and scripting
languages

@ How to deal with such a variety of programming languages?
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Task Preparation for Multiple Programming Languages

Solution:
@ Python — front-end programming language

@ Automated translation of solutions written in (a subset of)
Python into other programming languages

@ Evaluation based on translated solutions in Python
Language-specific solutions are also possible

@ Automated time-limits calibration — independent of particular
programming language and hardware
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Codility Web Service

@ Two types of users: candidates and recruiters

@ Recruiter's interface:

0o Create test - Codility =)
Candidate
Candidate name: oo (2 addmore
Wirte cancidate nckname and em, . John Doe fomnfon bar
Report e-mail: @ myself (jakacki@gmail.com) CJ others
Selected tasks b
Provide following programming languages:
@c @c++ Wc# @lava [avaScript @ Pascal @PHP (O Perl ORuby all none
AdjacentPo..  i¢it x| ArithSlice.. x  BitcountIn.. x
find maximum distance count arithmetic slices infnt  return count of 1s in binary
E between values in array ay. form of a big base-8 integer
E
‘Time limit; 90 minutes @) O override
Available tasks
¥ ArrListlen Compute length of a single-link lst encoded in an array smoe [ada| @
< BinaryGap find longest sequence of zeros in binary representation of an integer simple. add
BitcountIn.. count 1s in binary representation of long integer meaum add 1
c: comparison of the strings amve g [add
77 CentralSph.. | Count how many central spheres are required to cover a set of points ey | e B [B6A) | |
112 tasks <
Done B[] >
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Codility Web Service

e Candidate's interface — programmer’s micro IDE:

[ XeXe) Codility
Y version: 1.1.20
Polski X nick: Demo ticket, passcode: demoEH Java e+ C# C Javascript Pascal perl  PHP
m 77 you ca se imports, for example:
Equilibrium index of a sequence is an index such | // import j h*;
that the sum of elements at lower indexes is equal int equi ( []1 &) {http://codility.com/demo/run/
to the sum of elements at higher indexes. For ] write your code here
example, in a sequence A: 3
A[0]=-7 A[1]=1 A[2]=5 A[3]=2 A[4]=-4 A[5]=3
Al6]
315 an equilibrium index, becau:
AOT+ALLT+AL2]=AL41+ALS]+AL6] |
€ = = = = BRI
6 is also an equilibrium index, because: T WEEE Tl G (EE
u -
help)  (verify)  (submit task quit
ALOJ+AL1I+A[2] +AL3]+ AL414A[5]=0
Compiler output:
wrapper java: 22: illegal start of expression
(sum of zero elements is zero) 7 s not an
equilibrium index, because it is not a valid index of A
sequence A. wrapperjava: 26: llegal start of expression
1f you still have doubts, this is a precise definition: public static vold main(String[] args) {
the integer k is an equilibrium index of a sequence T e ]
AlOLA[1].....Aln—1] it and only if 0k < - public static void main(String[] args) { |
~ u
Example test wrapperjava: 26: llegal start of expression
public static void main(Stringl] args) {
(:2) add test case wrapper.java: 26: ';' expected -
b d 1 5
B
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Codility Web Service

o Candidate’s interface — testing facility:

Example test
WRONG ANSWER (got 7, which is not valid array index}

(] add test case

write here your own test data remove
[1,2,3]

NO RUNTIME ERRORS (returned value: 3}

write here your own test data remove
[-7, 1,5 2, -4,3,0]

A

NO RUNTIME ERRORS (returned value: 7}
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Evaluation Technology

Generally, based on |0l and ACM CPC models
Experimental asymptotic time complexity assessment
Reactive tests augmentation — hybrid of:

model checking, symbolic interpretation, random and
enumerative test generation

Scalability — real time evaluation

Grading machines — Amazon EC2 computing cloud

® 6 o

Codility Checker Timing (verify requests, last 5 minutes) - by week
20
18

seconds
=
B

8
[
;
2 ! AR
4]
o7 o8 09 10 11 12 13 14

Cur: Min: Ava: Max:

O max 2.82 8. 56 2.321 16.21
O min 0.56 6. .63 1.15 12 .74
| avg 1.21 0.54 2,01 13.67

Last update: Mon Mar 14 23:20:10 2011

Grzegorz Jakacki, Marcin Kubica, Tomasz Walen Codility



Correctness and Soundness

@ Goal: to distinguish good programmers (winners) and bad
programmers (losers).

@ What does it mean?

o Correctness: all winners are good programmers
all bad programmers are losers

@ Soundness: all good programmers are winners
all losers are poor programmers

@ Programming contests — focus on correctness,
occasional lack of soundness is acceptable

@ Pre-hire screening — soundness > correctness
Codility’s correctness > 90 %

@ 50 candidates — 5 winners — 1 hire
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Scoring:
@ Similar to IOl model
@ 1-6 problems to solve

@ Total score is the sum of scores for the tasks
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Conclusions

@ Successful application of programming contest’s technology to
pre-hire screening

e Today Codility is a profitable business

@ Codility's customers include:
Nokia, Siemens, Barnes & Noble

@ Two innovative technologies:

e automated time complexity assessment, and
e reactive tests augmentation
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Certify Yourself

Want to try it yourself?
Get certified at:
http://codility.com/cert/start/
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Thank you for your attention!
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