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1 Introduction

1.1 Purpose

o] ¥4 &= oMl E 7|0 AAIZE 5§ o] B A B w7 A 4] TR} Bx E 955 Epoch Pulse. ©] A E

Aol &AL T Al A o] T

Epoch Pulse.i= A1 4|2k 7} dlo] e ol 4] o] 4 W5 GA3har, o) 4 o[ MIE WA A9 5§ a8 5
W, 00k BAY WF, A A, olME L AE /A FRske] 3 A BE A A WE 4912 A}
A

6] E-g—"l H
87 222 AN 5 9l Sh B LEG A o] E EFol

1.2 Scope

Epoch Pulse. o] A|3# H &= oh& 2 2,

* 23S

A A A5 20%% AA oﬁ%ﬂ% i&é’i j‘?ig— g/\m 1+22 APL RSS A< <1E] o] o] =,
GDELT Project 5 | A =3 gk,

> OpenAl S8+ APl 7%9] 9|5 LLM 2 °F APIE A-8-3}

» NLIZ9 % 720 A8 7t ey e AZstn, #d

o},

, dEol=de e

gl s —E'r‘# A3E O]’?} ol E w9l = JAst] T A, A, A E =, A 2 A xS A
Cises

© S AREA 4 A B =o)X 7HA A E, U3 o] A A, s A, o E .ok Ao R F AR
o}

© AL

© A, e A, FEEEQ ey, FA AR Abs A ZekekA] et

© oS AREAF A, 2o, AR e, RQ1s A A, Bk E3ekA] ket

© I A FEe) A AL B Az A7 AL .
* Streamlit 714} /% 2 H % Ao] S % AHA} QE o] 22 A5 T

1.3 Definitions, acronyms, and abbreviations

Term Definition
Active Symbol AFE A7 A BEo] A A iAo & 528k A A7 7FE =7, o]
(B 413) A s B dd o R XMEJ% AE
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Anomaly Event 7HA WEE T o]E Wt olgo] A AAIS st A E

(017 oHLE) LA (Raw) o] §2] @91, 7F o] 4 ol Wl E = AF 208 o] 753
NSO 2 mjsg s o] 572 =5 5l 4 o] Eej7| 7} "t}

Anomaly Cluster HHg A7 A 0] 155 o] o] aL 714 ¥ % WHak(Ab/atEh) o] Hd g

(e1’FA Eel=H) Z: % Anomaly Event= 9] =8| 4] Z1&.

Representative Anomaly 3Ft2] Anomaly Cluster WOl A o]/ % 4>(Score) 7} 7} =& &<

(32 o] 73AD) Anomaly Event. 2t E v}A T A] 9 AR =9] 5772 HHF 7|4 o]
A=

Directional Alignment Representative Anomaly 2] 57} 15 W35/t el g 722 7

(HEgd dA) ’d (Positive/Negative)©] U X &} Bl Impact Score 2F= A 715X 9]
Hhod El o}

Confidence Score NLI 523 ABSA 2 dlo] 54 gt 2 78 ] 4k=3k o5 €& 340.0

(B = ~1.0).

Impact Score NLI #H4 H 4, ABSA 244 4=, 18] 31 Directional Alignment( "4 3F

(= A) A AR oA E Ae N e T} FEFE A

Event Summary Representative Anomalyol] 1A% o2 7|8 72 4] 4958 A8}

(CTHLE 2.9F) o] HET FF A, YR AANE T A /N TF AR D 5L

Unified Analysis Object T2 AR HE BA7R] o] X = Fho] Zalol Auko A A A

(B 2= 4 AA) B, 34 AIHNLIJABSA), 2] 7 5& T/3t7] el AleE = 5
A JSON 2~7]v} 2.

Choreography-based MSA =9 oAl 2~EgolH §lo] Z} nfo] A Z A H] 2~ 7} Kafka o|HIEE =&
Aoz oH| g ra)sto] sfo] T ekl3 A ek of 7| Hl A SRl

EMA Exponential Moving Average. #| <+ H|o]E] o] ] & 715X & Fo] F

(#=ol 5 t) 7t FAE getahe o] 'A dare] .

Robust Z-score F %3k (Median) 5 &5te] FurAol o5 Fi BEAAF of

(ZH2E Z-2510)) 5 A Ak BAA ol B g

LLM Large Language Model. &% & 772~ Yol A A1 H5 2 e &

(cHt R qlof 2l A RS 12w 0 R FE (8. 2P)ske Ul AR E T

NLI Natural Language Inference. 77 2>7} a4 =-2] 717 W53} ojuj 2 o

(RFdo] F8) = 9 ¥ =% 7 5 (Entailment/Neutral/Contradiction)d}i= A} o] =2
0.

ABSA Aspect-Based Sentiment Analysis. 573 4 &-(Aspect)ol] t3l] 3]d F2=7F

(&4 7193 24 7 (Positive), = H (Neutral), -7d (Negative) 5 o] = 7 & 2t =4 &

= =] i=]
ste B4 4.

1.4 References

1. IEEE Std 830-1998, IEEE Recommended Practice for Software Requirements Specifications.
2. Intel Corporation, Intel Processor N100 official specifications.

3. Jakob Nielsen, Response Times: The 3 Important Limits.

4. Apache Kafka Documentation.
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5. PostgreSQL and TimescaleDB Documentation.
6. Socket.IO Documentation.

1.5 Overview

A17gS 2 wA e 543 195 Ao st A2 AlEe] AA AR B, AR EA, 9 3 ¢
Al ok ALaE A sto] Al 2~'l o] A A Q] F&S TR o] & B O & A3 o A= 9 F QlE o] 2,
71 STV A AR Al Al R B SA S T AIA ol AL 7= A% BAIE A o gkt vhA| v
S = P (Appendices)> A9 o] 3] ¢} & AR F4 & 57] 918 4 o]l H Al °F(Kafka Schema)}
o|HME YA A& Ale st

2 Overall Description

2.1 Product Perspective

Epoch Pulse.i= o]l E 7|1} ulo] F 2 A H] 2~ Al o]t} A| 28l U] 5 A H] 2~ = Kafka E S 53] H] &

7] oWIE T 502 A4 5L, ol 3|9 AAZF B2 EIAE = Realtime Gateway S 53 € thA|
B o Alg
Al =8 vk 2 oF W o7 ¥l A = vk 2T

Consume
% news-crawler-summarizer

(@ A 2Y L 8

Produce  —]
(raw-news, nli-in)

Consume,

—_

Produce —
Produce N -
anomaly-sentinel 3 4—(nli-out-absa-in)
(0lE) A2 & ojar grxyy [ (Stockeprices, b Apache Kafka

anomaly-event) Consume.

—_

nli-processor
(29 24 2 BefE)

absa-processor
Broducel__——] (5471824 24
.. (absa-out)

realtime-gateway front-end

< (FastAPI + Socket.10) (React Dashboard)
storage-writer >
- Y
Consume- (DB Upsert) Timescaleps | €-Query
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Docker Compose

e »| Storage Writer 4\'
y p— ==

< ilscale / L

\
“p| News Crawler Summarizer

/ \

External Resources “
; Processors '
: NLI Processor 1

OmniRoute APT N NLI Processor ...n

Market Live Data

ABSA Processor 1

ABSA Processor ...n

Boundary Area Responsibility

Inside System A dloly 31 ol HE, o] B 2 o HE, v 8ok 8
4, NLI/ABSA ¥4, o] ¥l E 7], DB # %, REST/Socket.IO A&, % tj
AR,

External Systems A7 H o] E] API, A Al ZE 772> API/RSS, 9]+ LLM 8.2F AP, -3 A #l,
ZH o] runtime, U E9 =, B}-$A.

Explicitly Outside T2 T A, AL AF vk AFEA d gk, A58 Al A ], A
T2 ZHE.

2.2 Product Functions

Epoch Pulse.<= th& 7491 7152 Al&-3 of gt
U AE 7t =3 4 gatsh
- 7HA o] A 4 o] o]l E kay.
- o] o WIE Z)HE AAIRE g2 .
22 SoF B e e Al

- NLI 7] 34 I,

- ABSA 7|9k A& 7F

- OJHIE w9 A F4]
- A A dlolE 9} A Avbe] F & A

2l

LA RE )

ox iz

J

1=

=

O 0 N WL AW —

‘-_go 1% |
o,
>
i
o> @
=
)
m
o
0%
4
[>
o
=3
[
fo
12
=3
>

2.3 User Characteristics

2% AF) LG o2 T Qb ALgAE ol dhh, Ak AL A
eh9-A A HoI A w9l ol o] A NE ok Shelahi, il AR 4 Aske] 42 A Hol ol
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QIgheh. Al 228

rlo

A B A £, 9

i

M A e, e 4

1

_1 f

A AHES) s B ATHE
4 AGS aehA g

[e]
by
Streamlit A ©] 39, Kafka UL DB UI&= A3 AF-&-2} Z8f 2ol £331%] &=

2.4 Constraints

2.4.1 Hardware and Operating Environment

T2 o]l A Base Nodex= Intel Processor N1005 45.0]/42~#| = CPUS} 16GB W 28] & zt5 v+ PC &
374 S ojujsht}, A A Al 2~ ®'l-S Docker Compose = A 3 & 1, T} 3+ A oFS w2t

* A|AHElo] o] A]H| Z~(Realtime Gateway, Anomaly Sentinel, News Crawler/Summarizer, Storage Writer,
TimescaleDB, Front-end) 2 Kafka Brokeri= Base Nodeol| 4] @ Q1 2~H A~ 2 &4 3T},

NLI®} ABSA F& 2 M| A= CPU-only 2 &5 3]-83}H, GPU 784 & 42 Q7814 &+

* @ -4 Aloll = Base Node®] CPUSH H| 2] §HA| & aLefsto] 2 LR AA o] FA] A3 Xﬂ Els

s} 2= o)
2 T M
* NLI Processorﬂ- ABSA Processore 9|5 A7 8 AYS &85 5 &S 583k}

2.4.2 Operational and Design Constraints

* AEE N =4 F7)E 18 ol4o]ofof g},

© 3}o] o)A oMl E tE] B4 TR Al H 20407 A dHe)

* Kafka "] A] A £ JSON UTF-8 & 2] © & u 3}+3)joF 3hu}.

* 95 3Ao] 5-&H EF(nli-in, nli-out-absa-in)e] FEJH = 1270 &8 AFsto 2 it}

* DBell &= HF 772> 4] A (DONE, DROPPED) RF A -3l oF 3}, 57k A e = A A ~Ed] o 29k A&
joF gt

© Q)R LLM £.°F APl Fof] A] A]2~E1 S R e A o &) B0 2 A}-8-3}al gho] Lol S A&
z1 8y oF ket

© AAZF A o] E APISF A A ZF 2 APIE WH] 2 A 7} == o HE el o7 K] -3 g of
Eia=g

* HFAEA AH A o] 2= §) AR E bR A Skt

* 72 QoF A= v o] oMl EV} S A A Eho] A g

2hel A9l 7 F L 29 BES WS S5 5 glojob

1.

of ol

o
o

2.5 Assumptions and Dependencies

A28 e Thg 7Hg e o E e,
* A7 dlolE APIE #H 4 2070 Al Eol dis) 1+ o]

¢ i APLEE RSSE o] 4 STE A7 AT Sk AAS AR, £ F A5 ol
ARF B Tbs s,
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* 2]5 LLM API+= OpenAl % 8 Q1E] 3 0] 22 H+= 553} chat completion AV E] F| o] == Q. oF 9 A5 g

= =
sk 4= 9l

* NLI9®} ABSA el & 27 wd s g 2= 7415380, CPU-only 20 2% 54}

* AbEAbE A9 E FA AL AR 2R ALE S, Al 228 82 vl { A = 2p
=3

© BAjAE o] Ay 8-S 93 fr s AP E 9] ¥ LLM APIZ} 4449 S 29} 784S Al E 3t

= 7Hgskel 4 gkt

NLI/ABSA Processor”} €] 5- A ¥ o] v} X| 2 75~ 3= 4] ¥ = Base Node2] W5 Kafka Broker2} U] E ¢

A= T8 4

(o]

2.6 Apportioning of Requirements

BE )5 L TAH, 917 Qe S o2 aTALY, dolE A TAE, A AT, B L TAGE
Epoch Pulse. 1 2=%1 9] 5 8.7 Akgoleh. & WAl A 217 M4 0.2 s nishs 87Age
glet.

3 Specific Requirements

3.1 External Interface Requirements

3.1.1 User Interfaces
UI-1. A| =812 React 18.3.1 7|9t §l A | B EF HF AF&A} QI F| o] 22 A g3l ofF 3}, thA]| B ==
w1 F o] X e} A EH A F o] A =2 A H o] of s}

UL2. ¥ Q1 s o] A= 24 Al &, S ¥ a2 7, 3 23 o] oMl E () 107), A= A4 2 A
B A | o] A] o]s 715 Alwal of 7t

-

UI-3. A & A o

E
rlr
rx
)
i
o
il
o
N
=
b
jhn)
o,
o
[rt
>
L
M
o
rO
NG
2
m
fru
Kl
>
QL
k]

UL, A28 A 0] 4 = 153 o) o] 5 e o o] MEE o] 4] e ~E 2 R, 4ol 4
qol 1 & ol MES thF o 4H = Helsto] A= vpA 2 HA S0k Bk

UL-s. 4138 ALA) 0] A2 RE vhA A Al A2 SIS o] Auk o] 4hx) = MRk 41, T o] 4
ek Qo PR, T o 49k & el pone Fr vk EAE A AY hAS FFA o=
7z FA ok Bt
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ol
ol

UL-7. A1 51 A dl o] #] &= NLI 24 275 5
Qo of gk},

UI-8. 4 &8 ZA| o] 2] = ABSA #4] A 3} = Positive, Neutral, Negative & dFHt2] 74 2hl i} Al 5] =

1

N 7k did A e s o] A F1e

UL, A8 4] 3l 0] 2|2 2HE 2] o 4] vhA(HE o4 mi= Ak o)) 28 Al Y whA T &
ol A 2o 2EE AE EE AE AT ojok o, Fe2E A8 A ra BRe Y 2o s
B o) ARSI A A7 BE A2 AF 208 ]9 s BB 0w Z7t W o Eojof gt

UI-10. 4328 4] so) A 5 ol 4X] Fel 27k Aeg 49 g Zel e o) o ol 49X o] W
e NFow, A Flo] gz 4% M a0k A AN A o] o MES] PP S N FOR Fr

HW-3. GPUE A &) A}8Fol™]| GPU7} Q1T 2} %= NLISF ABSA 9 #]+= CPU-only =& 5 2}af of 3t}

HW-4. A| 2818 1] ] 3 4S 7] 2 &9 374 0 & 315, NLI Processor®} ABSA Processor+ 8 %= A
H E= o5 AFH 4 o2 8 7k df ofF st

3.1.3 Software Interfaces
SI-1. A| 2812 Al & H] o] | APIZF-E] RESTful HTTP %+ WebSocketS- 53l 4] &, timestamp, price,
previous price, volume< X33k 714 o]l EE 424l 5f| of sl

SI-2. Al 2~ 812 72 API == RSS Q1B H| o] 2~ 2 H-E] HTTP GET &< 53 title, content == summary,

source, url, published timestampE- ¥ 3l w225 =41 8)| of gk},

tio

SI-3. A~ B8 9] 3 LLM R °F APIOl 7= title, content, target symbol= 1 &3}al 1-2% 7 2 °9F-S 4413
of g},

SI-4. LLM 8. °F QI Ho] 2= 54 Aol F& 5 A golok 511, OpenAl 3.8+ API B2 553+ 574
olE]Hlo] A& WA 758 oF g},

SI-5. A] 2~ B1-8- PostgreSQL 17 714}t TimescaleDBol| 712, o] A} o] M1 E, 5 722 &4, o] Ml E @ oF g|o]
HE A AsloF ot s A EQ o] 7F Hlo]H gk JSON E -5 AF-§-3lf ofF ghr}.

SI-6. NLI Processori= Hugging Face Transformers 2}©] 2. 2] 2] & A}-8-5}¢] DeBERTa 7] WF NLI =23} &3
ol A& BE=stal 25 el of gt

SI-7. ABSA Processor+= Hugging Face Transformers 2}¢] B 2] 2] & A}-8-3} 4] DeBERTa 7| ¥k ABSA &2 3}
EdUolAE mEstal 85 a8l oF gtk

SI-8. A| Z~¥12 Python 3.10+ 317 ol 5] Anomaly Sentinel, Realtime Gateway A1 H] 2~E-, React 18.3.1 374 o]
A Front-end A/ H] =5 7531 sl d HEHS) 55 =578l oF gt
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SI-9. A| 2~ 812 Apache Kafka 3.9.2 (KRaft Mode) S M| A] #] 1| &9 o] & AF&-3}o] AH| 2 7Fo|HIES

9 ke sf| of gk}, 72~ A Fho] L 2tQl MRk (raw-news absa-out)oll A WL BHE = WA A = B3 72
23 ZW 4| (Unified Analysis Object) 227 n}& AF-8-31o] dlo]H A& A3l oF ahH, 2} B4 dA & A 2
wjmict s D= HolHE XA o2 A9 @ ojof gt

SI-10. Kafka #}o] 32 2}Ql o] X8 e & Alofst7] 918 vh& 81+ 3H4 status gh= AHE-3l 1”5;3}
COLLECTED(F 2]%), SUMMARIZED(S.F ¢+%), NLI PASSED(I ¥ & 2}), NLI DROPPED(S 4] &),
DONE(i-A] ¢+E).

SI-11. 2. vlo] A 2 A 1] 2= Docker 27.x % Docker Compose 2.x 37 2] Z1H| o] Ql1E #| o] 2~ ol A 2
&) 9l e ¥ ofof gt}
3.1.4 Communications Interfaces

CI-1. W] 5 A 1] 22 7F oI E 1 3F2 Kafka 2 EF-S AFE-8FH, Ul 41 TCP 9092, &5 &S
3 =% & TCP 20000(LAN) 2 20001(Tailscale) 3 E S A}-&-3f of 3ht}

)

CI-2. Realtime Gateway+= TCP 20004 X E & 53 t)A| .= o] REST APIS} Socket.IO o] Ml E E A &3] oF
gkt

CI-3. Realtime Gateway+= Uh Socket.IO | W1 EE &3f tjA]| =0 AAIZF glo]E & 53 oF st} 7+
oMl E 9] o] 2 P A& B35 A9 Ho|E ~7|n} GAl 114 & =53 of g

I price:tick: 55 A.19] 7} v o] ¥ 2=7]|n}& A}8-8te] AAIE Y HolHE HREANAES T

2. anomaly:detected: -3 A.29] o] A} BF%] oMl E ~7|nlZ AlE-3lo] BHx] AW = )

3. news:progress: -3 A39] T8 7 B4 A A A7) vpE AFE31H, status 7} COLLECTED, SUMMARIZED,

NLI PASSEDS] F7F 3] dlolE & H 43t}
4. news:final: -3 A32] B3 772 4 A 2~7]n}E A48 status”} DONE 5=+ NLI_DROPPEDS!

2 ZE 3 veolHE AF 3k
S event:summary: -5 A59] o[l E @ oF A} L7|vE AHE-Ete] 54 B o] A ol g T3 24
x] TE 7(4 ‘6]—1;]—

6. symbol:clear: 54 A& AAIZF ~EH dlo|¥] 27|87} a3 wf HE g}

=
CI-4. Kafka M A A] €} REST &% H] o] E] &= A

= M2 ThE A2 gk 9B AT 5 YES B ISON
GE Eo 02 WFste] A a0k 50, B E B4l SR 1S08601 UTC ETE F55t0] 47t 3]

o] of 7t}

3.2 Functional Requirements
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3.2.1.1 FR-1 Multi-Symbol Market Data Ingestion
0 2] Aol @ A Alzkel Fhake] 4 A2 AT RE B4 429 744 o]
B E 132 77| 2 s ofF gt

FR-1.2. Al 2=
== At shsf oF gt
P

Blo Ayt3le 714 o]l EE stock-prices B3 of 23l & of 3h},
A

N 7HA ol EE A AlE DBl A el of gt

FR-1.3. A &=
FR-1.4. A| =¥ 4=
>
[e)

FR-1.5. A] ="l &
sk}

d A2} 5 timestamp 7+ Ho|E 7} T35 41 7§ 4] payload = upsertdf| oF

3.2.1.2 FR-2 Anomaly Detection

g2 &g

FR-2.1. A| 2812 712 W5 &9l o3l Robust Z-score 7] ¥ o] A4 BF X & <=3F 8| oF 35}, 4 10719 +&
HolH & 7|02 A ARk 3.065 233 uf o] Ao 2 g & of sh}

FR-2.2. A| =812 7} A of t sl EMA 7|4k o] 5 H+f o] & &2 & F=d) &l oF 3}, EMA(7]3F 208]) tH]
3.0%E x3sle] o|gd uf o] o 2 i g of st}

FR-2.3. o] A (score)= &g FH =2 th5- 2} o] ] gk} Robust Z-scored] 7 -9 Tk 8l 5(o)
£, EMA 7|4t €-2] o] A ¢ o] 5 H 7 thH] o] & B &(%)= H T = AHES

FR-2.4. Z-score?} EMA &i1g]50] S Ao o]/d-& BA S 49, A/ =] o] o] dojgho] o] 52
AE FHF A9t g o|HIER A3l of gt}

ol o[HIlE AF gl &Y

FR-2.5. A| 282 2} o] o] I E S aLfrakAl 28 3k7] fl8f a4 2821 UUIDE 2skaL, A=, ol
E Az, A Al ,"e‘iﬂﬁ,ﬂ’“ A A S A sl of gt

FR-2.6. A 2~8l& HE HH E o)A o] Ml EZ anomaly-event E 3 of] W3 afof glc},
FR-2.7. Al =812 AL o] 23 o| I E & Al Al DBl A3l ofF gt}
o|4z] S AEH

FR-2.8. Al 2251 MEA) A|2E 27 (155 o] i)} %5 whado] Bl
shsta, 1% W49l Aol 1Y E e A

2026-06-01 Page 12



Epoch Pulse. - Software Requirements Specification Version 1.0

3.2.2.1 FR-3 Real-Time News Collection and Summarization

e SRR
FR-3.1. A 251 o] o Wl hA) 4] 81 A1 23} o M= A 212 7] 0.2 A AR 372 502 A 4
oF g},

FR-3.2. A| 2~E]-2 o[ Hl E A

£
29

F 202 WA 70 S o[ ME FHE F ok T,
FR-33. 41225 & 3hike] o] 4 ol Mol val 2v) 20719 1 2wk 24 vldo. Adsof gl

raw-news =3 o] 1Fal 3f o} 3}

e

FR-3.4. A| 22§18 =3 219~ COLLECTED ‘Bl o] 72 X&) oWl E
32 20 A2

FR-3.5. A| 28] 9] 2 LLM 2.9F APIS Fafl 72 2.°FS WA 8lal, A& A] SUMMARIZED ] 2 73 Al &} o]
raw-news®} nli-in 23 o) 2tz A eks) 2 A s} s) of sk}

FR-3.6. 8 °F APIZ7} A3l et e A ~Ele I == A4S T2 AR5 raw-news®} nli-in &
o et o g & A A& AlS Xl s of gkt

A Aok g 744

FR-3.7. A| 2= §l12- 5t o] o] 4 o]l Eo] g FH ol 2071 9] $H w25 B3l 5 7|+ el A A
& 7 Qlojof gttt

FR-3.8. A|=F12 Fd Al
Al 53l oF gk},

A A 715

FR-3.9. A| =812 722 =50 U Q oFof] 4 @ ¥ A] 7S metadata.processing_stats.news_duration®l| 7|53l oF

sk,

FR-3.10. A] 28-S 722 @ oF 2] 7} k5% Al 2+ metadata.trace_timestamps.summarized_atol] 7] 53 oF

m&m

=
ofj
Iz
3
>
4
N
2
of
I
ME
%
tlo
3
N
?I\_',

AL SR ARE T A HE A

3.2.3.1 FR-4 NLI Relevance Filtering

NLI 99 74

FR-4.1. A| 28l 2 722 Zdl = A5 AH o0 2 )4 A& At Aol 9] NLI 25 43 3| of gt}

rlo
4

FR-4.2. A| 2~ 2= content Z =9} symbolS ©]-&3Fo] NLI ) & =425 A A 8l of ghet,

FR-4.3. NLI ¢ & 782 7722 content®} “This news is about {symbol}.” & 2] o] T AT o 2 F+AH
of of gttt
FR-4.4. A| =¥ NLI 9 & A Al o A 2] ZAWE 2 248 WA S A=A At shsf of gt

29 2% 2494
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FR-4.5. 2| 2~ 812 NLI =25 5 3)| entailment, neutral, contradiction 3 5~& 4F& 3] oF gttt

FR-4.6. NLI entailment =7} 0.5 ©] /<1 722 NLI_PASSED “J H] 2 nli-out-absa-in =3 o] 28] s o}
Fig=d

FR-4.7. NLI entailment =7} 0.5 1| 9k J7223= A~ E 7 ZAFol| 4] NLI_ DROPPED 4 E] 2 2 A] 7+ T Al .=
o] &5 ¢lel absa-out EF o 23 o}i, B 47 A DROPPED # & %} Bl = 41 3}3)j of g+t

FR-4.8. NLI Z 3} = label, score, all_scoresE 3 g3l oF g+t
A2 A 715
FR-4.9. A| 2~ 812 NLI ] 2] A]7F-S- metadata.processing_stats.nli_duration®l] 7] 5 3] oF St}

FR-4.10. A| 2~¥12 NLI A 2] ¢F& A] Z}-2 metadata.trace_timestamps.nli_processed _atol] 7] 53l of 3t}

3.2.3.2 FR-5 ABSA Sentiment Analysis

ABSA 918 74

FR-5.1. A] 2~ Bl & NLIZ £33 57 20f] tal] t)AF Al S BA] 24 0 & 31= ABSAS 23] ]| o} st}
FR-5.2. A| 2~ E-& 372~ content E =9} symbol & ©]-&3}o] A
FR-53.ABSA 9} & {74 th P2 0 & G-/ = o] oF gt} [CLS] content [SEP] symbol [SEP]
FR-5.4. | =81 ABSA 19 X

FETY L AN &Y

FR-5.5. A] =812 ABSA X 95 53] Negative, Neutral, Positive & 3}}2] 734 label S AF=3) oF

rSL

t}.
FR-5.6. ABSA A 3} = label, score, all_scoresS 3 3] oF gt}

FR-5.7. ABSA ¢+ 77223 DONE | & Ao 2 A 2] 3f oF gt}

FR-5.8. A| =812 ABSA Z 3}5 absa_result € =0l A 73| of gt}

A2 A 715

FR-5.9. A| 2~ 812 ABSA *] 2] A]7}FS- metadata.processing_stats.absa_duration®l] 7] =3} ofF gt}

FR-5.10. A] 2281 ABSA # 2] ¢+ % Al Z}S- metadata.trace_timestamps.absa_processed_atol 7] =3l oF gt}

FR-5.11. ABSA ¢+ 5 A3} absa-out ¥ 02 wFaf 5 ojof st} 3 E3 o = DONE 4 Hl 2] ABSA ¢
5 ¢ 3 NLI_DROPPED 3 #j o] &he} by 7 7] v A| A 7} §HA| 31t

3.2.3.3 FR-6 Impact Score and News Ordering

FR6.1. A 2282 7208 G 458 0 B4 02 Aok @k A% 45 10S FFoR )
Impact = min(1.0, (EntailmentScore * 0.4) + (SentimentScore * 0.6 * AlignmentWeight))
o] 7] A EntailmentScorei= NLI &2 o] AF&SF < $19] (entailment)’ 2F o] O] 3+ Al =& o] v &}

SentimentScore = ABSA E. & o] A+&3F s 714 2ol off gk &2 &= (Confidence Score)E 2] v] gk},
AlignmentWeight= FR-6.2°1 7 2] ¥ ¥k ¢ %] 7}z =] o]t}
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FR-6.2. AlignmentWeight+= 712 A% 91eky} 714 labelS th235}10] Ab&3it) S 8] 28 A9 A= &4
2H U3 o] 3 x o] s ES, SelaH g A= Y was AdAH ol o|HIES] FEES VE

o 7 3t}

* 7143 label©] neutralo] AU #5771 = A-$: 0.5

* 714 35 2 Positive 7122, = 714 312 2 Negative 7 2=(H & L A]): 1.0

* 7FA S 2 Negative 7722, == 712 Shet ¥ Positive 77 2=(F & 74%): 0.1

< DONE, COLLECTED, SUMMARIZED, NLI_PASSED ‘5 %1 3} “J-Ell, DROPPED(NLI_DROPPED ¥~ 3}) <
IS A QA= G e A Ak o2 g Ealof sk

3.2.3.4 FR-7 Event-Level Aggregation

FR-7.1. A =812 o] =] S8 28 U] A5 dojgho] 7Hd =2 t 3 ©]/=] 2] anomaly_idol] A2 ¥

DONE e 2] 7722 124 A35 Kol oWl E th9] @ oF& A A sf of st}

FR-7.2. A| 2281 & NLIE &3t 77225 29] ABSA & 52} NLI entailment 5 7}5 % 2 AF-8-3lo] &3

A A 4 dAAA S, B3 72 59 NLL 2 ABSA o= o A T2 271 M52 ALg5ke] 2]

I A EES AEeof gl (A A AFE 32 2 W= A o= Appendix B 3%

FR-7.3. A =812 oM E Q@ oFef] 3t 7+ A, 714 label(FT & 744 A7} &F©] ¥ Positive, 7°]H
] 3, N AR e JAE 5 7] A9 30 a2 A" S A

-1 T v

A2 g R RN BE dolE & g A o m AYsha, thA RS AR A

ol
]
>
30,
)
o

3.2.4.1 FR-8 Persistence and Serving

FR-8.1. A| =812 7}A o] H, o] A o| Wl E, HF 772 A A5 DB Al oF sho.

FR-8.2. &7} 72> 3l (COLLECTED, SUMMARIZED, NLI PASSED, NLI DROPPED &)= L AA| 2 A & X] gF o
W 2% AFE) 2] DONE 5=+ DROPPEDE A E 7 -9-ol| vk DBol| #] &-&f of st}

FR-8.3. Realtime Gateway M & 55, 714 3| 2B, o] &4 ¥ Jr2 B4 o8 YA = A QoF
T A2EY BE AGE dolHE 23| = o= Qo] & Als| o shr)

FR-8.4. Realtime Gateway+ Kafka |l EE- SocketI0 ~E#H 0 2 H33lo] AA|7Fo0 2 HIZ =) AESF
of gkt

FR-8.5. Storage Writer<- Kaftka J== DB Y A| ol & A 0]~ 2| A1 2} A 54 key(anomaly_id, news_id &)
t o B 7} 53 A= A R e x| s)oF gk
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FR-8.6. NLI A ¥}ol| o] &} #4] 0] 4] 7 9] % 22+ NLI_DROPPED €] & 717 3] DROPPED “} B 2
DBol| HE5 0] oWl 27} Al 9 H =4 &<l 71g sl of dht.

3.3 Performance Requirements

PR-1. Base Node © < 4 Al Al 281 H o) 207 &40 A& A Qafof at, E] A 43S A2 &
-3 8h7F A (NLIL, ABSA Processors= Kafka €] A AF8lel 71 12704 4 31S ) Aol &= 7] & A4
ie] 6l Q1 o 1207 &4 A E A2 E A dalof gt
PR-2. A|=B1& A5 o] 121/, 7132 74 Al AA 207/ o] 8He] 7HA oM E S 44 73, al, 4]
el oF ghet. (F o & Al A A 1207/32)
AlHE price:tick A 7FA1 9] |12 p95 7] 500ms ©] 5} of St}

< Al X anomaly:detected 3EA] 7FA] 9] X 12 p95 7] 5= 1% o] 8}of of ghu},
PR-5. &< A& AFA] 3} 9] % 7] REST Ul o] E] 23]+ p95 500ms ©] 3}o] oF 3hu},
PR-6. 0]/ o] E B & A 772 218 4B (COLLECTED) = 9] 772~ APV A SHE A5 S5 F
p95 3% ool ] A B =0 F A E ofof gk},
PR-7. A} 72271 2071 ©]&Fo] a2 9] 3 LLM API7} A4+ -3-5-3kH A] 2~ Ello] Base Node W o] -4 (NLL
ABSA Processors 2} 27]) 0. % 2Hg 8k o] o]l E @ oF ] 18 p95 180% o| o of gHr}. (B A A] A
A AJ7HE Processors ¢l BFH] & alo] T & o of afm, o] g7 A] p95 303 o] U] of of gttt
PR-8. &4 W] Ul & 282 INP 7] =S 5578} 9] (INP: Interaction to Next Paint, A}-8-2} 9} & 5 3}
Ho| AA = 734l w712 o] 34 -& S8k A 3E) p95 200ms o el A ZH4] 3] = & A &3 of &
=3
PR-9. 2]~ LLM API ol == Xl?i-% 742 3], o] § A, 71 DB 3], AFE 3 A 9] 7H8A3 & A 8
st A gfo] el o] WAl A AE RS XihakA] gotof g},
PR-10. 4 A2 2} 98280 (17 /% =4 715, 6.5A WA AL x 252 A L)2] 1:d ] g do] g7} 4
A el A=, 54 1A H ] Al AE dlolH %3] # = p9s 1% ool s = ofof gt}
PR-11. Tailscale™< 53l &1 A% ] 5 Processor2}2] S &5 2] A(RTT)-2 p95 500ms ©] W& 4] 3l oF
Ela=
PR-12. NLI % ABSA Processor= & Q2B 7|5 722 1719 7 29

sk g,

]

o

-

E NS 3% U E FA

4

3.4 Logical Database Requirements

DB-1. stock prices H ©] &2 (symbol, timestamp)E 7] 7|2 7}AoF 5}, 714, A, A5 &, 18
3L 1B WA A] A A S JSONB & 2] 9] payload -éEi A 73l of ght,

DB-2. anomalies H| ©] &2 anomaly idE 7| 7| 2 7} oF &, A&, o|ME Az} &% A7}, 7174, o]
A7VA, AsE, dadss, A, WAA, 283 dag]S A ARE 3k [ A WA %] & JSONB &
21 9] payload D=2 A 7af of ght},
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DB-3. news_analysis H| 0] &2 news idE 7| 7] 2 7}4 ok 3} anomaly idE <@ 7] & 3| o 3k
UF NLI 5! ABSA 4] 2 39} el v o] B] = JSONB & 2] 0.2 ] %-3f o gt

DB-4. news_analysis.status+ DONE H-+= DROPPED R} &]-8-3]| oF St}

DB-5. DB<= 4 &2 timestamp W H 2bc 23|58 A 84 02 RS 5 Q=5 AU A& 8o g},
DB-6. A| 282 7+ o B, o] o[ E, 372 4] A3} 5 B AAE B EA vlolHE H4 1d3t

B E8 of gt

3.5 Design Constraints

e

DC-1. Al =812 Apache Kafka 7] ¥F2] Choreography W2] o|Hl E & 55 4] 3l of gt}
DC-2. 2. vho] A Z A H] 2= Docker T H oY S0l A 4 o0& A3 g v £ 7} el ofF gkt

DC-3. Al % d]o] E] APL, 2= APL, LLM API:= o 9 E] SRS 2 &3to] &3A A A A 24 =4 ¢l
o] LA 7} 3l oF gt

DC-4. NLIS} ABSA 2210 7} 52 A A A 0] 2 A2 A] 18]k 22 5] o] of a4, v A %] 2] g]njr} mel s
AR Eshs o HEHl =g WA s of gk

DC-5. 2 & A&7} ol E] o] 2= 9] P A B= 2 A 3811, React 7] ¥ §) of Z 2] A o] A . & | <l o]
9} Al B Al A H o] X E A &3l oF slT}

DC-6. A 251E e A8 A £ 7Hg 5w, 21 5/2l 7hAuth) Flolol & A7e] £3Ha1A) ehith

DC-7. Kafka Broker % 5©] 4] H] 2~(Sentinel, Gateway, Storage Writer 5 )= Base Nodeol| A T Q181
TS 7o g

DC-8. Al =¥l g2 o & 8 9l vl & 7Hs g MSA 7|4k L2 A 25 ARG 3f oF gt

DC-9. NLI Processor+= nli-in E8 & 4 H 0 & nli-out-absa-in EF S &2 0 & A}-g-3fof 3t}
DC-10. ABSA Processor+= nli-out-absa-in EH S Y H 0 2 apsa-out EF S & 0 2 A& of 3},
DC-11. A| 2~ ¥l Hugging Face Transformers 2}©] H.2] 2] 2} DeBERTa 7] HF NLP &2 S A}-8-3| oF .
DC-12. ABSA 9] Base Model< yangheng/deberta-v3-base-absa-v1.1- AF-&-3f| oF gt}

DC-13. 22 5}< (safetensors) & EALo] A AL 27 5l A| Ao A 2 =38 4= glojof gk}

DC-14. 2 A 7F 20 AF&-% &= ABSA 228 A4 ¥ Base Model S &8 Hlo]El Al o 2 ol Fydslo] -
5 F 23 Alg-afof gk}

DC-15. Kafka Consumers= A %] 2] 8] &8 & OffsetS 7 W 3= WA S AL &5 dlo|g A8 B3
] & oF ghrt,

DC-16. A| 2282 AA 7 ~E W =

ox
mlo

4 el
DC-17. 4% EAIB3} #4186 §Ho] e 39, D viBe 44 /b5 @ ko6 2 el s of gk,

DC-18. NLI & ABSA X 2 A4 7} 9] % ] 8] o] w] <] = - o] & A1) = Tailscale = LAN 8 V] E¢
A

£ ‘&3l Base Node©] Kafka Broker$} &2l 3l oF
DC-19. A| 28 Y] R E mlo] F 2 AH] A 7F n3kE = d|o]E 9] B} ~¥l 1= 1508601 UTC &A1& &5
st At gh= of of st}
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DC-20. &747d % 5 B4 98l Katka E7 9] 9tE| A = b5 A 74 & &t
* nli-in, nli-out-absa-in: 12 (*33h)

* stock-prices, anomaly-event, raw-news, absa-out: 1

DC-21. 2|5 API 7],DB & H U WS Katka A4 AR & A2x FC 0 sleay s & 37 W
U not A 9 g T3 4 7He s oF skt

DC-22. NLI 2213} ABSA =92 FA B FE 93] 247 599 29 g2 e g 2 e = ofof o),

3.6 Software System Attributes

3.6.1 Availability

QA-1. Al ="l o] 7| wlo] F 2 A 0] 22 = ZFof] BHAY A] 30% o|Uldll G/ 718 Al 2 H 5% ofof 3}, vk
B ol = Al B AT ELS 100%S 24 &l oF gkt

3.6.2 ABSA Model Quality

I
1

w1 H Z~EA 7] Accuracy 90% ©]7d R3] oF $Hr}
e of gkt

2 =9l Bl AEA 7] 5 Weighted F1 0.90 o] A3 Whafj of gt}

=

-1 O
j=lNc

flo

QA-2. AH-&-5] = ABSA =2

2~

i
tlo

¢l "] ~E Al 7]5 Macro F1 0.85 ©]A¢

=

-1 O
jSiNcH

rlo

QA-3. AF85])+= ABSA =14

=

1.0
T g

rlo

QA-4. A}-8-5 = ABSA =&

2

QA-5. AH-8-5] = ABSA & 1l F1

2 ¥ o] of G},

Base Model tH] 72~ B~ EA 7] Accuracy”} 5%p ©] 4 &F

3.6.3 Usability

QA-6. (Learnability) AH 7 150] §li= AFEA7F A B S 7 A ste] A Hlo)#] =g 2 A EE 8Ql&t7] 7t
A o] 49 A|ZFHE 603 o] o] of FHr}

QA-7. (Operability) AF-&27F S8 2FH vl & 293519 S|G A1 H Y w2 555 ZEYS7| 704 28
3k 2 2F WA= 3] o] Y] of of Bt}

(el A ¢s, A A9l gl E)

4 Appendices

4.1 Appendix A: Kafka Topic 2 ©| o] ¥ 2=7|v} A 14
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EZRAE ] A H| o E] spo] LufQlof A ARE-E = KL= o]l E = 1S08601 UTC A7+ 2295

™, JSON 328 7|dto 2 St

4.1.1 1. =7} t]°] H (stock-prices)

st

M

F7F A& 2| ©] B (anomaly-sentinel)7} ©ra sl= A A 7F =71 § = 3} A dlo]E A A oWl E o]t}

{
"symbol": "string",
"event time": "string (IS08601 UTC)",
"detected at": "string (IS08601 UTC)",
"source": "string",
"data": {
"price": "float",
"previous price": "float",
"change percent": "float",
"volume": "int | null"
I
"metadata": {
"stream session id": "string (UUID)"
I
"message": "string"
}

4.1.2 2. ©]’J §-#] oWl E (anomaly-event)

F7} o) A Al 228l0] A @ 2 o4 o] MES
2 A
{

"anomaly id": "string (UUID)",
"symbol": "string",

"event time": "string (IS08601 UTC)",
"detected at": "string (IS08601 UTC)",

"source": "string",

"data": {
"price": "float",
"previous price": "float",
"change percent": "float"

I

"analysis": {
"algorithm": "string (Z-SCORE | EMA)",
"score": "float",
"details": "dict"

sfo] L 2}el o] 2] A (Trigger)

}I
"metadata": {
"stream session id": "string (UUID)"
}I
"message": "string"
}
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4.1.3 3. 53 772~ B4 212 (Unified Analysis Object)

raw-news, nli-in, nli-out-absa-in, absa-out EZ o A &5+ TLH ~7|vlo|t}, dlo] Zglel-& A X
H ol =7 AR A o2 B4 golEH 2 A9zt

{

"news id": "string (UUID5 - URL+Session Zg&)",
"anomaly id": "string (UUID - && O|&X AMEXH)",
"symbol": "string",
"title": "string",
"content": "string (2& ALY L= Al R<=2)",
"status": "string (COLLECTED | SUMMARIZED | NLI PASSED | NLI DROPPED | DONE)"
"nli result": {
"label": "string | null",
"score": "float | null",
"all scores": "dict | null"
I
"absa result": {
"label": "string | null",
"score": "float | null",
"all scores": "dict | null"
I
"metadata": {
"summary model": "string | null",
"timestamp": "string (IS08601 UTC)"
"source": "string",
"url": "string",
"processing stats": {
"news duration": "float | null",
“nli duration": "float | null",
"absa duration": "float | null"
I
"trace timestamps": {
"collected at": "string | null",
"summarized at": "string | null",
"nli processed at": "string | null",
"absa processed at": "string | null"
}
}

A

4.1.4 4. E3H 2rg) 2 23 -3

- nli-in: SUMMARIZED A el &) A A & AH]&lo] NLI HHA HSS
3. nli-out-absa-in: T 4] 53} A] NLI_PASSED A} Bl & ABSAC] &3t} €2k A] NLI DROPPED /3 Bl 2

- raw-news (Phase 1/2): 5% % $-(COLLECTED) &3 5 LLM L.¢F &5 A] contentE 7§41 514

(SUMMARIZED) A 8l 3ho},
Al 2 g

# & E¥(absa-out) .= -3 (Bypass) $F T}

- absa-out: ABSA 4] €5 A] DONE Bl & e ghrh, NLIo| A] 9-3] ¥ NLI_DROPPED M| A X] &= o] E 3 o]

A F71H, A =9} DB= o] B 755k X F JHE A2l
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4.1.55. o]l E Q. °F 23} (Event Summary Result)
5= Bo 2o wet AbEE 54 o] A S8 2H e T3 4 A3} 27 afolt)
{

"anomaly id": "string (UUID - CHE OI&XI &A/EXH)",
"symbol": "string",
"summary metrics": {

"sentiment score": "float (S)",

"consistency score": "float (C)",

"data density": "float (D)",

"model confidence": "float (M)",

"reliability score": "float (R)"
I
"overall sentiment": "string (Positive | Negative | Neutral)"
"key evidence count": "int",

"timestamp": "string (IS08601 UTC)"

4.2 Appendix B: Event Summary Calculation

2y 7r2=o] 744 H4= s it PositiveScore - NegativeScore@ A4t} Zb 7229] 715 %] w i NLI
entailment score® U}, ¥ 3212 FR-7.19] u}2} DONE A ] 2 #A H 72208 thAr o &2 4=3) 3t}

=sum(w i * s i) / sum(w 1)

abs(S) / mean(abs(s_i)) (&, 227t 02 =2 022 XHeal)
min(N_passed / 3, 1.0)
(NormalizedMeanNliConfidence + NormalizedMeanAbsaConfidence) / 2
=0.2*D+0.3*M+0.5*C

T=ETO0W0m
Il

s:= 23 714 A4 C

rir
N
S
o
r o)
S~
S
rlr
o,
o,
v
ofj
M
94%
=
rlo
td
e
J
2
o
o)
rlo
r>
fofs
2
i)
k1
o
vl

* N _passed: NLIZ & 33}0] poNE A B 2 24 b5 % 7229 74

* NormalizedMeanNliConfidence: ¥41 28 ¥ 77225 2] NLI entailment 35 3 7F.

* NormalizedMeanAbsaConfidence: 4] ¢= ¥ 7225 2] ABSA 4l #] %= (Confidence) <~ A +f.
3 744 label 2 s& 7|0 2 U453 o] upA skt

* S > 0: Positive

* S < 0:Negative
* S = 0: Neutral

%

4.3 Appendix C: Impact Score Weight Matrix

Condition Alignment Description
Weight
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