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Name Intel Core i9 9900K GPU TU104 Revision Al
Code Name Coffee Lake Max TDP | 95.0 W Technology | 12nm DieSize | 545 mm? @a
Package Socket 1151LGA Release | Aug20,2018 Transistrs| 13600M  NIVIDIA
Techewlogy |29 'Core Volage | 0-552¥ BIOS Version 90.04.04.00.7D [ Huer
Spedification Intel?Core?9-9900K CPU @ 3.60GHz (ES) Subvendor | ASUS Devics ID | 10DE 1E82 - 1043 8665
Family 6 Model - Stepping c ROPs/TMUs | 64/184 Businterface | PClex1630@x830 7
Ext. Family 6 Ext. Model 9E Revision PO

Shaders 2944 Unified DirectX Support 12(12_1)

Instructions |MMX, SSE, SSE2, SSE3, SSSE3, SSE4. 1, SSE4.2, EM6AT, VT-x,
AES, AVX, AVX2, FMA3, TSX
Clocks (Core #0) Cache
Core Speed | 4788.29 MHz L1Data | 8x32KBytes | 8-way
Multiplier | x48.0(8-50) L1 Inst. . 8 x 32 KBytes 8-way
Bus Speed 99.76 MHz Level 2 | 8 x 256 KBytes 4-way
Level 3 16 MBytes 16-way

Pixel Fillrate | 109.4 GPixel's Texture Filrate = 314.6 GTexel's

GDDRS (Micron) Bus Width 256 bit

Memory Type
Memory Size
Driver Version

Driver Date May 22, 2019 Digital Signature WHQL

8192 MB Bandwidth 4480 GB/s

26.21.14.3086 (NVIDIA 430.86) / Win10 64

GPU Clock | 1515MHz  Memory | 1750 MHz Boost | 1710 MHz

Default Clock | 1515MHz  Memory | 1750MHz ~ Boost | 1710 MHz

NVIDIA SLI Disabled

Computing [»]OpenCL [»]CUDA [~]PhysX [~]DirectCompute 5.0

NVIDIA GeForce RTX 2080 -~
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Cortex-A77: the 2 in a family of high-
performance, high-efficiency products
{continuation from Cortex-A76)

* Maximum IPC performance push over

Cortex-A76

efficiency
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Arm Cortex-A77: Design goals

= Similar frequency capability as Cortex-A76
* Maintain best-in-class power- and area-
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Cortex-A77:
Microarchitecture overview

Higher-bandwidth,
lawer latency fetch

Larger Out-Of-
Order Window
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Cortex-A77: Front-End, cont.
Prope

ng performance further

Intreduction of Macro-Op (Mop) cache:
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Cortex-A77: Front-End

Revamped to feed a more powerful core

runahead, to 64B/cycle
+ Hiding taken-branch bubbles from the core
« Earlier prefetching for L1 cache misses
Next-generation improvements to branch
prediction accuracy
« Lesser number of costly (performance and
power) branch mispredicts
T-Data,
deeper MLP
= « 33% larger main BTB (BK entry, better
perfermance for real workloads)
« 4y larger L1-BTE (64 entry, 1-cycle latency)

Double the branch-prediction bandwidth for

Increase Branch Target Buffer (BTB) capacity
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Cortex-A77: Decode/Rename/Commit

Pushing microarchitectun

ront-End

e width and depth

50% increase in dispatch bandwidth
« Up to B-instructionsfcycle through dispatch
- Employ port-sharing throughout to maintain
efficiency

fr ental en g f
A fundamental enabler of performance Nitkniction Fatch

15K
&K
Mop
I
Cache fuh_eJ

LT

- Decoded LD instruction cache
= 15K Mop entries
« Hit rates 85+% across many diverse workloads
« Higher fetch bandwidth to core
= Reduced branch mispredict penalty
Mow 10-cycles, fastest case
« Dynamic code optimizations
Adapt the code sequence to run more
optimally on the downstream core & back-end

25% increase in out-of-order window size
= 160 entry instruction window
« Expose more parallelism in code

§
]
-
e}
=
=
2
&
&

Accelerated rename recovery after branch
mispredict flushes
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Cortex-A77: Execution Core

Increasing available bandwidth

50% increase in integer execution
bandwidth
- 4" ALU (capable of simple 1-cycle, plus
complex 2-cycle integer flavors)
- 2™ Branch
+ 1Q unification to maintain efficiency

2™ AES encryption pipe added

Latency improvements
+ Integer multiplies (2-3 cycles, fully pipelined)

H Cortex-A7 789 ITEITER S

Cortex-A77: L1/L2 Data Cache, cont.

Next-generation data prefetcher

*  New/improved engines for Increased coverage
and accuracy
Leads to increased power effickency
* Increased maximum distance capability, to
enable higher bandwidth usage out to DRAM
*  System-aware prefetching
Improved tolerance to varying memory

subsystem implementations

Dynarmic distance, for varying latencies
Dynamic aggressiveness, based on DynamiQ L3
utilization

* Better management of prefetched lines in the
cache hierarchy, for optimum performance
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Cortex-A77: L1/L2 Data Cache

Targeted performance enhancements

in-flight loads and stores
+ Expose more memory-level parallelism

bandwidth

Issue ports (previously shared with ALUs)
+ 10 unification te maintain efficiency

W Cortex-A77THEFERD &IT

Up to 25% increase in window growth for

2x increase in dedicated load/store issue

» Store-data pipelines (2x) now have dedicated

Cortex-A77: Benchmark uplift from Cortex-A76

Performance improvements across a range of workloads
(IPC uplift, I50-process & frequency)
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Advancing Machine Learning on device
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