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ON TRANSACTIONAL BUSINESS LOGIC DESIGN

Abstract. The given work is devoted to the task of transactional business logic design. Additional
layer responsible for transaction processing is introduced to make the architecture of the system
more flexible and robust, testable and maintainable.
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Actuality. Information system developers often face the task of implementing
transactional business rules. And while the specific of transaction processing at the
DBMS level is well-known (Read Committed, Repeatable Read etc.), the question of
implementing transactions at the level of software components seems open and the
decision on how to design and implement transactional business logic remained the
prerogative of developers.

Today there are several possible practical implementations of transactional
business logic: using Unit Of Work pattern (UoW) [1, 2]; using SystemTransactions
library [3] provided by the .NET platform offered a ready-made solution (namely
TransactionScope class); direct implementation of transactional logic using stored
procedures stored within the database.

At first glance, the stored procedures variant seems to be the best solution of
the problem, because stored procedures provide higher performance and security
levels in comparison with others. But there is one problem that outweighs the bene-
fits: according to the method tasks for which business logic is responsible got smeared
among several layers: database level, DAL (data access layer) and business logic layer.
Hiding business rules within stored procedures significantly reduces the system re-
sistance to changes (e.g., in case of changing database provider developers face the
necessity to rewrite all stored procedures, which, firstly, will take a lot of time, and
secondly, it will not always be implemented effectively), and secondly, to understand
the implementation of business logic rules, a developer cannot rely only on the ap-
propriate layer (i. e. partly the rules will be implemented in the layer of business log-
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ic, and partly in the stored procedure), which violates one of the most important ro-
bust software development principles - separation of concerns.

Unit of Work is a pattern provides a mechanism to escape the problems men-
tioned above by using logical transaction, i.e. atomicity of transaction is the respon-
sibility of UoW object. Practically it means that we have a class responsible for trans-
actions realization: committing or approving, rejecting or rolling back DB-oriented
operations. Thus, the methods of the repositories responsible for entity changes, in-
teract with that UoW object, which, in its turn, connects the commands to be exe-
cuted to a given transaction (e.g. IDbTransaction realization). In this case, to commit
the block of DB-oriented operations done by the methods of repositories we need to
call commit method of UoW, and without that call the command block will not be
executed. The advantage of the approach is that the transaction logic is concentrat-
ed in the business logic layer (application layer), meeting the separation of concerns
principle. However, the execution of each transaction requires creating a separate UoW
with a set of dependencies (at least a bunch of repositories), which can lead to significant
costs in a multi-user system: the number of objects associated with the processing of the
transaction increases in direct proportion to the number of transactions, facing the risk
of decreasing performance. The use of ORM systems (NHibernate, Entity Framework
etc.) seemed not always efficient: the logic of optimizing the execution of operations
is not always transparent, and it is impossible to correct or modify the specifics of
ORM transactions processing.

The TransactionScope class from the System.Transactions library provides an
easy way to mark a block of code involved in a transaction hiding details of realiza-
tion and making the definition of transaction as easy as it is possible. Due to its ease
of use and efficiency, it is very convenient to use this mechanism to implement
transactional business rules. TransactionScope has a number of advantages, namely:
it makes the implementation of ACID transactions simple (i.e. no need to write an
explicit "rollback" code or cleanup); it can coordinate resources such as databases,
message queues and transaction file systems within one transaction; it automatically
detects an external transaction and obtains its support. As a disadvantage, it is
"heavy" and absolutely hidden, so it cannot be an optimal variant for the systems focused
on high performance.

Task definition. Advantages and disadvantages of the above approaches led us
to the idea of the solution which would be rather flexible and adoptable to the needs
of software developers.
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Main part. The solution is based on introduction of the additional Transaction
Manager component responsible for transaction processing. This layer is used by the
business logic layer and interacts with the data access layer (repositories) to perform
data operations. It can be thought as an analogue of Entity services facade in terms
of service-oriented architecture, or as a component superstructure above DAL layer
responsible for transactions processing. The architecture of the system with the ad-
ditional layer responsible for transactions processing is shown in Fig.1.

As we can see in the fig.1. Transaction Processing Layer can be connected not
only to DAL but also to the Services and Utilities units to perform, for example, dis-
tributed transactions as necessary.

The question of its location is debatable: on the one hand, this component is a
part of DAL, on the other it is a service of BLL. It is more correct to talk about some
intermediate layer between DAL and BLL, which is responsible for implementing
transactions. Each possible transaction is implemented as a method of this compo-
nent. To perform a transaction that component uses a bunch of necessary reposito-
ries. Of course, these methods can only serve as access points (i.e. gateways) to the
objects of the corresponding type, which are, in those turn, directly responsible for
the specifics of transactions hiding implementation details and related resources
(e.g., repositories).

The creation or, more specifically, assembly of the transaction manager
seemed to be the task of a special class-factory, which is responsible for resolving
the dependencies and providing all necessary resources to the manager (e.g. objects
that implement specific transactions, repositories, etc.). In our opinion, providing of
Transaction layer does not mean that all DB-oriented operations should be passed
through that layer, simple operations can be performed by the repositories without
any transaction mechanisms engagement and it differs provided approach from the
approach of SOA Entity services [4]. From the DDD (domain-driven design) point of
view, it can be considered as a service responsible for transaction processing. As we
can see, the transaction manager is connected only with those repositories, which
participate in the transaction processing.
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Figure 1 — The architecture of the system with the Transaction Processing Layer

To compare the classical business logic layer organization according to Clean

Architecture approach [5] with the proposed one let us see fig.2 and Fig.3. It is sug-

gested that RegisterBookUseCase depends on transaction which involves two reposi-

tories (IDeliveryRepository and IBookRepository) and a component responsible for

logging transactional operations (ILogger). In this situation, according to [4], trans-

actional logic processing will be the responsibility of the use case component. To

change the transactional logic mechanism means to change each component it uses

(e.g. to use TransactionScope instead of IDbTransaction). To test the transaction

logic means to test use case component. The second solution (Fig.2) is seemed to be

more flexible: the part responsible for transaction processing is separated from busi-

ness logic and its modification and testing does not depend on the use case.
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< Transactional logic >

Figure 2 — Classical use case organization according to [5]

< Transactional logic >

RegisterBookRequest

Figure 3 — Use case organization using Transaction processing layer

Since all requests for transaction implementation will pass only through one
Transaction Manager object, there is an obvious need for asynchronous methods im-
plementation. In the generalized variant, we can consider a variant of transaction
managers pool that can be used to distribute the load, but even that variant seems
more effective than UoW, where a full set of objects for each connection is created.
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Figure 4 — Use case organization using Transaction processing managers pool

Another controversial issue is the possibility of having several transactional
Managers (i.e., horizontal decomposition of the manager). The fact is that real pro-
jects have hundreds of tables in their databases and can reach up to a thousand ob-
jects and most of them can participate in transactions. However, it is rare that a use
case or even a group of use cases of a particular type deals with hundreds of entities.
Hence, a variant of distribution of transaction managers by contexts related to dif-
ferent types of users seems to be the best solution (Fig. 5).

< Transactional logic >

RegisterBookUseCase IBookTransactionManager
. IDeliveryRepository
BookTransactionManeger BookRepository
RegisterBookRequest ILogger

I
|OutputPort

Figure 5 — A variant of transaction managers distribution
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Conclusions. At present, transactions are a very powerful mechanism for im-
plementing business rules and the success of their use depends on the approaches
chosen by the developer. Each of the above approaches has its advantages and disad-
vantages. The choice depends on the subject area, business requirements and com-
plexity of the project being developed. In this work, we consider the approach with
introduction of additional layer of abstraction responsible for transaction processing
that can be effectively applied if standard approaches are not suitable for some rea-
son.
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Acnekmu po3pobku mpaH3aKyiliHoi 6i3Hec no2iku

AkmyanbHicms. [leped po3pobHuUKamu iHopmayitiHux cucmem 4acmo NOCMAE 3GBOAHHS
BNPOBAOXKeHHS MPAaH3aKyiliHoT 6i3Hec no2iku. I xo4a cneyugika o6pobKU MPaH3aKYil Ha piBHI
(Yb/] dobpe s8idoma, numaxHs peanizayii mpaH3aKyil Ha PiBHI NPO2PAMHUX KOMNOHeHMIs 304
EMbCA BIOKPUMUM, G pilleHHs nNpo me, AK po3pobumu ma peanizysamu MpaH3akyiliHy 6izHec
JI02IKY. 3G7ULANACS NPepo2amusoro po3pobHUKIB.

Cb0200HT ICHYE KiNIbKA MOXIUBUX NPAKMUYHUX peami3ayili mpaH3akyiliHoi 6i3Hec o2iku:
sukopucmatHs wabnoHy Unit Of Work (UoW) [1, 2]; 6i6niomeku SystemTransactions [3]; 6e3
nocepeOHs peanizayis MpaH3axyiliHoi no2iku 3a 0onomMo2oto 36epexeHux npoyedyp, wo 36epi
earombcs 8 6a3i 0aHux. KoxeH 3 icHyloyux sapiaHmis Mae c8oi nepesazu ma HedosiKku. Tak, npu
X0BYBAHHA 6I3HeC npasus y 30epexeHux npoyedypax 3HAyHo 3HUXKYE cmiliKicmb cucmemu 00
3MiH, @ no Opyze, Wob 3po3yMimu peanizayito npasus 6i3Hec 02IKU, pO3POOHUK He MOoXe NoK
nadamucsa nuwe Ha 8iONoBiIOHUU piseHb 6i3HeC n02iku (YacmuHa no2iku 6yde 3Haxooumucs 8
wapi 6i3Hec 102iKU, a YacmuHa y 36epexeHux npoyedypax). BukopucmanHa wabnoHy UoW
cnpouwye niompumKy cucmemu, 3611bwye ii eHydKicms ma 3mo2y adanmayii 00 3MiH, ane BUKO
HAHHA KOXHOI mpaH3akyii sumaeae cmsopeHHa okpemozo UoW 3 Habopom 3anexHocmed, wo
MoXe npu3gecmu 00 3HAYHUX Bumpam 'y bazamokopucmysaubkili cucmemi. Knac
TransactionScope 3 6ibniomexu System.Transactions 3abe3neyye npocmuli cnoci6é nosHayumu
6710k KOOy, sKuli 6epe yyacme y MPAaH3aKyii, npuxosy4u 0emani peanizayii ma MaKcumaabHo
nosie2lWyYu BUIHAYEHHA MPAH3AKYTi, ane € pecypcomMiCmKUM KOMNOHeMOM 3bl CKPUMOK BHYM
PiLUHbOI /I021KOK, MOMY He MOXe Bymu onmuMaibHUM 8apiaHmMom 0718 cucmem, OpPiEHMOBAHUX
HQ BUCOKY NPOOYKMUBHICMb..

lpobnema. llepesazu ma HeAONIKU BUUE3A3HAYEHUX NT0X00i8 npusesu Hac 0o idei piweH
Hsl, AKe 6ys10 6 documb 2HyYyKUM 1 NpUCMOCoBaHuUM 00 nompeb pPo3pOOHUKIB NPO2PAMHO20 3a
be3neyeHHs.

OcHosHa yacmuHa. PiweHHs 3acHosaHe Ha BBedeHHI 000AMKOBO20 KOMNOHeHmMa
Transaction Manager, wo 8idnosidae 3a 06pobky mpaH3akyil. Leli piseHb BUKOPUCMOBYEMbCA
pisHem 6i3Hec N02iKu 1 83aemodie 3 pisHem docmyny 00 OaHux (cxosuw,amu) 019 BUKOHAHHS
onepayiti 3 daHumu. WNo2o moxHa posanadamu Sk KomnoHeHmHy Had6ydosy Had pisHem DAL, wjo
8i0n0BI0aE 3a 06pobKy MpaH3akyil. PiseHb 06PO6KU MPAH3AKYTU MOXHA NIOKIOYUMU He Miflb
ku 0o DAL, a (i 0o wapis cnyx6 ma ymuaim O BUKOHAHHS, HANPUKAAO, po3N00iJieHUX mpaH3a
KYili, AKWo ye HeobxioHO. KOXHA MOX/UBA MPAH3AKUiA peani3oBaHa sk Memoo yb020 KOMNO
HeHma. [l1a BUKOHAHHA MPAH3aKYii yel KOMNOHeHm BUKOPUCMOBYE Kyny HeobXiOHUX peno3u
mopiis. Lli memoou Moxyms cayxumu nuwe moykamu docmyny (mobmo wo3amu) 00
06’ekmis 810N0BIOH020 Muny, 5Ki, y CBOK 4epay, beznocepedHbO BION0BIOAOMb 30 Cneyugiky
mpaH3aKyil, wo npuxosytoms Oemani peanizayii ma nos’sa3aHi pecypcu (Hanpuknao, penosu
mopii).
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OcKinbKu BCT 3anumu Ha peami3ayito mpaH3akyil 6yoyms npoxooumu minbKu Yyepe3 00UH
06’ekm Transaction Manager, icHye o4yeBuOHa nompeba 8 peanizayii acuUHXpoHHUX Memoois. B
Y3a2a/1bHEeHOMY BAPIAHMI MU MOXeMO po32/1AHymu B8apiaHm nyay MeHeoxepis mpaH3axkyid, AKU
MOXXHa BUKOpUCMOBYBamMu 01 po3n00iay HABAHMAXEHHS.

IHwum — numaHHAM €  MOXAUBICMb  HAABHOCMI  OEKIJIbKOX  MPAH3AKUIUHUX
MeHeoxepis (Mobmo 20pu30HMAanbHa 0eKoMno3uyis meHedxepa). Cnpasa 8 momy, Wo peasnbHi
npoekmu marms COmHi mabauyp y coix 6azax 0aHUX i MOXyms 0ocseamu muca4i 06'ekmis,
1 6I/1bWICMb 3 HUX MOXYMb Bpamu y4acms 8 mpaH3akyisx. Ane cumyauyis, y akid use case (npe
yedeHm) abo Hasime 2pyna npeyedeHmis BUKOPUCMOBYE 0/ peanizayii comHi cymHocmeli
mpanasemscs pioKo.

BucHosKku. B OaHuli 4ac mpaH3akyii € 0yxe NOMyXHUM MeXAHI3MOM BNPOBAOKeHHS 013
Hec npasus i ycnix ix BUKOPUCMAHHSA 3anexums 810 nioxodis, 06paHux po3pobHukom. Y uili po
6omi Mu nponaHyemo nioxio 13 BeedeHHAM 000aMKOBO20 PiBHA a6CMPAKyYii, ujo0 8iON0BIOdE 3a
06pOo6KYy MpaH3aKyil, KUl MOXHA epeKmuBHO 3aCmocyBamu, SKUWO CmaHoapmHi nioxoou 3
AKUXOCb NPUYUH He NioXo0smb.

JIutBuHOB OJieKcaHApP AHATOMIOBMY - KaHAMAAT TeXHIYHMX HAYK, OOIEHT Ka-
dbenpu eqeKTPOHHMUX OOUNMCITIOBAIbBHMX MaIllMH JIHIITpOIeTpOBChKOTO HAIliOHATbHO-

ro yHiBepcutety im. O. T'oHuapa.
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