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GPU Memory Management Technique to Improve the Performance of GPGPU

Task of Virtual Machines in RPC-Based GPU Virtualization Environments

Jihun Kang'

ABSTRACT

RPC (Remote Procedure Call)-based Graphics Processing Unit (GPU) virtualization technology is one of the technologies for sharing
GPUs with multiple user virtual machines. However, in a cloud environment, unlike CPU or memory, general GPUs do not provide a
resource isolation technology that can limit the resource usage of virtual machines. In particular, in an RPC-based virtualization
environment, since GPU tasks executed in each virtual machine are performed in the form of multi-process, the lack of resource isolation
technology causes performance degradation due to resource competition. In addition, the GPU memory competition accelerates the
performance degradation as the resource demand of the virtual machines increases, and the fairness decreases because it cannot guarantee
equal performance between virtual machines. This paper, in the RPC-based GPU virtualization environment, analyzes the performance
degradation problem caused by resource contention when the GPU memory requirement of virtual machines exceeds the available GPU
memory capacity and proposes a GPU memory management technique to solve this problem. Also, experiments show that the GPU memory
management technique proposed in this paper can improve the performance of GPGPU tasks.
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Fig. 1. GPGPU Programming Model
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Table 1. Experiment Scenario

GPU Number of Single
memory Matrix size ro execution
used VMs

status performance
GPU memory| 9K x 9K 8 VMs 0.624
sufficient | 10K x 10K 8 VMs 0.702
11K x 11K 8 VMs 0.858
Out of GPU | 12K x 12K 7 and 8 VMs 0.936
memory | 13K x 13K | 6, 7 and 8 VMs 1.045
14K x 14K |5, 6, 7, and 8 VMs 1.155
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1-dimensional array data uploaded to GPU memory

__kernel void uecﬁddk_glabal int *a, _ global int *b, _ global int ‘c)]

int id = get_global_id(e);

Ic[w] = 2lid] + b[:.d];l Use thread ID for index
) determination

Fig. 6. Correlation between Thread ID and Index of Data Object
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Algorithm 1

If User VM requests GPGPUvm for GPGPU task
Number of Active VM += 1;
Active_VM_List[] = VM_ID

Available GPU memory for each VMs
= GPU memory Capacity / Number of Active VM

1
H
3
4
? if GPU memory allocation operation call
? wait();

7 if Data upload request to GPU memory
? Classify the data object as input data;
? else if

ﬁ Classify the data object as output data;

1 Data_List[Thread_ID][Start_Index][End_Index]
= Kernel code analysis;

12 for = 0 to Number of Thread

] Partitioned_Datali][Start_Thread_ID]
13 [End_Thread_ID]
= Data_List[Thread_IDI[I[;

if Available GPU memory =( Size of
( Partitioned_DatalAl[] +

14 Partitioned_Datali + 11[10)
/ Number of Data Object )
15 break();
16 For j = 0 to Number of Partitioned Data
17 if User VM does not use GPU memory
Alloc_GPU_mem( Partitioned_Datal/
18 [Start_Thread_ID]
[End_Thread_ID] );
19 Processing_Kernel();
20 if Kernel processing is complete
21 Free( Partitioned_Datalji[Start_Thread_ID]

[End_Thread_ID] );
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Table 2. Experiment Environments

Host Machine GPGPUvm User VM
CPU Intel Xeon
(vCPU) E3-1231V3 4vCPU 4vCPU
Memory 32GB 15GB 2GB
Radeon RX 570
GPU - (8GB GPU -
Memory)
oS Ubuntu 14.04 Windows 7 Windows 7
Hypervisor Xen 4.4.1 - -
Calculation _ GPU Matrix
Type Multiplication

Table 3. GPU Memory Usage by Number of VMs and Task Size

12K x 12K 13K x 13K 14K x 14K
Numb Memory | Average | Memory | Average | Memory | Average
o?rilfl\/fsr usage |execution| usage |execution| usage [execution
(GB) time (GB) time (GB) time
1 1.6093 0.936 1.8887 1.0450 | 2.1904 1.155

2 3.2186 | 1.3965 | 3.7774 | 1.5760 | 4.3809 1.88

3 4.8279 1.872 5.6661 | 2.1633 | 6.5714 | 2.2826

4 6.4373 | 2.1992 | 7.5548 | 2.7297 | 8.7618 | 4.1107

5 8.0466 | 2.6206 | 9.4436 | 3.2950 | 10.9523 | 11.3974

6 9.6559 | 5213 | 11.3323 | 11.9240 | 13.1428 | 19.877

7 11.2652 | 932671 | 13.221 | 22.8784 | 15.3332 | 21.09

oo

12.8746 | 21.9885 | 15.1097 | 23.7691 | 17.5237 | 27.5894
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Proposed GPU Memory Management
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