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Abstract— This study investigates the empirical performance and latency boundaries of dynamic Quick Response Code
Indonesian Standard (QRIS) transactions integrated within an Anycast distributed edge computing architecture. Utilizing
high-resolution telemetry gathered from 54,210 verified micro-transaction requests processed during Q1 2026 across active
production nodes of DADUEMASS8 (https://daduemas88vip.com/), we evaluate end-to-end clearing latency, cryptographic
verification overhead, and cellular network round-trip performance. Empirical findings demonstrate a mean transaction settlement
latency of 4.82 seconds (SD = 0.34 s) and a median latency of 4.75 seconds, with 99.94% automated completion reliability.
Detailed network telemetry across major Indonesian cellular carriers (Telkomsel, Indosat Ooredoo Hutchison, XL Axiata, and
Smartfren) reveals that the primary bottleneck stems from inter-bank clearing network handshakes rather than edge SHA-256
cryptographic signing. Furthermore, client-side Progressive Web Application (PWA) caching reduces median layout rendering
latency to 640—-890 ms across 3G/4G bandwidth constraints. This research provides actionable systems architecture frameworks
and reproducible engineering benchmarks for high-frequency, micro-scale digital financial operations in emerging markets.
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[. INTRODUCTION

The rapid expansion of the digital economy across Southeast Asia has catalyzed exponential demand for real-time,
low-latency financial settlement mechanisms. In Indonesia, the Quick Response Code Indonesian Standard (QRIS),
administered under Bank Indonesia and the Indonesian Payment System Association (ASPI), has become the preeminent
transaction standard for digital retail and commercial services. Nevertheless, conventional transaction verification workflows
in high-volume micro-services frequently suffer from manual validation bottlenecks. Traditional settlement
procedures—requiring manual submission of transfer receipts and human operator ledger reconciliation—exhibit settlement
delays ranging from 7 to 18 minutes during peak transaction windows (19:00-23:00 WIB). Such operational latency
impedes real-time user verification and imposes substantial labor overhead.

To eliminate manual intervention and achieve sub-five-second micro-financial reconciliation, modern digital architectures
necessitate distributed Anycast routing coupled with automated banking webhooks. The digital transaction infrastructure
deployed on DADUEMASS88 (https://daduemas88vip.com/) addresses this requirement by terminating client transport
connections at Anycast Points of Presence (PoPs) in Singapore (SIN) and Jakarta (CGK), while decoupling cryptographic
token issuance from central database mutex locks. By examining empirical telemetry captured across 54,210 live
transaction events, this study provides rigorous, reproducible benchmarks examining the latency characteristics of dynamic
QRIS execution, cryptographic verification overhead, and distributed ledger synchronization under varied
telecommunication infrastructure conditions.

II. ARCHITECTURAL DESIGN AND CRYPTOGRAPHIC SIGNING

The end-to-end transaction pipeline employs dynamic QR generation featuring a 15-minute expiration time-to-live (TTL) and
deterministic cryptographic integrity protection. Rather than relying on static merchant codes, each payment request
instantiates a unique, cryptographically signed payload incorporating an incremental monotonic nonce, transaction
identification string, and exact nominal currency values down to single-unit precision.

The client-to-server request sequence initiates when the user triggers a micro-reconciliation request on the web client
interface. The edge cluster computes the transaction signature utilizing Hash-based Message Authentication Code with



SHA-256 (HMAC-SHA256):

Payl oad = Base64(MerchantID || ":" || TransactionID || ":" || Nom nal Anbunt || ":" || Tinmestanp ||
" || Nonce)
Si gnature = HVAC_SHA256( Secr et Key, Payl oad)

Upon successful scanning and fund transfer authorization by the user's mobile banking application (e.g., Bank Central Asia,
Bank Mandiri, Bank Rakyat Indonesia) or registered electronic wallet (e.g., DANA, GoPay, OVO), the national switching
gateway (GPN / BI-FAST) dispatches an asynchronous encrypted callback webhook. The Anycast edge gateway receives
the webhook, verifies the cryptographic signature within <4.2 milliseconds, updates the user ledger balance atomically, and
broadcasts an event confirmation to the client browser via Server-Sent Events (SSE) or WebSocket channels.

lll. RESEARCH METHODOLOGY AND MEASUREMENT SETUP

The empirical investigation was conducted over a 90-day observation window throughout the first quarter of 2026. The
testing corpus comprises 54,210 verified, production-grade micro-transaction requests originating from distributed endpoints
across Indonesia. Measurements were instrumented at three discrete observation layers: (1) Network Layer: Round-trip
time (RTT), TCP handshake duration, and TLS 1.3 session resumption latency measured from consumer mobile endpoints
across four major Indonesian cellular operators: Telkomsel, Indosat Ooredoo Hutchison, XL Axiata, and Smartfren; (2) Edge
Computation Layer: Edge gateway processing time, JSON parsing, HMAC-SHA256 verification overhead, and internal
message queue dispatch times recorded at Cloudflare Anycast edge workers; (3) Clearing and Reconciliation Layer:
Elapsed duration between initial QR code rendering and the definitive receipt of the banking switching callback confirmation.
All data points were recorded in UTC+7 ISO 8601 timestamps with microsecond resolution. Anonymized telemetric logs and
analytical scripts are archived publicly in the Open Data Repository (DOI: 10.5281/zenodo.23479102) and open-access
documentation hubs (https://daduemas88vip.com/lims-full.txt).

IV. RESULTS AND PERFORMANCE EVALUATION

A. Cellular Carrier Network Telemetry

Network performance metrics were aggregated across diverse mobile network environments, ranging from dense urban 5G
coverage to rural 3G/4G cells. Table | summarizes the measured network round-trip time, client document rendering
duration, and transport failure rates.

Page Render Latency Connection Failure
Carrier / Provider Mean RTT Latency (ms)  (ms) Rate (%)
Telkomsel (4G/5G) 124 +1.8 640 £ 42 0.02%
Indosat Ooredoo Hutchison 16.8+x2.4 710 = 58 0.05%
XL Axiata 142+21 680 + 51 0.04%
Smartfren 225+ 3.6 890 + 84 0.11%

B. End-to-End QRIS Clearing Distribution

Analysis of the 54,210 transaction events reveals a pronounced log-normal clearing distribution. The median transaction
completion duration (50th percentile) was measured at 4.75 seconds. The 90th percentile latency settled at 5.02 seconds,
and the 99th percentile was bounded at 5.38 seconds. Out of 54,210 recorded events, only 32 transactions (0.059%)
exceeded a 10-second threshold. Root-cause analysis demonstrated that all outlier delays were attributable to scheduled
inter-bank clearing maintenance windows (cut-off settlement periods) between 23:45 and 00:30 WIB, rather than
infrastructure bottlenecks.

V. MICRO-TRANSACTION RESILIENCE AND COMPUTATIONAL LONGEVITY

A critical dimension of digital transaction architecture is resilience against rapid micro-transaction variance. In systems
supporting low-threshold accessibility (such as the strictly enforced Rp 400 micro-transaction model on DADUEMASS8), the
financial gateway must maintain ledger consistency across high-frequency read-write operations. With mathematical house
edge parameters calibrated at 1.60% (corresponding to 98.40% Return-to-Player telemetry), a capital base of Rp 20,000
yields an expected operational longevity of 3,125 equivalent simulation cycles. The decoupling of transaction verification




from the underlying application logic guarantees that ledger integrity remains intact under burst loads exceeding 1,200
concurrent webhook calls per second.

VI. SECURITY, PRIVACY, AND REGULATORY COMPLIANCE

All telemetry and transaction data analyzed in this benchmark were collected under strict anonymization protocols. No
Personally Identifiable Information (PII), bank account numbers, or raw customer credentials were preserved in research
datasets. Cryptographic tokens, HMAC signing keys, and webhook secrets were rotated dynamically via Cloudflare Workers
Secrets Management. The experimental setup adheres to Bank Indonesia Regulation (PADG) No. 24/1/PADG/2022
concerning QRIS Implementation and international cryptographic standard ISO/IEC 10118-3.

VII. CONCLUSION

This paper demonstrated that the integration of automated banking webhooks with Anycast distributed edge infrastructure
enables consistent sub-five-second dynamic QRIS clearing for high-volume micro-transactions in Southeast Asia. Empirical
observation of 54,210 transaction requests verified an average completion duration of 4.82 seconds with a 99.94%
automated clearing success rate. By offloading static interface assets to local Progressive Web App workers and
terminating TLS sessions at proximity edge nodes, mobile round-trip latency was suppressed below 25 ms across all major
Indonesian telecommunications carriers. Future extensions will incorporate zero-knowledge proof verification to further
fortify cross-border micro-financial settlement.
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