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2.6 MEMORY ALLOCATION 

Linux memory allocation is a complex system that handles both physical and virtual 

memory, with different methods for kernel and user space. Key techniques include dynamic 

allocation via system calls like malloc  for user space, and specialized kernel functions 

like kmalloc and vmalloc for the kernel.  

User space memory allocation 

 Dynamic allocation: Processes allocate memory during runtime using functions like malloc() , 

which uses the sbrk()  or mmap()  system calls under the hood. 

 Memory mapping: The mmap()  system call allows a process to map a file into its virtual 

address space, enabling efficient access to large files as if they were in memory. 

 Anonymous memory: This is dynamically allocated memory not tied to a specific file, used for 

things like the program's heap and stack.  

Kernel space memory allocation  

 Page allocator: The fundamental allocator for physical memory, often used via functions 

like alloc_pages which requests pages directly from the memory manager. 

 kmalloc() : The most common function for allocating smaller, physically contiguous chunks of 

memory for the kernel. 

 vmalloc()`: Used to allocate large, virtually contiguous blocks of memory that may not be 

physically contiguous. 

 Slab and Buddy allocators: The kernel uses the buddy system for allocating physical pages and 

the slab allocator for managing frequently used objects, which helps reduce fragmentation and 

improve performance.  

Key concepts 

 Virtual memory: Linux uses virtual memory to give each process its own private address space, 

translating virtual addresses to physical RAM addresses through a hardware-based address 

translation mechanism. 

https://www.google.com/search?q=kmalloc&sca_esv=90ae87e741ae3c67&rlz=1C1RLNS_enIN904IN904&biw=1600&bih=773&sxsrf=AE3TifMC0WsU7UpxyMIndcDdgD8zH4vYuQ%3A1764423915799&ei=6_gqaZqoMKab4-EPppyn4AQ&ved=2ahUKEwj5roixwpeRAxVYTWwGHR72EAIQgK4QegQIARAC&uact=5&oq=MEMORY+ALLOCATION+in+linux+os&gs_lp=Egxnd3Mtd2l6LXNlcnAiHU1FTU9SWSBBTExPQ0FUSU9OIGluIGxpbnV4IG9zMgUQABjvBTIIEAAYgAQYogQyBRAAGO8FMggQABiiBBiJBTIFEAAY7wVI3ghQAFgAcAB4AZABAJgBmwGgAZsBqgEDMC4xuAEDyAEA-AEC-AEBmAIBoAKzAZgDAJIHAzAuMaAHqgOyBwMwLjG4B7MBwgcDMy0xyAcP&sclient=gws-wiz-serp&mstk=AUtExfDf9AYAySkc14rSvq8S5Mqwg52HTn2xlETDTXxARW3TfQBeyWvkMxURIlYWXRSsgPlKCuDFhB4odXA-kzcXPXWO9as9U6yDLyPQj-5Sr6eH58HZV39XJNmpw9Euaow6NGDZlPOFwi2nrbwifyko7wlpFOxhOyxQCpNiNFJqSx7b0DM&csui=3
https://www.google.com/search?q=vmalloc&sca_esv=90ae87e741ae3c67&rlz=1C1RLNS_enIN904IN904&biw=1600&bih=773&sxsrf=AE3TifMC0WsU7UpxyMIndcDdgD8zH4vYuQ%3A1764423915799&ei=6_gqaZqoMKab4-EPppyn4AQ&ved=2ahUKEwj5roixwpeRAxVYTWwGHR72EAIQgK4QegQIARAD&uact=5&oq=MEMORY+ALLOCATION+in+linux+os&gs_lp=Egxnd3Mtd2l6LXNlcnAiHU1FTU9SWSBBTExPQ0FUSU9OIGluIGxpbnV4IG9zMgUQABjvBTIIEAAYgAQYogQyBRAAGO8FMggQABiiBBiJBTIFEAAY7wVI3ghQAFgAcAB4AZABAJgBmwGgAZsBqgEDMC4xuAEDyAEA-AEC-AEBmAIBoAKzAZgDAJIHAzAuMaAHqgOyBwMwLjG4B7MBwgcDMy0xyAcP&sclient=gws-wiz-serp&mstk=AUtExfDf9AYAySkc14rSvq8S5Mqwg52HTn2xlETDTXxARW3TfQBeyWvkMxURIlYWXRSsgPlKCuDFhB4odXA-kzcXPXWO9as9U6yDLyPQj-5Sr6eH58HZV39XJNmpw9Euaow6NGDZlPOFwi2nrbwifyko7wlpFOxhOyxQCpNiNFJqSx7b0DM&csui=3
https://www.google.com/search?q=Dynamic+allocation&sca_esv=90ae87e741ae3c67&rlz=1C1RLNS_enIN904IN904&biw=1600&bih=773&sxsrf=AE3TifMC0WsU7UpxyMIndcDdgD8zH4vYuQ%3A1764423915799&ei=6_gqaZqoMKab4-EPppyn4AQ&ved=2ahUKEwj5roixwpeRAxVYTWwGHR72EAIQgK4QegQIBBAB&uact=5&oq=MEMORY+ALLOCATION+in+linux+os&gs_lp=Egxnd3Mtd2l6LXNlcnAiHU1FTU9SWSBBTExPQ0FUSU9OIGluIGxpbnV4IG9zMgUQABjvBTIIEAAYgAQYogQyBRAAGO8FMggQABiiBBiJBTIFEAAY7wVI3ghQAFgAcAB4AZABAJgBmwGgAZsBqgEDMC4xuAEDyAEA-AEC-AEBmAIBoAKzAZgDAJIHAzAuMaAHqgOyBwMwLjG4B7MBwgcDMy0xyAcP&sclient=gws-wiz-serp&mstk=AUtExfDf9AYAySkc14rSvq8S5Mqwg52HTn2xlETDTXxARW3TfQBeyWvkMxURIlYWXRSsgPlKCuDFhB4odXA-kzcXPXWO9as9U6yDLyPQj-5Sr6eH58HZV39XJNmpw9Euaow6NGDZlPOFwi2nrbwifyko7wlpFOxhOyxQCpNiNFJqSx7b0DM&csui=3
https://www.google.com/search?q=Memory+mapping&sca_esv=90ae87e741ae3c67&rlz=1C1RLNS_enIN904IN904&biw=1600&bih=773&sxsrf=AE3TifMC0WsU7UpxyMIndcDdgD8zH4vYuQ%3A1764423915799&ei=6_gqaZqoMKab4-EPppyn4AQ&ved=2ahUKEwj5roixwpeRAxVYTWwGHR72EAIQgK4QegQIBBAD&uact=5&oq=MEMORY+ALLOCATION+in+linux+os&gs_lp=Egxnd3Mtd2l6LXNlcnAiHU1FTU9SWSBBTExPQ0FUSU9OIGluIGxpbnV4IG9zMgUQABjvBTIIEAAYgAQYogQyBRAAGO8FMggQABiiBBiJBTIFEAAY7wVI3ghQAFgAcAB4AZABAJgBmwGgAZsBqgEDMC4xuAEDyAEA-AEC-AEBmAIBoAKzAZgDAJIHAzAuMaAHqgOyBwMwLjG4B7MBwgcDMy0xyAcP&sclient=gws-wiz-serp&mstk=AUtExfDf9AYAySkc14rSvq8S5Mqwg52HTn2xlETDTXxARW3TfQBeyWvkMxURIlYWXRSsgPlKCuDFhB4odXA-kzcXPXWO9as9U6yDLyPQj-5Sr6eH58HZV39XJNmpw9Euaow6NGDZlPOFwi2nrbwifyko7wlpFOxhOyxQCpNiNFJqSx7b0DM&csui=3
https://www.google.com/search?q=Anonymous+memory&sca_esv=90ae87e741ae3c67&rlz=1C1RLNS_enIN904IN904&biw=1600&bih=773&sxsrf=AE3TifMC0WsU7UpxyMIndcDdgD8zH4vYuQ%3A1764423915799&ei=6_gqaZqoMKab4-EPppyn4AQ&ved=2ahUKEwj5roixwpeRAxVYTWwGHR72EAIQgK4QegQIBBAF&uact=5&oq=MEMORY+ALLOCATION+in+linux+os&gs_lp=Egxnd3Mtd2l6LXNlcnAiHU1FTU9SWSBBTExPQ0FUSU9OIGluIGxpbnV4IG9zMgUQABjvBTIIEAAYgAQYogQyBRAAGO8FMggQABiiBBiJBTIFEAAY7wVI3ghQAFgAcAB4AZABAJgBmwGgAZsBqgEDMC4xuAEDyAEA-AEC-AEBmAIBoAKzAZgDAJIHAzAuMaAHqgOyBwMwLjG4B7MBwgcDMy0xyAcP&sclient=gws-wiz-serp&mstk=AUtExfDf9AYAySkc14rSvq8S5Mqwg52HTn2xlETDTXxARW3TfQBeyWvkMxURIlYWXRSsgPlKCuDFhB4odXA-kzcXPXWO9as9U6yDLyPQj-5Sr6eH58HZV39XJNmpw9Euaow6NGDZlPOFwi2nrbwifyko7wlpFOxhOyxQCpNiNFJqSx7b0DM&csui=3
https://www.google.com/search?q=Page+allocator&sca_esv=90ae87e741ae3c67&rlz=1C1RLNS_enIN904IN904&biw=1600&bih=773&sxsrf=AE3TifMC0WsU7UpxyMIndcDdgD8zH4vYuQ%3A1764423915799&ei=6_gqaZqoMKab4-EPppyn4AQ&ved=2ahUKEwj5roixwpeRAxVYTWwGHR72EAIQgK4QegQIBhAB&uact=5&oq=MEMORY+ALLOCATION+in+linux+os&gs_lp=Egxnd3Mtd2l6LXNlcnAiHU1FTU9SWSBBTExPQ0FUSU9OIGluIGxpbnV4IG9zMgUQABjvBTIIEAAYgAQYogQyBRAAGO8FMggQABiiBBiJBTIFEAAY7wVI3ghQAFgAcAB4AZABAJgBmwGgAZsBqgEDMC4xuAEDyAEA-AEC-AEBmAIBoAKzAZgDAJIHAzAuMaAHqgOyBwMwLjG4B7MBwgcDMy0xyAcP&sclient=gws-wiz-serp&mstk=AUtExfDf9AYAySkc14rSvq8S5Mqwg52HTn2xlETDTXxARW3TfQBeyWvkMxURIlYWXRSsgPlKCuDFhB4odXA-kzcXPXWO9as9U6yDLyPQj-5Sr6eH58HZV39XJNmpw9Euaow6NGDZlPOFwi2nrbwifyko7wlpFOxhOyxQCpNiNFJqSx7b0DM&csui=3
https://www.google.com/search?q=alloc_pages&sca_esv=90ae87e741ae3c67&rlz=1C1RLNS_enIN904IN904&biw=1600&bih=773&sxsrf=AE3TifMC0WsU7UpxyMIndcDdgD8zH4vYuQ%3A1764423915799&ei=6_gqaZqoMKab4-EPppyn4AQ&ved=2ahUKEwj5roixwpeRAxVYTWwGHR72EAIQgK4QegQIBhAC&uact=5&oq=MEMORY+ALLOCATION+in+linux+os&gs_lp=Egxnd3Mtd2l6LXNlcnAiHU1FTU9SWSBBTExPQ0FUSU9OIGluIGxpbnV4IG9zMgUQABjvBTIIEAAYgAQYogQyBRAAGO8FMggQABiiBBiJBTIFEAAY7wVI3ghQAFgAcAB4AZABAJgBmwGgAZsBqgEDMC4xuAEDyAEA-AEC-AEBmAIBoAKzAZgDAJIHAzAuMaAHqgOyBwMwLjG4B7MBwgcDMy0xyAcP&sclient=gws-wiz-serp&mstk=AUtExfDf9AYAySkc14rSvq8S5Mqwg52HTn2xlETDTXxARW3TfQBeyWvkMxURIlYWXRSsgPlKCuDFhB4odXA-kzcXPXWO9as9U6yDLyPQj-5Sr6eH58HZV39XJNmpw9Euaow6NGDZlPOFwi2nrbwifyko7wlpFOxhOyxQCpNiNFJqSx7b0DM&csui=3
https://www.google.com/search?q=vmalloc&sca_esv=90ae87e741ae3c67&rlz=1C1RLNS_enIN904IN904&biw=1600&bih=773&sxsrf=AE3TifMC0WsU7UpxyMIndcDdgD8zH4vYuQ%3A1764423915799&ei=6_gqaZqoMKab4-EPppyn4AQ&ved=2ahUKEwj5roixwpeRAxVYTWwGHR72EAIQgK4QegQIBhAF&uact=5&oq=MEMORY+ALLOCATION+in+linux+os&gs_lp=Egxnd3Mtd2l6LXNlcnAiHU1FTU9SWSBBTExPQ0FUSU9OIGluIGxpbnV4IG9zMgUQABjvBTIIEAAYgAQYogQyBRAAGO8FMggQABiiBBiJBTIFEAAY7wVI3ghQAFgAcAB4AZABAJgBmwGgAZsBqgEDMC4xuAEDyAEA-AEC-AEBmAIBoAKzAZgDAJIHAzAuMaAHqgOyBwMwLjG4B7MBwgcDMy0xyAcP&sclient=gws-wiz-serp&mstk=AUtExfDf9AYAySkc14rSvq8S5Mqwg52HTn2xlETDTXxARW3TfQBeyWvkMxURIlYWXRSsgPlKCuDFhB4odXA-kzcXPXWO9as9U6yDLyPQj-5Sr6eH58HZV39XJNmpw9Euaow6NGDZlPOFwi2nrbwifyko7wlpFOxhOyxQCpNiNFJqSx7b0DM&csui=3
https://www.google.com/search?q=Slab+and+Buddy+allocators&sca_esv=90ae87e741ae3c67&rlz=1C1RLNS_enIN904IN904&biw=1600&bih=773&sxsrf=AE3TifMC0WsU7UpxyMIndcDdgD8zH4vYuQ%3A1764423915799&ei=6_gqaZqoMKab4-EPppyn4AQ&ved=2ahUKEwj5roixwpeRAxVYTWwGHR72EAIQgK4QegQIBhAH&uact=5&oq=MEMORY+ALLOCATION+in+linux+os&gs_lp=Egxnd3Mtd2l6LXNlcnAiHU1FTU9SWSBBTExPQ0FUSU9OIGluIGxpbnV4IG9zMgUQABjvBTIIEAAYgAQYogQyBRAAGO8FMggQABiiBBiJBTIFEAAY7wVI3ghQAFgAcAB4AZABAJgBmwGgAZsBqgEDMC4xuAEDyAEA-AEC-AEBmAIBoAKzAZgDAJIHAzAuMaAHqgOyBwMwLjG4B7MBwgcDMy0xyAcP&sclient=gws-wiz-serp&mstk=AUtExfDf9AYAySkc14rSvq8S5Mqwg52HTn2xlETDTXxARW3TfQBeyWvkMxURIlYWXRSsgPlKCuDFhB4odXA-kzcXPXWO9as9U6yDLyPQj-5Sr6eH58HZV39XJNmpw9Euaow6NGDZlPOFwi2nrbwifyko7wlpFOxhOyxQCpNiNFJqSx7b0DM&csui=3
https://www.google.com/search?q=Virtual+memory&sca_esv=90ae87e741ae3c67&rlz=1C1RLNS_enIN904IN904&biw=1600&bih=773&sxsrf=AE3TifMC0WsU7UpxyMIndcDdgD8zH4vYuQ%3A1764423915799&ei=6_gqaZqoMKab4-EPppyn4AQ&ved=2ahUKEwj5roixwpeRAxVYTWwGHR72EAIQgK4QegQIChAB&uact=5&oq=MEMORY+ALLOCATION+in+linux+os&gs_lp=Egxnd3Mtd2l6LXNlcnAiHU1FTU9SWSBBTExPQ0FUSU9OIGluIGxpbnV4IG9zMgUQABjvBTIIEAAYgAQYogQyBRAAGO8FMggQABiiBBiJBTIFEAAY7wVI3ghQAFgAcAB4AZABAJgBmwGgAZsBqgEDMC4xuAEDyAEA-AEC-AEBmAIBoAKzAZgDAJIHAzAuMaAHqgOyBwMwLjG4B7MBwgcDMy0xyAcP&sclient=gws-wiz-serp&mstk=AUtExfDf9AYAySkc14rSvq8S5Mqwg52HTn2xlETDTXxARW3TfQBeyWvkMxURIlYWXRSsgPlKCuDFhB4odXA-kzcXPXWO9as9U6yDLyPQj-5Sr6eH58HZV39XJNmpw9Euaow6NGDZlPOFwi2nrbwifyko7wlpFOxhOyxQCpNiNFJqSx7b0DM&csui=3
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 GFP flags: Functions like kmalloc()  use get free pages (GFP) flags to specify the allocation 

context (e.g., for user space or kernel space, for blocking or non-blocking). 

 Memory management subsystem: The Linux kernel's memory management subsystem is 

responsible for managing all memory, including virtual memory, demand paging, and memory 

allocation for both kernel and user space.  

Linux uses a virtual memory system where processes access memory indirectly through 

page tables and a Memory Management Unit (MMU). Memory allocation in Linux can be broadly 

categorized into physical memory allocation (managing physical pages) and virtual memory 

management (handling virtual address spaces).  

In Linux, memory is divided into several types: 

 Physical RAM: The actual memory installed on your machine. 

 Swap Space: Virtual memory on disk, used when RAM is exhausted. 

 Page Cache: The cache for files that are accessed frequently. 

 Kernel Space: The part of memory that is reserved for the kernel. 

 User Space: Memory allocated to user processes. 

Memory Allocation Mechanisms: 

There are various kernel functions for allocating memory, like  

o kmalloc for small chunks. 

o vmalloc for larger, non-contiguous blocks.  

 malloc(): Memory allocation in user space is usually done using the malloc() function. 

 brk() and mmap(): Low-level system calls for memory allocation. Memory Management 

and System Monitoring in Operating Systems are slab allocator, /proc, top, vmstat 

https://www.google.com/search?q=GFP+flags&sca_esv=90ae87e741ae3c67&rlz=1C1RLNS_enIN904IN904&biw=1600&bih=773&sxsrf=AE3TifMC0WsU7UpxyMIndcDdgD8zH4vYuQ%3A1764423915799&ei=6_gqaZqoMKab4-EPppyn4AQ&ved=2ahUKEwj5roixwpeRAxVYTWwGHR72EAIQgK4QegQIChAD&uact=5&oq=MEMORY+ALLOCATION+in+linux+os&gs_lp=Egxnd3Mtd2l6LXNlcnAiHU1FTU9SWSBBTExPQ0FUSU9OIGluIGxpbnV4IG9zMgUQABjvBTIIEAAYgAQYogQyBRAAGO8FMggQABiiBBiJBTIFEAAY7wVI3ghQAFgAcAB4AZABAJgBmwGgAZsBqgEDMC4xuAEDyAEA-AEC-AEBmAIBoAKzAZgDAJIHAzAuMaAHqgOyBwMwLjG4B7MBwgcDMy0xyAcP&sclient=gws-wiz-serp&mstk=AUtExfDf9AYAySkc14rSvq8S5Mqwg52HTn2xlETDTXxARW3TfQBeyWvkMxURIlYWXRSsgPlKCuDFhB4odXA-kzcXPXWO9as9U6yDLyPQj-5Sr6eH58HZV39XJNmpw9Euaow6NGDZlPOFwi2nrbwifyko7wlpFOxhOyxQCpNiNFJqSx7b0DM&csui=3
https://www.google.com/search?q=get+free+pages&sca_esv=90ae87e741ae3c67&rlz=1C1RLNS_enIN904IN904&biw=1600&bih=773&sxsrf=AE3TifMC0WsU7UpxyMIndcDdgD8zH4vYuQ%3A1764423915799&ei=6_gqaZqoMKab4-EPppyn4AQ&ved=2ahUKEwj5roixwpeRAxVYTWwGHR72EAIQgK4QegQIChAE&uact=5&oq=MEMORY+ALLOCATION+in+linux+os&gs_lp=Egxnd3Mtd2l6LXNlcnAiHU1FTU9SWSBBTExPQ0FUSU9OIGluIGxpbnV4IG9zMgUQABjvBTIIEAAYgAQYogQyBRAAGO8FMggQABiiBBiJBTIFEAAY7wVI3ghQAFgAcAB4AZABAJgBmwGgAZsBqgEDMC4xuAEDyAEA-AEC-AEBmAIBoAKzAZgDAJIHAzAuMaAHqgOyBwMwLjG4B7MBwgcDMy0xyAcP&sclient=gws-wiz-serp&mstk=AUtExfDf9AYAySkc14rSvq8S5Mqwg52HTn2xlETDTXxARW3TfQBeyWvkMxURIlYWXRSsgPlKCuDFhB4odXA-kzcXPXWO9as9U6yDLyPQj-5Sr6eH58HZV39XJNmpw9Euaow6NGDZlPOFwi2nrbwifyko7wlpFOxhOyxQCpNiNFJqSx7b0DM&csui=3

