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Abstract
Uzbekistan's pharmaceutical sector is undergoing significant digital transformation, with 

over 220 private pharmaceutical companies operating in the country and government-mandated 
serialization systems requiring  end-to-end tracking  of  pharmaceutical  products.  However,  the 
operational  infrastructure  connecting  procurement,  distribution,  and  inventory  management 
across pharmacy networks remains largely dependent on manual processes. This paper presents the 
applied deployment and outcomes of Restocks AI, an autonomous artificial intelligence platform for 
pharmaceutical supply chain management, across two major pharmacy networks in Uzbekistan 
spanning a combined 427 locations in all 14 administrative regions. The platform integrates multi-
agent  decisioning  systems,  predictive  inventory  engines,  and  distributed  data  processing 
infrastructure to autonomously manage demand forecasting, procurement automation, expiration 
tracking,  and  supply  chain  coordination.  Deployment  at  OXYMED  (150+  private  pharmacy 
locations) and the Central Polyclinic of the Ministry of Internal Affairs (277 government pharmacy 
locations, annual budget exceeding 1.2 trillion UZS) yielded measurable results: 70% reduction in 
manual workload, procurement cycle compression from 18 days to under 4,  65% reduction in 
expiration waste, 70% fewer stockout incidents, and combined financial impact of 812 billion UZS. 
These outcomes demonstrate the viability of applied AI as digital infrastructure for national-scale 
healthcare  operations  in  Uzbekistan  and  provide  a  framework  for  digital  transformation  of 
pharmaceutical logistics in the broader Central Asian region.
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1. Introduction
The Republic of Uzbekistan has placed digital transformation at the center of its healthcare 

modernization strategy. A dedicated Digital Healthcare Center now operates under the Ministry of 
Health, coordinating nationwide reforms including the unified DMED electronic platform, which 
stores medical data for more than 36 million citizens [1]. The Electronic Prescription program has 
reduced unnecessary prescriptions by 40%, and over 3,000 medical institutions are connected to 
digital networks [1]. Government-mandated pharmaceutical serialization requires comprehensive 
tracking of each unit through a unique Data Matrix code from production or import through final 
retail sale [2].

Despite  these  advances  in  digitalization,  the  operational  infrastructure  underlying 
pharmaceutical  procurement,  distribution,  and  inventory  management  has  remained  largely 
manual across much of the sector. Pharmacy networks spanning dozens or hundreds of locations 
continue to depend on spreadsheet-based tracking, fragmented data systems, and reactive decision-
making processes in which procurement actions are taken in response to observed shortages rather 
than  forecasted  demand.  The  consequences  are  well  documented  in  the  global  literature: 
pharmaceutical wastage rates in developing countries have been measured at up to 37.1% at public 
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health facilities, with product expiration accounting for over 92% of losses [3]. Stockout rates for 
essential medicines in some regions exceed 30% [4].

Uzbekistan's pharmaceutical market is also experiencing rapid structural change. Currently, 
over 220 private pharmaceutical companies operate in the country, producing approximately 45% 
of medicines domestically, with a government target of increasing this to 80% [5]. Imported drugs 
still account for 87% of retail sales [5]. This combination of growing domestic production, high 
import  dependence,  expanding  pharmacy  networks,  and  government  mandates  for  digital 
traceability creates both an urgent need and a favorable environment for AI-driven operational 
infrastructure.

This paper presents the applied deployment and outcomes of Restocks AI, an autonomous 
multi-agent AI platform for pharmaceutical supply chain management, across two major pharmacy 
organizations  in  Uzbekistan.  The  deployment  spans  427  pharmacy  locations  across  all  14 
administrative  regions  and  represents,  to  the  authors'  knowledge,  the  largest  documented 
deployment of autonomous AI for pharmaceutical operations in Central Asia.

2. Digital Context: Uzbekistan's Healthcare and Pharmaceutical Landscape
2.1 Healthcare Digitalization Initiatives
Uzbekistan  has  accelerated  healthcare  digitalization  significantly  in  recent  years.  Key 

developments include:
 The establishment of a Digital Healthcare Center under the Ministry of Health, coordinating 

nationwide digital reform [1]
 Deployment of the DMED unified electronic platform storing medical records for 36+ million 

citizens [1]
 The Electronic Prescription program, which reduced unnecessary prescriptions by 40% [1]
 Connection of over 3,000 medical institutions to digital networks [1]
 Government-mandated pharmaceutical serialization with Data Matrix codes enabling end-

to-end tracking [2]
2.2 Pharmaceutical Market Structure
The pharmaceutical sector in Uzbekistan is characterized by:

 Over 220 private pharmaceutical  companies producing approximately 45% of domestic 
medicines [5]

 Imported drugs accounting for 87% of retail sales as of 2024 [5]
 Government targets to increase domestic production to 80% by 2026 [5]
 Active engagement with international pharmaceutical partners, particularly Chinese firms, 

for technology transfer and localization [5]
 The Pharmaceutical Industry Development Agency (Pharm Agency) overseeing regulatory 

modernization [6]
2.3 The Operational Gap
While digitalization of patient records, prescriptions, and traceability has advanced rapidly, 

the operational layer of pharmaceutical logistics, the day-to-day management of inventory levels, 
procurement  timing,  supplier  coordination,  and  expiration  monitoring  across  distributed 
pharmacy networks, has remained largely manual. This gap represents both a significant source of 
operational inefficiency and an opportunity for applied AI deployment.

3. System Description
3.1 Platform Overview
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Restocks AI is an autonomous AI platform designed to function as an independent operational 
agent within pharmaceutical supply chains. Unlike conventional inventory management software 
that  provides  dashboards  and alerts  for  human operators,  Restocks  AI  executes  the  complete 
operational  cycle  autonomously:  demand  forecasting,  purchase  order  generation,  vendor 
communication,  shipment  tracking,  invoice  verification,  shortage  prediction,  expiration 
management, and enterprise system synchronization.

3.2 Multi-Agent Architecture
The platform employs a multi-agent architecture where specialized AI agents manage distinct 

operational domains:
 Demand Forecasting Agent: Generates forward-looking demand projections using machine 

learning models trained on historical consumption, seasonal patterns, regional indicators, 
and real-time inventory signals.

 Procurement  Agent:  Automatically  generates  and  executes  purchase  orders  based  on 
forecasted demand, eliminating reactive ordering.

 Vendor Communication Agent: Manages supplier interactions, order confirmations, and 
delivery scheduling.

 Shipment Tracking Agent: Monitors logistics and delivery status across all locations.
 Invoice Verification Agent: Validates incoming invoices against orders and deliveries.
 Expiration  Management  Agent:  Monitors  shelf  life  across  all  locations  and  adjusts 

procurement to minimize waste.
 System Synchronization Agent: Maintains data coherence across all locations and enterprise 

systems.
Agents operate autonomously within their domains while coordinating through a shared state 

layer backed by an event-driven message queue (Redis), which maintains a consistent view of 
inventory positions, in-transit orders, and pending procurement actions. Each agent publishes state 
updates upon task completion, enabling downstream agents to act on current data without polling 
or manual triggers. Conflict resolution between agents (e.g., when the expiration agent and demand 
forecasting agent generate competing procurement signals for the same SKU) is handled through a 
priority-weighted arbitration protocol that factors in patient-safety criticality, shelf-life constraints, 
and demand urgency. This design enables parallel processing of thousands of operations across 
hundreds of locations. A detailed technical architecture description, including model specifications, 
inter-agent coordination protocols, and infrastructure benchmarks, is provided in a companion 
paper [17].

3.3 Predictive Inventory Engine
The forecasting component represents a core differentiator from conventional systems. The 

platform utilizes gradient-boosted ensemble models (LightGBM) trained on 24 months of historical 
consumption data encompassing over 10,000 unique pharmaceutical  SKUs across  all  deployed 
locations. Rather than generating alerts after inventory falls below threshold levels, the predictive 
engine generates rolling 14-day forward demand projections at the SKU-location level and triggers 
procurement actions before shortages develop. The engine continuously recalibrates on a daily basis 
using incoming dispensing data from each location, achieving a mean absolute percentage error 
(MAPE) of 14.8% across the deployed SKU catalog. Recent research has demonstrated that AI-driven 
demand forecasting can reduce forecast errors by 30-50% compared to traditional methods [7].

3.4 Distributed Infrastructure
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The platform utilizes a distributed task-processing architecture built on a Celery task queue 
with Redis as the message broker, processing over 45,000 autonomous task executions daily across 
the full pharmacy network. Real-time data pipelines connect each pharmacy location to the central 
intelligence layer via REST API integrations with each organization's enterprise resource planning 
system,  ensuring  that  inventory  signals,  shipment  updates,  and  procurement  confirmations 
propagate across the network with end-to-end latency under five minutes.  The architecture is 
horizontally  scalable,  a  critical  requirement  for  national-scale  operations  where  hundreds  of 
locations must remain synchronized.

4. Deployment
4.1 Deployment Sites
The platform was deployed across two organizations:
OXYMED:  One  of  Uzbekistan's  largest  private  medical  supply  and  pharmacy  networks, 

operating over 150 locations nationwide. OXYMED manages centralized procurement, warehousing, 
and  distribution  of  pharmaceutical  products  across  geographically  dispersed  regions.  Pre-
deployment operations relied on manual oversight, fragmented data reconciliation, and reactive 
procurement processes.

Central  Polyclinic of  the Ministry of  Internal  Affairs  of  the Republic  of  Uzbekistan:  The 
country's largest government-operated pharmaceutical and medical institution. The institution 
operates 277 government pharmacy locations across all  14 administrative regions (Republic of 
Karakalpakstan,  Tashkent  City,  and  12  viloyats),  serving  law  enforcement  personnel,  security 
services, and their families. The annual pharmaceutical procurement budget exceeds 1.2 trillion 
Uzbek sum. Pre-deployment operations similarly relied on manual tracking, with procurement 
cycle times averaging 18 days.

4.2 Deployment Scope
The combined deployment spans 427 pharmacy locations across all 14 administrative regions 

of Uzbekistan, covering:
 Urban and rural locations across diverse geographic and climatic zones
 Both private-sector and government-sector operational models
 Multiple pharmaceutical categories and regulatory requirements
 High-volume procurement and distribution operations

5. Results
5.1 Measurement Methodology
Performance metrics were derived from operational data recorded in each organization's 

enterprise resource planning (ERP) and warehouse management systems. Baseline measurements 
were  collected  over  a  six-month pre-deployment  observation window using  historical  records 
maintained by each organization. Post-deployment metrics were measured over a six-month period 
following  full  production  rollout.  All  metrics  were  extracted  from  ERP  transaction  logs  and 
validated  against  operational  reports  provided  by  each  organization's  management.  No  self-
reported or survey-based measurements were used for quantitative outcomes.

5.2 Quantitative Outcomes
The following results were observed across the combined deployment:
Manual operational workload: Reduced by 70% (OXYMED: 824 to 247 labor-hours/week; 

Central Polyclinic: 1,518 to 455 labor-hours/week) Replenishment cycle times: Accelerated by 30% 
(11.6 to 8.1 days, combined mean) Procurement cycle times (Central Polyclinic): Reduced from 18.0 
days to 3.8 days (79% improvement) Pharmaceutical expiration waste (Central Polyclinic): Reduced 
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by 65% (69.2 to 24.2 billion UZS/quarter) Stockout incidents: Reduced by 70% (OXYMED: 452 to 
136/month; Central Polyclinic: 863 to 259/month) Distribution delays: Reduced by 75% (31.8% to 
7.9% of orders exceeding SLA) Staff reallocation (Central Polyclinic): 50+ personnel reassigned from 
manual reconciliation to higher-value functions Expiration waste cost recovery (Central Polyclinic): 
180 billion UZS recovered (cumulative) Combined financial impact (Central Polyclinic): 812 billion 
UZS (annualized)

Table 1. Summary of deployment outcomes.
Metric Org Pre-

Deployment
Post-

Deployment
Change

Manual operational workload (labor-
hours/week)

OXYMED 824 247 −70.0%

Manual operational workload (labor-
hours/week)

Central 
Polyclinic

1,518 455 −70.0%

Mean replenishment cycle time (days) Combined 11.6 8.1 −30.2%
Procurement cycle time (days) Central 

Polyclinic
18.0 3.8 −78.9%

Pharmaceutical expiration waste 
(billion UZS/quarter)

Central 
Polyclinic

69.2 24.2 −65.0%

Stockout incidents (monthly count) OXYMED 452 136 −69.9%
Stockout incidents (monthly count) Central 

Polyclinic
863 259 −70.0%

Distribution delays (% orders 
exceeding SLA)

Combined 31.8 7.9 −75.2%

Staff reassigned from manual tasks Central 
Polyclinic

0 50+ —

Expiration waste cost recovery (billion 
UZS, cumulative)

Central 
Polyclinic

— 180 —

Combined financial impact (billion 
UZS, annualized)

Central 
Polyclinic

— 812 —

Note:  Pre-deployment  values  represent  six-month  baseline  means  derived  from 
organizational ERP records. Post-deployment values represent six-month post-rollout means.

5.3 Operational Transformation
Beyond quantitative  metrics,  the  deployment  produced qualitative  changes  in  how both 

organizations operate:
Shift  from  reactive  to  predictive  operations:  Procurement  decisions  are  now  driven  by 

forecasted demand rather than observed shortages, fundamentally altering the operational model.
Continuous  national-scale  operation:  The  platform  operates  across  all  14  administrative 

regions without performance degradation, demonstrating the distributed architecture's capacity 
for national deployment.

Government-grade reliability: At the Central Polyclinic, the system meets the precision and 
reliability standards required by a government institution funded by the national budget, where 
operational failures have direct public health consequences.

Human role transformation: Staff previously allocated to routine manual tasks (data entry, 
reconciliation, reactive ordering) have been reassigned to strategic oversight, quality assurance, and 
analytical roles.

5.4 Comparison with Global Benchmarks
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The  outcomes  compare  favorably  with  published  benchmarks  in  the  AI  supply  chain 
literature. McKinsey research indicates that AI-driven supply chain optimization typically achieves 
logistics  cost  reductions  of  15%,  inventory  accuracy  improvements  of  35%,  and  service  level 
enhancements of up to 65% [8].  The Restocks AI deployment outcomes,  particularly the 70% 
workload reduction and 65% expiration waste reduction, exceed these industry benchmarks, likely 
reflecting the degree of manual dependence in the pre-deployment baseline and the platform's fully 
autonomous (rather than decision-support) operating model.

6. Discussion
6.1 Significance for Uzbekistan's Digital Transformation
The  deployment  outcomes  demonstrate  that  applied  AI  can  serve  as  operational 

infrastructure for Uzbekistan's healthcare system at national scale.  The government's existing 
investments in healthcare digitalization, including the DMED platform, electronic prescriptions, 
and  pharmaceutical  serialization,  have  created  a  digital  foundation.  Restocks  AI  extends  this 
foundation into the operational layer, automating the procurement, distribution, and inventory 
management processes that determine whether digitally tracked medicines actually reach patients 
when and where they are needed.

The financial impact at the Central Polyclinic,  812 billion UZS annualized, is particularly 
significant  for  a  government  institution funded by  the  national  budget.  Every  sum recovered 
through reduced waste and improved efficiency flows directly back into the Republic's healthcare 
capacity.

6.2 Implications for Central Asian Healthcare Systems
The challenges addressed by this deployment, manual pharmaceutical logistics, high wastage 

rates,  frequent  stockouts,  and  reactive  procurement,  are  not  unique  to  Uzbekistan.  They  are 
characteristic of healthcare systems across Central Asia and in developing countries globally [3], [4]. 
The successful deployment across 427 locations in diverse geographic, climatic, and operational 
conditions  suggests  that  the  architecture  is  replicable  in  similar  healthcare  environments 
throughout the region.

6.3 Contribution to Applied Digital Technology
This paper contributes to the applied digital technology literature by demonstrating that 

multi-agent  AI  systems  can  transition  from  theoretical  and  simulation-based  validation  to 
production deployment in one of the most demanding operational environments in healthcare. The 
results extend recent simulation-based work on multi-agent supply chain optimization [9], [10] into 
real-world deployment at national scale.

6.4 Limitations
Several limitations should be noted when interpreting these results.
First, the author is the founder and CEO of Restocks AI, the platform evaluated in this study.  

While  all  quantitative  metrics  were  derived from client  ERP systems and operational  records 
maintained by the respective organizations, the absence of independent third-party evaluation 
represents a methodological limitation.

Second, both organizations transitioned fully to the Restocks AI platform without maintaining 
a parallel control group operating under pre-deployment conditions. The reported improvements 
therefore reflect pre/post comparisons rather than controlled experimental results.

Third, the deployment is limited to pharmaceutical supply chains in Uzbekistan, and results 
may  not  generalize  directly  to  markets  with  different  regulatory  frameworks,  supply  chain 
structures, or data infrastructure maturity.
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Fourth, the platform has also been deployed in industrial manufacturing in China (cement 
production), suggesting cross-industry applicability, but only pharmaceutical-specific results are 
reported here.

6.5 Future Research
Future work will focus on expansion to additional countries and healthcare systems across 

Central Asia, incorporation of independent third-party evaluation methodologies, integration of 
epidemiological and environmental data sources for improved forecast accuracy, and development 
of cross-network intelligence sharing mechanisms that could enable anonymized learning across 
organizationally distinct pharmacy networks within the region.

7. Conclusion
This  paper  has  presented  the  applied  deployment  and  outcomes  of  Restocks  AI,  an 

autonomous multi-agent AI platform for pharmaceutical supply chain management, across 427 
pharmacy locations in all 14 administrative regions of Uzbekistan. The results demonstrate that 
applied  AI  can  effectively  serve  as  digital  infrastructure  for  national-scale  pharmaceutical 
operations,  delivering  measurable  improvements  in  efficiency,  waste  reduction,  and  financial 
performance that exceed published industry benchmarks. The deployment aligns with and extends 
Uzbekistan's broader healthcare digitalization strategy, bridging the gap between digital record-
keeping  and  operational  automation.  The  architecture  and  outcomes  described  here  offer  a 
replicable framework for digital transformation of pharmaceutical logistics across Central Asia and 
the developing world.
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