Dai Hoc Khoa Hoc Tu Nhién
KHOA Toan-Co-Tin hoc

1

Z
=
I
=z
>
=
(S}
(o}
I
&

BAO CAO GIUA KY
Implementation Plan Report

Mon hoc: Xay dyng phan mém
Giang vién huéng dan: Hoang Anh Diic
Thanh vién:

e Ta Van Son — MSSV: 22000124

Nguyén Cong An — MSSV: 22000068

Mai Van Phuong — MSSV: 22000115

Dao Thanh Quang — MSSV: 22000118

e Tran Hoang Ditc — MSSV: 22000089

e Phing Hitu Uy— MSSV: 22001654

Ha Noi, 2026




Muc luc

[l Tong quan v muc tiéu hé thong

[2 Phan tich ngudi dung va use-case]

2.1 D61 tuong ngudi dUungl. . . . . . .o

(3.1 Frontend (React + TypeScript) . . . . . . . .. ... .. ... ...
(3.2 Backend (Python / FastAPI)| . . .. ... ... ... ... .........
(3.3 Solver Layer (PARIS + Docker) . . . . . . ... ... ... ... ...

4 Thiét ké giao dién ngudi dung (UI/UX)|

6 hinh di¥ liéu va luong xit ly

5 Mo hinh di liéu va | 1
5.1 Céu tric dit lieu chinh| . . . . . . .. ...
5.2 Luong xt 1y chi tiét|. . . . . . . . ...

6 K& hoach phat trién theo sprint (10 tuan))|

[7 Phan cong nhiém vu chi tiét|

I8 Cong nghé st dung]

[0 Trién khai va tdi wu chi phil

[10 Quan ly rii rol

10




1 Téng quan va muc tiéu hé théng

Du 4n huéng t6i viéc xay dung mot ting dung web tuong tac (webapp) cé kha nang giai
thich co ché hoat dong ciia solver PARIS trong bai toan Independent Set Reconfigu-
ration (ISR). Khong giéng cac he thong chi cung cap két qui dau ra, hé thong nay tap
trung vao viec minh bach héa toan bo pipeline: tit biéu dién bai toan, qua trinh ma héa
sang PDDL/SAS+, dén cach planner tim kiém 16i giai hodc chiing minh vo nghi¢m.

Muc tiéu chinh ctia hé théng bao gom:

e Cung cap giao dieén dd hoa dé nhap do thi G = (V, E), tap start I, va goal I, thong
qua thao téc click/drag-and-drop, khong yéu cau ngudi dung biét dinh dang file.

Chay thuec su solver PARIS trén backend cho cac instance nho (n < 50) va hién thi
két qua tryc tiép tir log thue thi.

Truc quan hoa ting bude token jump trong chudi reconfiguration thong qua sequence

player c6 animation.

Giai thich thuat toan PARIS & cap do khai niém va chi tiét ky thuat, bao gom ma
héa PDDL/SAS+, heuristic search v6i landmarks, symbolic search bang BDD, va

counter abstraction.

e DAam bdo toan bo hé théong hoat dong véi chi phi van hanh gan bang 0, wu tién nén

tang free-tier va ma nguon mdo.

2 Phan tich ngudi dung va use-case
2.1 Do6i tuong ngudi dung
Heé théng phuc vu ba nhém déi tuong chinh:

e Sinh vién / nha nghién citu méi: Mudn hicu mé hinh héa reconfiguration, tai

sao ISR dugc giai bang planning, va ¥ nghia cac thong ké dau ra.

e Ngudi dung solver: C6 instance nho va mudn hieu vi sao solver két luan reach-

able/unreachable, vi sao chay lau, can xem log va chudi két qué.

e Giang vién: Can cong cu minh hoa truyc quan cho bai gidng vé combinatorial

reconfiguration va planning-based methods.




2.2 Cac use-case chinh

1. UC-01 — Nhap instance: Ngusi ding tao do thi qua UI, chon I, va I, hoic
import file .col/.dat chuan CoRe 2022.

2. UC-02 — Chay solver: Gui instance lén backend, backend goi PARIS that, tra vé

log va két qua.

3. UC-03 — Xem chudi két qua: Diing sequence player xem titng budc token jump,
hiéu tai sao bude d6 hop lé.

4. UC-04 — Hoc thuat toan: Doc trang giai thich algorithm: ma héa PDDL, heuris-

tic, BDD, counter abstraction.

5. UC-05 — Phan tich vé nghiém: Véi instance vo nghiém, hiéu tai sao khong cé

chudi hgp 1é (qua counter abstraction).

3 Thiét ké kién tric chi tiét

Heé thong duge thiét ké theo mo hinh ba tang tach biét hoan toan:

HTTP/REST subprocess
Frontend Backend Solver Layer(PARIS binary)
JSON result log 4+ .out

Hinh 1: Kién trtc ba tang ctia hé thong

3.1 Frontend (React + TypeScript)
Frontend chiu trach nhiém toan bo giao dién ngusi dung:

e Graph Editor: Dung thu vien Cytoscape.js dé hién thi dd thi, hd trg click dé
thém /x6a dinh v& canh, drag-and-drop dé di chuyén dinh, undo/redo c ban.

e Token Selector: Click lén dinh dé toggle token, hé théng tu kiém tra tinh hop lé

ctia independent set va hién thi cdnh bao néu vi pham adjacency constraint.

e Sequence Player: Thanh timeline tit buéc 0 dén bude L, nit play/pause/nex-
t/prev, mdi budc highlight token bi di chuyén va dinh dich.

e Algorithm Explainer: Trang gii thich tinh két hop cac diagram TikZ-style dugc
render bang SVG.

e Log Viewer: Hién thi log thuc thi tho tit PARIS, parse va lam néi bat cac thong

tin quan trong.




3.2 Backend (Python / FastAPI)
Backend xtt 1y logic nghiép vu va giao tiép véi solver:

e Input Validation: Kiém tra d6 thi hop le, kiém tra I, va I, 1a independent set,
kiém tra |I,| = |I;|, gi6i han n < 50 cho ché do online.

e File Generation: Ty dong sinh file . col (dinh dang DIMACS) va file .dat (start/-
goal) theo chuan CoRe 2022.

e Solver Invocation: Goi PARIS qua subprocess véi timeout ciing (mic dinh 60

giay), bat stdout/stderr dé lay log.

e Output Parsing: Parse file .out dé lay YES/NO va chudi trang théi, chuyén sang
JSON.

e Cache: Luu két qua theo hash ctia (G, I, I;, option) dé tranh chay lai instance da

co.

3.3 Solver Layer (PARIS + Docker)

e PARIS dugc déng géi trong Docker image dé dam bdo méi truong thye thi nhat

quan.

e Backend goi Docker container qua docker run hoic triyc tiép goi binary néu moi

truong cho phép.

e Gidi han tai nguyén: -memory=512m, -cpus=1.0, timeout 60 giay.

4 Thiét ké giao dién ngudi dung (UI/UX)

Giao dién duge chia thanh 4 khu vire chitc nang chinh:
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# | Khu vuc Noi dung

1 | Input Panel (trai) Nhap s6 dinh, bo vi du sdn c6, import/export file
.col/.dat

2 | Graph Canvas (gitta) Cytoscape.js canvas, hién thi dd thi va token, thao
tac drag-and-drop

3 | Control Panel (phéai) Nt “Run Solver”, chon mode, hién thi status va

log

4 | Sequence Player (du6i) | Thanh timeline, ntt diéu khién, mo ta budc hién

tai

Bang 1: B6 cuc giao dién nguoi ding

5 Mo hinh di liéu va ludng xi 1y
5.1 Cau trac di liéu chinh

Listing 1: Cau trac dit ligu ¢6t 161 (Python/Pydantic)

class ISRInstance (BaseModel):

vertices: List[int] # Danh sach dinh: [1, 2,
n]

edges: List[Tuplel[int, int]] # Danh sach canh: [(ul,vl),

-]

start: List[int] # I_s: tap dinh co token ban
dau

goal: List[int] # I_t: tap dinh co token muc
tieu

class SolverResult (BaseModel):
status: Literal["YES", "NO", "TIMEOUT", "ERROR"]
sequence: Optional [List[List[int]]] # Chuoi reconfiguration

neu co

length: Optional[int] # Do dai chuoi
runtime_seconds: float
log: str # Log tho cua PARIS
cached: bool




5.2 Luodng xit ly chi tiét
1. Ngudi dung nhap do thi va chon I, I, qua UL
2. Frontend gtii POST /api/solve véi payload ISRInstance.
3. Backend kiém tra tinh hop lé: doc lap, kich thuéc bang nhau, n < 50.
4. Backend tinh hash input, kiém tra cache. Néu da cé, tra vé ngay.
5. Néu chua c6: sinh file graph.col va instance.dat.
6. Goi PARIS: ./paris graph.col instance.dat -timeout 60.
7. Bat stdout/stderr, parse file output . out.
8. Luu két qua vao cache, trd vé SolverResult dudi dang JSON.

9. Frontend render sequence player néu status == "YES".




6 K& hoach phat trién theo sprint (10 tuan)

Sprint

Noi dung va deliverable

1

Doc ky bai bao PARIS (Christen et al., ECAI 2023), nghién ctu
dinh dang file CoRe 2022, cai dat va chay thit PARIS ti Zenodo.
Deliverable: PARIS chay dudc local, hiéu 16 input/output.

Thiét ké kién tric hé théng, chon cong nghé, thiét lap GitHub repo,
CI/CD co ban, khung React app va FastAPI app. Deliverable: repo
véi skeleton code, workflow deploy GitHub Pages.

Backend: API endpoint /api/solve, validate input, sinh file
.col/.dat, goi PARIS qua subprocess, parse output .out. Deliv-
erable: backend goi dugc PARIS va trad vé JSON.

Tich hgp Docker cho PARIS, timeout/quota, cache theo hash. Test
v6i 1t nhat 3 instance. Deliverable: backend én dinh, c6 cache va gisi

han tai nguyén.

Frontend: graph editor v6i Cytoscape.js, chon token start/goal, over-
lay constraint, kiém tra hop 1é va thong bao 16i. Deliverable: graph

editor hoat dong.

Frontend: két néi véi backend API, hién thi log thuc thi, hién thi
YES/NO va chudi két qua tho. Bo vi du t6i thiéu 8 instance. Deliv-

erable: end-to-end flow hoat dong.

Sequence player hoan chinh: thanh timeline, play/pause/next/prev,
animation token jump, highlight token di chuyén va dinh dich. De-

liverable: sequence player day di.

Trang giai thich thuat toan: moé hinh trang thai ISR, encoding
PDDL/SAS+, heuristic search, symbolic search (BDD), counter ab-

straction, portfolio. Deliverable: trang algorithm explain hoan chinh.

Testing toan heé thong, t6i wu hiéu ning, stta bug, deploy backend lén
Render/Railway free-tier, verify deploy. Deliverable: he thong deploy
dugc.

10

Hoan thién tai lieu (README, béo cao ky thuét, slide, video demo),
kiém tra toan bo checklist nghiem thu cudi ky, nop bai. Deliverable:

toan bo deliverables hoan chinh.

Bang 2: Ké hoach phat trién theo sprint




7 Phan céng nhiém vu chi tiét

Thanh vién

Vai tro

Nhiém vu chi tiét

Phuong, Uy Backend / Solver Xay dung FastAPI server, tich hgp
Integration PARIS qua Docker /subprocess, sinh va
parse file .col/.dat/.out, cache, vali-
date input, giéi han timeout/quota, de-
ploy backend.
Son, Drc Frontend / Visual- Xay dung React app, graph editor (Cy-
ization toscape.js), token selector, sequence
player, constraint overlay, connect véi
backend API, deploy GitHub Pages,
GitHub Actions.
An, Quang Research & Docu- Nghién cttu thuat toan PARIS (bai béo

mentation

ECATI 2023), viét Algorithm Mecha-
nism Report, trang giai thich thuat
toan trong webapp, chuan bi bo > 8
instance vi du, viét bao cdo ky thuat,

slide, video demo.

Bang 3: Phan cong nhiém vu theo vai tro




8 Cong nghé st dung

Thanh phan Cong nghé Ly do lya chon

Frontend  frame- React + Type- Quan ly state phiic tap tot, build
work Script tinh cho GitHub Pages.

Graph  visualiza- Cytoscape.js H6 trg drag-and-drop, layout tu
tion dong, highlight, pht hgp bai toan

graph.

Backend frame- Python / FastAPI  Tich hgp tét v6i subprocess dé goi
work PARIS, async support, validation dé

véi Pydantic.

Solver container

Docker + PARIS

Dam bdo moi truong nhat quan, gisi

han tai nguyén dé dang.

Frontend deploy

GitHub Pages +

Actions

Mién phi, tu dong deploy khi push.

Backend deploy

Render / Railway

(free-tier)

Ho trg Docker container, free-tier du

cho instance nhd.

Version control

Git / GitHub

Quén 1y code, issue tracking, CI/CD
tich hop.

Bang 4: Bang cong nghé sit dung

9 Trién khai va t6i wu chi phi
Toan bo hé théng duge trién khai trén nén tang free-tier:
e Frontend: GitHub Pages — hoan toan mién phi.
e Backend: Render hoac Railway (free-tier) — hd trg Docker, du cho instance nhé.
e Chi phi w6c tinh: $0/thang néu luu lugng thap.
Co ché kiém soat chi phi:
e Gi6i han ciing kich thudc instance: n < 50 dinh cho ché do online.
e Timeout 60 giay moi request.
e Cache két qua theo hash input.

e Rate limiting: t6i da 5 request moi phtt mdi IP.
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10 Quan ly rui ro

Rii ro Mtc d6  Bién phap giam thiéu
Khé tich hop PARIS Cao Doc ki README Zenodo tuan 1; thit
binary vao backend nghiém sém (sprint 3); ding Docker dé

tranh van dé moi truong.

Backend free-tier hét Trung binh Gidi han n < 50; dit timeout ciing; cung

RAM khi chay PARIS cap ché do offline néu can.
Cytoscape.js kh6 tuy Thap Dung built-in style API; fallback 1a high-
bién animation light don gian khong duing animation.

Thiéu thoi gian hoan Trungbinh Uu tién noi dung text+diagram tinh

thién trang giai thich trudce; animation 1a tinh nang mé rong.

Béang 5: Bang quan 1y rii ro
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