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“ Ixedaotikn BeAtiotonoinon papoynG OTATIKWY KTNPLOUKWY LEAETWV HEOW MEOOSWV
UTTOMVN LOTLOLOU KOl KOTOLVEUNLEVOU UTtOAOYLOOU ”

NEPINAHWH

H amdbdoon pla ebapuoync eival onuOvVTLKOG Tapayoviag ylwd Tov TEAKO xpnotn.
KaBuotepnoslg, evtolég xwplic avtamokplon kot peydleg mepiodol avapovng untoBaduilouvv
™V gumepia xpAong pag eboapuoync. Mepikol amd toug Adyoug Tou gumodilouv Toug
UNXavikouc AoyLlopikol amd to va BeAtiwoouve Ty anodooh twv edappoywy eival n umopén
TIAAQULWHUEVOU KWELKA KOL N OVETTAPKNG EKUETAANEUON TIOPWV UALOHLKOU.

O MaAOLWHEVOG KWEKAC AMOTEAEL EUMOSIO OTNV EMEKTACLUOTNTA TWV SUVATOTATWY HLOG
edappoyng kot otnv avadopncn Tou KwOLKA tng He okomod tn PeAtiotonoinon. H éAAewdn
Tekpnpiwong tou epmobilel culnTAOELG OXETIKA LE TN ASLTOUPYia KOL TLG TTAPEVEPYELEG TOU OTO
cuotnua. Amo thv GAAn, opol UALOULKOU OTwG oL emefepyaoTiKol TIUPAVEC UMOPOUV va
EKUETOAAEUTOUV KATOMNAQ WoTe va HEWBEL 0 YPOVOC TWV UTOAOYLOTIKA OKPLBWV
AELTOUPYLWY, HECW PEBOSWYV KATOVEUNUEVOU UTIOAOYLOUOU.

Edapuoloupe tn SOUAEL oG O pilo EPTTOPLKA EPAPLOYH OTATIKWY KTNPLAKWY UEAETWVY N
omola maocyel and outd ta mpoPAfuata. Meptéxel pia peydAn BAaon KWOLKA PE QPKETEC
TIAAQULWHEVEG SOULKEC evotnTeC. ETmAgov, n eMapKAG eKUETAAAEUON TWV TIOPWV UALOHLKOU
Sev Atav duvatn katd tn ocuyypadn tng sdappoyng, kabwg n texvoloyio oe epyaleia
KOTAVEUNUEVOU UTTOAOYLOHOU SV NTAV PKETA AVATTTUYLEVN.

210 MPWTO UEPOG TNG £pyaciag AUTAC MAPOUCLA{OULE €va TPOTIO UTIOUVNUOTIOMOU TULWV
UTTOAOYLOTIKA OKPLRWV KoL TTOAQULWHEVWV AELTOUPYLWY, OXESLATOVTAG EVA EMEKTACLUO LOVTEAO
UTIOUVNUATIOPOU. AVaKOAUTITOUUE TIC UTIOAOYLOTIKA aKplBEC Aettoupyieg avaAlovtag tnhv
amnodoon tng edappoync kKat £hapuoloUUE TO HOVTEAO UTIOUVNUOTLOHOU Of TAAQLWUEVO
KWOLKA PE Un TOPEUPBATIKO TpOTO. MapoucldloUpe TIC AmalThoELg, tn oxedlaon kol tnv
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uAormoinon Tou PoVTEAOU UTIOUVNUATIONOU o€ YAwooa C++. H a§loAdynon tng andédoong tng
60UAELaG pag Selxvel mwe N edappoyn TOU LOVTEAOU UTIOUVAUOTIOMOU TIPOOhEPEL LEXPL KOl
100% avénaon tng amodoong. H epappoyr) TOU LOVTEAOU €XEL TIPOYPOAULOTLOTEL YLO EUTMOPLKN
Xprnon HEow TG evtaéng tou o PeAAOVTIKY avaBabuior tng ebappoyng.

Jto 6elTEPO MEPOG TNG €pyaciog aUTAC TAPOUCLAJOUME €vo TPOTO KATAVEUNUEVOU
UTIOAOYLOMOU UTIOAOYLOTIKA OKPLBWV LOLOTATWY KATAOKEUAOTIKWY OToLXElwv. Emekteivoupe
tn oxedlaon Tou otolxelou Slaxeiplong umtoAoylopol Twv LELOTATWY autwv edpapudlovrtog
ueBOdoUC  KOTOVEUNUEVOU UTIOAOYLOHOU. XPNOLUOTIOLOUUE TIC EVVOLEG QACUYXPOVWY
Slepyaolwyv KoL UAOTIOLOUUE Lo opada viudtwy we Bondntika epyaieia tng oxediaong pog.
Mapoucldlouphe TIC OMAITAOELS, T oxedlaon Kal TNV UAOTOLNGCN TOU KOTAVEUNUEVOU
otolxelou Siaxeiplong oe y\wooa C++. H afloAdynon t¢ amodoong tng SouAeLdg pag Seiyvel
TIWG TO KATAVEUNUEVO oToLXElo Slaxeiplong mpoodEpel péxpL kat 420% avénon tng anodoonc.
To KaTaveEUNUEVO OTOLXELO SLaelpLlong €XEL TPOYPOULATIOTEL YLl EUTTOPLKH XPrON LECW TNG
£vtagng Tou oe peAhovtikn avopaduion g edappoyng.
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“Design level software optimization of structural analysis tool through memoization and
application of concurrent computing methods”

ABSTRACT

Performance is an important concern for the end user of an application. Latency,
unresponsiveness of commands and long wait times can make or break the experience. Some
of the factors that prevent software engineers from achieving their performance goals are the
presence of legacy code and the inability to exploit all the available hardware resources.

Legacy code acts as a barrier that prevents both feature extensibility and optimization-
oriented refactoring. It is considered to be a no-man's-land, preventing any fruitful discussion
about its detailed functionality and side effects in performance. On the other hand, hardware
resources, such as CPU cores, can be exploited to reduce the time cost of computationally
expensive operations by the application of concurrency. Data-oriented design for concurrency
can provide an increase in performance by distributing workload among cores, fully utilizing
the available hardware.
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Our work is applied on a commercial structural design and analysis application which suffers
from the aforementioned setbacks. It comes with a large code-base, guaranteeing a sizeable
number of legacy modules. Furthermore, efficient hardware utilization, was not possible
during the early development times of the application since the technological research
regarding concurrent computation was not sufficiently developed.

In the first part of this thesis we present a way to memoize the return values of
computationally expensive legacy code operations by designing an extensible Memoization
Model. We identify the computationally expensive operations by conducting performance
analysis using an external profiling tool and apply our Memoization Model to the legacy code
base in a non-intrusive way. We present the requirements, design and implementations of
our Memoization Model using C++. Our evaluation indicates that the application of our
Memoization Model, yields up to 100% increase in performance and has been scheduled for
a commercial release, in a future update of the application.

In the second part of this thesis we present a way to concurrently calculate computationally
expensive properties of structural elements. We extend the design of the manager
component, responsible for calculating these expensive properties, by applying concurrency
semantics. We use the concept of asynchronous tasks and our own implementation of a
thread pool to aid our design. We present the requirements, design and implementation of
our concurrent manager component using C++. Our evaluation indicates that our concurrent
manager component, yields up to 420% increase in performance and has been scheduled for
a commercial release, in a future update of the application.



