
Biological Hardware Optimization: The 
Efficacy of Vigorous Intermittent 
Lifestyle Physical Activity (VILPA) in 
Attenuating All-Cause Mortality and 
Chronic Disease 
The prevailing consensus within the domains of preventive medicine and public health has 
historically prioritized volume-based exercise paradigms. For decades, epidemiological 
guidelines have predominantly advocated for an accumulation of at least 150 minutes of 
moderate physical activity (MPA) per week to maintain baseline cardiovascular and metabolic 
health.1 However, the advent of precision wearable technology has exposed critical 
methodological flaws in the reliance on self-reported data, which has long been plagued by 
recall bias and an inherent inability to accurately quantify brief, incidental human movement.3 A 
profound paradigm shift is currently underway in the biomedical sciences, driven by high-fidelity, 
continuous accelerometer data. This modern evidentiary framework indicates that the human 
organism's biological hardware benefits disproportionately from the intensity of exertion rather 
than the mere volume of movement.6 

This technical briefing provides a forensic, exhaustive analysis of recent scientific findings 
regarding Vigorous Physical Activity (VPA). By meticulously analyzing the physiological 
adaptations triggered by short, intense bursts of cardiovascular output—conceptually 
categorized as "surge compute" for the human organism—this report outlines how minimal 
effective doses of peak exertion systematically downgrade chronic inflammatory markers, 
enhance vascular integrity, and protect delicate neural architecture.8 Furthermore, this analysis 
frames these intricate biological mechanisms within the macro-longevity context of the modern 
technology sector. It posits a critical, foundational thesis: the exponential scaling of artificial 
intelligence and the pursuit of transhumanism are fundamentally irrelevant if the biological 
hardware of the user undergoes catastrophic failure before technological abundance can be 
realized.11 

Task 1: The Forensic Data Audit (The European Heart 
Journal Study) 
The foundational epidemiological data driving this paradigm shift originates from a landmark 
2026 study published in the European Heart Journal (EHJ) by an international research 
consortium, including Wei, Shen, Stamatakis, and Ahmadi.14 This prospective, population-based 
cohort study comprehensively dismantled the long-held assumption that total physical activity 



volume is the sole or primary driver of chronic disease prevention. By isolating the specific risk 
reduction percentages attributable directly to the intensity of the activity, the researchers 
established a new standard for biological optimization protocols.6 

Sample Size, Duration, and Data Collection Methodology 
Historically, large-scale longitudinal studies examining the relationship between physical activity 
and mortality have relied heavily on imprecise self-reporting instruments, such as the 
International Physical Activity Questionnaire (IPAQ).3 These traditional methodologies suffer 
from profound limitations; human subjects notoriously overestimate their activity levels and 
completely fail to recall micro-bouts of incidental exertion.3 The 2026 EHJ study circumvented 
this methodological bottleneck by leveraging a massive, technologically rigorous dataset from 
the UK Biobank.16 

The researchers executed a dual-pronged analysis utilizing a total sample size of 472,138 
participants.16 While 375,730 participants (mean age 56.2 years, 52.2% female) provided 
traditional self-reported physical activity data, the core, high-fidelity findings were derived from a 
subset of 96,408 individuals (mean age 61.9 years, 56.3% female) who were equipped with 
device-measured, wrist-worn accelerometers.6 These commercial-grade sensors continuously 
captured triaxial movement data twenty-four hours a day over a continuous seven-day period.3 

This accelerometer-driven methodology permitted the researchers to accurately capture, isolate, 
and quantify brief, spontaneous bouts of vigorous movement—often lasting less than two 
minutes—that participants typically fail to record in self-reported surveys.5 The cohort was 
subsequently monitored longitudinally over an average follow-up period of approximately 6.9 to 
7 years to track the incidence of morbidity and mortality.3 

Quantitative Extraction: Risk Reduction Across Chronic Diseases 
The forensic extraction of the device-measured data revealed profound, non-linear inverse 
dose-response relationships between the proportion of vigorous physical activity (%VPA) 
relative to total physical activity volume and the incidence of major chronic diseases.16 Crucially, 
across all strata of total physical activity volume, an increased percentage of VPA consistently 
demonstrated mathematically superior preventive potential.16 

In advanced multivariable models that were rigorously adjusted for total physical activity volume, 
participants who achieved greater than 4% VPA experienced a staggering 29% to 61% lower 
risk of developing major chronic disease outcomes compared to cohorts with 0% VPA.16 The 
study specifically tracked eight major non-communicable chronic diseases: major adverse 
cardiovascular events (MACE), atrial fibrillation (AFib), type 2 diabetes (T2D), immune-mediated 
inflammatory diseases (IMIDs), metabolic dysfunction-associated steatotic liver disease 
(MASLD), chronic respiratory diseases (CRD), chronic kidney disease (CKD), and dementia.16 

To precisely quantify the specific physiological impact of intensity versus volume, the 
researchers utilized Joint Analyses and calculated the Population Attributable Fraction (PAF). 



This metric revealed distinct, disease-specific patterns where intensity vastly outperformed 
volume in long-term risk mitigation.16 

Disease Category Preventative 
Contribution of PA 
Intensity (VPA) 

Preventative 
Contribution of PA 
Volume 

Intensity-to-Volume 
Superiority Ratio 

Dementia 32.3% 8.1% ~ 3.98x 

Immune-Mediated 
Inflammatory 
Diseases (IMIDs) 

20.3% 1.0% ~ 20.30x 

Major Adverse 
Cardiovascular 
Events (MACE) 

17.8% 6.0% ~ 2.96x 

Chronic Respiratory 
Diseases (CRD) 

21.4% 5.6% ~ 3.82x 

Atrial Fibrillation 
(AFib) 

16.2% 5.0% ~ 3.24x 

Table 1: Population Attributable Fraction (PAF) illustrating the relative contribution of physical 
activity intensity versus total physical activity volume in mitigating chronic disease risk. Data 
extracted from the 2026 European Heart Journal study.16 

Beyond the PAF metrics, the absolute risk reduction percentages for specific morbidities are 
critical for understanding the efficacy of VPA. A parallel analysis within the UK Biobank dataset 
involving non-exercisers highlighted that engaging in a sample median of 4.4 minutes of 
vigorous incidental activity per day was associated with a 26% to 30% reduction in all-cause 
and cancer mortality risk, and a profound 32% to 34% reduction in cardiovascular disease 
mortality risk.16 Furthermore, at the extreme end of the distribution, individuals achieving the 
maximum recorded 11 bouts of VPA per day demonstrated a 65% reduction in cardiovascular 



death risk and a 49% reduction in cancer-related death risk compared to individuals with zero 
VPA.20 

Pinpointing the Minimum Effective Dose 
A central objective of this forensic epidemiological audit was to identify the absolute "minimum 
effective dose" required to optimize the biological hardware and attenuate mortality. The data 
firmly indicates that extensive, hours-long training regimens—often perceived as a massive 
barrier to entry—are not physiologically mandatory to achieve substantial, life-extending health 
outcomes.21 

The researchers pinpointed that accumulating a mere 15 to 20 minutes of VPA per 
week—ideally distributed as short, intermittent bursts—was associated with a 16% to 40% 
reduction in the hazard ratio for all-cause mortality.16 Furthermore, extending this vigorous 
activity to an optimal range of 50 to 57 minutes per week resulted in even deeper exponential 
decreases in mortality risk.16 

When evaluating cardiovascular disease specifically, the data demonstrates that participants 
who maintained their VPA at 30% to 60% of their total moderate-to-vigorous physical activity 
(MVPA) achieved the maximal mathematical reduction in both all-cause and CVD mortality 
risks.16 In terms of frequency, accumulating 27 length-standardized bouts of VPA per week 
(averaging roughly four bouts per day) was associated with the lowest all-cause mortality 
hazard ratio of 0.73.16 This definitively establishes that the minimal threshold for biological 
hardware optimization is remarkably low in duration, provided the specific, intense physiological 
threshold is breached.20 

Task 2: The Biological Mechanism (Why "Surge" Beats 
"Volume") 
The overwhelming epidemiological data necessitates a deeper, forensic inquiry into the 
underlying cellular, molecular, and hemodynamic mechanisms. Why does pushing the human 
organism to the absolute point of breathlessness for sixty seconds outperform thousands of 
continuous steps taken at a low, steady heart rate? The answer lies in the fundamental 
physiological distinctions between Moderate Physical Activity (MPA) and Vigorous Physical 
Activity (VPA). VPA does not merely burn caloric energy; it acts as an acute, high-intensity 
biological stressor that initiates a cascade of systemic hormesis, cellular repair, and epigenetic 
rewiring.10 

Hemodynamics, Vascular Shear Stress, and Mitochondrial Adaptation 
To understand the superiority of surge compute over volume, one must examine the human 
endothelium. The endothelium is a massive sensory and regulatory organ lining the entire 
circulatory system, covering approximately 7,000 square meters and weighing roughly one 
kilogram.8 During moderate, steady-state physical activity, cardiac output and blood flow 



increase, generating a moderate level of unidirectional laminar shear stress against the 
endothelial walls.8 While this steady state is beneficial for baseline vasodilation and transient 
nitric oxide (NO) production, it often fails to trigger profound, systemic structural remodeling or 
massive mitochondrial biogenesis.26 

Conversely, VPA acts as a form of biological "surge compute," pushing cardiac output to 
near-maximum capacities and generating intense, pulsatile hemodynamic fluid shear stress.8 
This high-velocity shear stress serves as a powerful mechanical transduction signal. In vitro and 
in vivo models utilizing a cone-and-plate shear apparatus have demonstrated that intermittent 
exposure to high-intensity laminar shear stress (measured at approximately 20 dyne/cm2) 
radically activates key genetic pathways responsible for mitochondrial biogenesis and 
mitochondrial quality control.26 Endothelial cells exposed to this intense shear stress exhibit 
significantly increased mitochondrial DNA (mtDNA) content, elevated mitochondrial mass, and 
enhanced overall mitochondrial respiratory function.26 

This stress-induced mitochondrial adaptation is a survival mechanism. It increases the 
metabolic efficiency of the vascular network, enhancing the bioavailability of NO and endothelial 
nitric oxide synthase (eNOS) production.27 This structural remodeling, which causes the artery 
lumen diameter to increase and the wall thickness to decrease, effectively protects arterial 
function against age-related degradation, atherosclerosis, and systemic hypertension.27 

The Breathlessness Trigger: Lactate Signaling and Catecholamines 
The subjective sensation of "breathlessness" experienced during VPA is not merely a sign of 
fatigue; it is a vital clinical marker indicating that the organism has crossed the threshold from 
aerobic respiration into anaerobic metabolism.7 Pushing the body to this threshold triggers a 
massive sympathetic nervous system overdrive, flooding the bloodstream with catecholamines 
such as epinephrine and norepinephrine.29 

Furthermore, high-intensity exertion rapidly depletes local adenosine triphosphate (ATP) stores, 
resulting in the rapid accumulation of blood lactate.30 Once erroneously viewed merely as a 
toxic metabolic byproduct responsible for muscle soreness, recent advanced endocrinological 
research classifies lactate as a highly potent, hormone-like signaling molecule.30 Lactate 
circulation during peak physical surges initiates downstream cellular signaling pathways that 
enhance the expression of neurotrophic factors and even actively participate in the apoptosis of 
circulating tumor cells.30 VPA-induced breathlessness thus acts as a distinct physiological 
switch, initiating a delayed, systemic anti-inflammatory acute cytokine response that 
low-intensity volume simply cannot replicate due to the lack of anaerobic signaling.7 

Mitigating Immune-Mediated Inflammatory Diseases (IMIDs) 
The 2026 European Heart Journal study highlighted a remarkable statistic: intensity-driven 
physical activity reduces the risk of Immune-Mediated Inflammatory Diseases (IMIDs) by a 
factor of 20.3 compared to volume-based activity.16 This broad category encompasses 



debilitating autoimmune conditions such as psoriasis and rheumatoid arthritis, which are 
characterized by chronic systemic inflammation, cytokine storms, and severe immune 
dysregulation.32 

VPA operates on the principle of hormesis: an acute, transient spike in oxidative stress, reactive 
oxygen species (ROS), and pro-inflammatory markers (such as Interleukin-6 [IL-6] and 
C-reactive protein) during the exercise bout itself.24 However, this acute, intense spike triggers a 
profound compensatory down-regulation of baseline systemic inflammation in the post-exercise 
recovery period, subsequently elevating powerful anti-inflammatory cytokines like Interleukin-10 
(IL-10).25 

At the cellular level, regular moderate-to-vigorous exercise rewires the metabolic and epigenetic 
function of bone marrow-derived macrophages.10 This epigenetic rewiring effectively "educates" 
the immune system to maintain a balanced inflammatory response, lowering the gene 
expression of inflammatory phenotypes.10 In the specific context of psoriasis, the disease is 
primarily driven by the hyper-proliferation of Th22 cells, excessive Interleukin-17 (IL-17) 
production, and the critical dysfunction of regulatory T (Treg) cells within the epidermal 
microenvironment.35 Furthermore, in psoriatic arthritis, inflammatory cytokines directly activate 
the JAK/STAT pathway, which drives synovial cell hyperproliferation and devastating joint 
degradation known as pannus formation.33 

The systemic anti-inflammatory response induced by the hormonal and metabolic shift of VPA 
blunts these pro-inflammatory cytokines, directly interfering with the JAK/STAT signaling 
cascade and effectively inhibiting abnormal tissue formation.33 Concurrently, intense physical 
activity lowers the presence of oxidized low-density lipoprotein (oxLDL), which is a primary 
instigator of vascular inflammation and macrophage activity in autoimmune patients.37 
Consequently, VPA acts as an endogenous, broad-spectrum biologic therapeutic, regulating the 
immune system at the epigenetic level. 

Neural Architecture and Dementia Protection 
The epidemiological data demonstrates a 32.3% risk reduction in dementia attributable to VPA 
intensity, vastly outperforming the negligible 8.1% attributed to exercise volume.16 This profound 
neuroprotective effect is firmly grounded in the mechanics of cerebral hemodynamics and 
neurotrophic factor release. 

During a surge of VPA, the augmented cardiac output translates directly to a significant 
elevation in cerebral blood flow and fluid shear stress within the delicate microvasculature of the 
human brain.38 This mechanical force, combined with the extreme metabolic demands of the 
intense motor control and afferent feedback, stimulates intense neuronal activity and cellular 
calcium (Ca2+) influx.38 This unique biochemical environment promotes the massive release of 
Brain-Derived Neurotrophic Factor (BDNF), a crucial protein responsible for neurogenesis, 
synaptic plasticity, and the survival of existing neurons within the hippocampus.8 

Additionally, chronic high-intensity exercise improves central blood pressure regulation. 



Elevated blood pressure variability and widening baseline pulse pressure are highly predictive 
markers for cognitive decline and incident dementia, as micro-vascular damage and silent 
lacunar infarcts accumulate in the brain tissue over time.39 By initiating structural remodeling of 
the artery lumen and enhancing eNOS production, VPA smooths blood pressure variability, 
thereby maintaining the structural integrity of the blood-brain barrier and preserving cognitive 
function well into advanced age.27 

Task 3: The "Tech-Worker" Application (Biological 
Hardware Maintenance) 
The modern technology sector operates on a fundamentally contradictory and unsustainable 
premise: the execution of hyper-advanced cognitive tasks relying on rapidly degrading, severely 
neglected biological hardware. A modern tech executive, data scientist, or software engineer 
typically engages in prolonged sedentary behavior, remaining seated for upwards of 10 to 12 
hours a day in a state of minimal metabolic demand.41 

This prolonged physical stagnation is catastrophic for the human organism. It rapidly leads to 
postprandial glycemic dysregulation, severe insulin resistance, endothelial dysfunction, lipid 
profile degradation, and a gradual but inevitable decline in cardiorespiratory fitness (VO2 
max).40 The traditional countermeasure promoted by the fitness industry—a highly structured 
90-to-120-minute gym routine—is frequently abandoned by high-performing professionals due 
to friction, cognitive fatigue, and perceived time constraints, creating a massive 
"intention-behavior gap".22 

However, synthesizing the mechanistic data of VPA provides a highly optimized, low-friction, 
high-yield solution designed specifically for the time-poor knowledge worker. This protocol is 
operationalized through the concepts of Vigorous Intermittent Lifestyle Physical Activity (VILPA) 
and structured "Exercise Snacks." 

The VILPA and Exercise Snack Framework 
In 2020, the World Health Organization removed the requirement for a minimum bout length for 
physical activity, recognizing that highly fractionated, micro-doses of intense movement confer 
substantial biological benefits.22 VILPA and Exercise Snacks represent a novel 
operationalization of this physical activity.44 Rather than treating physical maintenance as an 
isolated, burdensome event requiring facility access and prolonged durations, this framework 
treats exertion as a distributed, high-frequency biological system update.22 

VILPA refers to brief, unplanned, intermittent bursts of vigorous activity embedded seamlessly 
into daily life—such as sprinting up a flight of stairs, power-walking to a transit hub, or manually 
carrying heavy loads.18 As previously established, non-exercisers who accumulate a median of 
just 3 VILPA bouts per day (lasting 1 to 2 minutes each) achieve a near 50% reduction in 
cardiovascular disease mortality.16 



"Exercise Snacks" apply the exact same physiological principles but are intentionally planned 
and structured interventions.41 These are isolated bouts of high-intensity movement, lasting less 
than two minutes, strategically dispersed throughout the workday to deliberately interrupt 
prolonged sitting and reboot the metabolic system.44 

The Executive Optimization Protocol 
For the sedentary engineer, implementing a VILPA/Exercise Snack protocol is akin to 
establishing automated maintenance scripts for their biological hardware. The core objective is 
to repeatedly spike the heart rate into the vigorous zone—triggering the requisite 
"breathlessness" hormone response, lactate signaling, and vascular shear stress—with absolute 
minimal disruption to deep work. 

A highly effective, clinically validated protocol is the Dispersed Stair-Climbing Method. A 
robust study examining the receptivity of this protocol in workplace settings evaluated 
participants completing three isolated bouts of ascending 53 to 60 stairs (approximately 3 to 4 
flights) performed sporadically throughout the day.42 

1.​ The Protocol: Ascend 50 to 60 stairs at a vigorous, near-sprint pace.42 

2.​ The Duration: The ascent should take less than 60 seconds.49 

3.​ The Frequency: Execute this protocol three times across the workday (e.g., morning at 
9:30 AM, midday at 12:30 PM, and late afternoon at 3:30 PM).49 

This precise regimen has been shown to be superior to continuous, single-session exercise for 
acutely improving glycemic control.47 Furthermore, compared to traditional High-Intensity 
Interval Training (HIIT) combined into a single grueling workout, dispersed exercise snacks yield 
significantly more positive affective valence and a lower rise in the Rate of Perceived Exertion 
(RPE) across the day, making them highly tolerable and feasible for corporate environments.42 
Post-exercise enjoyment and self-efficacy towards these snacks were exceedingly high, leading 
to an organic increase in the average number of sit-to-stands and moderate-to-vigorous 
physical activity in a 24-hour period.42 

Other rapidly deployable 60-to-90-second protocols include rapid sit-to-stand repetitions from an 
office chair, 90 seconds of speed walking, or brief isometric wall sits.50 Despite totaling less than 
five minutes of absolute exertion per day, these systemic interruptions effectively mitigate the 
acute adverse effects of sitting on over 10 clinical biomarkers of endocrine, cardiovascular, and 
brain health.40 They rapidly improve postprandial glucose and insulin responses, preserve 
cerebral blood flow (enhancing afternoon cognitive acuity), and stimulate peak power output 
(PPO) and VO2 max via the stimulation of growth factors such as IGF-1.40 For the modern tech 
worker, this represents the highest possible return on investment for biological maintenance, 
completely neutralizing the "lack of time" barrier.22 

Task 4: The Macro-Longevity Perspective 



The empirical validations of VPA and VILPA arrive at a critical inflection point in human history, 
intimately mirroring the broader longevity and anti-aging movements proliferating throughout 
Silicon Valley. The global technology sector is currently orchestrating an unprecedented 
centralization of capital, engineering talent, and computational intellect directed toward two 
interconnected, monumental horizons: the scaling of Artificial General Intelligence (AGI) and the 
eradication of biological aging.11 

The AI Scaling Thesis and Biological Wetware 
The prevailing ideology in Silicon Valley is the "AI Scaling Thesis"—the staunch conviction that 
massive, exponential increases in computational power and neural network parameter counts 
will inevitably yield superintelligent systems capable of solving physics, engineering, and 
operational tasks at 10x to 100x human speed.52 AI models currently in development are 
conceptualized by industry leaders as a "country of geniuses in a datacenter," capable of 
ingesting vast swaths of data to design complex robotics, solve genomic puzzles, and 
independently direct laboratory equipment.52 

This expectation of imminent technological singularity has birthed a massive influx of capital into 
longevity technologies. Advanced computational systems biology is utilizing generative AI to 
analyze next-generation sequencing, proteomics, lipidomics, and complex biological processes, 
aiming to model the exact mechanisms of human aging.53 The integration of artificial intelligence 
into drug discovery has the potential to drastically reduce the decade-long, billion-dollar 
development cycles that currently plague the pharmaceutical industry, offering a realistic 
pathway to novel therapies that could extend human healthspan by 10% to 15% in the near 
term.11 

However, the pursuit of transhumanism and what theorists term "Life 3.0"—the ability for 
biological life to actively design and upgrade its own physical hardware—reveals a stark, 
existential vulnerability.13 The foundational thesis of this briefing argues a simple, unavoidable 
reality: Scaling AI and achieving technological abundance is completely useless to the 
individual if their biological hardware fails before they can utilize it. 

Bridging the Gap: Maintenance Until the Singularity 
The human brain is the biological hardware; the human mind is the rotational and translational 
software.12 No matter the sophistication of the external silicon hardware scaling in massive data 
centers, the human user remains intimately tethered to a frail, evolutionary architecture that is 
highly prone to rapid degradation from systemic inflammation, vascular decay, and neural 
atrophy.12 

Silicon Valley's intense focus on "longshot" technologies—such as epigenetic reprogramming, 
novel senolytics, synthetic organs, and AI-designed molecular therapies—promises 
extraordinary future dividends.11 Yet, despite the rapid acceleration of AI, these biological 
technologies remain years, if not decades, away from widespread, safe, FDA-approved 
commercial viability.11 As industry experts note, while AI can process text at 100x human speed, 



it is ultimately bound by the slow response time of the physical world and the rigid realities of 
conducting biological experiments.52 

The primary risk management vector for the modern technologist is therefore the aggressive 
preservation of their existing biological wetware, ensuring they survive long enough to interface 
with this imminent wave of technological abundance.12 

This is the ultimate, macro-level value proposition of Vigorous Intermittent Lifestyle Physical 
Activity. It is not merely a fitness routine for aesthetic purposes; it is an evidence-based, highly 
efficient bridge protocol. By utilizing the biological "surge compute" of VPA, the tech worker 
triggers innate, highly evolved hormetic repair mechanisms—vascular endothelial remodeling, 
mitochondrial biogenesis, and inflammatory pathway suppression—that modern medicine still 
struggles to replicate with pharmacology.10 

By investing a cumulative three to four minutes a day to push the cardiovascular system to the 
point of breathlessness, the modern engineer effectively halts the metabolic decay inherent to a 
sedentary lifestyle.5 This ensures that the delicate neural architecture required to comprehend 
and collaborate with advanced AI systems remains intact and optimized.38 Ultimately, ignoring 
the meticulous maintenance of the biological organism in favor of exclusively building 
computational systems is a catastrophic misallocation of resources. The rigorous optimization of 
the biological hardware through targeted, minimum-effective-dose physical exertion is the 
necessary, non-negotiable prerequisite to surviving and thriving in the coming era of 
technological singularity. 

Conclusion 
The forensic epidemiological analysis of the 2026 European Heart Journal dataset irrevocably 
shifts the paradigm of human physical maintenance from sustained volume to highly targeted 
intensity. The human organism is exceptionally responsive to brief, intense bursts of mechanical 
and metabolic stress. Vigorous physical activity initiates a profound cascade of vascular shear 
stress, lactate hormone signaling, and macrophage epigenetic rewiring that systematically 
fortifies the biological hardware against dementia, serious cardiovascular events, and chronic 
autoimmune inflammatory diseases such as arthritis and psoriasis. 

For the time-constrained technology professional, the implementation of VILPA and Exercise 
Snacks—such as three 60-second bursts of vigorous stair climbing dispersed throughout the 
workday—represents a clinically validated, frictionless optimization protocol. In the broader 
context of exponential technological scaling and artificial intelligence, deploying these precise, 
minimum-effective-dose interventions is not optional; it is critical. The preservation of cognitive 
and physical integrity through intense, intermittent exertion ensures that the biological hardware 
remains viable, robust, and optimized long enough to successfully harness the impending 
revolution in longevity medicine and artificial general intelligence. 
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