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Abstract. With the growing sophistication of computer games, real-time events and
simulations are virtually a standard in today’s game architectures. What is needed is a way
to manage and execute multiple events per frame, or many times within a frames time-step.
A scheduler can manage update of the objects in a very flexible fashion, as well as facilitate
a modular approach for extensibility. Given paper describes a way to optimize objects
update using specially developed frame pipeline, internal optimizations inside objects and
scheduling of updates. In the given system tasks would run only on some frames. Frame
consists of several stages such as Serial, MT and End of the frame. In this work we have
described all pros and cons of the mentioned parts of the frame. Also work presents
scheduler technology which allows objects to be updated with gaps but still be responsive
and with minimal visual or logic lags.

Keywords: CPU, optimization, multithreading, video games, objects update system

ONMTUMI3OBAHA CUCTEMA AMNAEWUTY FrEAM OB’EKTIB ANA BIAEO

IFOP

Mapkoe 4. K, HTYY 'Kl imeHi lzops Cikopcbkozo”, Kuie, YkpaiHa,
markov.dmitriy.dev@gmail.com

Poeo3za B. C., [l m.He.,npoch. HTYY "KT1l imeHi lzops Cikopcbkoeo”, m. Kuis, YkpaiHa
rosvetnik@gmail.com

AHomauisi. YnpaerniHHsa nodismMu 8 epi, makumMu SIK 3MIiHU aHiMauii i 3imKHEeHHSs
ob'ekmig, Moxe O6ymu ckrnadHUM 3ag0aHHSIM, SIKUWO 8U He po3yMmieme, SIK BOHU
cmpykmypoeaHi | peanizogaHi. L{a cmammsi nokaxe eam, SIK MnaHysaslbHUK OOrMoMOoXe
sawlill ieposuti cucmemi crmamu 6ifibW opeaHi308aHo0 | eHy4YKoK. Di3uyHe MOOEeTH8aHHS,
aHiMauyisi TepCoHaxxie, 8UsI8/IEHHS 3IMKHEHb, ieposull WumyYHUU iHmenekm i peHoepuHe - ue
nuwe Kinbka npuknadie ieposux mMmexHosoail, fAKi MOXymb ompumamu 8u2ody 3
8UKopuUCMaHHs rnnaHysarnbHuka. Yac - eaxnusul ghakmop 6 komm'tomepHux iepax. [Npu
3MiHI comeHb oKkpemMux ob'ekmig i npouyecie 8 pi3Hi NPoOMiXKU Yacy bazamo Xxmo 3 yux
mexHorsoeill ModeritgaHHs MOXymb cmamu Had3dsuyalHo cknadHumu. Hanpuknad,
cumynsayis gisuku posbueae Yac Ha Hegernuki OUCKpemHi iHmepeaarnu 07151 KOXHOo20 06'ekma,
wob oHosumu pyx ob'ekmis. ModentosaHHsi mario 6 Habazamo 6inbw GUCOKY cmyrliHb
moyHocmi, kbu 003ein 3a Yacom 6yno 6inbw moyHum. OCKinbKU 8 Uil cumyauii Kirlbka
0b6'ekmie i mumyacosux iHmepegarnie 06pobsiromMbCs 00HUM | MUM e KOOOM riaHy8aHHSs,
HaliliHicmb Mae supiliasibHe 3Ha4YeHHs Or1s1 3arobicaHHS 8Y3bKUX MICUb MpU M1aHy8aHHiI. 3
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pocmom cknadHocmi Komm'tomepHux ieop nodii i cumynsauii 8 peanbHOMYy 4aci cmanu
npakmu4yHo cmaHOapmoM 8 CydacHUx ieposux apximekmypax. Lo HeobxidHO, mak ue
criocib ynpaesnamu i 8UKOHysamu Kirlbka rnoditi 3a kadp abo 6acamo pasie 8 Mmexax
mum4yacoeoe20 KpokKy kadpy. [lnaHysanbHUK MOXe Oyxe 2HYyYKO yrnpaesssimu OHOBIIEeHHSIM
06'ekmis, a makox cripusimu mModysribHOMY ridxody Ao po3wuprogaHocmi. Y daHit cmammi
onucaHul croci6 onmumizauii 8iOHO8/IEHHST 00'€kmie 3 SUKOPUCMaHHSIM crieuiasibHO
po3pobrieHo20 KoHeeepa Kadpie, 6HympiWHbOI onmumisauii ecepeduHi o6'ekmig i
nnaHysaHHs1 OHoerieHb. Y QaHil cucmemi andelimu rpoxo0smb MifbKU Ha OesiKux
petivax. Kadp cknadaembcsi 3 O€KinnbKOX 4YacmuH, makux sk CepiasibHa 4YacmuHa,
bazamonomouHa YyacmuHa i KiHeub kadpy. Y uiti pobomi mu orucanu &ci rnmawcu i MiHycu
32adaHux YacmuH kadpy. Takox e pobomi npedcmasrieHa mexHooaisl rnnaHysarnbHUKa,
sika 00380s155€ OHO8MI08amu 06'ekmu 3 Nponyckamu, asne rnpu UboOMy peazyeamu Ha HUX 3
MiHiManbHUMU 8i3yanbHUMu abo f102iyHUMU 3ampumMKamul.

Knrouoei cnoea: LY, onmumi3zauii, 6azamornomoyHicmsb, 8ideo iepu, cucmema
andelmy o06’ekmig
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AHHOMauyus. YnpaseneHue cobbimusiMu 8 ugpe, makumMu Kak USMeHeHUs1 aHumauyuu u
CMOJIKHOBEHUST 06BEKMo8, Moxem bbimb CHIOXHOU 3adayel, ecru 8bl He MOHUMaeme, Kak
OHU CMPYKMypupo8aHb! U peaniu3o8aHbl. dma cmambs MOKaXem 8aM, KaK rniaHUpoBUUK
rnomoxem eaweli ueposol cucmeme cmamb 6osiee opz2aHU308aHHOU U e2ubkod.
@usuyeckoe ModesiuposaHue, aHUMauusi nepcoHaxel, ObHapyXeHue CmOJIKHO8EHUU,
u2poeoU UCKYCCMBEHHbIU UHMEesIeKm U peHOepuHa - 3mo JUlib HECKOSIbKO rpumMepos
u2poBbIX MexHoso2ul, Komopbie Mo2ym u3eriedyb 8ble00y U3  UCIMO/b308aHUS
nnaHuposwuka. Bpemsi - 8axHbili hbakmop 8 KOMIMbIMeEpPHbIX uegpax. [lpu uameHeHuUU
comeH omaoesibHbIX 06BLEKMO8 U MPOUECCo8 8 PasHbIe MPOMEXYMKU 8peMEHU MHOaue U3
3amux mexHosoeuli MoOeupo8aHUsi Mo2ym cmamb 4Ype3sbiyalHo CoXHbIMU. Hanpumep,
cumynayus ¢usuku pasbusaem epems Ha Hebonbwue AuckpemHble UHMepsasbl 05is
Kaxxdoeo obbekma, 4mobbi 06Ho8UMbL d8uXXeHuUe obbekmos. ModenuposaHue umersno bbi
20pa300 6osiee 8bICOKYO CmerneHb Mo4YHocmu, ecru bbl pa3peweHue no epemMeHu 6birno
b6onee moyHbIM. [1oCcKOMIBKY 8 3mol cumyayuu HEeCKONbKO 0OBbEeKmoe U 6PeMEeHHbIX
UHmMepesanos obpabamsbigaromcss OOHUM U MEM Xe KOOOM r/1aHUupo8aHusi, HalexHOCmb
umeem peuwarouwjee 3HadyeHue 05151 npedomepalieHus y3KUx Mmecm rpu niaHuposaHuu. C
pPOCMOM CII0XKHOCMU KOMIBbIOMEPHBIX U2p coObIMus U CUMysayuu 8 peasbHOM 8peMEHU
cmanu rnpakmu4yecku cmaHd0apmoM 8 COBPEMEHHbIX U2Po8biX apxumekmypax. 4Ymo
Heobxoldumo, mak 3mo crnocob yrpaensime U 8bINOMHAMb HECKObKO cobbimull 3a kadp
usiu MHO20 pa3 8 rpedesiax 8peMeHHO20 Wwaea Kadpa. [1naHuUpPoBUUK MOXem O4eHb 2UbKo
ynpaensme 0bHosrneHUeM 06beKMOo8, a makxe criocobecmeosame MOOYIbHOMY 10OX00Y K
pacwupsiemocmu. B OdaHHOU cmambe onucaH crnocob onmumu3ayuu O0b6Ho8eHUs
0b6beKmMoO8 C UCMOoIb308aHUEM crieyuanbHO paspabomaHHO20 KOHgseliepa Kadpos,
g8HympeHHel onmumusayuu 8eHympu ob6bekmos u niaHuposaHusi obHosneHuUl. B 0aHHoU
cucmeme andelmbl POxXo0sim mMOJbKO Ha HeKomopbix ¢hpeltivax. Kadp cocmoum u3
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HecKornbKux dacmell, makux kak CepuanbHasi yacmb, MHozonomyHasi yacme u KoHeu
kalpa. B amol pabome Mbi onucasnu 8ce rnochl U MUHYCbI YITOMSAHYMbIX Yacmel kadpa.
Takxe 8 pabome npedcmasrieHa MexHOO2US /1aHUPOBUUKA, Komopasi o3eossiem
0B6HOB/M1IMb  06BbEKMbI C [pPOMycKkaMu, HO [pu 3MOM peasuposamb Ha HUX C
MUHUMaITbHbIMU 8U3YyallbHbIMU UMU JI02UYECKUMU 3adepXKKamu.

Knroyveesnlie cnosa: UMY, onmumu3zayuu, MHO20MOMmMo4YHoCmMb, 8UOe0 Uepbl, cucmema
andelima ob6bLekmos

Introduction

Managing events in a game, such as animation changes and object collisions,
can be a difficult task if you don't understand how they're structured and
implemented. This article will show you how a scheduler will help your game system
be more organized and flexible.

Physics simulations, character animation, collision detection, game Al, and
rendering are only a few examples of game technology that can benefit from using
a scheduler. Time is an important factor in both of these innovations. With hundreds
of individual objects and processes being modified at different time intervals, many
of these simulation technologies may become extremely complex. For instance, a
physics simulation will break down time into small, discrete intervals for each object
in order to update the objects motion. The simulation would have a much higher
degree of accuracy if the time resolution is finer. Since several objects and time
intervals are handled by the same scheduling code in this situation, reliability is
critical in avoiding scheduling bottlenecks.

The scheduler's ability to add and delete items on the fly is another essential
feature. This allows new entities to join a game and participate in simulations
alongside the rest of the game's entities without missing a beat, before being
removed from the schedule when they are no longer needed.

Structure of the frame

The main goal of all this optimization is to achieve best performance with
minimal losses. Scheduler is the one who will distribute load among the frames —
this process is called throttling. The other thing that will help us in optimizing is multi-
threading. Modern computers have at least 8 logical cores and it becomes common
to see PC with 16-24 logical cores. So we have to use most of it for our system. In
order to achieve best multi-threading we have to do some work on structure of the
frame and find best solution to thread count and their tasks.

Structure of the frame: Threads

In our system there are two types of threads: primary threads and worker
threads. Each primary thread is locked on particular logical core, which means that
nobody can override out primary tasks. Workers, on the other hand, are not locked
at all and they can migrate to any core they want. Priority-wise primary threads have
greater priority so workers won’t conflict with them.
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The best performance we have managed to get with the next setup: 4 primary
threads and, using num_logical as number of logical cores in CPU on current
machine, we have to spawn:

int num_primary = 4;
int cpus_left = num_logical - num_primary;
int num_workers = cpus_left - cpus_left / 4

This is needed because system sometimes wants to do something and if this
work will be scheduled on the CPUs with primary threads — we will be stalled for the
duration of that work. For example, basic interruption for mouse or keyboard can
hold the core for 2-3 ms on average. If we are targeting 60 fps, we have only 16.6
ms for the whole frame and 2-3 ms is crucial on the primary cores.

Primary threads consist of: Primary, Secondary, R-Backend and Physics.

Primary is a thread that controls all engine — the main task of this thread is to
start a new frame after we have finished previous. After that he initiates some initial
stages of which we going to talk in the next chapters. Also render pipeline is initiated
in this thread. One more important thing that lies on Primary thread is
synchronization of all other threads we going to talk about later.

Secondary is a parallel helper thread for Primary — initial stage of the frame and
some surpassing work is lying on his shoulders.

R-Backend is dedicated almost only for render tasks processing.

Physics thread, same as R-Backend, prioritises physics tasks over all other.

Workers threads are have only one purpose — they are working on tasks that
were pushed into our task pool which is called ‘mtrpc’ which is stands for Multi-
Threaded Remote Procedure Call. All of the primary threads are also working on
this task pool while they have no ‘own’ tasks left, for example, R-Backend can work
in ‘worker-mode’ when there are no render tasks left.

Structure of the frame: Frame stages

Frame is divided in three main parts: Serial part, MT (multi-threaded) part and
End of the frame. Each of them has their unique purposes and unique pros and
cons for using.

Serial part

Serial part is needed for synchronization purposes, that is why it is the most
expensive and almost single-threaded part. On this part of the frame we are
updating console, state of save if there are any, weather, HUD items, deferred
actions (attach, detach, etc.), serial queues (clones, actions from visual scripting
logic, etc.), bullet manager, garbage collect and many others. All of these tasks are
updating in specific order so the behaviour of the system here is strongly
determined. The last but not the least thing that lies on this part is to spawn objects
update tasks — they won’t be processed on this stage, but we are getting prepared
for the next one. Regularly, this part takes up to 2-5% of the frame time.
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Fig. 1 - Serial part visualization

Pros of Serial part:

¢ No synchronization needed

e The most protected part (no mt actions, no object deletion)

o Fully determined actions sequence (no reordering, no data racing)

Cons of Serial part:

¢ Time spent here can be almost multiplied by the number of threads, because
there is no MT and other threads are simply waiting

MT part

MT part is needed to speed-up the process of update of all engine. This part
relies on maximum usage of all CPU resources and in order to achieve that we have
to aim our MT usage to its limits. That idea lies in the foundation of our update
system and scheduler itself and it will be described deeper in the next chapters. For
now, all we have to know that here we are processing 90-95% of the frame, our
objects updates, logic, animations, skeletons, transforms, hierarchies, particles and
many other tasks. e — | .
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Fig. 2 - MT part visualization
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Pros of MT part:

e Maximal usage of CPU cores, smaller tasks integrates between larger ones

e The cheapest part of the frame (no stalls for other threads should be applied
when task is executed on particular core)

Cons of MT part:

e Minimal sync allowed, locks only for very short amount of time, preferably
spin-locks

¢ All sync-related actions (like change of hierarchy state) should be delayed to
the serial part

e Minimum dependencies

¢ Requires maximum jobs distribution in order to be efficient

End of the frame

End of the frame (EotF) is a small part of the frame needed for only one reason
— minimize input latency (but there are some other tasks as well, like update of brain
unit storage and others, but they are not performance critical). We have to update
input in the closest moment to the next frame, so we can send data to the GPU to
render it. But input is not going there by himself, we have to update camera, player,
his items and a bunch of other stuff in order to get synchronization of all input-
dependent features. Basically this part is a MT part with a grain of Serial part. To
start this part we still have to wait for most of the MT tasks, because we can'’t
synchronize anything before the end of MT.

Render/S-EOF Render/END
[cgane: son frameend
I | TR

hud-1 hud-2

Fig. 3 - End of the frame part visualization
Pros of EotF part:
e Closest to the new frame so it is best place for input
o Still can be executed during part of MT work
Cons of EotF part:
¢ Should wait for vital tasks like update of player
e Might have poor MT if there is no work has left from MT part
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Update of objects

Update of a single object consists of a sequence of three stages: update xform,
update state and update dependencies. Update xform is basically an update of
position, rotation and scale of an object. Update state updates all kinds of logic.
Update dependencies is the most expensive part which updates skeleton and
animation of the object.

Update
Xform

Update

Update State ;
- Dependencies

Fig. 4 - Update of object parts visualization

It is important to mention that our objects are not being updated one by one. All
objects belong to hierarchies and objects are updated by hierarchies. So each
update individual, but only hierarchy can be updated on frame, so we don’t have
any problems with desynchronization of objects in hierarchy. Start of hierarchy
update is an update of root object. On the end of this update root object creates
tasks to mtrpc for all of his children. Same procedure will be applied recursively to
children. That idea allows us to simultaneously update objects from one level of the
same hierarchy (assuming one-level objects should not influence each other directly
without synchronization) and hierarchies can be simultaneously too. That allows us
to utilize all cores of CPU quite well and minimize time spent in MT phase.

Scheduler

By this point we have good threads idea, simultaneous update thus good multi-
threaded performance. But on big levels we can have thousand (literally thousands)
of objects which need updates. So we have to minimize time spent on update
without visible difference (or very small). Proposed method called throttling. It can
be applied to hierarchies to maintain load among frames. For example, there are
100 objects and we can handle only 10 of them per frame. In the primitive approach,
we just update each object once per 10 frames which will solve our performance
issue, but will bring us stuttering and glitches. Then, let’s try to do ‘weighted
throttling’ where each objects will have some kind of mark which means ‘how often
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should it be updated”. In the next section we will go deeper into this idea and rules
which will bring us desired behaviour.

Scheduler: Types of update
On the first step scheduler divides objects in two big categories ‘RTP’, which
stands for ‘realtime priority’ and ‘NRM’ — ‘normal priority’. RTP objects should be
updated on every frame, these are NPCs, logic objects that directly influences
anything in the current view frustum, etc. NRM objects can be updated with gaps —
these we are going to optimize hard.
NRM objects can go to ‘sleeping’ state, which means they haven’t moved in the
last 0.5 second. This flag later will be used to lower priority of the object’s update.
For flying creatures there is a cheat, because they are much more visible and
all their lags are much more noticeable.
The main tweaking point is determination if object is realtime or not. The best
rules that were developed are listed below:
o Realtime — important objects
o If object has been rendered
= |f dist < 55m
= |f dist < 275m & (!sleeping | flying)
= |f Isleeping & flying
o Ifdist<11m
o If dist <33m & Isleeping
o Normal — other objects
o Dist_coef = dist_to_cam - radius
o Update _time = 15..1000 ms

Conclusion

With the growing sophistication of computer games, real-time events and
simulations are virtually a standard in today’s game architectures. Paper presents
a way to manage and execute multiple events per frame, or many times within a
frames time-step. A scheduler can manage update of the objects in a very flexible
fashion, as well as facilitate a modular approach for extensibility. Given paper
describes a way to optimize objects update using specially developed frame
pipeline, internal optimizations inside objects and scheduling of updates. In the
given system tasks would run only on some frames. Frame consists of several
stages such as Serial, MT and End of the frame. In this work we have described all
pros and cons of the mentioned parts of the frame. Also work presents scheduler
technology which allows objects to be updated with gaps but still be responsive and
with minimal visual or logic lags.
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