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JIOIATOK B

Kox amanTepa konteinepa aias Microsoft DI

public interface IContainerAdapter : IDisposable

{
string Name { get; }

IContainerAdapter Register<TService,
TImplementation> (Microsoft.Extensions.DependencyInjection.ServiceLifetime
lifetime)
where TService : class
where TImplementation : class, TService;

IContainerAdapter RegisterInstance<TService> (TService instance)
where TService : class;

IContainerAdapter
RegisterFactory<TService> (Func<IServiceProvider, TService> factory,
Microsoft.Extensions.DependencyInjection.ServicelLifetime lifetime)
where TService : class;

IServiceProvider BuildServiceProvider () ;

IContainerAdapter
RegisterDbServices (Microsoft.Extensions.DependencyInjection.ServiceLifetime
repositoryLifetime,
Microsoft.Extensions.DependencylInjection.ServiceLifetime
dbContextLifetime) ;

IContainerAdapter
RegisterLoggingServices (Microsoft.Extensions.DependencyInjection.ServicelLif
etime loggerLifetime);

IContainerAdapter
RegisterCachingServices (Microsoft.Extensions.DependencyInjection.Servicelif
etime cachelifetime);

IContainerAdapter
RegisterMediatR (Microsoft.Extensions.DependencyInjection.ServicelLifetime
handlerLifetime) ;

ConcurrentDictionary<string, TimeSpan> PerformanceResults { get;

}

public abstract class ContainerAdapterBase : IContainerAdapter
{

protected readonly ConcurrentDictionary<string, TimeSpan>
_performanceResults = new() ;

public abstract string Name { get; }

public abstract IContainerAdapter Register<TService,
TImplementation> (Microsoft.Extensions.DependencyInjection.ServiceLifetime
lifetime)
where TService : class
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where TImplementation : class, TService;

public abstract IContainerAdapter RegisterInstance<TService> (TService
instance)
where TService : class;

public abstract IContainerAdapter
RegisterFactory<TService> (Func<IServiceProvider, TService> factory,
Microsoft.Extensions.DependencyInjection.ServicelLifetime lifetime)
where TService : class;

public abstract IServiceProvider BuildServiceProvider () ;

protected T MeasureOperation<T>(string operationName, Func<T>
operation)
{
var stopwatch = Stopwatch.StartNew() ;
var result = operation() ;
stopwatch.Stop () ;

_performanceResults.AddOrUpdate (
operationName,
stopwatch.Elapsed,
(_, existingValue) => existingValue + stopwatch.Elapsed);

return result;

}

public ConcurrentDictionary<string, TimeSpan> PerformanceResults =>
_performanceResults;

public abstract IContainerAdapter
RegisterDbServices (Microsoft.Extensions.DependencyInjection.ServiceLifetime
repositoryLifetime,
Microsoft.Extensions.DependencyInjection.ServicelLifetime
dbContextLifetime) ;

public abstract IContainerAdapter RegisterLoggingServices (
Microsoft.Extensions.DependencyInjection.ServiceLifetime
loggerLifetime) ;

public abstract IContainerAdapter RegisterCachingServices (
Microsoft.Extensions.DependencyInjection.ServiceLifetime
cachelLifetime) ;

public abstract IContainerAdapter
RegisterMediatR (Microsoft.Extensions.DependencyInjection.ServiceLifetime
handlerLifetime) ;

public virtual void Dispose()
{
GC.SuppressFinalize (this) ;

}
}
using ECommercelIoCAnalyzer.Infrastructure.Abstractions;
using ECommerceloCAnalyzer.Infrastructure.EF;
using ECommerceIoCAnalyzer.PerfomanceTests.Infrastructure.Caching;
using Microsoft.EntityFrameworkCore;
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using Microsoft.Extensions.DependencyInjection.Extensions;
using Serilog.Extensions.Logging;
using ILogger = Serilog.ILogger;

namespace ECommerceIoCAnalyzer.PerfomanceTests.Infrastructure.DIContainers;

public class MicrosoftDIAdapter : ContainerAdapterBase
{
private readonly IServiceCollection _services;
private IServiceProvider? _serviceProvider;

public MicrosoftDIAdapter ()
{
_services = new ServiceCollection();

}
public override string Name => "Microsoft DI";

public override IContainerAdapter Register<TService, TImplementation>(
Microsoft.Extensions.DependencyInjection.ServicelLifetime lifetime)

{
return
MeasureOperation ($"Register_ {typeof (TService) .Name} {lifetime}", () =>
{
switch (lifetime)
{
case
Microsoft.Extensions.DependencyInjection.ServicelLifetime.Transient:
_services.AddTransient<TService, TImplementation>()
break;
case
Microsoft.Extensions.DependencyInjection.ServicelLifetime.Scoped:
_services.AddScoped<TService, TImplementation>();
break;
case
Microsoft.Extensions.DependencylInjection.ServiceLifetime.Singleton:
_services.AddSingleton<TService, TImplementation>();
break;
default:
throw new ArgumentOutOfRangeException (nameof (lifetime),
lifetime, null);

}

return this;
)
}

public override IContainerAdapter RegisterInstance<TService> (TService
instance)
{
return
MeasureOperation ($"RegisterInstance {typeof (TService) .Name}", () =>
{
_services.AddSingleton (instance) ;
return this;

});
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public override IContainerAdapter
RegisterFactory<TService> (Func<IServiceProvider, TService> factory,
Microsoft.Extensions.DependencyInjection.ServicelLifetime lifetime)
{
return
MeasureOperation($"RegisterFactory_{typeof(TService).Name}_{lifetime}", ()
=>
{
switch (lifetime)
{
case
Microsoft.Extensions.DependencyInjection.ServicelLifetime.Transient:
_services.AddTransient (factory) ;
break;
case
Microsoft.Extensions.DependencyInjection.Servicelifetime. Scoped:
_services.AddScoped (factory) ;
break;
case
Microsoft.Extensions.DependencylInjection.ServiceLifetime.Singleton:
_services.AddSingleton (factory) ;
break;
default:
throw new ArgumentOutOfRangeException (nameof (lifetime),
lifetime, null);

}

return this;
})
}

public override IServiceProvider BuildServiceProvider ()
{
return MeasureOperation ("BuildServiceProvider", () =>
{
_serviceProvider = _services.BuildServiceProvider () ;
return _serviceProvider;
});
}

public override IContainerAdapter RegisterDbServices (
Microsoft.Extensions.DependencyInjection.ServiceLifetime
repositoryLifetime,
Microsoft.Extensions.DependencyInjection.ServiceLifetime
dbContextLifetime)
{
return
MeasureOperation ($"RegisterDbServices {repositoryLifetime} {dbContextLifeti
me}", () =>
{

_services.RemoveAll<DbContext>() ;

_services.AddDbContext<AppDbContext>(options =>
options.UseSqglServer (connectionString), dbContextLifetime) ;

_services.AddScoped<DbContext>(sp =>
sp.GetRequiredService<AppDbContext>()) ;
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_services.TryAdd (
new ServiceDescriptor (typeof (IRepository<>),
typeof (GenericRepository<>) , repositoryLifetime)) ;

return this;
})
}

public override IContainerAdapter RegisterLoggingServices (
Microsoft.Extensions.DependencyInjection.ServiceLifetime
loggerLifetime)
{
return
MeasureOperation ($"RegisterLoggingServices_ {loggerLifetime}", () =>
{
var seriloglLogger = new LoggerConfiguration ()
.MinimumLevel.Information/()
.WriteTo.Console ()
.WriteTo.File("logs/log-.txt", rollingInterval:
RollingInterval.Day)
.Createlogger() ;

_services.AddSingleton<ILogger> (seriloglLogger) ;

_services.AddSingleton<ILoggerFactory>(services =>
new
SerilogloggerFactory (services.GetRequiredService<ILogger>())) ;

_services.Add (new ServiceDescriptor (typeof (ILogger<>),
typeof (Logger<>) , loggerLifetime)) ;

return this;
b
}

public override IContainerAdapter RegisterCachingServices (
Microsoft.Extensions.DependencyInjection.ServicelLifetime
cachelLifetime)
{
return MeasureOperation ($"RegisterCachingServices {cacheLifetime}",
0 =>
{

_services.AddMemoryCache () ;

_services.Add (new ServiceDescriptor (typeof (ICacheService),
typeof (MemoryCacheService) , cachelLifetime)) ;

return this;
)
}

public override IContainerAdapter RegisterMediatR/(
Microsoft.Extensions.DependencyInjection.ServiceLifetime
handlerLifetime)
{

return MeasureOperation ($"RegisterMediatR {handlerLifetime}", () =>

{
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var applicationAssembly =
typeof (ECommerceIoCAnalyzer .Application.Features.Orders.Commands.CreateOrde
r.CreateOrderCommandHandler) .Assembly;

_services.AddMediatR (cfg =>

{
cfg.RegisterServicesFromAssembly (applicationAssembly) ;

switch (handlerLifetime)
{
case
Microsoft.Extensions.DependencyInjection.ServicelLifetime.Singleton:
cfg.Lifetime =
Microsoft.Extensions.DependencylInjection.Servicelifetime.Singleton;
break;
case
Microsoft.Extensions.DependencyInjection.Servicelifetime. Scoped:
cfg.Lifetime =
Microsoft.Extensions.DependencylInjection.ServicelLifetime.Scoped;
break;
case
Microsoft.Extensions.DependencylInjection.ServiceLifetime.Transient:
default:
cfg.Lifetime =
Microsoft.Extensions.DependencylInjection.Servicelifetime.Transient;
break;
}
H

return this;

1)
}

public override void Dispose()

{

if (_serviceProvider is IDisposable disposable)

{

disposable.Dispose() ;

}

base.Dispose() ;
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Kon po3paxyHky MeTpuku €(eKTUBHOCTI JIJIsi KOHTEHHEPIB Ha OCHOB1 BUMIPSHUX

3HAa4YCHb

import pandas as pd
from io import StringIO
import matplotlib.pyplot as plt

# Placeholder for benchmark results.

# Paste full benchmark dataset here as a tab-separated string in the
raw_data variable below.

# Expected columns: Lifetime, Method, Iterations, Mean (ms), Median (ms),
Min (ms), Max (ms),

# P95 (ms), P90 (ms), GenO, Genl, Allocated (MB)

raw_data = "" # <-- Paste the benchmark dataset here

# Example format (optional, for reference only — not used in processing)

example data = """Lifetime Method Iterations Mean (ms) Median (ms)
Min (ms) Max (ms) P95 (ms) P90 (ms) Gen0 Genl Allocated (MB)

DryIoc

Scoped GetProducts 1000 44.8244.7 43.2 46.4 46 45.5 370.47

85.32105.08

# Parse raw data and assign container names as a new column
lines = raw_data.strip() .splitlines()

header = lines[0].split("\t") + ["Container"]

data rows = []

current container = None

for line in lines[1l:]:

line = line.strip()

if not line:
continue

cells = line.split("\t")

if len(cells) ==
current container = cells[0].strip()

elif len(cells) == len(header) - 1:
cells.append(current_container or "")
data rows.append("\t".join(cells))

# Construct clean data and read into DataFrame
processed data = "\n".join(["\t".Jjoin(header)] + data rows)

df = pd.read csv(StringIO(processed data), sep="\t")

# Convert all numeric columns except for categorical ones

categorical cols = ["Lifetime", "Method", "Container"]
numeric_cols = df.columns.difference (categorical cols)
df [numeric_cols] = df[numeric_cols].apply(pd.to_numeric, errors="coerce")

# Optional: filter by a specific container
selected container = None
if selected container:

df = df[df["Container"] == selected container]
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# Group data by container, lifetime, and iteration count
grouped = df.groupby(["Container", "Lifetime", "Iterations"],
as_index=False) .mean (numeric_only=True)

# Efficiency formula coefficients
ALPHA = 0.1

BETA = 0.01

GAMMA = 0.5

P _FACTOR = 100 # Stability multiplier

def calculate efficiency(row):

Calculates efficiency score E' using the formula:
E' = (Tr * P) / (Median + a * Allocated + p * GC_total + y * Delta)

where:
- Tr = 1000 / Mean (throughput)
- GC_total = Gen0 + Genl (+ Gen2 if available)
- Delta = P95 - Median (latency variability)
mean_time = row["Mean (ms)"]
if mean_time <= 0:
return None

throughput = 1000 / mean time
median = row["Median (ms) "]
allocated = row["Allocated (MB)"]
gen0 = row["Gen0"]

genl = row["Genl"]

gen2 = row.get("Gen2", 0)

gc_total = gen0 + genl + (gen2 if pd.notna(gen2) else 0)
delta = row["P95 (ms)"] - median if pd.notna(row.get("P95 (ms)")) else

denominator = median + ALPHA * allocated + BETA * gc_total + GAMMA *
delta

return (throughput * P _FACTOR) / denominator if denominator '= 0 else
None

# Apply efficiency calculation
grouped["Efficiency"] = grouped.apply(calculate efficiency, axis=1l)

# Print grouped metrics with efficiency
print ("Grouped metrics with calculated efficiency (E'):")
print (grouped)

# Plot efficiency over iterations per container, for each lifetime
for lifetime in grouped["Lifetime"] .unique () :
subset = grouped[grouped["Lifetime"] == lifetime]
plt.figure (figsize=(8, 6))
for container, container data in subset.groupby ("Container"):
container data = container data.sort values("Iterations")
plt.plot(container data["Iterations"],
container data["Efficiency"], marker="o", label=container)
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plt.title(f"Efficiency vs. Iterations — Lifetime: {lifetime}")
plt.xlabel ("Iterations")

plt.ylabel ("Efficiency (E')")

plt.legend(title="IoC Container")

plt.grid(True)

plt.tight layout()

plt.show()

# === Average efficiency computation per Container and Lifetime ===
avg_efficiency = grouped.groupby(["Container", "Lifetime"],
as_index=False) ["Efficiency"] .mean()

# Sort by lifetime and descending efficiency
avg_efficiency = avg_efficiency.sort values(by=["Lifetime", "Efficiency"],
ascending=[True, False])

# Compute relative efficiency (%) within each lifetime group

avg_efficiency["Relative (%)"] =

avg_efficiency.groupby ("Lifetime") ["Efficiency"] \
.transform(lambda x: (x / x.max() * 100) .round(2))

# Output results
print ("\nAverage Efficiency by Container and Lifetime:")
print (avg_efficiency.to_string(index=False))
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PARIOENEKTPOHIKM

Docnip)xeHHa MeToAiB NpoayKTUBHOCTI .NET
3aCTOCYHKIB 3aJ/ie)XHo Bifi BUbopy KoHTeliHepa
Dependency Injection

BuKoHaB: cT.rp. IN3mM-23-1Kopobos I. P.
HaykoBwui KepiBHUK: gou. Kadpeppwm Ml Hazapos 0. C.

12 yepBHs 2025

Pucynox I'.1 — TutynpHU apKy1l (pUCYHOK BUKOHAHUM CAMOCTIIHHO)

W MMIcTEPCTBO XAPKIBCHAMA
w ‘ o OCBITH IHAYKH @ | ::::lm;ﬂ:n
- YEPAIHM NURE PATIOENEXTROHIK
.
Hocnig)XeHHA

* AKTyanbHicTb: 3pocTaHHA cKnagHocTi .NET-3acTocyHKIiE BWCYBaEe BMCOKIi BMMOrM Ao WBWMAKogii Ta
ed)eKTUBHOCTI BNPOBaXEHHSA 3aNexHoCTel;

» Mpo6nema: HenpaBunbHWA BUBIp DI-KoHTelHepa 4M KoHdirypauil »WTTEBMX UMKNIB NPU3BOAWTL [0
3HMXEHHA NPOAYKTUBHOCTI, 3aMBOro CNoXXWBaHHA PecypciB Ta NoriplweHHA KOPUCTYBaLbKOro AoCBiAy:

* 06’EKT: MexXaHi3Mu BNpoBafMeHHA 3anexHocTen y .NET-3acTocyHKax, AKi BNNIMBaOTE HA NPOAYKTHUBHICTL Ta
edeKTUBHICTb CUCTEMM;

* MpenmMeT: WUTTEBI LMKNK 06'ekTiB (Transient, Scoped, Singleton) Ta DI-koHTeiHepu (MS DI, Autofac, Ninject.
Dryloc), ix BNNMBE Ha WBMAKOAID;

+ MeTa: aHani3 i BU3HaYeHHs ONTUMaNbHUX KOMbGiHaUil DI-KoHTeRHepiB Ta MUTTEBMX LUMKIIE ANA NigBULEHHSA
npoayKTUBHOCTI .NET-3acTocyHKiB.

Pucynok I'.2 — Apkym «/locaimkeHHs» (pUCYHOK BUKOHAHUN CaMOCTIHO)




. MIHICTEPCTBO HAPKIBCHHMA
w ‘ O OCBITH I HAYKH | HALIOHANBHMA
- YKPAIHKM NURE ::;!n?l\:::;mﬂn
i
Ornap nitepatypu

MpoaHanizoBaHi AXepena MoXHa KnacudiKyBaTH Ha KinbKa OCHOBHMX rpyn:
* DyHpaMmeHTanbHi KoHuenuii DI: MapTiH ®aynep, Mapk CiMeH - KoHuenuii 10C, 3MeHLWeHHA 3B'A3aHOCTI, FTHYYKICTb
apXiTeKTyp#u.
* MpakTuHe BnpoBapweHHA DI y .NET: MapwHo Mocapac - pekomeHpauii wopo MS DI, ynpaBniHHA WTTEBMMM
UMKIaMK.
+ CtatTi Bnnue Dl Ha NpoAYKTUBHICTL Ta NiATPUMYBaHICTL: aHani3 MeTpuK | DI-KOHTeAHEpPIB Y BENWKWUX CUCTEMaX.
« OdiuiiHa nokyMeHTauUia Microsoft: pekomeHpaauii 3 onTumizauii DI.

MporanvHu B AocnipMeHHAX:
* BigcyTHICTb geTanbHOro aHaniay BrAvMBY KOMBiHaLii XXWUTTEBUX UMKNIB Ta DI-KoHTeAHepiB Ha NPOOYKTUBHICTD;
* Bpax 6eHYMapKie AnA oUiHKM NpoAYKTUBHOCTI DI Y NpakTUYHKX cueHapiax;
« ObMexeHa AOKYMeHTaUiqa woao eMbopy Ta HanawTyeaHb DI-KOHTelHepiB ANA CKNagHUX CUCTEM.

BuABneHi nporanuHKW nNigKPecnolTe BaMJIMBICTE CTBOPEHHA MNpPakKTUYMHUMX peKoMmeHpauid ana onTtumisadii DI, wo
LO3BONUTL 3aNOBHUTH BpaK 3HaHk | fONOMOXe po3pobHUKaM epeKTHBHIlWe peanizoeyBaTH DI y peanbHUX NPOEKTaX.

Pucynok I'.3 — Apkym «Ormsia mitepaTypu» (PUCYHOK BUKOHAHHM CaMOCTIIHO)

W MMICTEPCTBO XAPKIBCHKMA
w ‘ OCHITH | HAYKH ‘ mm:u'-i
B yxpainn NURE | Ioeerce "

NMocTaHoBKa 3apaui

* MpoaHanisyeaTH icHytoui DI-koHTeiHepu (.NET MS DI, Autofac, Ninject, Dryloc), BM3HauMBWMK iX ocobnueocTi,
nepesarv Ta 06MeXeHHs;

* BU3HaAYMTH BIUIME Pi3HUX XUTTEBUX UMKNiB o6'ekTie (Transient, Scoped, Singleton) Ha nNpoAyKTUBHICTL Ta
CNOXWBaAHHA pecypciB 3aCTOCYHKY;

+ PO3po6UTHU METOOUKY EKCNEePHUMEHTaNBHOro AoCiAMeHHA ANA NopiBHAHHA NPOAYKTUBHOCTI Pi3HMX KOHIrypauii;
* PeaniayBaTu TecToOBMI 3acTOoCcyHOK Ha nnaTdopmi .NET 3 BukopucTaHHAM ASP.NET Core;
* MpoBecTH cepilo eKCrNepUMEeHTIB i3 Pi3HMMK KOoMbBiHaUiaAMKu DI-KOHTeHHepIB | )UTTEBMX LUKNIB;

* ChopMynioBaTH NpakTUYHi pekoMeHgauii wono embopy DI-KoHTelHepie Ta HanawWTyBaHHA XUTTEBMX UMKNIBE ansa
onTUMizalii NpogyKTUBHOCTI.

Pucynox I'.4 — Apkym «IloctaHoBka 3a1a4i» (pPUCYHOK BUKOHAHHH CAaMOCTIHHO)
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- MIHICTEPCTRO XAPKIBCHEMA
P& ‘ o OCBITH I HAYKH | mm:}nﬁ
B yxeainm NURE PARIDENEXTPOHIKK
.
MeToponoria

MeToau pocnipeHHN:
+ TeopeTUYHWIA aHani3 MexaHi3Mie BENpoBaAMEHHA 3aNeWHOCTeR;
* PopmMmanisauis METOAWKWU TECTYBaHHA NPOAYKTUBHOCTI 3 BUKOpUCTaHHAM BenchmarkDotNet;
« Po3po6bKa KoHUenTyanbHoi Mogeni TecToBoro cepefoenua Ha ocHoei UML-pgiarpamu;
* MMpoeKTyBaHHA Ta NPoOBeAeHHA EKCNEepPUMMEHTIB 3 pisHUMKM KoHdirypauiamm Dl-koHTelHepiB | XUTTEBMX LUMKNIB
o6'eKTiB.

MeTpHKHM OLliIHKM Ta NOPIBHAHHA:

+ CepepHiii 4ac BukoHaHHs (Mean); « CnoueaHHA nam'aTi (Allocated);
* MegiaHHwii vac (Median); + KinbkicTe BMKNMKiB 36upada cmitTa (GenO, Gen1, Gen2);
+ MokaaHuku nepueHTunie (P90, P95); « MikoBi 3Ha4YeHHA Yacy BMKoHaHHs (Min, Max).

®opMyna edpeKTUBHOCTI KOHTelHepiB:

E = T X P
Rmea+@XCqiioc+PXGCiotai+yxa

Pucynox I'.5 — Apkym «MeTtoosorish» (pUCYHOK BUKOHAHUM CaMOCTIITHO)

‘ W MHicTEPCTBO KAPKIBCHRMA
w o OCBITH I HAYKM HAUKIHANBHHE
W yxpainm NURE | m‘ﬂ:";m-“
NMpoBeneHHA eKCrepuMeHTy
Mpouec pospoGl(u:

* CTBOpPEHHA EKCNEPUMEHTANbBHOID TECTOBOID 3acTOCYHKY Ha nnatdgopmi .NET i3 BukopucTtaHHam ASP.NET Core;

* [pOTOTUNYBAHHA KNHOYOBMX KOMMNOHeHTie (CRUD-onepauii, noryeaHHsa, KewyBaHHA) Ana peanicTUYHUX cueHapiis
HaBaHTaMeHHH;

* Kondirypauia DI-koHTerHepie (MS DI, Autofac, Ninject, Dryloc) 3 BMKOPWUCTaHHAM pPi3HMX MWTTEBMX LMKNIB
(Transient, Scoped. Singleton);

+ BuKoHaHHA cepii TecTiB 3 piKCOBAHWMKW NapaMeTpaMK Ta iTepaudiaMu;

¢ ABTOMaTH4HMI 36ip METPMK NPOAYKTUBHOCTI i3 3acTocyBaHHAM BenchmarkDotNet;

« AHanis pesynbTaTie 3a po3pobneHoto popMynot eheKTUBHOCTI.

BukopucTaHi TexHonorii Ta iHCTpyMeHTH:
« C#/.NET9;
« Autofac, Ninject, Dryloc, MS DI - gnsa TecTyBaHHA pi3HMX DI-KoHTEeHHEpIB ¥ AOCNiAMXEHHI;
* BenchmarkDotNet - ona npoeegeHHa TecTyBaHHA Ta 360py METPUK;
« Entity Framework Core - gns cueHapiiB CTBOpPEHHs Ta YMTaHHA AaHux B 6asi gaHux;
* Serilog - Ana cueHapiie NoryeaHHs;
* Microsoft.Extensions.Caching.Memory - ana cueHapiie KewyBaHHA.

Pucynok I'.6 — Apky «IIpoBefeHHs ekcriepuMeHTy» (PUCYHOK BUKOHAHUI
CaMOCTIHHO)




MIHICTEPCTBO
OCBITH I HAYKH
YKPATHM

¥ On

Onuc nporpaMHoro 3abeaneyeHHs

MpoToTun cepenosuwa:
+ Po3po6ka koHconbHoro .NET-3acTOCYHKY ANA 3anyCKy eKCNepuMeHTiB;
« IuTerpauis DI-koHTenHepiB: MS DI, Autofac, Ninject, Dryloc;
+ BukopucTtanHa BenchmarkDotNet ana 36ipy meTpuk;
« BcTaHoBneHHs dpikcoBaHUX KOHGIrypauin XXUTTEBUX LIMKIB Ta cepBiciB.

CueHapii HaBaHTa)XeHHA:
* CRUD-onepauii, KelwyBaHHS, NOryBaHHS;
« MosToptoBaHi iTepauii 3 warmup ans 3abeaneyeHHA CTaTUCTUUHOI 4OCTOBIPHOCTI;
* MapameTpu 3anycky: 1000, 5000, 10000 BuknuKiB.

36ip MmeTpuk:
« CepegHin yac, MefliaHa, MiHiManbHi/MaKCcMManbHi 3HaYeHHS;
« leHepauia GC (GenO, Gen1, Gen2);
« 06car BUAinNeHoi nam' aTi, NaTeHTHICTb, CTabiNbHICTb.

AHanis pesynbTarTis:
« MNobypoBa iHTerpanbHoi popMynu epeKTUBHOCTI;
+ MopiBHAHHA CTPATErii XXUTTEBUX LIMKNIB | KOHTENHEPIB;
» Bu3HauyeHHs ONTUManbHUX NOEAHaHb ANS peanbHUX YMOB eKcrnyaTauii.

AnapartHa nnatgopma:
¢ Intel Core i9-14900HX, 32 'b 0311, SSD

Pucynox I'.7 — Apkym «Onuc mporpaMHOTO 3a0e3nedeH s (PUCYHOK BUKOHAHUI

CaMOCTIHHO)

W MMICTEPCTBO
OCBITH I HAYKH
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W

BucokopisHeBUM ornag apxiTeKTypu TeCTOBOIro MPOEKTY

XAPKIDCHKMA

€r
PARIOENEXTPOMIXM

NURE |

BUMOT#M 10 TECTOBOrO 3aCTOCYHKY: Server | Vertical Slice Arcitecture

* ApxiTexTypa: BuKopucTtaHHa Vertical Slice Architecture
ANS MOAINY CUCTEMU Ha He3aneX<Hi Mmoayni.
+ Basza gaHux:

o 06car gaHux: ~200 000+ 3anucie Ana MoaentoBaHHSA
peanicTU4HUX YMOB;

o Tunosi onepauii: CRUD, cknanHi 3anuth 3
@inbTpauielo Ta COPTYBaHHAM;

o Mnatdopma: MS SQL Server ana 3abesneveHHs
BMCOKOI NPOAYKTUBHOCTI Ta CYMICHOCTI.

DI Containers

* IHCTPyMeHTH ANA TeCTyBaHHSA:
o BenchmarkDotNet: 36ip MeTpuk.
o Rider: BUKopucTOBYBaBcCs ANA 3anycKy Ta

Database

Testing tools a

0 BGnchmurkDo'Ne!

wertvi NET Kibeary far benchmars

npodinioBaHHa 6eHUMapKiB.

Service types
« DbContexts;

« Loggers;

« Caches;

« Stateless Services;
« Stateful Services.

—
SE

Pucynok I'.8 — Apky «BucokopiBHEBHI OTJIsiT apXITEKTYPH TECTOBOT'O IPOEKTY»

(pUCYHOK BUKOHAHUN CaMOCTIITHO)
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Pucynox I'.12 — Apkym «Pe3ynbrati — kenryBaHHsD (PUCYHOK BUKOHAHUN
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Pucynok I'.14 — Apkym «Pe3ynpTaTil — onepaiiii CTBOpeHHsD (PUCYHOK BUKOHAHUN

CaMOCTIMHO)
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Pucynok I'.15 — Apkyi «Pe3ynbpTaTu — onepaiiii CTBOpEHHs (PUCYHOK BUKOHAHUM
CaMOCTIHHO)

- MIHICTEPCTBO XAPKIDCHRKMA
w ‘ O OCBITH I HAYKH | HALIOHANLHMA
M vxeainm NURE wx&%“
mae
Pesyana'ru = onepaLill CTBOpeHHA
EdeKTUBHICTb KOHTEMHEPIB 3a/1eXXHO Bifl KiNIbKOCTI iTepauii Ta YXMTTEBOr 0 LIMKY
EMcency vs Reratons for Ldetme: Scoped Efficiency vs Rerations for Lietme: Singleton
LB
— 16
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Pucynox I'.17 — Apkym «Pe3ynbratu — onepartii Y4uTaHHs» (PUCYHOK BUKOHAHUN

CaMOCTIHHO)
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Pucynok I'.18 — Apkym «Pe3ynbratu — onepaiiii yntaHas» (pPUCyHOK BUKOHAHUN
CaMOCTIMHO)
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Pe3ynbTtaTu - onepawii YNTaHHA

EdeKTUBHICTb KOHTeHepiB 3a/1eXXHO Bif KiNbKOCTI iTepaLliil Ta YXUTTEBOrO LIMKAY

Efficiency vs lterations for Lifetime: Scoped

__ Effciency vs ltesations for Lifetime: Singleton
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Pucynox I'.19 — Apkym «Pe3ynbraty — omnepartii YnTaHas (PUCYHOK BUKOHAHUN
CaMOCTIHHO)

W MmHicTERCTRO
| OCBITH | HAYKM
W ykeainn

AHanis oTpyuMaHuX pe3ynbTarTiB

CniecTaBneHHA 3 WinAMH ROCNIAMEHHA:

« NinTeepaxeHo 3HauHWii BNnue snbopy DI-koHTelHepa Ha npopykTHEHicTs .NET-3acTocyHKie;

+ BuasneHo onTuManbHi KoHGIrypauii MUTTEBMX LIMKNIB 3aNeXHO Bifl TUNY HaBAHTaMEHHA.

Kniouosi BUCHOBKM:

+ Dryloc nokasae cTabinbHo BUCOKI pe3ynbTaTH y BinbluiocTi cueHapiie;
+ Microsoft DI npoaeMoHCTpyBaE BUILY WBMAKOAIK y CLeHapii CTBOPeHHA CyTHOCTel;

+ Autofac ederTHBHMIA NMwe B cneundiuHKx cueHapiax i3 noTpeboto B rHYYKiK Ta rNMBoKiiA KoHdirypauii, oAHaK BUABMB

cynepeunvei pesynsTaTH 3a YMOB BUCOKOIo HaBaHTaMEHHA;

+ Ninject BuaHaHo 3acTapinum Ta HenoOCTaTHLO E(HEKTUBHNUM PillEHHAM.

InTepnpeTauyia pesynbTarie:

+ Dryloc nouinbHo BUKOPHCTOBYBATH Y BUCOKOHaBaHTaXEHWX | NPOAYKTMBHO YyTNMBHMX CHCTEMAaX:
+ Microsoft DI € Hait6inbw cTabinbHUM | HaRifHMM pilueHHAM AnA TUNoBMX .NET-NpoekKTiB;

+ Autofac pekoMeHOYETLCA BUHOPHMCTOBYBATH BMGIPKOBO ONA CKNaAHNX CLeHapiis;

+ Bin euxopucTanHa Ninject pekoMeHAyETbCA BIAMOBNATHCA Yepes HeaKTyanbHICTL NiAXOAIB.

TeopeTHYHEe Ta NPaKTHYHE 3HAUYEHHA:

+ NMigTeepaeHo BaMAMBICTL 06rpyHTOBaHOro Bubopy DI-piweHHs npu npoexTyBaHHi .NET-apxiTeKTyp;
+ CchopmynboBaHo NpaKTUYHI pexoMeHAaaLlil Wwono BU6opyY KOHTeHepIiB BiANOBIAHO 10 KOHKPETHWUX BMMOT;

+ BuaHa4eHo BeKTOpPH NoAanbWKX AocnifXeHb ANA nornuéneHoro aanisy enavey DI Ha MacwTabosaHicTb | cTabiNnbHICTD.
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Pucynok I'.20 — Apkyi «AHaii3 OTpUMaHUX pPe3yJIbTaTiBy (PUCYHOK BUKOHAHHIM
CaMOCTIMHO)
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Pucynok I'.21 — Apkym «Ily6mikariis pe3ynbTaTiB» (PUCYHOK BUKOHAHUIN CAMOCTIIHO)

W MHICTEPCTBO @ XAPKIBCHKMA
OCBITH I HAYKHM HAUIOHATILHUA
| W yceainm ooyl
NURE | Pamoenextponmmu

My6nikauia pesynbTaTiB

PesynbTaTtv po6oTy 6ynu anpoboBaHi Ha HayKoBil KOHdepeHUii - «1 Mi)kHapoaHa HayKOBO-MpPaKTUYHa
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Pucynok I'.22 — Apkym «Ilybmikaris pe3ynbTaTiB» (pPUCYHOK BUKOHAHUI CAMOCTIIHO)
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Wl MHICTERCTRO KAPKIDERRMA

T HALIOHANNLHHA

o OCBITH | HAYKM | FHIBEPCHTET
YKPATHW NURE PARIGENEKTPOHIKM

BucHoBKM

Bnnue subopy DI-KoHTeiiHepiB Ha NPOAYKTHUBHICTD:
* Dryloc sabeanevyye BMCOKY WBWMAKOAIO Ta olWannvMBe BUKOPUCTaHHA pecypciB y binbwocTi cueHapiie:
« Microsoft DI - iHTerpoBeaHe piweHHA 6€3 CTOPOHHIX 3aNeMHOCTel, Wo 3abesneuye KOHKYPEHTHY WBMAKOLID;
* Autofac akTyanbHWIA y KOHTEKCTI CKNagHUX cueHapiie, ogHaK MeHW e(erTUBHWA Nif BUCOKWM HaBaHTaX)eHHAM:
= Ninject peMoHcTpye 3acTapinuia nigxin Ta HeBUMCOKY edeKTUBHICTb.

PexoMeHO0OBaHe BUHOPUCTAHHA UTTEBUX LLUKNIB!
* Singleton onTuManeHMit ANA cepeicie i3 BMCOKOIO NOBTOPIOBAHICTIO (NOryBaHHA, KeWwyBaHHA);
« Scoped HaiiKpalle NioxoauTb ANA YMTanbHMX onepadii, 3abeanevyioyun 6anaHc Mixk cTabinbHICTIO Ta NOBTOPHUM BMKOPUCTaHHAM;
* Transient ons WBMAKKWX | KOPOTHOMMBYYMX 06'EKTIB BE3 30BHILHIX 3aneXHOCTeN.

OuiHka KoMnpoMicie:
* BukopucTranHa Dryloc MoXe HeCTH pM3MKK Yepes BincyTHICTb odiliiHoi ninTpumkk Microsoft, npoTe 3abeaneuvye HalKpally WBMAKoAjO;
+ Microsoft DI npocTiwKi y niaTpMMUI Ta iHTerpauil, ane MeHLW rHy4KMIA ¥ HanawTyBaHHI CKNaaHUX cueHapiie.

Mopansbwi HaNpPAMKKW focnigeHb:
* AHani3a KoHdirypauin DI y KoHTeKeTi MiKpocepBIiCHWX apXiTeKTYp:
* MpaxTuHe pocnigxenHn Dryloc B yMoBax BUCOKOHaBaHTaMEeHHMX CHUCTEM;
* BuBYEHHSA MOMIMBOCTE NoAanbwoi ONTUMIZaLii UTTEBMX uMKNiB 06'exTiB y .NET-3acTocyHKax.

Pucynok I".23 — Apkym «BUCHOBKIY (pUCYHOK BUKOHAHUN CaMOCTIHHO)
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JOIAATOK I
Anpo0aiiist pe3ysbTatiB podoTu Ha KoHbepeHIii «HpopMalliifHi TEXHOJIOTIT Ta

aBToMartu3arisa — 2024»

VK 004.415.2

BILTHB J(KHTTCBHX HHKJIIB OL'CKTIB ¥ DEPENDENCY INJECTION HA
MNPOAYKTHBHICTh .NET-3ACTOCYHKIB
Kopobos LP. (ivan korobovi{@nure.ua)
XapKiBchKHil HAITIOHANEHUHA YHIBEPCHTET pamioeneKTpoHiku (Y KpaiHa)

YV mezax oocaioxnceno namepu Dependency Injection (DI), axuti € xmovosum y cynachux NET-
FACMOCYHKAX 0N 3a0eznenenns cradkozo 36'a3yeanis, mooyasnocmi ma mecmosanocmi. Pozzasnymo
enaue subopy Di-konmetinepa ma HalqQuIMyeanis MCUMmMESUX YUK 00'exkmia HA NPOOYKMUBHICMEb
sacmocynky. [lokazane, o nenpaguibiiti GUOIP MoXce NPUIBECMi A0 IHUNCEHHA RPOOYKIMUEHOCHT,
ocodauso npu pobomi 3 Gazamu danux, Okpecieno NOWUPERi ROMITIKI Ma HAOGHO Kpaug npaxmuxy, o
nigKpecHonms 8ANCIUGICME npasuishoce naraumysanna DI ona onmumizayil npodykmusnocmi NET-
FACMOCYHKIE.

¥ cyuacniii pospobui nporpamuoro sabesnedenns Ha niardopmi NET narepu Dependency
Injection (DI) € dynnamentansuum ans nobygoen rayukoi Ta macuraGosanol apxitextypu [1]. DI
CIpHAE cabKoMY 3B'A3YBAHHIO MiK KOMIIOHEHTAMH CHCTEMH, MOCTIIYIOMH TECTYBAHHA Ta MIATPHMKY
koiy. Ilpore BuGip koureiinepa DI Ta HanamTyBaHHA KHUTTEBHX UHKIIB 00'€KTIB MOKYTH CYTTEBO
BILINBATH Ha NPOJAYKTHBHICTH 3acTOCYHKY. BainBo mocHianTH npaBHibHe HanamTyaHns DI,
PI3HOMAHITHI JKHTTEBI LHKNH 00'€kTIB Ta ix BB Ha npoaykTueHicTs NET-3acTocynkis, ocobnnso npn
B3aeMOJIIT 3 Dasami JaHux.

Dependency Injection no3Bonse iH'€KTYBATH 3a1€KHOCTI B KOMIIOHEHTH 3aCTOCYHKY, HIO THABHLIYE
MOJYIBEHICTL Ta CIpOILYe 3aMily peatizaiiii Oes sMin y kofi kmentis. ¥ NET ekocucremi icnye barato
kouteiinepie DI, ermouaoun eOynoeannit Microsoft.Extensions.Dependencylnjection Ta croponHi
pitenns, Taki Ak Autofac i Ninject. Koden 3 HHX Mae cBoi ocoOIHBOCTI, AKi MOKYTh BIUIHBATH Ha
NPOAYKTHBHICTE Ta PECYPCOCNOMHBAHHA 3aCTOCYHEY.

Autresnii nuEa ob'ekTa BH3HAYAE, AK | KOJIH CTBOPIOIOTHCH Ta 3HHILYIOTHCA EK3EMIUIAPH CEPBICIB.
Y DI-konteiinepax juta NET 3a3pnuail nigrpumylorses raki &nrresi unkan [1]:

- Singleton, jie 0ZMH eK3EMILIAP CepBICY CTBOPIOETLCS [IPH MEPIIOMY 3aMHTI T4 BHKOPHCTOBYETBCS
POTArOM BCBOIO Yacy poboTH 3aCTOCYHKY;

- Transient, KonH HOBHIT eK3IEMIIIAP CEPRICY CTROPIOETLCS MPH KOXKHOMY 3arnTi;

- Seoped, e exzeMIUIAp cepBicy CTBOPIOCTBCS OJIHH pa3 Ha KoxeH sanut abo cecilo, HanpHKIaj,
HTTP-3anuT y Be6-3aCTOCYHKY.,

[pasuisuuii BHOIp KHTTEBOIO LHKIY JUIA KOKHOIO CEpBICY € KPHTHUHHM JUIA ONITHMIZallli
NpOMYKTHBHOCTI 3acTocyHKy. HemnpaBuibHe HanamTyBanHA SKHTTEBHX LUMKIIB MOMKE NPH3IBECTH 10
CYTTEBOTO 3HIKEHHS MPOMYKTHBHOCTI Ta BHHHKHEHHA CKIAQIHMX UM JiarHOCTHKH MOMHJIOK.
Hanpukinaj, nagMipHe BukopHeradHs Transient-ceppicis Moxe 30UIBIIHTH HABAHTHKCHHA Ha CHCTEMY
yepes 4acTe cTBOPeHHS o0'€KTIB, TOIi AK HeNpaBHIbHE BHKOpHcTaHHA Singleton mose npussecTH Oo
npobiem 3 norokoGeseuHicT o,

OcobIHBY YBArY clifl NPHAITHTH peecTparlii kKoHTekeTy ©azn ganmx (DbContext B Entity
Framework Core) [2]. Peccrpamin DbContext ax Singleton ¢ NommpeHold NOMHIKOI, AKa MOMKE
MPH3BECTH 10 BHHATKIB YEPE3 BIACYTHICTh MOTOKODE3NEYHOCTI, MOMKOKEHHA NaHNX, KOH(ITIKTIB MpH
KOHKYPEHTHOMY JOCTYIL Ta HaKONMYEHHA BUICTEXKYBaHHX 00'ckTIB, WO 301IBIIYE CIOKHBAHHA NaM'HT
Ta ynoBiIbHIOE onepattii. OnTHManbHEM pitnenHsM € peectpauia DbContext ax Scoped, mo 3abesneqaye
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OI\'PCMHE CE3CMILIAp 1A KOMHOIO  3allHTY, 3ano0IraloygH llpOGJlCMEiM 3 NOTOKOOE3NeUyHICTIO Ta
NOKPANIYIOYH NPOIYKTHBHICTS.

Ceppicn kemysauns [3] Ta 1HI KOMIOHEHTH, WO PALIOIOTE 31 CTATHYHHMH JaHUMH, MOBHHHI
OyTH 3apeecTpopadi Ak Singleton. Ile mozponse edexTHRHO BHKOPHCTORYBATH PECYPCH CHCTEMH Ta
3abeanedye KOHCHCTCHTHICTh JaHHX MK saluTaMmu. Jis cepBiciB, CTBOPEHHH AKHX € PECYpPCOMICTKHM
HpoLEecoM, CIIL] PO3rIMHYTH MOMKIHBICTE KelllyBaHus abo Bukopueranns Singleton, skmo ne Gesnedno 3
TOYMKH 30PY MOTOKODE3MeYHOCTI Ta BiZICYTHOCTI CTaHy.

Pucynok /1.1 — Ilepa cTopinka cTtaTTi (pUCYHOK BUKOHAHHM CaMOCTIIHO)
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CepBicH, 1110 MalOTh KOPOTKDYAcHHMil craH abo 3alemarh Bl KOHTEKCTY 3aluTy (Hanmpukiaj,
ceppicn apTenTHhiKanii Ta apTopU3awil), Haiikpame peecTpyeath Ak Scoped. Lle 3abeznmeuve izomamio
JIAHMX MIXK 3allHTaMH Ta 3anodirac BUTOKY KoH(1eHHHOT Hdopyaimi. Bescranni cepiicn, akuo BoHH
€ MOTOKOOE3MeUHHMH Ta He MICTATH CTAHy, 3aIeKHOTO BiI KopHeTyBada alo cecil, MOEYTB OYTH
sapeccTpoiaHi Ak Singleton s onTuMIzaNi Npo/yKTHEHOCTL.

Wlomo aporysanna [4], Bubip JKHTTEBOTO HHKITY 3aICKHTE Bil KOHKpeTHOI peamizamii morepa.
Barato norepie € nortokoGeineyHUMH Ta De3CTAHHHMM, 110 JI03BONHE peccTpyBaTH 1X sk Singleton.
Ilpote, axuie norep 30epirae cTan abo He € MOTOKOOCIMEUNHM, JOUUILHO BHKOPHCTOBYBATH Scoped abo
Transient skuTTeBHil WHED. Lle ocobmHBO BaskIHBO, AKIO Jorep 30cpirae KOHTCKCTHY iH(OPMAIiio,
CHENH(IYHY JUIA KOKHOTO 3anuTy.

JomaTKOBHM ACHEKTOM, AKHH BIUIMBAc Ha NPOIYKTHBHICTD, € CKAAAHICTL rpada 3anemnocTeii.
Tnuboxki ta pozranyixed rpadu MoxYTh 30UILIIYBATH YA€ 3ANYCKY 3ACTOCYHKY T4 CIIOMKHBAHHA ram'aTi.
OntumMizamia tpada sanckKaocTell MIMAXOM 3MCHIICHHA KITLKOCTI 3aMcKHOCTeH Ta BIpOBaIKCHIIA
thabpuaHNUX METO/IIE MOKE MOKPAITHTH NPOJIYKTHEHICTh.

[uramms OOTOKODCIICUIOCTI €  KPHTHYNHM —[OpH  BHKOpHCTamin  Singleton-cepBicis v
Dararonotounux cepejordmax. fMkno  Singleton-cepric  MmicTHTR craH, HeobOxiHO 3a0eznednTH
CHIIXPOMI3aIliio TOCTYIY A0 ILOTo cTamy abo YIHKAaTH 30CpITalnsd cTaly B3aram. BHkopHCTamis
NoToKODEINEYHHX KONEKIIH Ta MEXaHIIMIB CHHXPOHIIAIT JlonoMo®e 3anobirTH BHHHKHEHHIO BHHATKIR
Ta HenepebaYyRaHii MORE/IHIN 3ACTOCYHKY.

MomniTopunr Ta npoMiIOBANNA 3acTOCVIIKY 3 DBHKOPHCTAIIAM IICTPYMCITIB, TakHX AK
Application Tnsights abo Performance Profiler, nozronstork BusrRMTH npofnemui miciia, nor'azani 3 DL
Anams ¢TCKY BHKIHKIE Ta 9acy CTBOPCHId o0'¢KTIB JOMOMOMKC ONTHMIBVBaTH kKondirypamiio DI Ta
IMEHIITHTH HAKIIA/IHI BHTPaTH.

HOma  sabesmedennsd  ONTHMANLIO!  NpogyKTHBIOCTI NLET-3aCTOCVIKIE NOpH  BHEOPHCTAIII
Dependency Injection, pekoMeHIYEThCH IOTPHMYRATHCH HACTYTIHHX TIPAKTHK:

- peecTpypaTH DbContext Ta coppicn JoeTviny Jo Jaimx 4K Scoped 1/1g 3a0C3IeUCIn {30l Mk
FAMATAMH;

- BUKOPHCTOBYBATH Singleton i1 6¢3CTAINIMX T4 HOTORODCIICUIIHY CCPBICiB;

- zactocoryeatH Transient abo Scoped ®WTTER! 1MKIH AN CEPRICIE 31 CTAHOM, 3AIEWHO RIJ
crelnHIKH 3acTOCYHKY Ta HeobXITHOCTI 13008111 TaHHX;

- peecTpynaTH cepoicH asrenTadikamii Ta apropmianii sk Scoped nua zabesnedcnna 130IAIT
JIAHHX KOPHCTYRA4a MIJK 3aIHTAMH.

Bucuoskn. Perynapingii ayout kondirypamii DI Ta opodiTiopanng OpoIyETHBIOCT] J0NOMOKYTE
BHSBMTH Ta YCYHYTH TIOTEHIIAHI mnpoluemy, 3a0einedyloud  ONTHMATRHY pobOTY  3acTOCYHKY.
BuropucTanng oNHcAlHX KpallHX OpakTHK Ta yBakie Hanawryeanns DI nosponse cTBOpIoBaTH
RHCOKOMPOYKTHRHI, Ha/lIitHI Ta nerko niatpumyBaHi NET-3acTocyHKH, MAKCHMAITLHO BHKOPHCTORYIOHH
nepeparn  narepuy DI Ilpapunpimii BaOip SKHTTEBHX DHKME 00'€KTIE He JIHIIC ONTHMI3VE
NPOIYKTHRHICTR, ane i CcnpHAe cTBOpPeHHK Oinbin cTabinkHHX Ta MacmTabORAHMX CHCTEM, MO €
KPHTHYHO BRXIHBHM Y CYMACHOMY CRITI po3polKi nporpaMHoro abesneveHHs.
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Methodology for Selecting the Most Efficient DI Container to
Maximize .NET Application Performance

Ivan Korobov?® . Oleksii Nazarov?
* Kharkiv National University of Radio Electronics, Nauky Ave. 14, Kharkiv, 61166, Ukraine

Abstract

Dependency Injection (DI) 1s a fundamental architectural pattem m NET applications. However, the choice
of a specific contamner and its configuration directly affects system performance, stability, and resource
efficiency. This study provides a comprehensive analysis of the performance of four popular DI containers:
Microsoft DI. Dryloc. Autofac. and Ninject, evaluated across typical NET scenarios such as logging, caching,
object creation, and data reading. An integrated efficiency metric looks at how well a system performs by
bringing together three key factors: how much work it can handle (throughput), how consistently it manages
requests (request handling stability), and how well it uses resources (resource consumption). The experiments
showed clear differences in how contamers behaved under different types of workloads. These findings offer
important insights and practical tips for using containers effectively, especially in high-performance settings
where careful resource management is essential.

Keywords !
Autofac, Dependency Injection, DI containers, Dryloc, high-load systems, Microsoft DI, .NET, Ninject,
performance, resource optimization, service lifecycle

1. Introduction

In cloud and microservices environments, where millions of requests are processed per second, even
minor inefficiencies in dependency resolution can accumulate into additional seconds of latency and
substantial infrastructure costs [1]. The Dependency Injection (DI) pattern supports clean architecture:
however, the choice of container and lifecycle configuration ultimately determines whether the system
can scale effectively without performance degradation [2].

The recent advancements in software evaluation methods during the design phase enable us to detect
problems before they become major issues. The proactive method enables better optimization of
software architecture components. particularly dependency management. We can improve dependency
injection container configuration through expected workloads and architectural requirements to achieve
more efficient and reliable systems [3].

This work aims to investigate how the choice of DI container and service lifecycle configuration
influences performance, latency stability. and resource consumption in NET applications. and to
develop practical recommmendations based on the findings.

2. Methodology for evaluating DI container efficiency

To make a fair and defailed comparison of how different Dependency Injection (DI) containers
perform. a new metric called E has been created. This metric isn't just focused on how quickly requests
are processed: if also takes into consideration how stable the operation is and how much resources are
used. It aggregates key aspects such as throughput. uninterrupted operation stability. memory usage.
and garbage collection overhead into a single evaluation scale.
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where E — is the overall container efficiency:

T.. — is system throughput (requests per second):

P —is a stability coefficient reflecting the share of requests processed without delays;

Rineq — is median resolution time (ms):

Cailoe — 18 memory consumption (mbj);

GCippq — 18 a total number of garbage collections (Geng + Geny + Gen,):

A —is the latency indicator (Pys — Median):

a, 3,y — are empirically determined weighting factors normalizing components into a time-based
scale.

The formula is structured so that all resource-related indicators in the denominator are converted
into millisecond scale. ensuring fair comparison between solutions where high speed may otherwise be
achieved at the cost of excessive resource consumption. The weighting coefficients (a. . y) were
empirically adjusted to reflect the real-world impact of memory allocations and garbage collection on
overall system performance.

The proposed integrated efficiency metric provides an objective and balanced evaluation of DI
containers, considering not only peak throughput but also load stability and memory efficiency.
Practical use of the E metric allows avoiding solutions that achieve high performance at the cost of
disproportionate resource usage and supports balancing speed and resource efficiency critical for high-
load .NET systems, where even minor performance or resource deviations can scale info significant
infrastructure costs.

3. Experimental evaluation and analysis of results

The study examines four key scenarios that are typical for NET applications: logging. caching,
object creation. and data reading. Each scenario was evaluated under three service lifecycle
configurations: Transient, Scoped. and Singleton. The testing involved four widely used DI containers,
namely Microsoft DI, Dryloc, Autofac, and Ninject. Experiments were conducted at different load
levels (1,000, 5,000, and 10,000 iterations). with prior environment warming using BenchmarkDotNet
to reduce the impact of JIT compilation [4].

Particular attention was given to the data reading scenario. as read operations are the most frequent
and the most sensitive to latency in modern information systems. In this context, the load on the DI
container results not from the complexity of object graphs but from the frequency of dependency
resolution calls. which is especially important for systems operating under heavy loads. A detailed
analysis of the reading scenario therefore provides an objective view of the actal advantages and
limitations of each container under typical operating conditions.

The reading scenario container efficiency results are presented in Table 1 with average values shown
by service lifecycle. The table displays absolute numbers first followed by relative percentages which
base their values on Dryloc at 100%. The normalization standard allows users to easily compare each
container against the top performer while revealing their efficiency differences.

Table 1
Average container efficiency by lifecycle in the reading scenario
Container Transient Scoped Singleton
Dryloc 19.73 (100%) 37.4 (100%) 8.09 (100%)
Microsoft DI 12.22 (61.9%) 24.01 (64.2%) 4.71 (58.3%)
Autofac 0.94 (4.8%) 1.92 (5.1%) 0.39 (4.8%)
Ninject 0.23 (1.2%) 0.44 (1.2%) 0.09 (1.1%)

Microsoft DI maintains the second ranking across all modes because it strikes an excellent balance
between speed and stability. The high-frequency request environment requires minimal overhead
because Autofac and Ninject demonstrate substantially lower efficiency compared to other options.
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A performance degradation graph under increasing load was added to the analysis to deepen the
evaluation (Figure 1). The visualization shows how each container performs under growing iteration
mumbers which provides additional information about scalability and load resistance.

Efficiency vs Iterations for Lifetime: Scoped Efficiency ws Iterations for Lifetime: Singleton
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Figure 1: Container efficiency vs number of iterations by lifecycle in the reading scenario

The analysis reveals Dryloc begins with the highest integrated efficiency and shows the slowest
degradation as load increases. Microsoft DI provides a stable and reliable solution for situations that
require predictable scalability because it starts with lower performance but shows a steady performance
decrease. The performance of Autofac drops dramatically at 5.000 iterations because of its high memory
usage and regular garbage collection interruptions. The test results confirm Ninject’s technological
obsolescence because it maintains inefficient performance throughout all testing ranges which makes it
unsuitable for modern performance-sensitive systems.

Other tested scenarios revealed similar patterns. In logging and caching tasks. the Singleton lifecycle
combined with Dryloc yielded the best results, minimizing object allocations and slowing efficiency
degradation over time. This combination proves particularly advantageous for backend services
handling large volumes of telemetry data or cache hits. In the object creation scenario. however.
Microsoft DI unexpectedly took the lead. Its internal optimizations, such as compiled delegate factories
for dependency graphs. allowed it to perform faster instance creation compared to competitors.
Nevertheless, Dryloc remained a strong alternative, especially where memory conservation is a priority
or where extremely complex graphs are involved. Such conditions are often present in modular
enterprise systems with deep dependency trees. where resolution performance directly impacts response
time and resource utilization. Recognizing and optimizing for these patterns early can prevent
performance degradation as system complexity grows.

While Autofac remains popular for its flexible dependency configurations and powerful features like
child lifetimes and interceptors, its high instability under load restricts its practical use. It is best suited
for isolated modules that require complex resolution logic. rather than for entire high-load applications.
Ninject consistently exhibited subpar performance, making it unsuitable for new high-performance
applications.
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Overall. the findings emphasize that the choice of a DI container must be informed not only by its
features and ease of use but also by objective performance metrics under realistic conditions. Dryloc
and Microsoft DI. while offering different trade-offs, both represent robust choices for modern NET
applications, depending on specific project priorities like maximum efficiency or maximum simplicity.

4. Conclusions

The conducted study revealed significant differences in DI container behavior under load and
demonstrated that not all containers are equally suitable for modern high-performance NET
applications. Efficiency strongly depends on the service lifecycle configuration and workload nature:
scenarios dominated by read operations versus those emphasizing object creation impose different
requirements on the DI container.

Dryloc demonstrated the best overall balance between speed and resource efficiency across most
scenarios. making it an optimal choice for high-load, resource-sensitive systems. Microsoft DI
although trailing Dryloc in peak performance, showed high operational stability, predictable
performance degradation underload, and seamless integration within the .NET ecosystem. Its lack of
third-party dependencies and official support position as a practical and reliable option for most
applications, especially in corporate solutions with strict support and scalability requirements.

Autofac is appropriate only in cases where specific functional capabilities are critical. and
performance is a secondary concemn. Ninject was found to be technologically outdated and unable to
meet modern scalability and efficiency demands.

Importantly, the results highlight that even when optimal architectural patterns are employed.
incorrect DI container configuration can severely compromise a system’s scalability potential and lead
to unpredictable performance degradation [5]. This underlines the fact that performance is influenced
not only by the choice of containers but also by how services are registered and managed within the
lifecycle.

Thus. the informed selection of a DI container and the appropriate configuration of service lifecycles
are critical factors for ensuring stable application performance. The study demonstrates that container-
related overhead can become a hidden limiting factor in scalability. even when application logic is well
optimized. For this reason. performance validation of infrastructural components. including
dependency injection mechanisms, should be incorporated into early stages of system design and load
testing. The selection of a production-ready container requires evaluation of both raw performance and
long-term maintainability alongside integration effort and compatibility with existing architectural
patterns. A thorough evaluation method prevents future expensive redevelopment work and guarantees
the solution will function well under increasing system requirements.
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