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# of dies 4 DRAM + 1 logic

# of channel 2 /die

# of banks 8 /channel

# 1/0Os 128 / channel

I/O speed 500MHz DDR
Bandwidth 1024Gbps

Timing parameters tRCD=15, tRAS=16,

(ns) tRC=48,tCCD=4, tRRD=4
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G64:128:8 L:Bim: WL, A:32:4.4:0,32
4:128:24 L:R:m:N:L, F:128:4,128:2
64:64:2 L:R.EN:L,A:2:32 4

—gpepi_cache:dl2
—gpepi_tex_eache:]l
-gpgpu_const_cache:ll

Configuration Option GTX 480 GTX Titan X
-gpgpn_clusters 15 06
-gpgpu_clock_domains 700.0:700.0:700.0:924.0 1000.0:1000.0:1000.0:1753.0
—gpopishader_registers 32768 16384
-gpgp_shader_core_pipeline 1536:32 512:32
—gpgpu_pipeline_widths 2112112 1,1,1,1,1,1,2
—EpEpIL_NNm_Sp_units 2 1
—gpepu_cache:dll 32:128:4 L:Lom:N:H A:32:8 8 16:128:4, L:Lom: N:L A:32:8 B
—gpgpi_shmem _size 49152 24576

256:128:8 L:B:m:W:L,A:32:4 4:0,32
16:128:24 [:R-m:N:L, F:128:4,128:2
128:64:2 L:R:ENL A 232 4

—gpgpioperand_ecollector_num _units_sp i} 4

—gpegpu_operand_collector_mum _units_sfu S 4

-gpgpu_nuni _Teg_banks 16 8

—opEpIL_TnaN_insn_issue_per_warp 1 2

-inter_config_file eonfig_fermi_islip.ient config_maxwell islip.icnt

—gpegpu_dram_retirn_gqueue_size 116 160

-gpgpu_n_mem_per_ctrlr 2 4

—gpegpu_dram_buswidth : | 2

-gpgpu_nuni schad_per_core 2 1
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Cooling Solution Convection Thermal
Conductivity (C/W)

Passive 4.0
Low-end active 2.0
Commodity server

. 0.5
active
High-end server

X 0.2
active

[# 3-3] 97 ¥4 BE d7F € I=x[8]
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Abstract
Thermal Simulation of High

Bandwidth Memory and

Mangement Technique

Woojae Shin
Department of Computer and Engineering
The Graduate School

Seoul National University

High Bandwidth Memory is 3D stacked memory using TSV. And
it 1s known to have thermal problems due to its 3D stacked
architecture. This study has created an thermal model of HBM using
Hotspot and simulated thermal information based on the memory
command trace of the GPU application capture with GPGPUSim. With
the simulation environment, the characteristics of vertical and
horizontal temperature distribution of HBM were obtained. We also
simulate the temperature of the HBM with various logic die power
and cooling system. As a result of the simulation, unbalanced

temperature distribution between DRAM dies can be found. To

38



alleviate this problem, profiling of GPGPU application 1s done.
Address mapping considering the HBM’s 3D architecture is proposed
to redistribute the memory access. We proposed two types of address
mapping scheme depending on its redistribution level. Each address
mapping scheme show 0.87C, 145C decrement in difference of
maximum and minimum temperature in HBM stack. Also maximum
temperature of HBM is decreased by 7.84C, 11.82°C each. With these
proposed address mapping schemes, refresh power can be saved up

to 52% maintaining same bit error rate.

keywords : High Bandwidth Memory, thermal simulation,

thermal management, GPGPUSim, Hotspot

Student Number . 2016-25219
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