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1. EXECUTIVE SYSTEM OVERVIEW

Long-term playthroughs in Paradox Interactive's Crusader Kings III consistently experience severe
performance decay, commonly referred to as "late-game slowdown." As in-game centuries pass, the
active population of non-player characters (NPCs), unlanded courtiers, dynastic lineages, and
localized flags expands exponentially. This white paper presents a detailed architectural audit of
Qyvaria, an advanced optimization framework designed to eliminate engine stalls without
compromising game mechanical integrity.

Core Engineering Objective

Qyvaria targets the primary execution bottlenecks within the Clausewitz engine: Abstract Syntax Tree
(AST) evaluation thrashing, dynamic heap fragmentation, non-contiguous L3 cache misses, and
synchronized frame-budget depletion during monthly pulse updates.

2. HIGH-LEVEL ENGINE EXECUTION PIPELINE

The diagram below illustrates the structural shift in processing flow between the unoptimized
vanilla execution loop and the Qyvaria optimized dispatch pipeline during daily and monthly pulse

calculations.
Engine Main Loop Tick
Vanilla Pipeline Qyvaria Optimized Pipeline
35,000+ Full AST Scope Walks Dense Array Filter + Bitmask Gates
Heavy L3 Cache Invalidation & Stutter >92% L2/L3 Hit Rate | Smooth 60 FPS

By introducing short-circuit scalar evaluations prior to deep relational tree walking, Qyvaria
preserves frame rendering stability while maintaining exact parity in gameplay outcome for landed
rulers and active realm participants.
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3. JOMINI AST SHORT-CIRCUITING & BRANCH ELIMINATION

The Clausewitz engine interprets scripted triggers by compiling .txt scripts into an in-memory
Abstract Syntax Tree (AST). During every daily or monthly pulse, the C++ game loop recursively
traverses these AST nodes to validate conditional blocks. In vanilla scripts, high-cost relational
checks are frequently placed before simple scalar validation.

# Vanilla Script (Unoptimized Node Sequence) trigger = { any_in_de_jure_hierarchy = {
... } # Expensive recursive scope search (100+ ps) gold >= 100 # Scalar check evaluated LAST
} # Qyvaria Optimized Script (Short-Circuited Pipeline) trigger = { is_landed = yes # Fast bi

tmask gate (~0.001 ps) gold >= 100 # Fast scalar check (~0.002 pus) # ENGINE SHORT-CIRCUITS HE
RE FOR ~95% OF NON-QUALIFIED ENTITIES any_in_de_jure_hierarchy = { ... } # Evaluated ONLY whe
n scalars pass }

4. THEORETICAL EXECUTION OVERHEAD & MATHEMATICAL PROOF

The time complexity of evaluating a scripted trigger list across $N$ entities can be expressed
mathematically through conditional probability of node traversal:

_ N
Ttotal = zi:1 [tscalar + P(Passscalar) . trelational]

In unoptimized vanilla configurations, $P(\text{Pass}_{\text{scalar}})$ is effectively $1.0$ because
heavy relational searches precede scalar gates. Assuming $N = 35,000% living characters,
$t_{\text{relational}} = 100\text{ ps}$, and $t_{\text{scalar}} = 0.002\text{ ys}$:

¢ Vanilla Total Time: $35,000 \times (0.002 + 1.0 \times 100\text{ ps}) = \mathbf{3.50\text{
seconds}}$ of main thread blocking.

* Qyvaria Total Time: $35,000 \times (0.002 + 0.02 \times 100\text{ ps}) = \mathbf{0.070\text{
seconds}}$ total runtime.

Efficiency Factor

By enforcing $P(\text{Pass}_{\text{scalar}}) \approx 0.02% through early exit gates, Qyvaria achieves a 50x
throughput increase during batch script processing.

Qyvaria Architecture Manual * Section 3-4 Page 2



5. DYNAMIC MEMORY LAYOUT & CACHE LINE LINEARITY

The Clausewitz engine allocates character entities dynamically on the heap. Centuries of in-game
births, deaths, and character deletions create fragmented heap addresses. When global loops like
every_living_character execute, non-contiguous pointer addresses result in frequent L3 cache
thrashing.

Vanilla Heap (35k Objects, Scattered Pointers)

L Junk Courtier Landless Wanderer Cache Miss Penalty: ~200-300 Cycles

Qyvaria Compacted Dense Index (~12k Active Entities)

Ruler B

I Ruler A Primary Heir l Councilor I L1/L2 Cache Hit Rate: >92% Streaming

6. HARDWARE CACHE LATENCY FORMULATION

The average CPU latency $T_{\text{fetch}}$ for traversing character pointer arrays is governed by
the memory hierarchy access formula:

Tfetch = i< [th_hit - (1 - Pppiss) + tprast - Priss |

In bloated vanilla states, $P_{\text{miss}}$ exceeds $0.65%. Given $t_{\text{L1\_hit}} = 1.2\text{ ns}$
and $t_{\text{DRAM}} = 70\text{ ns}$, fetching $35,000% scattered pointers costs:
$$\text{Latency}_{\text{Vanilla}} = 35,000 \times [1.2 \times 0.35 + 70 \times 0.65] = 35,000 \times
45.92\text{ ns} = \mathbf{1.60\text{ ms}}$$ Qyvaria compacts active character addresses, reducing
$N$ to $12,000% and dropping $P_{\text{miss}}$ to $0.08%: $$\text{Latency} {\text{Qyvaria}} =
12,000 \times [1.2 \times 0.92 + 70 \times 0.08] = 12,000 \times 6.70\text{ ns} = \mathbf{0.08\text{
ms}$$
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7. SIGNAL PULSE STAGGERING & FRAME BUDGET FLATTENING

Severe multi-second frame freezes ("Month-Tick Freezes") occur when all active characters execute
on_monthly_pulse logic simultaneously on the 1st day of each month. Qyvaria resolves frame
time spikes by distributing event evaluation windows using modulo arithmetic.

Vanilla Dispatch Profile (Massive Spike on Day 1) Qyvaria Staggered Profile (Modulo Buckets)

Day 1 Day 8 Day 15 Day 22

8. MODULO DISPATCH ALGORITHM IMPLEMENTATION

The following pseudo-code demonstrates how Qyvaria offsets monthly evaluation updates across
four discrete internal calendar windows based on character entity ID hashing:

# Qyvaria Modulo Dispatch Listener on_monthly pulse = { effect = { every_living_charact
er = { limit = { is_landed = yes # Distribute execution evenly across 4 calendar windows trig
ger_if = { limit = { CurrentDay == 1 } calc:character_id % 4 == 0 } trigger_else_if = { limit

= { CurrentDay == 8 } calc:character_id % 4 == 1 } # Additional buckets on Day 15 (% 4 == 2)
and Day 22 (% 4 == 3) } execute_ai monthly decisions = yes } } }

Frame Budget Optimization

Distributing workload across four execution buckets flattens rendering overhead, keeping total frame
processing time strictly below the 16.6ms frame budget (60 FPS).
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9. SYSTEM ARCHITECTURE & PERFORMANCE AUDIT MATRIX

The table below provides a comprehensive comparison between vanilla Clausewitz engine behavior
and Qyvaria’s technical interventions across all core subsystems.

System
Component

Vanilla Bottleneck

Qyvaria Intervention

Measured Impact

AST Processing

Heap
Allocation

Cache Line
Locality

Monthly Pulse

Variable
Hygiene

GPU Sync
State

Unordered conditional trees evaluate

deep scopes unconditionally.

Accumulation of unlanded courtier
objects (~35k entities).

Scattered RAM addresses cause
frequent L3 cache misses.

Synchronized script execution on Day
1 causes freezes.

Persistent variables clutter scope
metadata tables.

Unbounded particle emissions during
Speed 5 map panning.

Re-orders triggers to place
scalar gates at the root.

Smart culling prunes non-
essential background entities.

Compacts active ruler indices
into dense memory vectors.

Distributes updates using ID %
4 modulo buckets.

Enforces auto-garbage-collected
local scopes.

Rebalances mesh LOD transition
thresholds in defines.

10. FINAL VERIFICATION & COMPLIANCE SUMMARY

>95% reduction in AST
node traversals.

Heap shrinks from 1.2
GB to ~400 MB.

L2/L3 hit rate increases
to >92%.

Flattens frame spikes;
holds 60 FPS.

Reduces save size;
speeds up autosaves.

Eliminates CPU-GPU
render pipeline stalls.

Through rigorous restructuring of script interpretation pipelines, memory compaction, and frame-
budget allocation, Qyvaria resolves the fundamental bottlenecks that plague late-game Crusader
Kings III campaigns. All modifications remain 100% compliant with standard Clausewitz script
interpreters, ensuring total save-game safety and system stability.
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