Others

Lap trinh bat dong bo
Lap trinh bat dong bo la ky thuat 1ap trinh cho phép dung tién trinh ma khéng chan luéng chinh.
e async la tir khéa dung dé€ khai bdo phuong thirc bat dong bd. Phuong thic bat dong bd co
thé tra vé gia tri hoac khong.
e await cho phép nhudng quyén diéu khién va ti€p tuc thuc thi khi tdc vu hoan tat.

Tac dung:

e Gilr Ul/Gameplay mugt khi chg 1/O (HTTP, file, DB).
e Dé chay déng thoi nhiéu 1/0 véGi Task. WaenAl | (... ).
e P3y viéc CPU-bound ra nén bang Task. Run(...).

Uu diém:

e Code tuyén tinh, dé doc.

e Khéng block thread — scalable.

e HO6 tro hly (cancel I ati onToken) va gom I6i chudn.
Nhuogc diém / Léi hay gap:

e .Result/. wait() trén main/Ul -» deadlock.

e async void (trir event) khé bat 16i.
e DONg bO hod context phirc tap (can trong Confi gureAwait (fal se) trong lib).

UniTask

UniTask la thu vién async t6i vu GC cho Unity. Cung cap awaiter cho AsyncOperation, Uni t yWebRequest
, Addressables... va tich hgp PlayerLoop.

Tac dung:

awai t truc ti€p Unity API (load scene, asset, web request).

Gidm cap phat so véi Task.

Diéu khién thoi diém tiép tuc (Update/LateUpdate/FixedUpdate).
HUy theo vong ddi object: Get Cancel I ati onTokenOnDest roy() .



Uu diém:

e Hiéu nang/GC tot, sat Unity main thread.
e APl phong phu: uni Task. WienAl |, Del ay, Yield, . Forget (handl er) .

Nhuogc di€m / Luu y:
e Thém phu thu6c vao bén thi ba.
e Can quan ly PlayerLoop & hiy dang cach dé tranh leak.

e Fire-and-forget phai log/bat 16i (. For get (ex => LogException)).

Goi y nhanh:

I/O: tao nhiéu tac vu - WenA | .

CPU: Task. Run.

Tranh . Resul t /. vait (); trdnh async void.

Unity: uu tién UniTask, luén dung cancel I ati onToken gan vong ddi object.

Garbage Collection (GC)

GC la b6 thu gom rac ty déng ctia .NET quan ly vong doi doi tuong trén managed heap. GC tu
phat hién doi tugng khéng con tham chiéu, thu héi bo nhd, va (thuong) nén viung heap dé giam
phan manh.

Cach ho?t ??ng

e Phan tang:
o Gen0: ngan han, dugc don dep thudng xuyén va rat nhanh
o Genl, Gen2: trung han va dai han, d{t liéu khong bi don dep & GenO sé dugc chuyén
lén Genl va Gen2. Nhitng tang nay it bi don dep hon. Khi don dep sé tén thoi gian
hon.
e LOH (Large Object Heap):
o Dt liéu = ~85KB cép phat & LOH;
o DU liéu nay thuong khéng nén mdi lan GC. Bugc sap xép lai mdi lan don dep.
o C6 thé gay phan manh
e Tam dung (STW): D€ ddm bao don dep hiéu qua GC sé yéu cau chuong trinh tam ding
dé don dep.
e Thoi diém kich hoat:
o Khi thi€u bé nhé dé cap phat, ap luc boé nhé cao.
o Khi goi ac col lect () (khéng khuyén khich).

Destructor & | Di sposabl e

o destructor (~Type()): chay khéng xac dinh théi diém trén thread GC; chi dung khi giit
tai nguyén unmanaged.



e IDisposable/using: gidi phdng tai nguyén dung luc (socket, file, handle...). V&i unmanaged,
dung pattern bi spose + Saf eHandl e.
e Quy tac: Uu tién Dispose; chi dung destructor nhu “lugi an toan”.

Nh?ng hi?u I?m th??ng g?p

e “DUNQg GC. Col lect () la téi uu” — Sai: thuong lam té hon vi tdang STW.

 “Dung List/Dictionary dé tranh phan manh” -» Khéng chinh xac: GC mgi x(r ly phan
manh; van dé I6n & LOH va pinning.

e “GC lubn chdm” - Phu thudéc mau cap phat; t6i tu mau cap phat thuong hiéu qua hon
“tat/bat” GC.

Best practices

o Giam cap phat: tai sir dung buffer; dung ArrayPool <T>, StringBui | der, cache hagp ly.

e Tranh boxing (struct —» object), trdnh LINQ tao rac trong hot path.

e Chu y vong doi tham chiéu: ding gilr tham chiéu 1au “v6 tinh” (static cache, event
khong huy dang ky) - doi tugng 1én Gen2.

e LOH: han ché tao nhiéu mang Ién; chia nhd/thué tir ArrayPool <T>.

e Pinning (fi xed, GcHandl eType. Pi nned): dung it - pin lau gay phan manh.

e API hién dai: span<T>, Menory<T>, Readnl ySpan<T> cho xt ly d{t liéu khong cap phét.

» Thiét 1ap GC:
o Server GC (dich vu/da nhan nang) vs Workstation GC (Ung dung desktop).
o GCLat encyMbde. Lowtat ency/TrySt art NoGCRegi on chi dung ngan han, c6 ki€ém soat.

V21 Unity

e Incremental GC (Unity 2019.3+): gidm thoi gian dimng bang cach chia nhé céng viéc GC.
Bat trong Project Settings > Player > Garbage Collector.

e Tranh cap phat moéi frame:
o Khéng tao string/new trong updat e(); tranh LINQ/closure/boxing trong updat e() .
o Dung object pooling cho bullets, VFX, particle, v.v.
o Uu tién struct/Burst/DOTS cho luéng hiéu nang cao.

 Profiler: theo d&i cc. Al 1 oc va spikes; kiém tra callsite gay rac.

o Addressables/Assets: gidi phdng ding cach (Rel ease/Unl oadUnusedAssets) d€ giam ap luc
heap.

Checklist t?1 ?u GC

e Khong goi PN . (i that can.

e Don (unsubscribe) dé tranh gitr tham chiéu lau.

e Dung ‘—/“ cho tai nguyén ngoai managed.

e Pool h6a bdé nhG & déi tugng “ngan han néng”.

e Tranh cap phat trong m/hot path; kiém tra bang

e Can trong véi & ; uu tién chia nhé hoac ‘m

e V&i Unity: bat khi phtu hgp, tranh tao rac frame-by-frame.



T6i uu GC = téi uu mau cép phat + quan vong doi tham chiéu, khong phai “goi GC nhiéu
hon”.
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