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Intel® Xeon® Processor E5 v4 Product Family Overview

New features:

* Broadwell microarchitecture

= Built on 14nm process technology

= Socket compatible® replacement for Intel’
Xeon' processor E5-2600 v3 on Grantley

aswell-€P) |
Upto 18
Up 10 36 threads

Up to 45 MB
25 QP1 1.1 channel

4 channels of up to 3 RDIMMs or 3
LROIMMs
ECC, Patrol Scrubbing, Demand
rubbing, Sparing, Mirroring,
Lockstep Mode, x4/x8 SDDC
Upto2133

& Regquires BIOS and firmrwane update All products,

New processor technologies:
= Posted Interrupts

= Page Madification Logging

= Cache Allocation Technology

= Memory BW Monitoring

s 6.4, 8.0, 8.6 GTfs
4010/ PCle® 30 (25, 5,8 GT/s)

160 (Waorkstation only), 145, 135, 120, 105, 90, 85, 65, 55

campuner systems. "

= Crypto Speedup

= Supervisor Mode Access Prevention

= Mew RDSEED instruction

* Intel® Processor Trace

= Hardware Controlled Power Management

Xeon E5-2600 v4 (Broadwell-EF)

Upto 22
Up to 44 threads
Up 1o 55 MB :"':

+ 305 LRDIMM! o
+ DDR4 Write CRC R
Up to 2400 "‘"""1 | i {...

W £3% E5-2600 v4Z AR A AL A ST 5009 Z2AART L.
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E5 vARTFI=HIdBRTERT, EsciFDDR4 2400 ECC REGHZ. 4t
BRTRARATLCA2011-v3#EN, Z38E5 vARMERRAILAER. E— RS =5
FR. RRHRXOEMRER (FHITHEMAIBIOSHE) o

FE A RAR AR 5% 8 R4 LK Al iR g6
(SDI) = A e ah, BRobZoh, 3
AR B F AR P Tk Ak A K2
FPatrick Buddenbaum&w: “F4FR
—H BT oA MM &6 A S
9B ZHIE . k. 4600 F7 R B
3, VAt TSR 64 TAE 5 3KA B 4k 52
NEFEHRERBEI G T =R
%, BB S NEF KA H, EH
VAT5 it 69 ) £ A Fe HLAE 69 7 31 F 4 A
F. th o B A A m I ] B

B RO A SE AL AR rick s T R AR

Buddenbaum

Intel® Xeon® Processor E5 v4 Product Family
Security Features

ADC, SBB, PCLMULQDQ -+ Algorithm latency * No recompilation necessary, ADC/SBEB instructions

Latency reduction complete in a single cycle.

Mew instructions = ADC variant, with different flag * GNU multiprecision library - used in pervasive SW

(ADCX/ADOX) behavior packages (e.g. Mathmatica)

* Can program 2 independent * RSA public-key cryptography — used by nearly

carry-chains everyone every day

RDSEED support + Strong source to seed another * Creates random numbers from the random number
pseudorandom number source after qualification and conditioning
generator

Supervisor Mode Access + Prevents unintended supervisor = Provides Inter-ring security by forcing the OS to be

Prevention maode accesses to data on user explicit about touching user mode data pages
pages

B AT HARSE, 23R B5-2600 v4RAnRT £ AW, CaEnE L eIETS @ik,

RMASHEA @

ERBATHIZHIMER, =52 E5-
2600 vARJBMHIRNZHMET N
AIRI&EZ18 M RA IR A4 —
NEBET L THIHITDPEFRE,
E/RAEESR AR RS FRER
FET220 %0, RBETEFRAIAL
28 PP RS ER24 M
0, AE RS TDPESRHAHE
165W, ENABTHILZE, &b
HECE T, IERMEIRAT) T465F
BHEX, REEHESIE/2ZA;
FOHERER SR ER 306
BEXK, BIFEHERAIN; T
DHEEROEIR 236 S E
XK, mIEEHEN3HIA. BEE E
—181ZAYZEE E5-2600 v3#l»
EIRSIACO2FHEARMES, EHHY
14nmIZHERAIEMRERAER
HHRE,

Tick&B—Bz i
2
FEOBUA T E, BTFARXMN
Haswell-EP#{¢t Z=Broadwell-£P
BT RE/REESUHAN ‘M5
“ZHREIZER SR, B
S2E5RHR “Tick” £, FILERR
ZORZHE, 2R RIS T
K, BFEcorefluncorelIalim.
ESHEE. BF. SMINEEETT.
Rk, #0O%, Broadwel-EP#RE
AT HIHaswell-EP—HH9E

Intel® Xeon® Processor E5 v4 Product Family HCC Intel® Xeon® Processor E5 v4 Product Family MCC/LCC

=

{I[T} I

B Z7% BS-2600 v4R3%HCC, MCCALCC AR 498 L.
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it. TEZMIvy-Bridge-EPtFF
YaEF. fEHaswel - EPEXIBEX
ERENERL, tBroadwell-
EPLEBR TEEY%K, 8L 21/
Haswel-EP F &2 =8 181Mb 1238
w1y, Broadwel-EP R nliEs
24 1BER 0, BN E). HEIRE
BEAZITFIE PR L R, F5%
REEE TR ZZOMIBERT, 5L
Wiz R TRHIE BB IES
BAEEIREEARER, EiX
FAEEBroadwel-EPLRIE A’
. THF/REFR, HEtkHaswell-
EP, Broadwel-EPHIIPCIEEER&IM
B TL95%, HF R AT RS
mEERE & hes L., Broadwell-
EPRELFIEERREE X (M0
RFAZEGA)  RFEZNIESEE
FTHERA, 1BRIRVIES TIPC, Lhoh,
L2 TLBBMKIZINZELLK, Fb Ty
i BERAR. T TLBA@E,
SRR IN T— NTLBIRMA, 7

Core Microarchitecture Changes — Legacy perf (IPC)

Floating Point Instruction performance improvements vs. Haswell
*  Radi-1024 divider: Decreased Latency & increased throughpat for most ops
»  Split scalar divider: Pseudo-double bandwidth for scalar divides

00%

- Gt
= Vector FP multiply latency decrease (to 3 cycles from 5) —rumdate
*  Hardware assist for vector gather (~60% fewer ops) o
T Butfer (TLE) imp va. Haswell o
*  Native, 16-entry 1G TLB array
12m

* Increased size of STLB (1K->1.5K entries]

»  Improved address prediction for branches and retums .
» Increased Branch Prediction Unit Target Array from 8 ways (o 10 [}
*  Extract more parallelism in scheduling uops

*  Reduced instruction latencies (ADC, CMOV, PCLMULQDQ now 1uop)
= Larger out-of-order scheduler (60->64 entries)

*  New instructions [ADCX/ADOX)

TSX- HLE/RTM + performance iImprovements vs, Haswell
= Performance of fine-grained locks with effort of coarse-grained locks
*  Finally enabled on ES

M Broadwel I-EP/EIPC_ LA T—R #9487t

FMA & Peak FLOPS

Haswell

previous generation
= 32-byte |load/store for L1
- 2% L2 bandwidth

Broadwell
= Reduces the FP multiply to 3 cycles

M Broadwel I-EPAEF S AEA-TLB. o X Fm| £ ag42 7+,

MicroComputer
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™ - uArch Instruction Set SPFLOPs

- B per cycle

™ Haswellf - —_——
3 ' PLAN I ) 1
z = : |
5 o o | 0| 1
-
» ," oo Pl T T — —
i *_- Haswel | AVXZ & FMA
- dw

i 2% Nehalem)

i - Westmers

= 2 new FMA units provide 2x peak FLOPs/cycle of

= 2X cache bandwidth to feed wide vector units

FBroadwell-EPERIFHITAER
7. fotEse 0 5m, Broadwell-
EPRZESRENBEITINGE, BIEZF
RERE BRI Z IR O AR E
3EER. AT 1024 (10bit) ©4nge
£, tkoh, Broadwel -EPRMIHT
DXIWNETT, NZBIISIEIEHZE
1088, FEMIES MmN 73
T RIMESHER (ADC, CMOV,
PCLMULQDQRHESTEIRMEEE

1uop) « IIAT 25

(=N
BN ~Fo

RRIKE, BAROIREAIL
TARRBEKIBER, BE—R=RSF
/RAG IR 2R fE PR RE LR XS TR0
EERE A, BEcaRIF/RELEIN

FR O

b K

WRE, MNehalem

Fra, 2IEERSandy Bridge.

lvy Bridge. HaswellBEI4$Xa9
Broadwell, i1R&ELRIIP CIEER
D% AAMNE, MR T RE

Intel TSX: Hardware Lock Elision / Restricted Transactional Memory

HLE is a hint inserted in front of a LOCK operation to indicate a region

is a candidate for lock elision
*  Uselegacy XACQUIRE (OxF2) and XRELEASE ((nF3) prefixes
* Don't actually acquire lock, but execute region speculatively
=  Hardware buffers loads and stores, checkpoints registers.
*  Hardware attempts to commit atomically without locks
= If cannot do lock-free, restart and fvel

RTM is three new instructions (XBEGIN, XEND, XABORT)
=  Software uses instructions to specify critical sections
= Similar operation as HLE (except no locks, new ISA)

= If cannot commit atomically, go to handler indicated by XBEGIN gl

*  Provides software additional functionality over HLE
XTEST Is a new instruction to determine if in HLE or RTM

* Can be used inside both HLE and RTM

= Allows SW o query execution status of HLE and RTM
Software must provide a non-transactional path

* HLE: Same software code path executed without elision

* RTM:Software fallback handler must provide alternate path

Acguire

Critical

section

[

Release

Thread 1

Thread 2

Critcal
saction

- Release

Hash
Table

M H7Broadwel I-BPATSXA AT TA T, CLIEFE 54 A4 F AR IS EFH 0 AR P 34t
. ZATHaswell-BPk, TSX:HILT —2LBUG, 345 RAFFAR A T XA k.

Core Single Thread IPC Performance

Non-AVX Workloads

M Broadwell-EP#t— % #ni& TAVXIE4E.

AVX Workloads

AVX workloads have a
lower base and max
turbo frequency

Divider Improvements

DP FLOPs
per cycle

Latency/ Throughput {cycle

1024 Radix Divider — Reduced latency
= 128-bit HW - 256-bit require 2 passes
“Split” operation for scalar divides
= 2 scalar divides in process simultaneously

Intel® AVX instructions Optimization

Mixed Workloads
(Haswell)

On Haswell, workloads
with a mix of cores
running AVX and non-
AVY experienced lower
base and max turbo
frequency on all cores.

e e e

’/-h

EEEEER threads using AVX
Threads not using AVX

Mixed Workloads
__ (Broadwell

Cores

On Broadwell, cores
running AVX do not
automatically decrease
the max turbo frequency
of other cores in the
socket running non-AVX
codes.

Divide Latency (cycles)

—»«% —ss/128p5
L
- —256P5
—256PD

R

Divide Throughput (cycles to start next)

—55

e \ e
~ —128P5
M‘_\\E ——128PD
—256P5
—256PD
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Intel® Xeon® Processor E5 v4 Product Family
Resource Director Technology (RDT)

Resource Director Technology (RDT)

These features enable the O5/VMM to manage and monitor shared platform resources.
= Enabled and accessible by Ring 0 code via MSRs,

Cache Monitering Ability to monitor Last Level Cache occupancy for  Each thread assigned a RMID (Resource m “Auchitmcied for OS/vMM dyramic dpdates.
Technology (CMT) a set of threads Monitoring 10} These features comprises (for both Memory and Cachel

= Monitoring: Resource monitoring to allow visibility into per app/VM usage
* Allocation: Partitioning of resource usage on per app/VM basis
= Breadwell does not support Resource BW Allocation,

Cache Allocation
Technology (CAT)

Ability to partition Last Level Cache, enforcement  Each thread assigned a Class of Service
on a per thread basis Enables workload Each Class of Service restricted to portion
prioritization, consolidation, and resource of LLC

partitioning

. . New Features for Broadwell Servers
Enables control over neisy neighbors

= Cache Monitoring Technology on L3
—  Twice the RMIDs (8/slice) over Haswell Server
= Cache Allocation Technology on L3
= Supports 16 Classes of service
= Code [ Data Partitioning
=  Memory Bandwidth Monitoring
= Uses same RMIDs as Cache Monitoring Technology

Half of the masks are associated with
code, the other half of the masks are
associated with data

Code and Data A specialized extension of CAT which enables
Prioritization (CDP) P masks for code and data.
This allows code to be protected at the L3 cache
level for instance

Memory Bandwidth
Monitoring (MBM)

Monitors Memory Bandwidth utilization on an
RMID basis.

Identify memory bandwidth conflict issues and
enable thread migration

W RDThHE47 R T AT L 69 1E 50 B

RMIDs can be associated with one ora
group of threads [ applications
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BT Posted Interruptsyh, #
15RIAIRE T RIS FRIRTFE
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Posted Interrupts

Efficient routing of interrupts from assigned devices to migrating virtual CPUs
Works together with APIC Virtualization for improved virtual-interrupt performance
With Posted Interrupts

With APIC-V

B £3% B5-2699 v4AREBEHRFFEGE (L).E5 2699 v3FE5 2699 v4E@ALE
(F), 2#regldnn Tk a4 5 RERAA I LR TAA K.

Intel® Xeon® Processor E5 v4 Product Family

Other Features
[ Fere 1 penet | owbosshwore |

Opportunistic Snoop = No need to wait for read of + Launch snoops to remote socket when memory request
Broadcast memory directory is made vs. waiting for directory to indicate actual
sharing.
Hardware Controlled - Option to allow the hardware  + P and C state policy added to existing HW mechanism
Power Management to make power management = Platform provi all availabl ints to HW and
decisions allows HW to choose optimal operating point.
Intel’ Processor Trace  » Enable system and software  « Captures infc ion about soft ution (branch
debug by tracing instruction targets, branch taken/not taken indications) to memory
execution + Debug software can post-p data and t
program flow
DDR4 Write CRC » data integrity as DDR4 scales  » Detect DDR4 bus faults during write
to higher speeds * Allow isolating bus fault vs DDR4 cell fault
* Detection of 1bit, 2bit, odd bit, vertical column errors.
ECRC (Endto End CRC - Protects against errors * An optional PCle* data integrity protection field, intended
Protection) for PCle 10 introduced by intermediate to provide E2E protection for a TLP (Transaction Layer
Subsystem switches or bridges Packet) through different hierarchies in PCle

B Z7% ES5-2600 v4RzkeG— LI eI,

| Page Modification Logging

Method to reduce overhead of VM based fault tolerance through Rapid
Checkpointing

Page Modification Logging builds on Haswell EPT A/D implementation

(E5 v4 family}

 Gumtos

Delivered Directly
w0 SIW Intercept

Extaenal interupts

interrupts with VP Usages

M Posted Interrupts3t RAEMBM kST 5645 i3] L 69 AL T 2L IR,

Primary VMM checkpoints state of VM at regular intervals
- Checkpoint shipped to backup system Ml =
— 1/O from primary released only after Los | | os |
checkpoint applied i
- On primary failure, secondary resumes E @:}

) mntal a\mllll | M priority Fau
Fewer VM-exits VM migration Support SR-I0V 4 |
Enables efficient co-migration of and Direct I/0 Assignment critical line of businass werkl o Idated by workload

B PML3 ARFTVA#E % VM Exit/Bntry#g & &, AT k4.
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PROCESSOR NUMBER
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cPU

FOR 2-SOCKET SERVERS

INTEL' TURBO

BOOST 2.0

RIN1ER; EEFEFIBE IR
55,

MigoHE, 252 E5-2600
VAR IR~ mAV R REEBE A
1.6GHz~3.5GHz, ZOHEME
Z227MEIRMAN, BERENE
A55MBEIF/P10MB, TDPIHE
R=H145W, &RERE50W, &if
SZRIOHE . BB SN
TDPECE, pk 7 =52 E5-2600
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TECHNDLOGY®
TECHNDLOGY
LLE CACHE
NUMBER

OF CORES
POWER (W)

INTEL HT
(mB)

DDR4
MEMORY

Intel” Xeon® Processor £5-2699 v4 22 o - 55 22 145 9.6 2400 54115
Intel’ Xeon' Processor E5-2698 vd 2.2 - = 50 20 135 9.6 2400 $3226
Intel’ Xeon' Processor £5-2697A v4 2.6 . * 40 16 145 9.6 2400 $2891
Intel® Xeon® Processor E5-2697 vd 23 . G 45 18 145 9.6 2400 $2702
Intel’ Xeon® Processor E5-2695 v4 21 " * 45 18 120 9.6 2400 $2424
Intel’ Xeon" Processor E5-2690 vd 2.6 " = 35 14 135 9.6 2400 $2090
Intel’ Xeon® Processor E5-2683 v4 21 . . 40 16 120 96 2400 $1846
Intel’ Xeon' Processor £5-2680 v4 2.4 . * 35 14 120 9.6 2400 $1745
Intel" Xeon® Processor E5-2660 v4 2.0 . 35 14 105 9.6 2400 | $1445
Intel” Xeon® Processor E5-2650 vé 22 . 30 12 105 9.6 2400 $1166
Intel’ Xeon' Processor E5-2640 v4 2.4 . 25 10 90 8.0 2133 $939
Intel’ Xeon" Processor E5-2630 v4 22 E 25 10 85 2.0 2133 $667
Intel’ Xeon" Processor E5-2623 v4 2.6 L2 10 4 85 8.0 2133 $444
Intel” Xeon" Processor E5-2620 vd 21 - 20 8 85 8.0 2133 3417
Intel’ Xeon' Processor E5-2609 v4 1.7 20 8 85 6.4 1866 $306
Intel’ Xeon' Processor E5-2603 vd 1.7 - = 15 6 85 6.4 1866 $213
FOR 2-SOCKET SERVERS — FREQUENCY OPTIMIZED

Intel’ Xeon' Processor E5-2667 va 3.2 - 25 8 135 9.6 2400 $2057
Intel’ Xeon' Processor E5-2643 v4 34 . . 20 6 135 9.6 2400 $1552
Intel’ Xeon® Processor E5-2637 vd 35 . 15 4 135 9.6 2400 $996
FOR 2-SOCKET SERVERS — LOW POWER

Intel’ Xeon' Processor E5-2650L v4 17 s 35 14 65 9.6 2400 $1329
Intel’ Xeon' Processor E5-2630L v4 18 * 25 10 55 8.0 2133 $612
FOR 2-SOCKET WORKSTATIONS

Intel’ Xeon' Processor E5-2687W v4 3.0 « | = | 30 | 12 | 10 | 98 2400 | $2141
FOR STORAGE AND COMMUNICATIONS

Intel’ Xeon" Processor E5-2658 v4 23 . - 35 14 105 9.6 2400 $2040
Intel’ Xeon' Processor E5-2648L v4 18 . " 35 14 75 9.6 2400 $1544
Intel’ Xeon' Processor E5-2628L v4 1.9 . . 30 12 75 8.0 2133 $1364
Intel’ Xeon' Processor E5-2618L vd 22 . 25 10 75 8.0 2133 5779
Intel’ Xeon' Processor E5-2608L vd 16 * 20 8 50 6.4 1866 $441
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