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EH|OKOH|0n EEENEFIC ADX|TEKT0V|K00V . Types of computer architectures — TUNoI APXITEKTOVIKOV
(at the conceptual level aTo evvoioAoyiko €ninedo)

O Imperative architectures - ApxiTekTovikéG diatayng
B The von Neumann paradigm (the von Neumann
bottleneck)
O The Program counter o anapiBunTig evTioA®v
Computer Architecture O The assignment statement n evtoAr avaBeong
O Parallelism napaAAnAia

ApXITEKTOVIKR YNOAOYIOCTOV

O Dataflow architectures - ApXiTekTovikég Pofg Aedopévov

® Data-driven computing YnoAoyioTikr kaBodnyoUpevn
and Ta dsdopeva

O Applicative architectures ApXITEKTOVIKEG E(PAPHOYNG
® Functional/Reduction machines Avaywyikég Hnxaveég
B Logic machines Aoyikég unxavég (Prolog)

: § - - —
ApXITEKTOVIKEG YNnoAoyioTwv (von Neumann) Architectures of processor chips -
Computer Architectures ApPXITEKTOVIKEG TWV HIKPO-ENEEEPYAOTMOV
O MovoAiBikoi engEepyaaTeg (processor chips)
. . O Basic Architectural features
O NoAuene&epyaoTeg (multi-processors) ) B , .
. , O Single core processor chip (Hovonupnvol enegepyacTeg)
m} HGPC_‘)\)\H)\EC apxiTekTovikeg(parallel B Scalar processors -Pipelining (BaBuwToi — cwAAvwon)
architectures) m Superscalars -ILP - threading (unepBa®uwToi -
O ApXITEKTOVIKEG UPNAWV eniddoewv (HPCN) vnuatwon)
O YnoMoyioTikn NAéyuaTog (Grid computing) O Moore’s Law (0 vopog Tou Moore) )
O YnohoyiaTikiy Népouc (Cloud computing) O Models of Multicores (MoAunupnva povTeAa)
Y n Poug P g O Multicores (Ynép noAunupnvol)
O Multi-Threading (noAU-vnuaTtwon)
O Accelerators (EniTaxuvTeg)
* Basic Architectural features % * I H M . @
Baoika XapakTnpIoTIKA ApXITEKTOVIKNAG gpapxia Mvnung
O Memory Hierarchy (caches, Main memory, HDs,..) . i
Iepapxia uvApNG (kpu@n Pvipn, kUpia pvipn, ickor) Memory hlerarchy ;‘
O Pipelining - SwAfRvwon /-
O Branch prediction -npoBAewn d1akAAdwWo
[m] Instruct?on Level Parsle[lg'ismllJT ILP napa)\)\nr]q)\ia EVTOA®V + Typical latencies for today's technology
h X . Hierarchy Processor clocks
O Data Level Parallelism —-DLP napaAAnAia dedopevav eEIster T
O Thread Level Parallelism - TLP napaAAnAia eninédou vnuaTtwv Lrgwche 2.3
L2 cache 6-12
L3 cache 14-40
Near memory 100-300
Far memory 300-900
Remote memory 0(10%)

Message-passing 0(10%)-0(10%)
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Pipelining Schemes ZxAuara ZwARvwong
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(F: fetch cycle, D: decode cycle, E: execute cycle, W: write cycle)
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ILP-processing MapaAAnAia evroAwv
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Figure 1.3: The emergence of ILP-paradigms and processor types
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Technology Trends: Microprocessor Capacity

2X transistors/Chip Every 1.5 years
Called “Moore’s Law” Gordon Moore (co-founder of
- Intel) predicted in 1965 that the

. h transistor density of
Microprocessors have semiconductor chips would

become smaller, denser, double roughly every 18
and more powerful. months.

Slide source: Jack Dongarra

73
Traditional Sources of Performance Improvement are Flat-Lini
O1 puBpoi enidocewv néprouv (ILP, power, frequency)

10,000,000 - -
From K. Olukotun, L. Hammond, H. o
s Sutter, and B. Smith |
In the past each year o I ]
Processors would become |
faster 100,000

Today the clock speed is fixed

: 10,000
or getting slower.

Things are still doubling %900,
every 18 - 24 months ! |u pfla

Moore’s Law reinterpreted

Enavadiatunwon Tou
No6pou Tou Moore 2

Le

Y

The “Free Lunch” is over! !

1970 1975 1980 1985 1930 1995 2000 2005 2010

- S
Moore’s Law Reinterpreted
Enavadiatrunwon Tou Nopou Moore

MOOTE S Eavy COTtiTaest
How do we use all of those transistors to keep performance
increasing at historical rates?

More out-of-order (prohibited by complexity, performance,
power)

More threading (asymptotic performance)
More DLP/SIMD (limited applications, compilers?)

Bigg(;r caches (doesn’t address compulsory misses, asymptotic
perf.
O Place a SMP on a chip = ‘multicore’

ooo O

Industry’s response:

O Number of cores per chip doubles every 18 months, while
clock speed decreases (not ncreases).

m Need to deal with systems with millions of concurrent
threads
O Future generation will have billions of threads!

B Need to be able to easily replace inter-chip parallelism
with intro-chip parallelism
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“Multi-core Trends
in this Decade

8 Core Processor, 32 Logical
Thread

Rock
16 Core Processor, 32 Logical
AMD Turion64 X2 7
1A32 x86 Dual Core Chip
Intel Core 2 -

Intel Core Duo Codename: Penryn,

1A32 x86 Dual

Pentium D

1A32 x86 2 Core C ch lolfdal
Chip | CoreChip 1A32 x86 Dual & Quad
Powers [ CBE — c
64 bit PowerPC 2 PowerPC
Core with SMT
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proghoncfnn P

9 Core Power7
- chip—
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# 55 # |
MULTI-CORE ARCHITECTURES - MULTI-CORE ARCHITECTURES
MoAunUpNVEG ApXITEKTOVIKEG MoAunuUpnveg ApXITEKTOVIKEG
= Digital Signal
O The free ride is over Processing, embedded and network
O Employing better manufacturing processes leads processors
:?a:':i:t%?.:e savings; more die space = more O Many household items contain multi-core
® 90nm, 65nm and 45nm today prt_)cessors:
® 32nm, 22nm and 10nm in the works | iPOD - 2 core ARM CPU
O Chip makers decided that the best (cheapest) use m The PS3 - IBM Cell CPU
of the extra transistors is adding additional
processing cores B The Xbox 360 - 3-core Xenon CPU
B 4 or 8 cores with up to 64 threads today (PowerPC based, SMT capable)
® Hundreds of cores tomorrow - manycore B GPUs, like the NVIDIA 8800 series — up
O Other avenues: more functionality on a single chip to 128 mini cores
(i.e. adding a GPU, crypto, etc)
T el @

Multicore architectures MoAunUpnveg apXITEKTOVIKEG

u Building blocks of multicore pr s (MO)]

E‘ Cores

[o | L2 cache(s) (L2)

E‘ L3 cache(s), if available (L3)
E‘ Interconnection network (IN)

ower
64 bit PowerPC 64 bit 64 bit PowerPC Nehatem,
Core PowerPC 3 2 Core with A
Cre chip. SMT, . - E ‘ FSB controller (FSB c.) ‘
Intel Core 2
Xesp el ore \
TA32 x ore :
s 1A32 x86 2 Core Codename: Sandy or —» E Bus controller (B. c.)
AMD Opferon 5
Code Name:
Code N : Barcel
poDenmark TA32 256 Native 4 Core. E Memory controller (M. c.)
Chip Ultrasparc T2
Codename: Niagara
8 Core Processor, 64 Logical
Thread

% | MovemotimoAbwvév — Tyinae Mapogopuciic ke Tnkemkovoviéy %
J L,
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[ [ I |
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ctweencoresand | |nrs || emmsss e, | [ chiptochinana
shared L2 modules and shared L3 and the B. c./M. c. or e ners)
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| Implementation of
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Iy Iy | oooo
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g oooo
[}

Quantitative aspects, such as the number of inations or bandwidth i affect
which implementation alternative is the most beneficial.

For a small number of For a larger number of
sources/destinations sources/destinations
UltraSPARC T1 (2005) Cell BE (2006)

eg. to connect dual-cores
to shared L2 caches

UltraSPARC T2 (2007) XRI (2005)
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Performance Beyond ILP Emd00eIG népav Tou eninédou I{%
Multithreading- NMoAuvnuarwon

O Much higher natural parallelism in some applications
Kanoleg epapuoyEg €xouv ek@UOEWG napaiinAia
B Database, web servers, or scientific codes

O Thread-Level Parallelism
napaAAnAia oTo ningdo vApaTog

O Thread-Nipa: each has own instructions and data
B May be part of a parallel program or
independent programs
B Each thread has all state (instructions, data,
PC, register state, and so on) needed to
execute

O Multithreading - MoAuvnuarwon:Thread-Level
Parallelism within a processor

Principle of sequential-, multitasked- and

multithreaded programming
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Options for Multithreading

| of |

(while executing multithreaded apps/OSs)

/\

Hardware
multithreading

multithreading

Execution of multithreaded apps/OSs  Execution of multithreaded apps/OSs

on a single threaded processor on a multithreaded processor
simultaneously (i.e. by time sharing) concurrently
Maintaining multiple threads Maintaining multiple threads
simultaneously by the 0S concurrently by the processor

Multithreaded OSs Multithreaded processors

Fast context swithing between threads required.

\ Multithreaded processors

—

Multicore processors

(SMP: Symmetric Multiprocessing
CMP: Chip Multiprocessing)

L3/Memory

S

Multithreaded cores

L3/Memory

Multithreaded OSs

Multithreading Paradigms

E)

E— I
Unused
Thread 1
Thread 2 ,
Thread 3 €
Thread4 §
Thread 5 g

Conventional Fine-grained  Coarse-grained Chip Simultaneous
Single (cycle-by-cycle (Block Interleaving) (CMP) (SMT)
Threaded Interleaving) or called orIntel's HT
Multi-Core Processors
today




» Trends Taoeic =

O Multicore — manycore

O Hybrid processors

B Accelerators for specific kinds of
computation

B More difficult to take advantage of them

O Application-specific
supercomputers
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" From Multi- to Many-Core =

Multi-core (2-4 cores) designs dominate the commodity

market and percolate into high-end systems

Many-core (10s or 100+ cores) emerging

B heterogenuity is a real possibility

O Examples

m Intel 80-core TeraScale chip & 32-core Larrabee chip

®  IBM Cyclops-64 chip with 160 thread units

B ClearSpeed 96-core CSX chip

m  2nd generation NvidiaTesla products use 240-core
C870 processor (0.9TF single precision)

®  AMD/ATI FireStream 9170 with 320 cores

" From Multi- to Many-Core =

™==. Multicore: 2X / 2 yrs = = 64 cores in 8
years

2003 2005 20072009201k 2013 2015

Intel Tera-scale Processor

a

80 simple cores on a single chip
O  Two programmable FP engines per core
0O  Design aspects:
®  Tiled design
m  Network on a chip
O Each core has a 5-port
message passing router
O Routers connected in a 2-D
mesh
W Fine-grain power management:
compute engines/routers can be
individually put to sleep
®  Otherinnovations: sleep
transistors, mesochronous
clocking, clock gating
O Reaches 1 Tflops peak consuming 62
att

The Problem with manycore!

Enrico Clementi - former IBM fellow

a o

Slide by Ruth Poole - IBM Software Engineer Blue Gene Control System

HPC Accelerators HPC sniTayuvTEG

O Cell
O GPGPUs
O FPGAs
O Clearspeed
O Hybrids
B Intel Larrabee....
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» SonyToshibalBM Cell g 2 IBM PowerXCell 8i L

+ IBM PowerXCell 8i Processor

O A heterogeneous architecture developed for the PS3 - 32GHz with an

O Combines a PowerPC with co-processing elements to power dissipation ot 92W,
accelerate multimedia and vector processing - 12.8 GFLOPS per Synergistic Processor
appllcatlons ~ 100 GFLOPS per processor

O Software controlled memories ~ High bandwidth (200GBps) on chip

O Available since 2005 communication fabric .

O Many research CELL clusters/projects = T Neense ased Collercation plantin |

O A hybrid Opteron-Cell cluster has become the first — 45 nm high-k process based Cell fabrication
petaﬂ?p SVSten? planned, which will consume 40% less power
B A nice overview can be found at: than 65nm

http://en.wikipedia.org/wiki/Cell (microprocessor) +  IBM Roadrunner integrates General Purpose
™ CISC with Cell processor
~ Enhanced SPUs that handle double precision
calculations in the 128 bit registers
— Double precision 100 GFLOPs

http://crca.ucsd.edu/cellworksho

i e 03, b comtechnalogy ol

‘ =S

Comparison to some multicores

(inte)  AMDZV @ Sun
Name Clovertwn | Opteron Cell Niagara 2
Chips*Cores 2%4 =8 | 2¥2=4| 1*8=8 | 1*8=8
Clock Rate 23GHz | 2.2GHz | 3.2GHz | 1.4 GHz
Peak MemBW | 21 GB/s | 21 GB/s | 26 GB/s | 41 GB/s
OPS | 74.6 GF | 176 GF | 14.6 GF | IT.2-6F|

ive SpMV 1.0GF | 0.6GF - 2.7 GE
\_N(m laive Sp | 27GEA

Difficlt to achieve this peak
Efficiency % 1% 3% - 24%

A\

$ ¢ 3
GP-GPUs Movadeg EneEepyaciag MNpapik®v . FPGAs ) )
AvanpoypappaTifOPEVEG CUOTOIXIEG AOYIKWV MUAWV

O General-Purpose computing on Graphics Processing

r O Field-programmable gate array

Units O “Adjust the architecture to the needs of your
O Using the GPU as “vector CPU” by (ab)using the algorithm”

programmable vertex shaders O Invented 1984
O Available since 2000 O Used heavily in embedded and real-time systems

R O Used in supercomputers like Cray XD1, SGI RASC

O Becoming more and more popular Blades
O Use stream processing to exploit the extremely O Programmability !

parallelism
O CUDA tutorial at the Supercomputing Conference B An overview can be found at:

2007 http://en.wikipedia.org/wiki/Field-programmable_gate_array

B A nice introduction can be found at:

http://en.wikipedia.ora/wiki/GPGPU EPGA = Field Programmable Gate Array



http://en.wikipedia.org/wiki/Cell_(microprocessor)
http://crca.ucsd.edu/cellworkshop/
http://en.wikipedia.org/wiki/GPGPU
http://en.wikipedia.org/wiki/GPGPU
http://en.wikipedia.org/wiki/Field-programmable_gate_array
http://en.wikipedia.org/wiki/Field-programmable_gate_array
http://en.wikipedia.org/wiki/Field-programmable_gate_array
http://en.wikipedia.org/wiki/Field-programmable_gate_array
http://en.wikipedia.org/wiki/Field-programmable_gate_array
http://en.wikipedia.org/wiki/Field-programmable_gate_array
http://en.wikipedia.org/wiki/Field-programmable_gate_array

3 D
J Parallel architectures - HPC
MapdaAAnAeg apxITEKTOVIKEG - YYE

® Parallel systems architecture
O Conceptual classes — evvoIOAOYIKEG KAAOEIG
O Flynn Classes kAdoeig kata Flynn
O Interconnects — AIAOUV3ECEIG

® High Performance Computing system
architectures
YnoAoyioTeg YynAwv Eniddoewv
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Development over time

Supercomputer Peak Performance

1E+17

1E+14

1E+11

Doubling time = 1.5 yr.
1E+8 | &

1E+5

1E+2 o :
1940 1950 1960 1970 1980 1990 2000 2010 2020

ol The cycle of Massive Parallelism @ # " The SIMD Cycle O KukAog SIMD @
O kUkAoG TnG Maldikng NapaAAnAiag Single Instruction Multiple Data
I - I TOday -
Today/Future ;
Start Here (SSE). Start Here
AltiVec
e — F B hyon
(Clusir 308%) (150808) Cell/FPGAS/GPUS fjpocyear MeF/
SIMD keeps u
to provide a performa/nce edge
CM-1/Thinking Machines/198: 4 SIMb = -
MasPar MP-1/1990 CDC STAR-100/1974
Cray 1/1975
: The Co-processors cycle C Floating-point operations/sec FLOP
O KUKAOG TWV CUVENEEEPYOTWV
Today 0 Name Abbr. FLOPS
— O kiloFLOPS kFLOPS 103
ere
O megaFLOPS MFLOPS 106
Rg?sgg O gigaFLOPS GFLOPS 10°
T O teraFLOPS TFLOPS 1012
PUs/FPGAs beca :
“bundled” feature of fast-precessors O petaFLOPS PFLOPS 1015
< O exaFLOPS EFLOPS 1018
O zettaFLOPS ZFLOPS 1021
O yottaFLOPS YFLOPS 1024
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Countries / System Share

w United States

i China

W Japan

w United Kingdom
w France

u Germany
 India

u Canada

W Others

| HovemovimoA0wéy  Twipa Minpogopucic ka Tikemkoweowiay | <
p—
Grid computing YnoAoyioTikn MAéyparog

— . .
*Resource sharing & coordinated
problem solving in dynamic, multi-
institutional virtual organizations”

3]
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Accelerators

 Intel Xeon Phi
w Clearspeed

i IBM Cell

W ATI Radeon

w Nvidia Kepler
w Nvidia Fermi

2006 2007 2008 2009 2010 2011 2012 2013 2014
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¢

¢ Grid Computing is About ...

Resource sharing & coordinated problem solving
in dynamic, multi-institutional virtual
organizations

P |

oaTA ADVANCED
ACQUIITION. MISUALZATION

IMAGING INSTRUMENTS E

“Telescience Grid", Courtesy of Mark Ellisman

v

COMPUTATIONAL
RESOURCES

LAKGESCALE DATABASES

W

Grid's main idea

KUpia 18€a Tou MAEypaTog

< The Grid Architecture Picture

O  Totreat CPU cycles and software like > ©ewpeig Toug kUKAOUG TnC CPU Kal To
commodities. AoyiGHIKOU Gav KoIvd eundpeupa. 24
User Portal: Application &y |
O Enable the coordinated use of geographically > Kaveig ouvtoviopévn xpiion Twv Problem Solving =" Application Science
distributed resources — in the absence of central YEWYPAPIKA KATAVEUNUEVWY NOPWY = HE Grid Access & Info Environments Portals
control and existing trust relationships. anouaia KevTpikol eAéyxou Kal ?
UQIOTAHEVEG OXETEIG EUNITTOTUVNG.
O Computing power is produced much like utilities - X
such as power and water are produced for s EQTJ‘[.?Q)‘E‘{EQQE qlqgrl;'(iqngop%va?:é ?(g:/ o % SFedlilio Resource Discovery
consumers. VEPO NAPAYOVTAl YIa TOUG KATAVAAWTEG. = FallE Tolerance
O Users will have access to ‘power” ondemand  ~ orkP77E6 80 exouv npoofoan o I 1 i ]
Authentication Naming & Files Events
O “When the Network is as fast as the computer's ;. i i 5 5 5 A h A
internal links, the machine disintegrates across Q‘Ogau(\‘/nrgplﬁl(lg %?ag:%gggg ¥gﬂvopa 000 l l 1
the Net into a set of special purpose appliances” UnoAoyion, n_Hnxavh anbouvTieeTar
- 070 6A0 BIKTUG OE pia OEIPa and Resource Layer: Tompurers. Data bases  Onlige instruments Bl
OUOKEUEG €181KOU OKOMOU» - Hardware e
Software
Databases
Remote instruments
High speed networks and routers 14
(Bad) LB s LLEL il
| HovemomiwmoAbwév  Twine Hinpogopiiic kar Tnkemkowoméy | %
‘*‘ 5

A Comparison

Mia oUykpion

SERIAL PARALLEL
% Fetch/Store < Fetch/Store
< Compute < Compute/

communicate

« Cooperative game

GRID
+% Fetch/Store
¢ Discovery of Resources

« Interaction with remote
application

*» Authentication /
Authorization

“*  Security
+ Compute/Communicate

« Etc

&
An Example Virtual Organization:
CERN'’s Large Hadron Collider

1800 Physicists, 150 Institutes, 32

100 PB of data by 2010; 50,000 CPUs?




» Definition

Grid Communities & Applications: %

~10 physicists working on one or
more : data for these channels should be cached by
the institute server

Physicist workstations

www.griphyn.org www.ppdg.net www.eu-datagrid.org

OpIoNOG =

.

C

[ : _;.// :
above 20,000 féet
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| MavemetimoAbwvév  Tpipo apogopis ke Tikemkowemidy | o .
loud Computing YnoAoyioTikiy NEpoug

(6,000 meters)
cirro-stratus’

cirrus

TR alte-stratus el
= alto-stratus gyl

cumulo-nimbus

Middle | 6,500 to 20,000 feet
Clouds | (2,000 to 6,000 meters)

e

strato-cumulus

e

stratus e

Low [belo
Clouds | (2,

nimbo-stratus - cumulug

"A large-scale distributed

computing paradigm that is
driven by economies of scale,
in which a pool of abstracted,
virtualized, dynamically-
scalable, managed computing
power, storage, platforms,
and services are delivered on
demand to external
customers over the Internet.”

(According to Foster, Zhao, Raicu and Lu,

Cloud Computing and Grid Computing
360-Degree Compared, 2008)

"Mia peyaing kAipakag

KATAveEUNHEVN UNOAOYIOTIKN
100G, nou Bacileral og
OIKOVOWIEG KAiJakag, atnv
onoia éva glvoho
agnpnHEVNG, EIKOVIKAG,
Suvapika enekTAcING,
d1axeIpIOPEVNG UNOAOYIOTIKNAG
10XU0G, anoBrikeuong,
nAaTQOpUWY, KaBWG Kai
UNNPECIOV NOU NapéxovTal e
{ATnon oe eEWTEPIKOUG NEAATEG
HEOW TOu AladikTUou. "

.

Clouds: relation with other paradigms

—
Scale Distributed Systems

Services
Oriented %

Application
Oriented

Clouds: services Ynnpeaisg e

O Infrastructure as a Service (IaaS)
H unodoun wg Ynnpeoia:
hw, sw, equipments, can scale up and
down dynamicallly (elastic). E.g.:

B Amazon Elastic Compute Cloud (EC2) and
Simple Storage Service (S3)

B Eucalyptus: open source Cloud
implementation compatible with EC2 (allows
to set up local cloud infra prior to buying

services)

Clouds: services Ynnpeoieg e

O Platform as a Service (PaaS)
H nAat@oppa wg Ynnpeoia:
offers high level integrated
environment to build, test, and
deploy custom apps.

B Restrictions on sw used to develop apps
in exchange for built-in scalability. E.qg.:
Google App Engine

10



Clouds: services Ynnpeaoieg b

O Software as a Service (SaaS)
To AoyIouIKO WG YNnpeaoia:
delivers special purpose software
that is remotely accessible. E.g,:
Google Maps, Live Mesh from
Microsoft etc

8/10/2019

4

Evolution of Internet Computing

N
Datarintengive deep web
HPC, cloud

Semantic

discovert

Social media and networking

Interact
Transact
Discover (intelligence)

time

62

4 %
Top Ten Largest Databases

Top ten largest databases (2007)

= Terabytes

LOC A Amazon YOUTube ChoicePt Sprint Google  ATAT  NERSC ~Cimate
Ref: http://www.focus.com/fyi/operations/10-largest-databases-in-the-world/
63

@

' Top Ten Largest Databases today ?

- No. 1 - The World Data Centre for Climate
- No. 2 - National Energy Research Scientific
Computing Center

- No. 3 - AT&T

- No. 4 - Google

- No. 5 - Sprint

- No. 6 - ChoicePoint / LexisNexis

- No. 7 - YouTube

- No. 8 - Amazon

- No. 9 - Central Intelligence Agency (CIA)

- No

. 10 - Library of Congress
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Bandwidth

ws Services interface

Web-services, SOA, WS standards

VMO VM1 VMn

7
Virtualization: bare metal, hypervisor. ...

Multi-core architectures

el )

Models:
s3,

BigTable,
BlobStore,

Enabling Technologies &

11


http://www.treehouses.org/projects/cradlebeach.shtml
http://www.treehouses.org/projects/cradlebeach.shtml
http://www.weather.com/
http://www.amazon.com/
https://jobandwork.asia/corporate/databases/world-data-centre-climate/
https://jobandwork.asia/corporate/databases/national-energy-research-scientific-computing-center/
https://jobandwork.asia/corporate/databases/national-energy-research-scientific-computing-center/
https://jobandwork.asia/corporate/databases/att/
https://jobandwork.asia/corporate/databases/google/
https://jobandwork.asia/corporate/databases/sprint/
https://jobandwork.asia/corporate/databases/choicepoint-lexisnexis/
https://jobandwork.asia/corporate/databases/youtube/
https://jobandwork.asia/corporate/databases/amazon/
https://jobandwork.asia/corporate/databases/central-intelligence-agency-cia/
https://jobandwork.asia/corporate/databases/library-of-congress/

