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Diverse, concurrent workloads

Tail Latency Requirements

Highly controlled, replicated

Current MM + 1st-party DC workloads = ???
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Page fault freq/location

Hardware Performance Counters
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Kernel
// ret = 

transparent_1gb_fake_fault();

// return ret;

goto escape_pud;

}

ptl = pud_lock(mm, vmf.pud);

// We use the "live" pud here.

if (pud_present(*vmf.pud)

&& 

is_badger_trap_enabled(vmf.vma->vm_mm, 

vmf.address))

{

// *vmf.pud = 

pud_mkreserve(*vmf.pud); // TODO markm uncomment

} else if (pud_present(*vmf.pud))

{

*vmf.pud = pud_unreserve(*vmf.pud);

}

spin_unlock(ptl);

}

escape_pud:

vmf.pud = pud_alloc(mm, p4d, address);

if (!vmf.pud)

return VM_FAULT_OOM;

retry_pud:

if (pud_none(*vmf.pud) && 

__transparent_hugepage_enabled(vma, address))

// ret = 

transparent_1gb_fake_fault();

// return ret;

goto escape_pud;

}

ptl = pud_lock(mm, vmf.pud);

// We use the "live" pud here.

if (pud_present(*vmf.pud)

&& 

is_badger_trap_enabled(vmf.vma->vm_mm, 

vmf.address))

{

// *vmf.pud = 

pud_mkreserve(*vmf.pud); // TODO markm uncomment

} else if (pud_present(*vmf.pud))

{

*vmf.pud = pud_unreserve(*vmf.pud);

}

spin_unlock(ptl);

}

escape_pud:

vmf.pud = pud_alloc(mm, p4d, address);

if (!vmf.pud)

return VM_FAULT_OOM;

retry_pud:

if (pud_none(*vmf.pud) && 

__transparent_hugepage_enabled(vma, address))

&mm_cost_delta);

should_do = 

mm_decide(&mm_cost_delta);

if (should_do) {

ret = create_huge_pud(&vmf);

if (!(ret & VM_FAULT_FALLBACK))

return ret;

}

} else {

// (markm) Entry is already present.

pud_t orig_pud = *vmf.pud;

barrier();

if (pud_trans_huge(orig_pud) || 

pud_devmap(orig_pud)) {

/* NUMA case for anonymous PUDs 

would go here */

if (dirty && 

!pud_write(orig_pud)) {

ret = wp_huge_pud(&vmf, 

orig_pud);

if (!(ret & 

VM_FAULT_FALLBACK))

return handle_pte_fault(&vmf) | 

VM_FAULT_BASE_PAGE;

}

* @address: user virtual address

* @pfn: location to store found PFN

*

* Only IO mappings and raw PFN mappings are 

allowed.

*

* Return: zero and the pfn at @pfn on success, 

-ve otherwise.

*/

int follow_pfn(struct vm_area_struct *vma, 

unsigned long address,

unsigned long *pfn)

{

int ret = -EINVAL;

spinlock_t *ptl;

pte_t *ptep;

if (!(vma->vm_flags & (VM_IO | 

VM_PFNMAP)))

return ret;

ret = follow_pte(vma->vm_mm, address, 

&ptep, &ptl);

if (ret)

return ret;

*pfn = pte_pfn(*ptep);

pte_unmap_unlock(ptep, ptl);

return 0;

}

EXPORT_SYMBOL(follo

* @address: user virtual address

* @pfn: location to store found PFN

*

* Only IO mappings and raw PFN mappings are 

allowed.

*

* Return: zero and the pfn at @pfn on success, 

-ve otherwise.

*/

int follow_pfn(struct vm_area_struct *vma, 

unsigned long address,

unsigned long *pfn)

{

int ret = -EINVAL;

spinlock_t *ptl;

pte_t *ptep;

if (!(vma->vm_flags & (VM_IO | 

VM_PFNMAP)))

return ret;

ret = follow_pte(vma->vm_mm, address, 

&ptep, &ptl);

if (ret)

return ret;

*pfn = pte_pfn(*ptep);

pte_unmap_unlock(ptep, ptl);

return 0;

}

EXPORT_SYMBOL(follo
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markm ~/linux/mm
$ grep CONFIG_TRANSPARENT_HUGEPAGE
page_alloc.c
page_idle.c
vmscan.c
huge_memory.c
Makefile
rmap.c
mempolicy.c
memcontrol.c
hmm.c
gup.c
vmstat.c
page_io.c
memory.c
pgtable-generic.c
madvise.c
swap.c
migrate.c
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All MM operations have a cost and a benefit to userspace.

Ex: Copy-on-write

Benefit: processor cycles not spent copying memory

Cost: processor cycles spent on extra page faults

Ensure that cost < benefit.
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Kernel
// ret = 

transparent_1gb_fake_fault();

// return ret;

goto escape_pud;

}

ptl = pud_lock(mm, vmf.pud);

// We use the "live" pud here.

if (pud_present(*vmf.pud)

&& 

is_badger_trap_enabled(vmf.vma->vm_mm, 

vmf.address))

{

// *vmf.pud = 

pud_mkreserve(*vmf.pud); // TODO markm uncomment

} else if (pud_present(*vmf.pud))

{

*vmf.pud = pud_unreserve(*vmf.pud);

}

spin_unlock(ptl);

}

escape_pud:
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&& 

is_badger_trap_enabled(vmf.vma->vm_mm, 

vmf.address))

{

// *vmf.pud = 

pud_mkreserve(*vmf.pud); // TODO markm uncomment

} else if (pud_present(*vmf.pud))

{

*vmf.pud = pud_unreserve(*vmf.pud);

}

spin_unlock(ptl);

}

escape_pud:

vmf.pud = pud_alloc(mm, p4d, address);

if (!vmf.pud)

return VM_FAULT_OOM;

retry_pud:

if (pud_none(*vmf.pud) && 

__transparent_hugepage_enabled(vma, address))

&mm_cost_delta);

should_do = 

mm_decide(&mm_cost_delta);

if (should_do) {

ret = create_huge_pud(&vmf);

if (!(ret & VM_FAULT_FALLBACK))

return ret;

}

} else {

// (markm) Entry is already present.

pud_t orig_pud = *vmf.pud;

barrier();

if (pud_trans_huge(orig_pud) || 

pud_devmap(orig_pud)) {

/* NUMA case for anonymous PUDs 

would go here */

if (dirty && 

!pud_write(orig_pud)) {

ret = wp_huge_pud(&vmf, 

orig_pud);

if (!(ret & 

VM_FAULT_FALLBACK))

return handle_pte_fault(&vmf) | 

VM_FAULT_BASE_PAGE;

}

* @address: user virtual address

* @pfn: location to store found PFN

*

* Only IO mappings and raw PFN mappings are 

allowed.

*

* Return: zero and the pfn at @pfn on success, 

-ve otherwise.

*/

int follow_pfn(struct vm_area_struct *vma, 

unsigned long address,

unsigned long *pfn)

{

int ret = -EINVAL;

spinlock_t *ptl;

pte_t *ptep;

if (!(vma->vm_flags & (VM_IO | 

VM_PFNMAP)))

return ret;

ret = follow_pte(vma->vm_mm, address, 

&ptep, &ptl);

if (ret)

return ret;

*pfn = pte_pfn(*ptep);

pte_unmap_unlock(ptep, ptl);

return 0;

}

EXPORT_SYMBOL(follo

* @address: user virtual address

* @pfn: location to store found PFN

*

* Only IO mappings and raw PFN mappings are 

allowed.

*

* Return: zero and the pfn at @pfn on success, 

-ve otherwise.

*/

int follow_pfn(struct vm_area_struct *vma, 

unsigned long address,

unsigned long *pfn)

{

int ret = -EINVAL;

spinlock_t *ptl;

pte_t *ptep;

if (!(vma->vm_flags & (VM_IO | 

VM_PFNMAP)))

return ret;

ret = follow_pte(vma->vm_mm, address, 

&ptep, &ptl);

if (ret)

return ret;

*pfn = pte_pfn(*ptep);

pte_unmap_unlock(ptep, ptl);

return 0;

}

EXPORT_SYMBOL(follo
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Estimator

Centralized MM policies

Consult Estimator for 
each policy decision

// ret = 

transparent_1gb_fake_fault();

// return ret;

goto escape_pud;

}

ptl = pud_lock(mm, vmf.pud);

// We use the "live" pud here.

if (pud_present(*vmf.pud)

&& 

is_badger_trap_enabled(vmf.vma->vm_mm, 

vmf.address))

{

// *vmf.pud = 

pud_mkreserve(*vmf.pud); // TODO markm uncomment

} else if (pud_present(*vmf.pud))

{

*vmf.pud = pud_unreserve(*vmf.pud);

}

spin_unlock(ptl);

}

escape_pud:

vmf.pud = pud_alloc(mm, p4d, address);

if (!vmf.pud)

return VM_FAULT_OOM;

retry_pud:

if (pud_none(*vmf.pud) && 

__transparent_hugepage_enabled(vma, address))

// ret = 

transparent_1gb_fake_fault();

// return ret;

goto escape_pud;

}

ptl = pud_lock(mm, vmf.pud);

// We use the "live" pud here.

if (pud_present(*vmf.pud)

&& 

is_badger_trap_enabled(vmf.vma->vm_mm, 

vmf.address))

{

// *vmf.pud = 

pud_mkreserve(*vmf.pud); // TODO markm uncomment

} else if (pud_present(*vmf.pud))

{

*vmf.pud = pud_unreserve(*vmf.pud);

}

spin_unlock(ptl);

}

escape_pud:

vmf.pud = pud_alloc(mm, p4d, address);

if (!vmf.pud)

return VM_FAULT_OOM;

retry_pud:

if (pud_none(*vmf.pud) && 

__transparent_hugepage_enabled(vma, address))

&mm_cost_delta);

should_do = 

mm_decide(&mm_cost_delta);

if (should_do) {

ret = create_huge_pud(&vmf);

if (!(ret & VM_FAULT_FALLBACK))

return ret;

}

} else {

// (markm) Entry is already present.

pud_t orig_pud = *vmf.pud;

barrier();

if (pud_trans_huge(orig_pud) || 

pud_devmap(orig_pud)) {

/* NUMA case for anonymous PUDs 

would go here */

if (dirty && 

!pud_write(orig_pud)) {

ret = wp_huge_pud(&vmf, 

orig_pud);

if (!(ret & 

VM_FAULT_FALLBACK))

return handle_pte_fault(&vmf) | 

VM_FAULT_BASE_PAGE;

}

* @address: user virtual address

* @pfn: location to store found PFN

*

* Only IO mappings and raw PFN mappings are 

allowed.

*

* Return: zero and the pfn at @pfn on success, 

-ve otherwise.

*/

int follow_pfn(struct vm_area_struct *vma, 

unsigned long address,

unsigned long *pfn)

{

int ret = -EINVAL;

spinlock_t *ptl;

pte_t *ptep;

if (!(vma->vm_flags & (VM_IO | 

VM_PFNMAP)))

return ret;

ret = follow_pte(vma->vm_mm, address, 

&ptep, &ptl);

if (ret)

return ret;

*pfn = pte_pfn(*ptep);

pte_unmap_unlock(ptep, ptl);

return 0;

}

EXPORT_SYMBOL(follo
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// ret = 

transparent_1gb_fake_fault();

// return ret;

goto escape_pud;

}

ptl = pud_lock(mm, vmf.pud);

// We use the "live" pud here.

if (pud_present(*vmf.pud)

&& 

is_badger_trap_enabled(vmf.vma->vm_mm, 

vmf.address))

{

// *vmf.pud = 

pud_mkreserve(*vmf.pud); // TODO markm uncomment

} else if (pud_present(*vmf.pud))

{

*vmf.pud = pud_unreserve(*vmf.pud);

}

spin_unlock(ptl);

}

escape_pud:

vmf.pud = pud_alloc(mm, p4d, address);

if (!vmf.pud)

return VM_FAULT_OOM;

retry_pud:

if (pud_none(*vmf.pud) && 

__transparent_hugepage_enabled(vma, address))

// ret = 

transparent_1gb_fake_fault();

// return ret;

goto escape_pud;

}

ptl = pud_lock(mm, vmf.pud);

// We use the "live" pud here.

if (pud_present(*vmf.pud)

&& 

is_badger_trap_enabled(vmf.vma->vm_mm, 

vmf.address))

{

// *vmf.pud = 

pud_mkreserve(*vmf.pud); // TODO markm uncomment

} else if (pud_present(*vmf.pud))

{

*vmf.pud = pud_unreserve(*vmf.pud);

}

spin_unlock(ptl);

}

escape_pud:

vmf.pud = pud_alloc(mm, p4d, address);

if (!vmf.pud)

return VM_FAULT_OOM;

retry_pud:

if (pud_none(*vmf.pud) && 

__transparent_hugepage_enabled(vma, address))

&mm_cost_delta);

should_do = 

mm_decide(&mm_cost_delta);

if (should_do) {

ret = create_huge_pud(&vmf);

if (!(ret & VM_FAULT_FALLBACK))

return ret;

}

} else {

// (markm) Entry is already present.

pud_t orig_pud = *vmf.pud;

barrier();

if (pud_trans_huge(orig_pud) || 

pud_devmap(orig_pud)) {

/* NUMA case for anonymous PUDs 

would go here */

if (dirty && 

!pud_write(orig_pud)) {

ret = wp_huge_pud(&vmf, 

orig_pud);

if (!(ret & 

VM_FAULT_FALLBACK))

return handle_pte_fault(&vmf) | 

VM_FAULT_BASE_PAGE;

}

* @address: user virtual address

* @pfn: location to store found PFN

*

* Only IO mappings and raw PFN mappings are 

allowed.

*

* Return: zero and the pfn at @pfn on success, 

-ve otherwise.

*/

int follow_pfn(struct vm_area_struct *vma, 

unsigned long address,

unsigned long *pfn)

{

int ret = -EINVAL;

spinlock_t *ptl;

pte_t *ptep;

if (!(vma->vm_flags & (VM_IO | 

VM_PFNMAP)))

return ret;

ret = follow_pte(vma->vm_mm, address, 

&ptep, &ptl);

if (ret)

return ret;

*pfn = pte_pfn(*ptep);

pte_unmap_unlock(ptep, ptl);

return 0;

}

EXPORT_SYMBOL(follo
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// ret = 

transparent_1gb_fake_fault();

// return ret;

goto escape_pud;

}

ptl = pud_lock(mm, vmf.pud);

// We use the "live" pud here.

if (pud_present(*vmf.pud)

&& 

is_badger_trap_enabled(vmf.vma->vm_mm, 

vmf.address))

{

// *vmf.pud = 

pud_mkreserve(*vmf.pud); // TODO markm uncomment

} else if (pud_present(*vmf.pud))

{

*vmf.pud = pud_unreserve(*vmf.pud);

}

spin_unlock(ptl);

}

escape_pud:

vmf.pud = pud_alloc(mm, p4d, address);

if (!vmf.pud)

return VM_FAULT_OOM;

retry_pud:

if (pud_none(*vmf.pud) && 

__transparent_hugepage_enabled(vma, address))

// ret = 

transparent_1gb_fake_fault();

// return ret;

goto escape_pud;

}

ptl = pud_lock(mm, vmf.pud);

// We use the "live" pud here.

if (pud_present(*vmf.pud)

&& 

is_badger_trap_enabled(vmf.vma->vm_mm, 

vmf.address))

{

// *vmf.pud = 

pud_mkreserve(*vmf.pud); // TODO markm uncomment

} else if (pud_present(*vmf.pud))

{

*vmf.pud = pud_unreserve(*vmf.pud);

}

spin_unlock(ptl);

}

escape_pud:

vmf.pud = pud_alloc(mm, p4d, address);

if (!vmf.pud)

return VM_FAULT_OOM;

retry_pud:

if (pud_none(*vmf.pud) && 

__transparent_hugepage_enabled(vma, address))

&mm_cost_delta);

should_do = 

mm_decide(&mm_cost_delta);

if (should_do) {

ret = create_huge_pud(&vmf);

if (!(ret & VM_FAULT_FALLBACK))

return ret;

}

} else {

// (markm) Entry is already present.

pud_t orig_pud = *vmf.pud;

barrier();

if (pud_trans_huge(orig_pud) || 

pud_devmap(orig_pud)) {

/* NUMA case for anonymous PUDs 

would go here */

if (dirty && 

!pud_write(orig_pud)) {

ret = wp_huge_pud(&vmf, 

orig_pud);

if (!(ret & 

VM_FAULT_FALLBACK))

return handle_pte_fault(&vmf) | 

VM_FAULT_BASE_PAGE;

}

* @address: user virtual address

* @pfn: location to store found PFN

*

* Only IO mappings and raw PFN mappings are 

allowed.

*

* Return: zero and the pfn at @pfn on success, 

-ve otherwise.

*/

int follow_pfn(struct vm_area_struct *vma, 

unsigned long address,

unsigned long *pfn)

{

int ret = -EINVAL;

spinlock_t *ptl;

pte_t *ptep;

if (!(vma->vm_flags & (VM_IO | 

VM_PFNMAP)))

return ret;

ret = follow_pte(vma->vm_mm, address, 

&ptep, &ptl);

if (ret)

return ret;

*pfn = pte_pfn(*ptep);

pte_unmap_unlock(ptep, ptl);

return 0;

}

EXPORT_SYMBOL(follo
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// ret = 

transparent_1gb_fake_fault();

// return ret;

goto escape_pud;

}

ptl = pud_lock(mm, vmf.pud);

// We use the "live" pud here.

if (pud_present(*vmf.pud)

&& 

is_badger_trap_enabled(vmf.vma->vm_mm, 

vmf.address))

{

// *vmf.pud = 

pud_mkreserve(*vmf.pud); // TODO markm uncomment

} else if (pud_present(*vmf.pud))

{

*vmf.pud = pud_unreserve(*vmf.pud);

}

spin_unlock(ptl);

}

escape_pud:

vmf.pud = pud_alloc(mm, p4d, address);

if (!vmf.pud)

return VM_FAULT_OOM;

retry_pud:

if (pud_none(*vmf.pud) && 

__transparent_hugepage_enabled(vma, address))

// ret = 

transparent_1gb_fake_fault();

// return ret;

goto escape_pud;

}

ptl = pud_lock(mm, vmf.pud);

// We use the "live" pud here.

if (pud_present(*vmf.pud)

&& 

is_badger_trap_enabled(vmf.vma->vm_mm, 

vmf.address))

{

// *vmf.pud = 

pud_mkreserve(*vmf.pud); // TODO markm uncomment

} else if (pud_present(*vmf.pud))

{

*vmf.pud = pud_unreserve(*vmf.pud);

}

spin_unlock(ptl);

}

escape_pud:

vmf.pud = pud_alloc(mm, p4d, address);

if (!vmf.pud)

return VM_FAULT_OOM;

retry_pud:

if (pud_none(*vmf.pud) && 

__transparent_hugepage_enabled(vma, address))

&mm_cost_delta);

should_do = 

mm_decide(&mm_cost_delta);

if (should_do) {

ret = create_huge_pud(&vmf);

if (!(ret & VM_FAULT_FALLBACK))

return ret;

}

} else {

// (markm) Entry is already present.

pud_t orig_pud = *vmf.pud;

barrier();

if (pud_trans_huge(orig_pud) || 

pud_devmap(orig_pud)) {

/* NUMA case for anonymous PUDs 

would go here */

if (dirty && 

!pud_write(orig_pud)) {

ret = wp_huge_pud(&vmf, 

orig_pud);

if (!(ret & 

VM_FAULT_FALLBACK))

return handle_pte_fault(&vmf) | 

VM_FAULT_BASE_PAGE;

}

* @address: user virtual address

* @pfn: location to store found PFN

*

* Only IO mappings and raw PFN mappings are 

allowed.

*

* Return: zero and the pfn at @pfn on success, 

-ve otherwise.

*/

int follow_pfn(struct vm_area_struct *vma, 

unsigned long address,

unsigned long *pfn)

{

int ret = -EINVAL;

spinlock_t *ptl;

pte_t *ptep;

if (!(vma->vm_flags & (VM_IO | 

VM_PFNMAP)))

return ret;

ret = follow_pte(vma->vm_mm, address, 

&ptep, &ptl);

if (ret)

return ret;

*pfn = pte_pfn(*ptep);

pte_unmap_unlock(ptep, ptl);

return 0;

}

EXPORT_SYMBOL(follo
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// ret = 

transparent_1gb_fake_fault();

// return ret;

goto escape_pud;

}

ptl = pud_lock(mm, vmf.pud);

// We use the "live" pud here.

if (pud_present(*vmf.pud)

&& 

is_badger_trap_enabled(vmf.vma->vm_mm, 

vmf.address))

{

// *vmf.pud = 

pud_mkreserve(*vmf.pud); // TODO markm uncomment

} else if (pud_present(*vmf.pud))

{

*vmf.pud = pud_unreserve(*vmf.pud);

}

spin_unlock(ptl);

}

escape_pud:

vmf.pud = pud_alloc(mm, p4d, address);

if (!vmf.pud)

return VM_FAULT_OOM;

retry_pud:

if (pud_none(*vmf.pud) && 

__transparent_hugepage_enabled(vma, address))

// ret = 

transparent_1gb_fake_fault();

// return ret;

goto escape_pud;

}

ptl = pud_lock(mm, vmf.pud);

// We use the "live" pud here.

if (pud_present(*vmf.pud)

&& 

is_badger_trap_enabled(vmf.vma->vm_mm, 

vmf.address))

{

// *vmf.pud = 

pud_mkreserve(*vmf.pud); // TODO markm uncomment

} else if (pud_present(*vmf.pud))

{

*vmf.pud = pud_unreserve(*vmf.pud);

}

spin_unlock(ptl);

}

escape_pud:

vmf.pud = pud_alloc(mm, p4d, address);

if (!vmf.pud)

return VM_FAULT_OOM;

retry_pud:

if (pud_none(*vmf.pud) && 

__transparent_hugepage_enabled(vma, address))

&mm_cost_delta);

should_do = 

mm_decide(&mm_cost_delta);

if (should_do) {

ret = create_huge_pud(&vmf);

if (!(ret & VM_FAULT_FALLBACK))

return ret;

}

} else {

// (markm) Entry is already present.

pud_t orig_pud = *vmf.pud;

barrier();

if (pud_trans_huge(orig_pud) || 

pud_devmap(orig_pud)) {

/* NUMA case for anonymous PUDs 

would go here */

if (dirty && 

!pud_write(orig_pud)) {

ret = wp_huge_pud(&vmf, 

orig_pud);

if (!(ret & 

VM_FAULT_FALLBACK))

return handle_pte_fault(&vmf) | 

VM_FAULT_BASE_PAGE;

}

* @address: user virtual address

* @pfn: location to store found PFN

*

* Only IO mappings and raw PFN mappings are 

allowed.

*

* Return: zero and the pfn at @pfn on success, 

-ve otherwise.

*/

int follow_pfn(struct vm_area_struct *vma, 

unsigned long address,

unsigned long *pfn)

{

int ret = -EINVAL;

spinlock_t *ptl;

pte_t *ptep;

if (!(vma->vm_flags & (VM_IO | 

VM_PFNMAP)))

return ret;

ret = follow_pte(vma->vm_mm, address, 

&ptep, &ptl);

if (ret)

return ret;

*pfn = pte_pfn(*ptep);

pte_unmap_unlock(ptep, ptl);

return 0;

}

EXPORT_SYMBOL(follo
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Ex: Huge Page Model

Have Huge 
Pages?

COST

Y

Prezeroed?

Y

0

1s

100us

N

N



Example: Huge Page Cost-Benefit Model

14



Example: Huge Page Cost-Benefit Model

14

Page fault: use base or huge pages?



Example: Huge Page Cost-Benefit Model

14

Page fault: use base or huge pages?

Huge avoids 10us of TLB misses?



Example: Huge Page Cost-Benefit Model

14

Page fault: use base or huge pages?

Huge avoids 10us of TLB misses?

Cost estimate: 100us -> Use base pages



Example: Huge Page Cost-Benefit Model

14

Page fault: use base or huge pages?

Huge avoids 10us of TLB misses?

Cost estimate: 100us -> Use base pages

Cost estimate: 0 -> Use huge pages



Example: Huge Page Cost-Benefit Model

14

Page fault: use base or huge pages?

Huge avoids 10us of TLB misses?

Cost estimate: 100us -> Use base pages

Cost estimate: 0 -> Use huge pages

???



Profile Generation and Maintenance

15

Estimator

Cost-Benefit 
Models



Profile Generation and Maintenance

15

Estimator

Cost-Benefit 
Models

Workload 
Profiles

Address Range Benefit
0x0 to 0x7fcc76400000 243632025

0x7fcd83400000 to 0x7fce09c00000 229284

0x7ffbbf400000 to 0x7ffc45c00000 1311889877

...



Profile Generation and Maintenance

15

Estimator

Cost-Benefit 
Models

Workload 
Profiles

Address Range Benefit
0x0 to 0x7fcc76400000 243632025

0x7fcd83400000 to 0x7fce09c00000 229284

0x7ffbbf400000 to 0x7ffc45c00000 1311889877

...

A – B = N cycles



Profile Generation and Maintenance

15

Estimator

Cost-Benefit 
Models

Workload 
Profiles

Address Range Benefit
0x0 to 0x7fcc76400000 243632025

0x7fcd83400000 to 0x7fce09c00000 229284

0x7ffbbf400000 to 0x7ffc45c00000 1311889877

...

Saved usermode cycles

(Huge) – (Base) = 1311889877



All together…

16



All together…

16

Before Deployment



All together…

16

Before Deployment



All together…

16

Before Deployment



All together…

16

Before Deployment Runtime

Estimator

Cost-Benefit 
Models

Workload 
Profiles



All together…

16

Before Deployment Runtime

Estimator

Cost-Benefit 
Models

Workload 
Profiles



All together…

16

Before Deployment Runtime

Estimator

Cost-Benefit 
Models

Workload 
Profiles

&mm_cost_delta);

should_do = 

mm_decide(&mm_cost_delta);

if (should_do) {
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}

} else {

// (markm) Entry is already present.
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Implementation and Evaluation
Implementation based on Linux

Eval questions:

• Improved MM op tail latency?

• Match performance?

Methodology:

• Baseline: Linux 5.5.8

• With and without fragmentation

• Much more evaluation in paper!

Test Machine Specs

Intel Xeon Silver 4114
10C/20T @ 2.2 GHz

Skylake 2017

192GB ECC DRAM

480GB SSD
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Linux, unfragmented Linux, fragmented
CBMM, unfragmented CBMM, fragmented

2.2      5.2

35%
fasterImproves tail latency without regressing performance
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Results
• Improve soft page fault tail latency, often by 2-3 orders of magnitude

• Competitive performance; 35% faster on fragmented systems on average

github.com/multifacet/cbmm-artifact


