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WIE TS THIS TALK ABOUT! A TINY BIT OF THEORY ABOUT DIGITAL FAMOUS ASYNCHRONOUS DIGITAL LOGIC WHY ASYNCHRONOUS TS A HOT TOPIC IN 0w AND WHY ARE ORGANTZATIONS BECOMING
' ELECTRONTCS - SYNCHRONOUS VS ASYNCHRONOUS DEVICES THAT YOU MAY BE FAMILTAR WITH DIGITAL LOGIC DESIGN TODAY MORE LTKE SYNCHRONOUS DIGITAL CIRCUTTS!
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AREYOU SAYING THAT ALL THE SAtE WHERE DID ORGANTZATIONS GET THE IDEA THAT OK. NOW, AS AN ORGANTZATION, LET'S TMPROVE AND
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WTETS THIS TALK ABOUT:

ABOUT ME

TROGUAMATARG STWCE HTGH SCHOGE TN 168 (YoM kY, ILL FIGRE TT 0UT) [CO0LAERD 16W 11 36)

WORKING FULL-TTME STKCE TS (MAILE STILL A JUNION TN COLLEGE}

AAVERAL THE PLEASUNE OF WORKING AT ALL LEVELS (NOTVIDUAL CONTREDITON 50 EDECLITIVE], BOTH COMMERCCAL AND SCTENTIFIC
AAVE DU At AL COACH STSCE JOUS {50 FEW OF 15 BACK THEN TRAT 1T SEMER TRAT WEALL KNEN ONG AKOTHIY)

T0BE SUCLESSP AR THEN, TOU 94D 10 0E B3TH A PROCESS AN EETAENE TADLTAMAING COACE

THRDGRONT MY LLTE, T90 THENGS SAVE FACINATED NE

« DIGETAL ELECTouEry
« SOFTWARE DEVELQFNENT

“THE WASTES ARE WATER™, AND OTHER ADVICE FROM THE
OLDER AGILE FISH.

A FEW YEARS AGO, | WROTE AN ARTTCLE FOR SOLUTTONSIL) BASED ON SOMETHING TRAT |
HEARD T & TALK 2Y NEAL FORD, IHO WAS QUOTING FROM A COMMENCEMENT ADDAESS
GIVEN 70 THE 2005 CLASS OF RENYON COLLEGE BY DAVID WALLACE. [THAT'S WHAT FULL
DISCLOSUSE LOOKS LIKE]

ANYWAY, SEING TE AGELIST AND LEAR FRACTIONER THAT T AM, T STAUCK ME BEEPLY

[ BOPE T0 BE AVLE TO GIVE YOU JUST A TTOF A VIEW INTO WHAT 1 FEEL 15 A TERRIBLE
AFFULCTION TRATWE SUFFEY UNDER: WE ELVE Ly A WORLD FILLED WITH CLOCK
STGNALS.

BEAR IWLTH S4E A MOMENT WHLLE T GEVE YOU THE BACKGROUND T0 SEE WHATT'M
TALKING ABOUT



ABOUT ME

X PROGRAMMING SINCE HIGH SCHOOL IN 1968 (SOME DAY, I'LL FIGURE T 0UT) [COOL RETRO IBM 1130)
E WORKING FULL-TIME STNCE 1975 (WHILE STILL A JUNTOR IN COLLEGE)
Howard Deiner
Copyri::s::;:-???? HAVE HAD THE PLEASURE OF WORKING AT ALL LEVELS (INDIVIDUAL CONTRIBUTOR TO EXECUTIVE), BOTH COMMERCTAL AND SCIENTIFIC

All rights reserved,

HAVE BEEN AN AGILE COACH STNCE 2003 (S0 FEW OF US BACK THEN THAT T SEEMED THAT WE ALL KNEW ONE ANOTHER)

10 BE SUCCESSFUL BACK THEN, YOU HAD T0 BE BOTH A PROCESS AND EXTREME PROGRAMMING COACH

THROUGHOUT MY LIFE, TWO THINGS HAVE FACINATED ME
« DIGITAL ELECTRONICS
« SOFTWARE DEVELOPMENT
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All rights reserved,
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“THE WASTES ARE WATER™, AND OTHER ADVICE FROM THE
ULDER AGILE FISH.

AFEW YEARS AGO, L WROTE AN ARTLCLE FOR SOLUTIONSIQ BASED ON SOMETHING THAT 1
HEARD TN A TALK BY NEAL FORD, WHO WAS QUOTING FROM A COMMENCEMENT ADDRESS
GIVEN T0 THE 2009 CLASS OF KENYON COLLEGE BY DAVID WALLACE. [THAT'S WHAT FULL
DISCLOSURE LOOKS LTKE]

ANYWAY, BEING THE AGILIST AND LEAN PRACTIONER THAT T AM, TT STRUCK ME DEEPLY.

‘AN EXCERPT FROM AN ADDRESS TO THE
2005 GRADUATING CLASS OF XENYON COLLEGE

BY: DAVID FOSTER WALLACE

[HOPETO BE ABLE TO GIVE YOU JUST A BIT OF A VIEW INTO WHAT T FEEL TS A TERRTBLE
AFFLICTION THAT WE SUFFER UNDER: WE LLVE IN A WORLD FILLED WITH CLOCK
STGNALS.

BEAR WLTH ME A MOMENT WHILE T GIVE YOU THE BACKGROUND T0 SEE WHAT I'M
TALKING ABOUT.
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ATINY BITOF THEORY ABOUT DIGITAL

LECTRONLC

LET'S START WITH SYNCHRONOUS CIRCUTTS

10 SYNCHRONOUS CIRCUTTS, AN ELECTRONTC OSCILLATOR GENERATES A REPETITIVE SENTES OF EQUALLY SPACED
PILSES CALLED THE (LOCK STGNAL

THE CLOCK SLGNAL LS APPLLED T ALL TAE ELEMENTS I8 THE CLRCULT

THE QUTPUTS OF THE CIRCUTT ONLY (BANGE WHEN TRTGGERED BY THE ERGE 0F TAE CLOCK RULSE, 10 CHANGES T0 THE
LOGTCSTGRALS THROUGHOUT THE CTRCITT ALL 3EGEN AT TRE SAME VIME, AT SEGULAY INTERVALS SYRCHRONIIED
BY THECLOCE

THE QUTPUT OF ALL ELEMENTS I8 A CIRCUTT 15 CALLED TRE STATE OF THE CTVUET

THE STATE DF A SYNCHRONOUS CERCUTT CHANGES OKLY O T3 CLOCK PILSE

MOVING ALONG, LET'S CONSIDER ASYNCHRONOUS CIRCUT

W ASYNCARONOUS CIBCUTTS, THERE TS NO LLOCK STGNAL, AND THE STATE OF TRE CIRCUTY CHANGES A5 SODN A5 TRE
TNHJTS (RANGE

SIRCE ASYNCARONOUS CLRCULTS BON'T HAVE 10 WALT FOR A CLOCK M
BEFASTER THAN SYNCHS CIRCUETS, AND THETR SPEEL 15 TH
BELATS OF THE LOGTC GATES THERSELYES

JUSET0 JEGLN PROCESSING INIUTS, THEY (AN
ETICALLY LIMITED ONEY3Y THE PROPAGATION

SYNCHRONOU

MORE ABOUT SYNCHRONOUS CIRCUTTS

THE CHANGES LN SIGNAL REQUL3E A CERTALN AMOUNT OF TIME T0 FROPAGATE THROUGH The
COMBINATIONAL LOGIC GATES OF ThE CTRCUT,

THES L5 CALLED PROPAGATLON DELAY,

THE PERTOD OF THE CLOCK STGNAL TS MADE LONG ENOUGH S0 THE OUTPUT OF ALL THE LOGTC GATES

HAVE TLME TO SETTLE T0 STABLE VALUES BEFORE THE NERT CLOCK PULSE

AS LONG AS THIS CONDTTION T§ MET, SYNCHRONOUS CTRCULTS WILL GPERATE STABLY, S0 THEY
AREEASY T0 DESIGN

ASYNCHRONOUS CIRCULT BENEFLTS

WICHER PERFORMANCE, SECAUE CONPLETION 5 ASED ON THE ACTUAL INPUT VALUES, RATHER THAN WORST-CASE
COMHETION

LOWER POURER CONSTMRPVION BECAISE MO TRANSLSLOR VER TRANSTVEONS URLESS L1 15 PERFORMING ST L (OMPARTION

FREERON FROM THE EVER-WORSERING DIFFLCLTLES OF SISTRIBUSING & HUGK-TAK-OUT, SENING-SENSITLYE CLODK
SIGHAL

SETTER MODULALITY ANS (OMPOLABELITY

CIROCY SPEED ABAPYS Y0 CRANGIRG TEMPERATURE AND YOULAGE CONDTTIONS BATHER THAN BENG LOCKED AT TRE SPEED
MANDATED DY WORST-CASE ASSAMPTIONS

YNCHRONOUS

IS CIRQuITS!

50, WHAT'S WRONG WITH SYNCHRONO

A DTSADYARTAGE OF SYNCEROROUS (THCUTS 15 THAT THEY CAN BE SLOW
THE MAXTMUM POSSEBLE CLOCK RATE 15 DFTERMINED 3Y THE LOGIC PATH WILH T5€ LONGEST FROSAGATION BELAY

$0L0GIC PATHS THAT COMPLETE TREIR OPERATIONS QUICKLY ARE IDLE MOST OF TE TIME

EVEN MORE ASYNCHRONOUS CIRCULT BENEFLTS

IMMUINTTY 0 TRANSISTOR-TO-TRANSISTON VASTABLLITY [N THE MANUYACTURING DROCESS, WHICH 15 ONE OF THe
MOST SERTOUS PMOREEMS FACTHG THE SEMICONBUCTOR TNDISTRY AS DLES SERINK

£S5 SEVERE ELECTROMAGNETLC LNTETFERENCE (EML. SYNCRRONOUS CIRCULYS CREATE A GREAT DEAL OF INI [ THE
TREQUENCY DAND OF THEIR LLOCK FREQUENCY AND 15 RARRIONTCS, ASYNCIRONOUS CTRCUTS GENEDATE LML PATTERNS
WHICH ARE MUCH MORE EYENLY SPREAD ACROSS TRE SPECTRIM

LESS STRESS ON THE POWER BTSTRLBTION NETWORK. SARCHRONOUS CERCUTIS TEND 10 DRAN A LARGE AMOUNT OF
CUNRENT RLGRT AT TRE CLOCK EDGE AND SHOTTLY TREREAFTER. THE WUMAER OF NDDES SWRTCRING (AND TRENCE, AMOUNT
OF CURREN' DRAWK) DROFS OFF RAFIDLY AFTER THE CLOCK EBGE, TEACHING JERO JUST BEFORE THE NEXT CLOLK EDGE. IN
AN ASYRCHRONOS CIBCULT, THE SWITCHING VIMES OF THE KODES ARE MOY CORRELATED [N THLS MANNER, 50 THE
CURRENT DRAW TENDS T0 BE MORE UNLFUSM AND LESS BURSTY



LET'S START WITH SYNCHRONQUS CIRCUTTS

IN SYNCHRONOQUS CTRCUTTS, AN ELECTRONTC OSCLLLATOR GENERATES A REPETITIVE SERTES OF EQUALLY SPACED
PULSES CALLED THE CLOCK STGNAL.

THE CLOCK STGNAL TS APPLLED T0 ALL THE ELEMENTS IN THE CTRCUIT.

THE QUTPUTS OF THE CIRCUTT ONLY CHANGE WHEN TRIGGERED BY THE EDGE OF THE CLOCK PULSE, SO CHANGES T0 THE
LOGIC STGNALS THROUGHOUT THE CIRCULT ALL BEGIN AT THE SAME TIME, ATREGULAR INTERVALS SYNCRRONIZED
BY THE CLOCK.

THE QUTPUT OF ALL ELEMENTS TN A CRCUTT IS CALLED THE STATE OF THE CTRCUT.

THE STATE OF A SYNCHRONOUS CTRCUTT CHANGES ONLY ON THE CLOCK PULSE.



MORE ABOUT SYNCHRONOUS CIRCUTTS

THE CHANGES TN STGNAL REQUIRE A CERTAIN AMOUNT OF TIME T0 PROPAGATE THROUGH THE
(OMBINATIONAL LOGIC GATES OF THE CIRCULT.

[HIS TS CALLED PROPAGATION DELAY.

THE PERTOD OF THE CLOCK STGNAL TS MADE LONG ENOUGH SO THE QUTPUT OF ALL THE LOGIC GATES
HAVE TIME TO SETTLE TO STABLE VALUES BEFORE THE NEXT CLOCK PULSE.

AS LONG AS THIS CONDITION IS MET, SYNCHRONOUS CTRCUTTS WILL OPERATE STABLY, SO THEY
ARE EASY TO DESIGN.



50, WHAT'S WRONG WITH SYNCHRONOUS CIRCUTTS!

ADISADVANTAGE OF SYNCHRONOUS CIRCUTTS IS THAT THEY CAN BE SLOW.
THE MAXIMUM POSSTBLE CLOCK RATE TS DETERMINED BY THE LOGIC PATH WITH THE LONGEST PROPAGATION DELAY.

50 LOGIC PATHS THAT COMPLETE THETR OPERATIONS QUICKLY ARE TDLE MOST OF THE TIME.



MOVING ALONG, LET'S CONSIDER ASYNCHRONOUS CIRCUITS

IN ASYNCHRONOUS CIRCUTTS, THERE TS NO CLOCK STGNAL, AND THE STATE OF THE CTRCUTT CHANGES AS SOON AS THE
INPUTS CHANGE.

STNCE ASYNCHRONOUS CTRCUTTS DON'T HAVE T0 WATT FOR A CLOCK PULSE TO BEGTN PROCESSING INPUTS, THEY CAN
BE FASTER THAN SYNCHRONQUS CIRCUTTS, AND THETR SPEED TS THEORETICALLY LIMITED ONLY BY THE PROPAGATION

DELAYS OF THE LOGIC GATES THEMSELVES.



ASYNCHRONOUS CIRCUTT BENEFTTS

HLGHER PERFORMANCE, BECAUSE COMPLETLON TS BASED ON THE ACTUAL INPUT VALUES, RATHER THAN WORST-CASE
(OMPLETION.

LOWER POWER CONSUMPTION BECAUSE NO TRANSISTOR EVER TRANSLTIONS UNLESS T TS PERFORMING USEFUL COMPUTATION.

FREEDOM FROM THE EVER-WORSENING DIFFICULTLES OF DISTRIBUTING A HIGH-FAN-OUT, TIMING-SENSTTIVE CLOCK
STGNAL.

BETTER MODULARTTY AND COMPOSABILITY.

CIRCUTT SPEED ADAPTS T0 CHANGING TEMPERATURE AND VOLTAGE CONDITIONS RATHER THAN BEING LOCKED AT THE SPEED
MANDATED BY WORST-CASE ASSUMPTIONS.



LVEN MORE ASYNCHRONOUS CIRCUTT BENEFITS

IMMUNTTY T0 TRANSTSTOR-T0-TRANSISTOR VARTABTLITY TN THE MANUFACTURTNG PROCESS, WHICH TS ONE OF THE
MOST SERTOUS PROBLEMS FACING THE SEMICONDUCTOR INDUSTRY AS DIES SHRINK.

LESS SEVERE ELECTROMAGNETIC INTERFERENCE (EML). SYNCHRONOUS CIRCUTTS CREATE A GREAT DEAL OF EMLIN THE
FREQUENCY BAND OF THETR CLOCK FREQUENCY AND TTS HARMONTCS; ASYNCHRONOUS CIRCUTTS GENERATE EMT PATTERNS
WHICH ARE MUCH MORE EVENLY SPREAD ACROSS THE SPECTRUM.

LESS STRESS ON THE POWER DISTRIBUTION NETWORK. SYNCHRONOUS CIRCUTTS TEND TO DRAW A LARGE AMOUNT OF
CURRENT RTGHT AT THE CLOCK EDGE AND SHORTLY THEREAFTER. THE NUMBER OF NODES SWITCHING (AND THENCE, AMOUNT
OF CURRENT DRAWN) DROPS OFF RAPTDLY AFTER THE CLOCK EDGE, REACHTNG ZERO JUST BEFORE THE NEXT CLOCK EDGE. IN
AN ASYNCHRONOUS CIRCUTT, THE SWITCHING TIMES OF THE NODES ARE NOT CORRELATED IN THIS MANNER, SO THE
CURRENT DRAW TENDS TO BE MORE UNTFORM AND LESS BURSTY.
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INOER THE GARECTION OF TN Y50 NEUMANN, AKD PROVED T8 YON SELECTRON VACHM TIRES

NCURANSE ARCHETECTIRE (STTEE TN VSE TOOAY 1Y THE VAST MAFORTTY

or CAAl)
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TADBLEMS WLTA THE LEVELOMENT OF THESE COMPLEX TR
WILLLAME TI848

FROCED THE SWLTONTD

A GELS O7 SOTS WAS DISPLAYER DK A CATERBE TAY TURE, CIEATING A WAL
(RARLE OF STATICELECTEACITY OVER EACR DOT, WHLCH & THIN SHEET O NETAL
JUSTUN FRRATOF TAE DLSPLAY WULD TEAD.

WATLE THERE NAS FERSTSTENCE O THE SURTACE OF TE TURE FOX A FRACTION OF A
SECORD, NEMORY NECDES 0 3E RENREVIEN TN A SIMILAT OPERATEON 10 ThE
JUMOTY REFRESA CTCLES OF DRAY 10 MOOERN SYSTEMS.

V00 NEIIPANN AACHTCCTURE GEREALLY MEAKS

o AUOCESSING URTT THAT CONTAINS AN ACTTHRETIC LOGIC INET A4D
PROCESSOR RFELSTRYY

o ACONTROL INLF TAAT CONTALNS AN IVSTEIICTION SESLITES AND MOLEAM
CONTER

o MEMGRY TRAT STOAES DATA AND THSTRIICTIONS

o EXTERMAL MASS STORAGE

o THIUT AND QUTRUT NECANISNS

T8 115 WAS A JINACY CONPUTEX WITA A ¥D-B1T WOAD, STORING A 20117 INSTRCTIONS LN
TR0t

NEASURED T 31 0 3431 1 M
MEMOTY WAS 1,02% WORDS (5. KELoNTEs)

WETGHED V9 K6
KEGATIYVE NMBERS WERE RERESENTER TN

THO'S COMPLEMERT” TORHAT

SENCE LTWAS AR ASTRCRROAOUS MACRINE, INSTRUCTLON TAMES VARIED: ABOITLON

A0 T GENETAL PRI FECTSTFES AYATLARLE:THE ACCUSRILATOR |4 AKD WALSTRLTEY TIME WAS &) MLCROSECONDS AND THE MULTIPLICATLON SINE NAS 113 MLCLOSECONSS

Quostens (NO

USER 1, M4 VAN TR



BUTLT FROM 1145 70 1Y51 ATINSTITUTE FOR ADVANCED STUDY (IAS)
UNDER THE DIRECTION OF JOKN VON NEUMANN, AND PROVED THE VON
NEUMANN ARCHTTECTURE (STLLL TN USE TODAY BY THE VAST MAJORITY
OF CPUS).
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VON NEUMANN ARCHITECTURE GENERALLY MEANS

o APROCESSING UNTT THAT CONTATNS AN ARTTHMETIC LOGIC UNTT AND
PROCESSOR REGISTERS

« A CONTROL UNTT THAT CONTAINS AN TNSTRUCTION REGISTER AND PROGRAM
COUNTER

« MEMORY THAT STORES DATA AND INSTRUCTIONS

« EXTERNAL MASS STORAGE

« INPUT AND QUTPUT MECHANTSMS



THE TLS WAS A BINARY COMPUTER WITH A k0-BIT WORD, STORTNG TWO 0-BIT INSTRUCTIONS IN
EACH WORD

MEMORY WAS 1,024 WORDS (5.1 KTLOBYTES)
NEGATIVE NUMBERS WERE REPRESENTED TN "TWO'S COMPLEMENT" FORMAT

HAD TWO GENERAL-PURPOSE REGISTERS AVATLABLE: THE ACCUMULATOR (AC) AND MULTIPLIER/
QUOTIENT (MQ)

USED 1,/00 VACUUM TUBES



MEMORY WAS ORIGINALLY DESTGNED FOR ABOUT 2,300 RCA
SELECTRON VACUUM TUBES.
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PROBLEMS WITH THE DEVELOPMENT OF THESE COMPLEX TUBES FORCED THE SWITCH 10
WILLTAMS TUBES.

AGRID OF DOTS WAS DISPLAYED ON A CATRODE RAY TUBE, CREATING A SMALL
CHARGE OF STATLC ELECTRICLTY OVER EACK DOT, WHICH A THIN SHEET OF METAL
JUSTIN FRONTOF TRE DISPLAY WOULD READ.

WHILE TRERE WAS PERSISTENCE ON THE SURFACE OF TRE TUBE FOR A FRACTION OF A
SECOND, MEMORY NEEDED TO BE REWRLTTEN IN A STMILAK OPERATION TO THE
MEMORY REFRESH CYCLES OF DRAM TN MODERN SYSTEMS.






MEASURED 3M BY 0.8M BY 3.2M

WETGHED 430 K6

SINCE IT WAS AN ASYNCHRONOUS MACHINE, INSTRUCTION TIMES VARTED: ADDITION
TIME WAS b MICROSECONDS AND THE MULTIPLICATION TIME WAS 713 MICROSECONDS.
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TADBLEMS WLTA THE LEVELOMENT OF THESE COMPLEX TR
WILLLAME TI848

FROCED THE SWLTONTD

A GELS O7 SOTS WAS DISPLAYER DK A CATERBE TAY TURE, CIEATING A WAL
(RARLE OF STATICELECTEACITY OVER EACR DOT, WHLCH & THIN SHEET O NETAL
JUSTUN FRRATOF TAE DLSPLAY WULD TEAD.

WATLE THERE NAS FERSTSTENCE O THE SURTACE OF TE TURE FOX A FRACTION OF A
SECORD, NEMORY NECDES 0 3E RENREVIEN TN A SIMILAT OPERATEON 10 ThE
JUMOTY REFRESA CTCLES OF DRAY 10 MOOERN SYSTEMS.

V00 NEIIPANN AACHTCCTURE GEREALLY MEAKS

o AUOCESSING URTT THAT CONTAINS AN ACTTHRETIC LOGIC INET A4D
PROCESSOR RFELSTRYY

o ACONTROL INLF TAAT CONTALNS AN IVSTEIICTION SESLITES AND MOLEAM
CONTER

o MEMGRY TRAT STOAES DATA AND THSTRIICTIONS

o EXTERMAL MASS STORAGE

o THIUT AND QUTRUT NECANISNS

T8 115 WAS A JINACY CONPUTEX WITA A ¥D-B1T WOAD, STORING A 20117 INSTRCTIONS LN
TR0t

NEASURED T 31 0 3431 1 M
MEMOTY WAS 1,02% WORDS (5. KELoNTEs)

WETGHED V9 K6
KEGATIYVE NMBERS WERE RERESENTER TN

THO'S COMPLEMERT” TORHAT

SENCE LTWAS AR ASTRCRROAOUS MACRINE, INSTRUCTLON TAMES VARIED: ABOITLON

A0 T GENETAL PRI FECTSTFES AYATLARLE:THE ACCUSRILATOR |4 AKD WALSTRLTEY TIME WAS &) MLCROSECONDS AND THE MULTIPLICATLON SINE NAS 113 MLCLOSECONSS
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FAMOUS ASYNCHRONOUS DIGITAL LOGI(
DEVICES THATYOU MAY BE FAMILIAR WITH
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THETLLIACT - 1)

FIRST COMPUTER BUTLT AND OWNED ENTIRELY BY A US EDUCATIONAL INSTITUTION.

FLRST COMPUTER TO SHARE AN INSTRUCTION SET WITH ANOTHER COMPUTER (THLS WAS THE SECOND OF IDENTICAL MACHINES,
THE FIRST OF WHICH WAS ORDVAC [US ARMY ABERDEEN PROVING GROUNDS], ALSO BULLT AT THE UNTVERSITY OF ILLINOTS.)

HAD 2,800 VACUUM TUBES

MEASURED 3 M BY 0.6 M BY 2.6 M

WETGHED 2668 KG

WAS VERY POWERFUL FOR LTS TIME-IN 1156 TT HAD MORE COMPUTING POWER THAN ALL OF BELL LABS.

BECAUSE THE LLFETIME OF THE TUBES WITHIN ILLLAC WAS ABOUT A YEAR, THE MACKINE WAS SHUT DOWN EVERY DAY FOR
"PREVENTIVE MATNTENANCE" WHEN OLDER VACUUM TUBES WOULD BE REPLACED IN ORDER TO TNCREASE RELTABILLTY.
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ASYNCHRONOUS MICROPROCESSORS, EAST AND WEST

SOVIET BTT-SLICE MTCROPROCESSOR MODULES (LATE 19705) PRODUCED AS

KSU (ELEKTRONTKA NC MICROARCHITECTURE CORE, WITH PDP-11 COMPATIBLE INSTRUCTION SET)
« K5B8 (PDP-11 INSTRUCTION SET)
« K803 (CONTROLLER, ALSO KNOWN AS UB3X N EAST GERMANY)

THE CALTECH ASYNCHRONOUS MICROPROCESSOR (CAM), THE WORLD-FIRST ASYNCHRONOUS MICROPROCESSOR (1988).
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THE PHTLTPS SEMICONDUCTORS ASYNCHRONOUS 80C51 MICROCONTROLLER.

INTTIALLY ATMED FOR USE TN PAGER CHIPSETS, AND THE MOTLVATION WAS T0 LOWER ELECTROMAGNETLC INTERFERENCE (EMT)
NOTSE EMTSSTONS 50 THAT THE MTCROCONTROLLER COULD OPERATE HARMONTOUSLY WLTH THE RADTO-FREQUENCY (RF) DATA
LINK, WITHOUT THE USE OF SHIELDING.

CONTATNS 128 BYTES OF RAM , 32 1/0) LNES, THREE 16-BLT COUNTER/TIMERS, A STX-SOURCE, AND A FOUR-PRIORTTY LEVEL
NESTED INTERRUPT STRUCTURE.

DEMONSTRATED A &X POWER REDUCTION OVER COMPARABLE SYNCHRONOUS MICROCONTROLLERS.

LATER USED IN PUBLLC TRANSPORT SMART CARDS, BECAUSE TT COULD BE POWERED BY ONLY THE BRLEF BURST OF ENERGY INDUCED
BY A WAVE THROUGH THE CARD READER.

THE ENHANCED SMARTMX MICROCONTROLLER TS NOW USED TN MORE THAN /5 COUNTRTES, INCLUDING THE EU AND THE US, FOR
BLOMETRIC PASSPORTS, IDS, ELECTRONIC TOLL COLLECTION, CAR PARKING, AND LOYALTY PROGRAMS.

BY 2013, THE NUMBER OF COPTES OF THE SMARTMX (AND VARTANTS) SOLD HAS EXCEEDED 2 BLLLLON CHIPS.
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INTEL/FULCRUM MTCROSYSTEMS: ETHERNET SWITCH CHIPS

IN 2011, INTEL ACQUTRED FULCRUM MICROSYSTEMS IN A MOVE REGARDED AS A BTD T0 COMPETE WLTH CISCO SYSTEMS.

INTEL’S CURRENT FM5000/EM60 FAMLLY OF SWLTCH CHIPS SUPPORTS 40 GIGABLT ETHERNET.

VAEETA8 INCLUDES A FULLY-ASYNCHRONQUS HIGH-SPEED CROSSBAR SWITCH THAT PROVIDES HIGH BANDWIDTH, LOW LATENCY, SUPPORT

EZFMB224A
5

FOR FLEXTBLE LINK TOPOLOGIES, AND HIGH ENERGY EFFICIENCY.

THE CROSSBAR BANDWIDTH OF OVER 1 TERABLT PER SECOND (TN A 130 NM PROCESS) 1S ACHIEVED THROUGH FINE-GRAIN
ASYNCHRONOUS PIPELINING, AT THE GRANULARTTY OF INDIVIDUAL GATES, UNENCUMBERED BY A RIGID CLOCK PERTOD.
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Figure 11-3 FM5000/FM6000 Ballout Diagram (Bottom View)
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ACHRONTX: HTGH-PERFORMANCE EPGAS

APGA (FIELD PROGRAMMABLE DATE ARRAY) 15 AN INTEGRATED CTRCUTT DESTGNED T0 BE CONFIGURED AFTER MANUFACTURE.

THE FPGA CONFIGURATION TS GENERALLY SPECIFLED USING A HARDWARE DESCRIPTLON LANGUAGE (HDL), STMILAR 10 THAT USED
FOR AN APPLLCATION-SPECTFLC INTEGRATED CIRCUTT (ASIC).

THE SPEEDSTER 221 FAMILY OF FPGAS ARE MANUFACTURED IN 22 NM.

THEY OPERATE AT 1.5 GHZ AND ARE CURRENTLY CLATMED AS THE WORLDS FASTEST FPGAS.
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THE IBM TRUENORTH NEUROMORPHIC COMPUTER

THERE HAS BEEN MUCH EXCLTEMENT RECENTLY ABOUT NEUROMORPHIC COMPUTING, WHICH SEEKS T0 MIMIC THE FUNCTIONING
OF THE HUMAN BRAIN BY USING MASSIVELY- PARALLEL COMPUTER SYSTEMS.

A DEPARTURE FROM THE TRADITIONAL VON NEUMANN ARCHITECTURE, THESE SYSTEMS EMPLOY A HIGHLY-DISTRIBUTED MEMORY
THATTS TIGHTLY INTEGRATED WLTH A LARGE NUMBER OF PARALLEL COMPUTATIONAL ELEMENTS THAT MODEL NEURONS.

DUE T0 THE SPATLALLY-DISTRIBUTED NATURE OF COMPUTATION AND COMMUNTCATION, ALONG WITH WIDE TIMING
UNPREDICTABILLTY OF DATA EVENTS, NEUROMORPHIC COMPUTING FITS WELL WLTH THE ASYNCHRONQUS PARADIGM.

RELEASED TN AUGUST 201, WHICH TS THE LARGEST CHIP EVER DEVELOPED AT IBM, WLTH 5. BILLION TRANSISTORS.
[T INTEGRATES 4036 NEUROSYNAPTLC CORES ON A SINGLE CHIP, MODELLING 1 MILLION NEURONS AND 256 MILLTON SYNAPSES.

THE EVENT-DRLVEN ASYNCHRONOUS OPERATLON FACTLITATES EXTREMELY LOW POWER - 10 MW FOR REAL-TIME OPERATION OVER
THE ENTIRE CHIP - WHICH WOULD BE EXTREMELY DIFFICULT TO OBTAIN WITH CURRENT SYNCHRONOUS TECHNTQUES.
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OH, BTW, COMPUTERS AND BRAINS AREN'T 100 MUCH ALTKE

BRATNS ARE ANALOGUE, WHILE COMPUTERS ARE
DIGITAL.

BRATNS ARE MASSIVELY PARALLEL, WHILE COMPUTERS
HAVE A VERY LONG WAY T0 GO TN THAT REGARD.

BRAINS USE CONTENT-ADDRESSABLE MEMORY, WHILE
VERY FEW COMPUTERS HAVE A GOOD HANDLE ON THAT,

SHORT-TERM MEMORY IN BRAINS SEEMS T0 FORM
“POINTERS™ T0 LONG-TERM MEMORY, WHILE
COMPUTER RAM TS MUCH MORE LTKE A BYTE FOR BYTE
(OPY OF PERSISTENT MEMORY ON DISKS AND THE LIKE.

THERE IS NO DISTINCTION BETWEEN HARDWARE AND
SOFTWARE IN THE BRAIN: CHANGES TN THE MIND CHANGE
THE BRAIN, BUT IN COMPUTERS, WE ABSTRACT AWAY THE
HARDWARE FROM THE SOFTWARE.

NEURONS AND SYNAPSES ARE MUCH MORE COMPLEX THAN
ELECTRICAL LOGIC GATES IN COMPUTERS - SIGNALS ON
AXONS ARE ACTUALLY ELECTROCHEMICAL TN NATURE.

BRATNS DO NOT OPERATE LIKE VON NEUMANN
(OMPUTERS: PROCESSING AND MEMORY ARE THE DONE
BY THE SAME COMPONENTS TN THE BRATN (THERE 1S NO
(PU).

BRATNS HAVE NATURAL NEURAL PLASTICITY BUILT
IN, WHEREAS MOST COMPUTERS HAVE LTTTLE T0 OFFER
IN THE FORM OF SELF-HEALING BEHAVIOR.

BRATNS HAVE BODIES, WHICH CAN OFFER UNTQUE ADVANTAGES. fOR
EXAMPLE, DESPTTE YOUR INTUITIVE FEELING THAT YOU COULD CLOSE
YOUR EYES AND KNOW THE LOCATIONS OF OBJECTS AROUND YOU, A SERTES
OF EXPERIMENTS TN THE FIELD OF CHANGE BLINDNESS HAS SHOWN THAT
OUR VISUAL MEMORIES ARE ACTUALLY QUITE SPARSE.

WHAT'S HAPPENING IS THAT THE BRALN IS "OFFLOADING" ITS MEMORY
REQUIREMENTS T0 THE ENVIRONMENT IN WHICH T EXTSTS: WHY BOTHER
REMEMBERING THE LOCATLON OF OBJECTS WHEN A QUICK GLANCE WILL
SUFFLCE!

BRAINS ARE MUCH BIGGER THAN EVEN THE LARGEST COMPUTERS T0 DATE.

ACCURATE BLOLOGLCAL MODELS OF THE BRATN WOULD HAVE 10 TNCLUDE
SOME 225,000,000,000,000,000 (225 MILLTON BILLION) INTERACTIONS
BETWEEN CELL TYPES, NEUROTRANSMITTERS, NEUROMODULATORS, AXONAL
BRANCHES AND DENDRITIC SPINES.



BRATNS ARE ANALOGUE, WHILE COMPUTERS ARE
DIGITAL.



BRATNS ARE MASSTVELY PARALLEL, WHILE COMPUTERS
HAVE A VERY LONG WAY TO GO IN THAT REGAKD.
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SHORT-TERM MEMORY TN BRATNS SEEMS T0 FORM
"POINTERS™ T0 LONG-TERM MEMORY, WHILE
(OMPUTER RAM TS MUCH MORE LTKE A BYTE FOR BYTE
COPY OF PERSISTENT MEMORY ON DISKS AND THE LIKE.




THERE TS NO DISTINCTION BETWEEN HARDWARE AND
S0FTWARE IN THE BRAIN: CRANGES IN TRE MIND CHANGE
THE BRAIN, BUT IN COMPUTERS, WE ABSTRACT AWAY ThE
HARDWARE FROM THE SOF TWARE.

| -l




NEURONS AND SYNAPSES ARE MUCH MORE COMPLEX THAN
ELECTRICAL LOGLC GATES IN COMPUTERS - STGNALS ON
AXONS ARE ACTUALLY ELECTROCREMICAL IN NATURE.

BRAINS DO NOT OPERATE LTCE VON NEUMANN



BRAINS DO NOT OPERATE LIKE VON NEUMANN

(OMPUTERS: PROCESSING AND MEMORY AKE °

B THE SAME COMPONENTS IN T
(V).

IE BRATN (TH

HE DONE

ERE 15 NO
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IN, WHEREAS MOST COMPUTERS RAVE LLTTLE TO OFFER
IN THE FORM OF SELF-REALING BEHAVIOR.
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BRATNS ARE MUCH BIGGER THAN EVEN THE LARGEST COMPUTERS T0 DATE.

ACCURATE BIOLOGICAL MODELS OF THE BRATN WOUL
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WIE TS THIS TALK ABOUT! A TINY BIT OF THEORY ABOUT DIGITAL FAMOUS ASYNCHRONOUS DIGITAL LOGIC WHY ASYNCHRONOUS TS A HOT TOPIC IN 0w AND WHY ARE ORGANTZATIONS BECOMING
' ELECTRONTCS - SYNCHRONOUS VS ASYNCHRONOUS DEVICES THAT YOU MAY BE FAMILTAR WITH DIGITAL LOGIC DESIGN TODAY MORE LTKE SYNCHRONOUS DIGITAL CIRCUTTS!
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WHY ASYNCHRONOUS TS A HOT TOPTC IN
DIGITAL LOGIC DESTGN TODAY

MOORE'S LAW HAS STALLED, BUT ASYNCHRONOUS CAN SAVE IS §0. WHY ARE SO MANY NEW CHIPS SYNCHRONOUS!

THE REASONS T THINK THAT ASYNCHRONOUS 1SN'T COMMONPLACE TODAY.
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OK. ENOUGH ABOUT ELECTROMLCS. BACK TO SOFTWARE DEVELOPMEN]



MOORE'S LAW HAS STALLED, BUT ASYNCHRONOUS CAN SAVE US

STMPLE VON NEUMANN COMPUTERS RUNNTNG AGATNST EVER FASTER CAN'T HAPPEN ANYMORE BECAUSE OF THE EFFECT OF PHYSICS ON ELEMENT STZE AND FASTER CLOCK SPEEDS..
BUT WITH ASYNCHRONOUS CIRCUTTS, WE CAN CONTINUE INTO THE FUTURE:

« N0 WORRTES ABOUT CLOCK SKEW (THE NEED T0 SEND A SINGLE CLOCK T0 ALL OF THE MACHTNE’S CIRCUTTS AT ONCE - AS CLOCK SPEED GETS FASTER BUT THE SPEED OF LTGHT STAYS THE
SAME. BUTWITH ASYNCHRONOUS CTRCULTS WE DON'T HAVE T0 WORRY ABOUT A CLOCK THAT NEEDS T0 BE GLOBALLY DISTRIBUTED AND WE DON'T HAVE TO SLOW DOWN A CTRCUTT 10 HELP
ACCOMMODATE THE SKEW).

« LOWER POWER REQUIREMENTS (WE ONLY HAVE TO WORRY ABOUT THOSE POTIONS OF THE CTRCULT THAT ARE TN USE FOR THE CURRENT COMPUTATION, AND THE UNUSED PORTLONS OF THE
CTRCUTT DON'T GET POWERED UNNECESSARTLY).

« AVERAGE-CASE INSTEAD OF WORST-CASE PERFORMANCE (SYNCHRONOUS CIRCUTTS MUST WATT UNTLL ALL POSSTBLE COMPUTATIONS HAVE COMPLETED BEFORE LATCHING THE RESULTS,
YIELDING WORST-CASE PERFORMANCE. MANY ASYNCHRONOUS SYSTEMS SENSE WHEN A COMPUTATLON HAS COMPLETED, ALLOWING THEM TO EXHIBLT AVERAGE-CASE PERFORMANCE.)

« EASING OF GLOBAL TIMING TSSUES (IN SYSTEMS SUCH AS A SYNCHRONOUS MICROPROCESSOR, THE SYSTEM CLOCK, AND THUS SYSTEM PERFORMANCE, TS DICTATED BY THE SLOWEST
(CRITICAL) PATH. THUS, MOST PORTIONS OF A CTRCUTT MUST BE CAREFULLY OPTIMLZED T0 ACHTEVE THE HIGHEST CLOCK RATE, TNCLUDTNG RARELY USED PORTIONS OF THE SYSTEM. SINCE
MANY ASYNCHRONOUS SYSTEMS OPERATE AT THE SPEED OF THE CIRCUTT PATH CURRENTLY IN OPERATION, RARELY USED PORTIONS OF THE CIRCULT CAN BE LEFT UN-OPTIMIZED WITHOUT
ADVERSELY AFFECTING SYSTEM PERFORMANCE.)

« AUTOMATLC ADAPTATION TO PHYSTCAL PROPERTLES (THE DELAY THROUGH A CTRCUTT CAN CHANGE WITH VARTATIONS TN FABRICATION, TEMPERATURE, AND POWER-SUPPLY VOLTAGE.
SYNCHRONOUS CTRCUTTS MUST ASSUME THAT THE WORST POSSTBLE COMBINATION OF FACTORS IS PRESENT AND CLOCK THE SYSTEM ACCORDINGLY. MANY ASYNCHRONOUS CIRCUTTS SENSE
COMPUTATION COMPLETION, AND WILL RUN AS QUICKLY AS THE CURRENT PHYSTCAL PROPERTLES ALLOW.)



50, WHY ARE S0 MANY NEW CHIPS SYNCHRONOUS!

THE REASONS T THINK THAT ASYNCHRONOUS TSN'T COMMONPLACE TODAY:

« DESTGN T00LS.

« MOST CPU DESTGN TOOLS ASSUME A CLOCKED CPU.

« MOSTTOOLS ENFORCE SYNCHRONOUS DESIGN PRACTICES.

« MAKING A CLOCKLESS CPU TNVOLVES MODTFYING THE DESTGN TOOLS TO HANDLE CLOCKLESS LOGIC AND
DOING EXTRA TESTING TO ENSURE THE DESIGN AVOIDS METASTABLE PROBLEMS.

« AND MOST CPU DESTGNERS HAVE BEEN TRAINED T0 DESTGN SYNCHRONOUS CIRCUTTS THESE DAYS!

[T°S JUST EASTER T0 DESTGN SYNCHRONOUS CIRCUTTS GIVEN WHERE WE ARE. S0 THAT'S WHAT WE MOSTLY DO.

OK. ENOUGH ABOUT ELECTRONTCS. BACK TO SOFTWARE DEVELOPMENT.



WHY ASYNCHRONOUS TS A HOT TOPTC IN
DIGITAL LOGIC DESTGN TODAY
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OK. ENOUGH ABOUT ELECTROMLCS. BACK TO SOFTWARE DEVELOPMEN]



WIE TS THIS TALK ABOUT! A TINY BIT OF THEORY ABOUT DIGITAL FAMOUS ASYNCHRONOUS DIGITAL LOGIC WHY ASYNCHRONOUS TS A HOT TOPIC IN 0w AND WHY ARE ORGANTZATIONS BECOMING
' ELECTRONTCS - SYNCHRONOUS VS ASYNCHRONOUS DEVICES THAT YOU MAY BE FAMILTAR WITH DIGITAL LOGIC DESIGN TODAY MORE LTKE SYNCHRONOUS DIGITAL CIRCUTTS!
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AREYOU SAYING THAT ALL THE SAtE WHERE DID ORGANTZATIONS GET THE IDEA THAT OK. NOW, AS AN ORGANTZATION, LET'S TMPROVE AND

« ¥ X ON VIRTUALLZATION AND

FLOW MODEL™ STUFF 15 ALL WRONG! MEETINGS TS WHERE “THE MAGIC HARPENST” REDUCE MEETINGS. WHAT WOULD THAT ook Like! CONTATNERTIATION AND W THEY CA HeLp CLOSING THOUGHTS AND TAKEAWAYS
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HOW AND WHY ARE ORGANTZATIONS BECOMING
MORE LTKE SYNCHRONOUS DIGITAL CIRCUTTS!

BECAUSE IT'S A REACTION TO COMPLICATED THINGS BECAUSE THE CONCEPT 1S SIMPLE

ORGANTZATLONS HAVE TAKEN THE SAME PLAY THAT
SYNCARONOUS CIRCUTT DESTENERS TODK WHEN TRINGS 60T
(OMPLICATED

AND JUST LLKE WLTH SYNCHRONOUS CIRCULY DESLENERS, THE USE OF
CLOCKS T5 A FATRLY EASY TO UNDERSTAND (ONCEPT,

T WORKS T8 EXACTLY THE SAME WAY: WHEN THE CLOCK STGHAL
IAPPENS, WE USE WHATEVER TNFORMATION 15 AVATLABLE ON DUR
TIPUTS AND GET 70 TRE NEKT STATE

FEAR OF UNCERTATITY, ESPECTALLY TN RTSK ADVERSE
DRGANTZATIONS THAT WERE AFRATD THAT THEY COULON'T bO
"BIGGER THINGS™ MADE THEM DECIDE THAT THEY NEEDED T0
“SCALE THE ORGANTZATION" 08 "SCALE AGILE" 10 ACCOMPLISH

J 1 THINLS NIng @
THESE THINGS, WE JUST CALL LT DLFFERENT THINGS Ll A CORPORATE SEVTING

L LTKE DT PLANNING, MEETINGS, AGILE PROCESS TOOLS, AND AGILE
RELEASE TRATNS
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BECAUSE THE CONCEPT 1§ STMPLE

AND JUST LTKE WITH SYNCHRONOUS CTRCUTT DESTGNERS, THE USE OF
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HAPPENS, WE USE WHATEVER INFORMATION IS AVATLABLE ON OUR
INPUTS AND GET T0 THE NEXT STATE.

WE JUST CALL TTDIFFERENT THINGS IN A CORPORATE SETTING.

=0 - LIKE P PLANNING, MEETINGS, AGILE PROCESS TOOLS, AND AGILE
¢ B RELEASE TRAINS.
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ARE YOU SAYING THAT ALL THE SA
“HLOW MODEL™ STUFF TS ALL WRONG!

ILE ERAMEWORK AND KERE'S THE TWO EXTREMELY DAMMING ASPECTS T0 ALL OF THIS

\HIM

0! VUS Lok FoR CI00ks TN THIS Papi AR “SeA
LEVS LOOK FOR LLOCKS IN TRIS POPULAR S

3 A T T NI R e " o o

bbbl dal sl Sl bl v 159000 0 "SUALISG ARTEE 10 SR NTERPET, 90 A0 5 AT AW LAY KR Mg
TN S UMK 1 110 [ W BTG B4 TN R N AT AR 150 ERNEL YO LAMN LOWRET AANE 0TRSO T AN MEETINRE TR 15T 100 MY ran
4,008 0PI o DA 1 0 ACLY Pt A CMRACY LB EFFLTIVALY, 0515 ACEBILTASALISY 1) CL00R/SNTH1 PORBIMS A MCRASTH: NI
WHU THIMLIET R0 ML TN IR0 AN, N0 T e R T N B D
SO0 CHBOBID M T NN LG

- 18D 1060 10 11 COUIOR SECENILY. ACYRALLY MY ERSUUNERIERALGEE TEUR WE TRAY BE WAS ) OF
TDEAS, AM3 VEFTREED ME ¥ VT NECCA™ FOU Y CONOTTEDN. WIDNT STRAT ADGRTTAL IN MANRATIAL

? LVET A COUYIN TRERE THAT AS, R0 NOWE, V1 BES LOCTOY §YE TVE8 WOAKID WITR ARA

AIGR, 4 N00

1B O, PP e 1AL Y,
110 1 Y 1] 7 VW 10
VIR T A W, NS T R

(EMBIRATION (€ £ VERYBANET PERSON YN0 ALY) (105 GEEAT SEALOE WANNFL FESACTAALLY A
» PUIFESHIUAL S SCROOL OV MENDCINE IO ALSA 5185 SERE PATLINTS,

S (AP LA R TR0
p RGN
COMRLITEL ) IV MAMOES M ALALLTECF TR BN
WD, AT LMY, O IEBAPMGRACIING KU CRVICT

e A0 THEM T REALLIED SOVETIIMG AW LOCUORE. SATME ARE ARIE TYPES
e « THISE RO RFSEARCE, WRLTE PAREES, AU PRESENT AT CONTTREM
o THOS R0 BEAR TAT QCCATRENAL PAREY DN TOPICS THE® DAL ATV
o TG B0 AME LICERED, B17F WY CERN OF RER THTINGS

LITTE TR

Wiy ol
IKE WY ORI ROCTON
GO PRALUMCEUTICAL BERS AND

I 7 SN T 62 (MG 1BA 0 A A
P

At 19 1 s L6

Vi, A CF K1Y A1 G T
,

TGENCIZED TRAT 6 DCCUES LY YOI THARE DEVIZOPNINT 45 WELL

N TRA'S Wi

|, PmALINY,
500 AP MENARS 1D

| IR TADISLENAL DL (Dt
(LW NIRINL, D EIRLINL,

12 1AM AG1E PLACKLLES L0 MO N G ThES 4RO
D 451140 1 LK 8 SCAL IO, A 05 B
(4 HOELN CIUPIED SYSENE O F1GRHCRELENT 1A
WA 3013 42 PR G4 NINID TOKE L

LG

A ONE DAY PLIELIOE BOES IS P
5 10 0NN, 1O TRALN'S Emall

100 006D AL6ATS SIEIVE T2 LEVELAP JLL SN UM M LER T S0 1T
FITNATED TSI

VRIS ICH I

LRI TRIDE
ALY OF THE AMORL
LIFSYECYER TR THE OUMLTATLON, TRAT I
T CHBESE 9 HANE IO WEED 1R ¢, STNCE S0 485 ALLARA OGRY, TRE CILKS SHIMGS

AELEADES SEORD VT BE VIEWED A5 S0 I, AONOAMAL AN0 LI, RELEASES SREEMD R IEW
ALLURE TINE, ELAIE TAAT'S 31 ¢ CEVELLN O 1N THE TS MALE

S0 OF MUSTTICURE: W ALME ALY




YAH MU(HOFHI S WRONG. BUTIT'S A GOOD BUSINESS!

LHADT0 GO TO THE DOCTOR RECENTLY. ACTUALLY MY GASTROENTEROLOGIST TOLD ME THAT HE WAS OUT OF

IDEAS, AND REFERRED ME TO THE “MECCA™ FOR MY CONDITION. MOUNT SINAT HOSPITAL IN MANHATTAN.
# [ MET ADOCTOR THERE THAT WAS, BAR NONE, THE BEST DOCTOR I'VE EVER WORKED WITH. A RARE

(OMBINATION OF A VERY SMART PERSON WHO ALSO HAS GREAT BEDSIDE MANNER. HE'S ACTUALLY A
PROFESSOR AT THE SCHOOL OF MEDICINE WHO ALSO SEES SOME PATIENTS,
“‘:: H | - ANDTHEN I REALTZED SOMETHING ABOUT DOCTORS. THERE ARE THREE TYPES:
= | | « THOSE WHO RESEARCH, WRITE PAPERS, AND PRESENT AT CONFERENCES (LTKE THTS NEW DOCTOR).
« THOSE WHO READ THE OCCASTONAL PAPER ON TOPTCS THEY DEAL WLTH (LTKE MY CURRENT DOCTOR)
« THOSE WHO ARE LTCENSED, BUT ONLY LEARN OF NEW THINGS THROUGH PHARMACEUTICAL REPS AND
PRODUCT BROCHURES.

AND THAT'S WHEN T REALLZED THATTT OCCURS N SOFTWARE DEVELOPMENT AS WELL.



LET'S L0OK FOR CLOCKS TN THIS POPULAR “SCALED AGILE FRAMEWORK™

DO YOU SEE THE CLOCKST THEY'RE HIDING BEHTND “AGILE/LEAN/SCRUM™ SOUNDING WORDS. BUT THEY'RE THERE! LETS TAKE A LOOK.

WLTHIN TEAMS, SCRUM TS SUPPOSED T0 BE A SAVIOR. THE TRADITLONAL SCRUM CEREMONTES HAVE DATLY STAND-UPS, BT-WEEKLY SPRINT
PLANNING, BT-WEEKLY REVIEWS/DEMOS, BT-WEEKLY RETROSPECTIVES, BI-WEEKLY GROOMING, ETC. TEAMS THEN WORK TN SYNCHRONTZED
SPRINTS, SO THEY CAN HAVE SYNCHRONTZED SYSTEM DEMOS.

PLPLANNING HAPPENS PERHAPS EVERY QUARTER. THESE CAN BE HUGE EVENTS, TYPLCALLY TAKING 2 DAYS WITH ALL SYNCHRONTZED TEAMS
ATTENDING. [THE PLEVENTS AMAZE ME THE MOST, AS THAT'S WHERE WE FIGURE OUT THE DEPENDENCLES BETWEEN VARIOUS SECTIONS OF OUR
CODEBASE AND PLAN THE BEST ORDER. L SAY, “DON’T WASTE TLME TRY T0 PLAN YOUR DEPENDENCLES. INSTEAD, SPEND THE TIME T0 BREAK
THE DEPENDENCLES WLTH GOOD ARCHITECTURE AND CODEI]

THEN, WE HAVE THE “AGLLE RELEASE TRATN™ CONCEPT. WHICH TS SUPPOSED TO HAPPEN EVERY DAY OR WEEK, BUT TYPLCALLY HAPPENS RIGHT
BEFORE THE QUARTERLY RELEASES, SO THE “HARDENING SPRINTS™ CAN OCCUR. [THE WHOLE CONCEPT OF RELEASE TRAINS 1§ THAT TF YOU MISS
ONE, ANOTHER ONE IS COMING SOON, SO DON’T FRET. BUT IN REALTTY FOR ORGANTZATIONS THAT ARE STILL STUCK IN LARGE MONOLLTHIC
ARCHITECTURES, WE HAVE HEROES AND DEATH MARCHES HAPPENTNG TO ASSEMBLE THE TRAINS, WHICH USUALLY DON'T END TN RELEASED CODE,
BUT TRAIN WRECKS!)

AND LESS 0BVIOUS TN THTS DTAGRAM, BECAUSE TT°S SHROUDED IN THE NON-COMMITMENT DRIVEN DEVELOPMENT WORD CALLED “KANBAN”,
WE SEE THAT MANAGEMENT HAS BUDGET CYCLES, COORDINATION ON SOLUTLON ENGINEERING, AND KPT MEASUREMENTS (KEY PERFORMANCE
INDICATORS, WHICH ARE TIME BASED AND USUALLY TLED T0 SOME CLOCK THAT'S RUNNING)
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SPRINTS, SO THEY CAN HAVE SYNCHRONTZED SYSTEM DEMOS.

PLPLANNING HAPPENS PERHAPS EVERY QUARTER. THESE CAN BE HUGE EVENTS, TYPLCALLY TAKING 2 DAYS WITH ALL SYNCHRONTZED TEAMS
ATTENDING. [THE PLEVENTS AMAZE ME THE MOST, AS THAT'S WHERE WE FIGURE OUT THE DEPENDENCLES BETWEEN VARIOUS SECTIONS OF OUR
CODEBASE AND PLAN THE BEST ORDER. L SAY, “DON’T WASTE TLME TRY T0 PLAN YOUR DEPENDENCLES. INSTEAD, SPEND THE TIME T0 BREAK
THE DEPENDENCLES WLTH GOOD ARCHITECTURE AND CODEI]

THEN, WE HAVE THE “AGLLE RELEASE TRATN™ CONCEPT. WHICH TS SUPPOSED TO HAPPEN EVERY DAY OR WEEK, BUT TYPLCALLY HAPPENS RIGHT
BEFORE THE QUARTERLY RELEASES, SO THE “HARDENING SPRINTS™ CAN OCCUR. [THE WHOLE CONCEPT OF RELEASE TRAINS 1§ THAT TF YOU MISS
ONE, ANOTHER ONE IS COMING SOON, SO DON’T FRET. BUT IN REALTTY FOR ORGANTZATIONS THAT ARE STILL STUCK IN LARGE MONOLLTHIC
ARCHITECTURES, WE HAVE HEROES AND DEATH MARCHES HAPPENTNG TO ASSEMBLE THE TRAINS, WHICH USUALLY DON'T END TN RELEASED CODE,
BUT TRAIN WRECKS!)

AND LESS 0BVIOUS TN THTS DTAGRAM, BECAUSE TT°S SHROUDED IN THE NON-COMMITMENT DRIVEN DEVELOPMENT WORD CALLED “KANBAN”,
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INDICATORS, WHICH ARE TIME BASED AND USUALLY TLED T0 SOME CLOCK THAT'S RUNNING)



AND HERE'S THE TWO EXTREMELY DAMMING ASPECTS TO ALL OF THIS

WHTLE SARE TS SOLD AS “SCALING AGILE T0 THE ENTERPRISE”, THE REALLTY IS THAT ONCE WE REACK DUNBAR’S NUMBER
(AROUND 150 PEQPLE), YOU CAN NO LONGER HAVE EFFECTIVE PT PLANNING MEETINGS. THERE'S JUSTT00 MANY PEOPLE
T0 INTERACT WITH EFFECTIVELY. THIS IS A DIRECT ANALOGY T0 CLOCK FANOUT PROBLEMS ON SYNCHRONOUS CTRCUITS
WHERE THINGS LIKE CLOCK SKEW MUCH BE TAKEN INTO ACCOUNT, AND THE ROOT CAUSE OF WHY TS REALLY TOUGH T0
SCALE CLOCKED CPUS PAST CERTAIN CLOCK SPEEDS.

SINCE SAFE REQUIRES COMMITMENT DRTVEN DEVELOPMENT T0 DO ALL THAT PLANNING WITH, AND THE ERRORS IN
ESTIMATING SOFTWARE DEVELOPMENT TIME ARE WAY T00 VARTABLE T0 GIVE 600D GUIDANCE IN PLANNING, THE WORK
COMMTTTED TO NEVER MATCHES THE REALTTY OF THE DEVELOPMENT PROCESS, AND MAKING THE DATES STILL REQUIRES
HEROES, DEATH MARCHES, AND COMPROMISING ON QUALTTY.
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Human group size as predicted by Dunbar’s
model comes out to about 150.

] e e . Humans

Average social group size

Monkeys= @
o @

O =Apes
T T T T ]
1x 2X 3X 4 X 5X 6X




DUNBARS NUMBER.: 150

TYPICAL NUMBER. OF PEOPUE WE CON REEP TRMK OF BND
CONSI DER_PPET OF DUR. ONGOING SOCIN_ NETWORK.

S T <=
// s N //

CLOSE o 2 —o
Frienns ( OBNG! NOW, |

/7 WHKT WAS THEIR.

. (
N onane T NDME GAIN?

3 s’:.';‘ 67,‘ M TN |

A\ 0" o eV '
AURRIEE
e |




AND HERE'S THE TWO EXTREMELY DAMMING ASPECTS TO ALL OF THIS

WHTLE SARE TS SOLD AS “SCALING AGILE T0 THE ENTERPRISE”, THE REALLTY IS THAT ONCE WE REACK DUNBAR’S NUMBER
(AROUND 150 PEQPLE), YOU CAN NO LONGER HAVE EFFECTIVE PT PLANNING MEETINGS. THERE'S JUSTT00 MANY PEOPLE
T0 INTERACT WITH EFFECTIVELY. THIS IS A DIRECT ANALOGY T0 CLOCK FANOUT PROBLEMS ON SYNCHRONOUS CTRCUITS
WHERE THINGS LIKE CLOCK SKEW MUCH BE TAKEN INTO ACCOUNT, AND THE ROOT CAUSE OF WHY TS REALLY TOUGH T0
SCALE CLOCKED CPUS PAST CERTAIN CLOCK SPEEDS.

SINCE SAFE REQUIRES COMMITMENT DRTVEN DEVELOPMENT T0 DO ALL THAT PLANNING WITH, AND THE ERRORS IN
ESTIMATING SOFTWARE DEVELOPMENT TIME ARE WAY T00 VARTABLE T0 GIVE 600D GUIDANCE IN PLANNING, THE WORK
COMMTTTED TO NEVER MATCHES THE REALTTY OF THE DEVELOPMENT PROCESS, AND MAKING THE DATES STILL REQUIRES
HEROES, DEATH MARCHES, AND COMPROMISING ON QUALTTY.
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AND HERE'S THE TWO EXTREMELY DAMMING ASPECTS TO ALL OF THIS

WHTLE SARE TS SOLD AS “SCALING AGILE T0 THE ENTERPRISE”, THE REALLTY IS THAT ONCE WE REACK DUNBAR’S NUMBER
(AROUND 150 PEQPLE), YOU CAN NO LONGER HAVE EFFECTIVE PT PLANNING MEETINGS. THERE'S JUSTT00 MANY PEOPLE
T0 INTERACT WITH EFFECTIVELY. THIS IS A DIRECT ANALOGY T0 CLOCK FANOUT PROBLEMS ON SYNCHRONOUS CTRCUITS
WHERE THINGS LIKE CLOCK SKEW MUCH BE TAKEN INTO ACCOUNT, AND THE ROOT CAUSE OF WHY TS REALLY TOUGH T0
SCALE CLOCKED CPUS PAST CERTAIN CLOCK SPEEDS.

SINCE SAFE REQUIRES COMMITMENT DRTVEN DEVELOPMENT T0 DO ALL THAT PLANNING WITH, AND THE ERRORS IN
ESTIMATING SOFTWARE DEVELOPMENT TIME ARE WAY T00 VARTABLE T0 GIVE 600D GUIDANCE IN PLANNING, THE WORK
COMMTTTED TO NEVER MATCHES THE REALTTY OF THE DEVELOPMENT PROCESS, AND MAKING THE DATES STILL REQUIRES
HEROES, DEATH MARCHES, AND COMPROMISING ON QUALTTY.




HERE'S THE REAL PROBLEM TO 30LVE

[ WANT ORGANLZATIONS 10 STOP TRYING T0 SCALE UP TEAM AGILE PRACTICES T0 WORK ON THE
PROJECTS THAT ARE “ENTERPRISE BIG™ AND INSTEAD T0 WORK ON SCALING DOWN THOSE BTG MONSTER
MONOLLTHIC SYSTEMS INTO SMALLER LOOSELY COUPLED SYSTEMS OF RIGHLY CORESTVE PARTS, AND BE
SMART ABOUT HOW THE PARTS GET WIRED TOGETHER

OK. TECHNTCALLY, ONE METHOD OF ACCOMPLISHING THIS TS T0 USE MICROSERVICES THAT WORK
OVER VERSTONED APTS THAT ARE TOLERANT OF VERSTON MISMATCHES, CAN AUTOMATICALLY FALL
BACK T0 PREVIOUS APT VERSTONS, AND ANNEAL THEMSELVES BY REAL TIME NEGOTIATION OF

[T
l IRl VESTONING

TES. THATWILL TAKE SOFTWARE CRAFTSMANSHIP AND MATOR ARCHITECTURAL REFACTORING FOR THE
MAJORTTY OF THE MONOLLTHIC SYSTEMS THAT L ENCOUNTER. [1T°S MY PLIGHT THAT I'M NEVER
INVOLVED WITH THE ORGANTZATIONS THAT HAVE THESE SORTS OF ARCHITECTURES IN PLACE ALREADY.
[ GUESS THEY HAVE NO NEED FOR ME, STNCE THEY ARE ALREADY DOTNG THE RTGHT THINGS. :-)]



AND WHAT ABOUT ARTS, AKA CT PIPELINES

THTS 5 NOTHING MORE THAN TRADTTIONAL DTAP (DEVELOPMENT, TEST, ACCEPT, PRODUCTION)
THINKING, WITH DECISION MAKING, HAND WRINGING, AND WALT STATES FOR APPROVALS T0
OCCUR.

— " MOST OF THE AGILE RELEASE TRATN WRECKS OCCUR WHEN ONE DTAP PLPELINE DOES NOT PUMP
WET SO L SUFFICIENTLY PURE CODE FOR THE INTEGRATION PIPELINES T0 CONSUME. THE TRALN'S ENGINES
e ’*’ L 3 e ‘* “* SPUTTER AND DIE HORRIBLE DEATHS TNSTEAD OF GETTING TO WHERE THEY NEEDED T0 BE.

10U SHOULD ALWAYS STRVE TO DEVELOP FULL STACK ON TRUNK AND DEPLOY UPON POSITIVE
AUTOMATED TESTRESULTS.

RELEASES SHOULD NOT BE VIEWED AS SOMETHING ABNORMAL AND RISKY. RELEASES SHOULD HAPPEN
ALL THE TIME, BECAUSE THAT'S WHY WE DEVELOP CODE TN THE FIRST PLACE.
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WIE TS THIS TALK ABOUT! A TINY BIT OF THEORY ABOUT DIGITAL FAMOUS ASYNCHRONOUS DIGITAL LOGIC WHY ASYNCHRONOUS TS A HOT TOPIC IN 0w AND WHY ARE ORGANTZATIONS BECOMING
' ELECTRONTCS - SYNCHRONOUS VS ASYNCHRONOUS DEVICES THAT YOU MAY BE FAMILTAR WITH DIGITAL LOGIC DESIGN TODAY MORE LTKE SYNCHRONOUS DIGITAL CIRCUTTS!
(] = pone - B -]
= ™~ B
] A

AREYOU SAYING THAT ALL THE SAtE WHERE DID ORGANTZATIONS GET THE IDEA THAT OK. NOW, AS AN ORGANTZATION, LET'S TMPROVE AND
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FLOW MODEL™ STUFF 15 ALL WRONG! MEETINGS TS WHERE “THE MAGIC HARPENST” REDUCE MEETINGS. WHAT WOULD THAT ook Like! CONTATNERTIATION AND W THEY CA HeLp CLOSING THOUGHTS AND TAKEAWAYS
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WHERE DID ORGANTZATIONS GET THE IDEA THAT
MEETINGS 1S WHERE “THE MAGIC HAPPENS!™

REMEMBER PRINCIPLE 6 TN THE AGLLE MANTFESTO?
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REMEMBER PRINCIPLE b N THE AGILE MANTFESTO?

“THE MOST EFFLCTENT AND EFFECTIVE METHOD OF CONVEYING INFORMATION TO AND WITHIN A
DEVELOPMENT TEAM TS FACE-TO-FACE CONVERSATION.”

WAY T00 MANY TEAMS AND ORGANTZATIONS THAT T COACH SEEM TO HAVE FORGOTTEN THAT ONE THESE
DAYS.

AND T DEAL A LOT WITH TEAMS THAT LOVE T TOUT HOW “THE SUN NEVER SETS ON THELR DEVELOPMENT
EFFORTS!”

[ FIND THAT THESE TEAMS AREN'TREALLY TEAMS - THEY RE MORE LIKE JUST A BUNCH OF PEOPLE THAT
HAPPEN T0 BE WORKING ON THE SAME STUFF.

MOST OF THESE TEAMS HAVE US BASED MANAGEMENT AND MANY HAVE OVERSEAS BASED DEVELOPMENT,

50, WHY DON'T THESE TEAMS GET THAT OLD FASKTONED THING ABOUT FACE-TO-FACE COMMUNTCATION
BETNG THE BEST COMMUNTICATIONT



WHY DON'T WE MEET FACE-TO-FACE! SOME REASONS OFF OF THE TOP OF MY HEAD:

e PEOPLE WORK A LOT FROM HOME. OR IN SOME OTHER LOCATION. (R IN SOME OTHER TIME ZONE. OR IN SOME
OTHER LANGUAGE. EVEN THOUGH THE DEFAULT LANGUAGE IS ENGLISH THESE DAYS, TT°S NOT THE FIRST
LANGUAGE FOR THE MAJORTTY OF DEVELOPERS IN THE WORLD.

PEOPLE ARE MORE COMFORTABLE WORKING ON A DEVICE, LAPTOP OR MOBTLE, THEN JUST TALKING.

« HEY. TDON'T SHOP TN STORES VERY MUCH ANYMORE.

« AND ONE REASON FOR THAT TS THAT I'D PREFER T0 NOT HAVE T0 TALK T0 ANYONE T0 JUST BUY
SOMETHING.

« L00K ATYOUR SMARTPHONE. DTD YOU KNOW THAT YOU CAN ACTUALLY CALL PEOPLE WITH THIST IT
RINGS THEM, THEY ANSWER, AND YOU HAVE A REALTIME CONVERSATION! TKNOW. WHO WOULD HAVE
THOUGHT!

WE ARE TOLD THAT ALL OF OUR PROBLEMS ARE SOLVED WITH JIRA, TRACKER, VERSTONONE, RALLY, WEBEX,
SLACK, SOCOCO, TEAMS AND OTHER “ENTERPRISE INDUSTRIALLZED PROCESS AND COLLABORATION T00LS™




DO WE NEED T0 BE 50 DISCONNECTED FROM EACH QTHER?

BY THE VERY NATURE OF THE PROCESS TOOLS, PEOPLE ON TEAMS ARE TSOLATED TO WORK IN THE
TOOL'S INTERFACE. ALONE AND DISCONNECTED FROM ONE ANOTHER. PERFECTING THETR
STORTES, TASKS, AND ESTIMATES. AND, MANY TIMES, RECORDING ACTUALS VERSUS
ESTIMATES. THAT DOESN'T SOUND VERY PRODUCTIVE TO ME

AND BY THE VERY NATURE OF THE COLLABORATION TOOLS, PEOPLE ARE STILL ALONE AND
DISCONNECTED FROM ONE ANOTHER. MANY TIMES, FIGHTING ECHOES, LOSS OF
CONNECTIVITY, AND SAYING A LOT OF “CAN YOU HEAR MENOW!™. MAYBE THERE'S A WEBCAM
ON. AND MAYBE PEOPLE GET T0 PLAY WITH COOL AVATARS OR DRESS UP THELR ONLINE IMAGE
WITH A COOL SET OF EYEGLASSES.

THTS LEADS TO CEREMONTES, ALREADY JUST ANOTHER CLOCK SYNC, T0 BECOME A RECLTATION
OF WHAT'S ON THE PROCESS TOOL. SORT OF A STATUS OF A STATUS OF A STATUS.... AND, OF AL
THE “THREE QUESTIONS OF A STAND-UP”, THE LEAST TMPORTANT ONE TS “WHAT 1 DID
YESTERDAY.”




[T SEEMS THAT ULTIMATELY, TOOLS TEMPTUS T0 D0 T00 MUCH WORK TN MEETINGS

THE ULTIMATE RESULT OF THESE PROCESS AND COMMUNTICATIONS TOOLS IS T0 MAKE OUR
TIME TOGETHER AS THE ONLY TIME WE GET TO ACT AS A TEAM.

AND PEOPLE TEND TO WANT T0 WALT TO WORK, BECAUSE OF A LACK OF TRUST BY
MANAGEMENT AND A LACK OF INDEPENDENT ENABLEMENT BY THE ORGANIZATION.

THEY BECOME A POOR ANALOGY OF WHAT WOULD HAPPEN TF THE PEOPLE ON THE TEAM WERE
ACTUALLY INTERACTING PERSON-TO-PERSON.
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[T SEEMS THAT ULTIMATELY, TOOLS TEMPTUS T0 D0 T00 MUCH WORK TN MEETINGS

THE ULTIMATE RESULT OF THESE PROCESS AND COMMUNTICATIONS TOOLS IS T0 MAKE OUR
TIME TOGETHER AS THE ONLY TIME WE GET TO ACT AS A TEAM.

AND PEOPLE TEND TO WANT T0 WALT TO WORK, BECAUSE OF A LACK OF TRUST BY
MANAGEMENT AND A LACK OF INDEPENDENT ENABLEMENT BY THE ORGANIZATION.

THEY BECOME A POOR ANALOGY OF WHAT WOULD HAPPEN TF THE PEOPLE ON THE TEAM WERE
ACTUALLY INTERACTING PERSON-TO-PERSON.




MEETINGS BEGET MORE MEETINGS

THE SHORT MEETINGS THAT WE TEND T0 HAVE RESULT IN FOLLOW-UP MEETINGS THAT HAVE 10 BE
SCHEDULED TO FURTHER RESOLVE AND REFINE THE WORK TO BE DONE.

FROM A SYSTEMS THINKING PERSPECTIVE, THE FACT THAT MORE MEETINGS NEED 10 BE SCHEDULED
RESULTS IN YET MORE FRAGMENTS OF THE DAY BEING IN MEETINGS IN A DESTRUCTIVE FEEDBACK
LOOP.

FROM A LEAN WASTES PERSPECTIVE, WE LOSE IN:

« WALTING ON MEETINGS, RATHER THAN COMPLETING WORK
« TRANSPORTING ISSUES FROM EACH MEETING T0 THE NEXT INEVITABLY RESULTS IN LOSS OF

U, TMPORTANT DETALLS
Ty « MOTION WASTE TN THE FORM OF SAVING AND RE-ESTABLISHING CONTEXT FROM ONE
= MEETING T0 THE NEXT

- [1(, E1C
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MEETINGS BEGET MORE MEETINGS

THE SHORT MEETINGS THAT WE TEND T0 HAVE RESULT IN FOLLOW-UP MEETINGS THAT HAVE 10 BE
SCHEDULED TO FURTHER RESOLVE AND REFINE THE WORK TO BE DONE.

FROM A SYSTEMS THINKING PERSPECTIVE, THE FACT THAT MORE MEETINGS NEED 10 BE SCHEDULED
RESULTS IN YET MORE FRAGMENTS OF THE DAY BEING IN MEETINGS IN A DESTRUCTIVE FEEDBACK
LOOP.

FROM A LEAN WASTES PERSPECTIVE, WE LOSE IN:

« WALTING ON MEETINGS, RATHER THAN COMPLETING WORK
« TRANSPORTING ISSUES FROM EACH MEETING T0 THE NEXT INEVITABLY RESULTS IN LOSS OF

U, TMPORTANT DETALLS
Ty « MOTION WASTE TN THE FORM OF SAVING AND RE-ESTABLISHING CONTEXT FROM ONE
= MEETING T0 THE NEXT
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MEETINGS ARE NOT WHERE THE MAGIC HAPNS

IN FACT, TF THERE'S ONE THING T0 TAKE AWAY FROM THIS TALK, TT°5 10
RECOGNTZE THAT MEETINGS ARE JUST A LEAN WASTE.

NO DOUBT SOME MEETINGS ARE NEEDED. BUT MORE MEETINGS TS JUST MORE LEAN
WASTE.

REAL TIME COLLABORATION, WHERE ONE DEVELOPER LEANS OVER TO ANOTHER
DEVELOPER AND ASKS T0 LOOK AT SOMETHING, OR ASK FOR SOME HELP ON GETTING
SOMETHING DONE IS WHERE THE MAGIC HAPPENS.

[T°S COMPLETELY ASYNCHRONOUS, UNSCRIPTED, AND VERY PRODUCTIVE!




WHERE DID ORGANTZATIONS GET THE IDEA THAT
MEETINGS 1S WHERE “THE MAGIC HAPPENS!™

REMEMBER PRINCIPLE 6 TN THE AGLLE MANTFESTO?
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START WITH RETROSPECTIVES

FOR MOST “AGLLE/SCRUM™ TEAMS L ENCOUNTER, RETROSPECTIVES ARE A WASTE OF TIME DOING A CHOREOGRAPHED
CEREMONY THAT HAS PRECLOUS LITTLE VALUE.

TRY REPLACING THAT WITH 600D TEAM INTERACTIONS TN REALTIME, AS SOMETHING IS LEARNED (600D OR BAD).

[ LTKE "WHAT DID WE LEARN? WHAT SURPRISED YOUT AND WHAT WILL YOU DO DIFFERENTLY N THE FUTURE" TF
YOU NEED A PLACE TO START.

BUT ESTABLISHING A FEEDBACK LOOP IN AN ENVIRONMENT WHERE PEOPLE AREN'T AFRATD TO START WITH
SOMETHING THEY CAN SAY THEY DON'T KNOW, HAVE TIME T LEARN AND FIGURE T OUT, AND THEN EFFECTIVELY
SHARE THAT WLTH OTHERS IS VITAL.

AND ANOTHER THING T0 TRY 1S 10 CELEBRATE NOT JUST THE SUCCESSES WE HAVE (EVEN THOUGH WE REALLY NEED
THEM!), BUT ALSO THE FATLURES. PEOPLE NEED TO NOT BE AFRATD T0 THINK "OUTSIDE THE BOX', TRY SOMETHING,
AND THEN TRY SOMETHING ELSE IF TT DOESN'T WORK OUT. HAVING A 600D TIME EXPLAINING WHAT WENT
WRONG IS PROBABLY EVEN MORE IMPORTANT THAN MERE APPLLCATION OF SOMETHING THAT WORKED BEFORE. IT'S
HOW YOU MAKE AN ENVIRONMENT WHERE INNOVATION RAPPENS!




AND THEN START SINGLE STREAMING

WITHOUT HAVING MANY NON-VALUE PRODUCING STREAMS TN MOTION, YOU
WILL GET A LOT LESS LEAN WASTES TRACEABLE T0 TRANSPORTATION,
INVENTORY, MOTION, WATTING, AND DEFECT, BECAUSE YOU DON'T HAVE 10
(OORDINATE AND PLAN AS MUCH, SINCE YOU STARTTO LIVE IN THE RERE AND
NOW.

STOP STARTING SO MANY THINGS AND TRACKING WHERE THEY ARE EACH DAY
AND START FINTSHING THINGS, EVEN JUST ONE THING, EACH DAY AS A TEAM.

THE ABTLITY TO WORK AS A REAL TEAM TS WHAT MAKES TT STRONGER THAN THE
SUM OF LTS PARTS.



NEXT, BURN ENTERPRISE SCALING FOR AGILITY T0 THE GROUND

ST0P TRYING T0 SCALE AGILE WITH ALL OF THE PLANNING, PREPLANNING, POST
PLANNTNG, SWAG ESTIMATION, HIGH ACCURACY ESTIMATION, ETC.

STOP OBSESSING ABOUT THE COST OF DEVELOPMENT OR THE COST ACCOUNTING OF IT.
LET PEOPLE LTKE SCRUMMASTERS HANDLE THOSE DIRTY TASKS TF YOU REALLY NEED T0.
LEARN 70 TRACK VALUE ADDED, NOT COST AS MEASURED BY HOURS WORKED.

REPLACE THAT PLANNING WITH AUTONOMY OF T-SHAPED FULL-STACK TEAMS THAT
WORK DIRECTLY FOR THE BUSINESS OWNER.

H1TRE GOOD PEOPLE AND TRUST THEM T0 MAKE 600D CHOTCES FOR WHICH CUSTOMERS
10 PLEASE, WITH WHAT, AND WHEN.



AND DON'T FORGET T0 PRACTICE GOOD ENGINEERING!

EMBRACE THE DEVOPS CULTURE AND A 600D ARCHITECTURE THAT
PERMTTS TRUNK DEVELOPMENT AND CONTINUOUS DELTVERY.

REMEMBER THAT WHEN YOU DO SOFTWARE DEVELOPMENT, YOU R
INVOLVED TN PRODUCT DEVELOPMENT, NOT PROTECT DELTVERY.

50, SOFTWARE TS NEVER REALLY EVER DONE. YOU WANTTT 10
WORK AND THEN IMPROVE IT OVER TIME.

MAKE SURE THAT YOUR ENGINEERING PRACTICES AND
ARCHITECTURE REFLECT THAT MINDSET.
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THE GOAL TS SHORTER CONCEPT 10 CASH, NOT GREAT SCHEDULES!

ONE THING THAT TS MANY TIMES OVERLOOKED AS ORGANTZATIONS TRY T0 GET 10 SHORTER
“CONCEPTTO CASH™ CYCLE TIMES TS THE ROLE OF INFRASTRUCTURE AS CODE AND
CONTATNERTZATION TOOLS.

OLD STYLE WATERFALL PREDICTIVE MODEL THINKING WAS DTAP DRIVEN. WE WANTED 10
HAVE A SMOOTH TRANSTTION TO PRODUCTION, SO WE STARTED PLANNING AS EARLY AS
POSSTBLE, DOTNG THINGS LIKE SCHEDULING THINGS LTKE “QA” SYSTEMS (MANAGED
SERVERS), AND MAKTNG GRAND FINE GRATNED PLANS AS EARLY AS POSSTBLE.

BUT THAT OLD ADAGE FROM MARY AND TOM POPPENDTECK OF “DELAY DECTSTONS UNTIL THE
LASTRESPONSIBLE MOMENT, WHEN YOU HAVE THE MOST INFORMATION, AND CAN MAKE THE
BESTDECISTONS™ HAS A LOAD OF RELEVANCE HERE.

SOFTWARE DEVELOPMENT AND TNTEGRATION TESTING DOES NOT WORK FROM A SCHEDULE THE
WAY THAT WE WISH IT WOULD.



WE WANT T0 PULL SOLUTIONS, NOT PUSH SCHEDULES

THAT DTAP THINKTNG REQUTRES EXTENSTVE PRECTSE ESTIMATE PLANNTNG T0 FORM A “PUSH SCHEDULE™ BY WAY
OF THE TIMELINES ON THE TEAMS INVOLVED.

AMORE AGILE APPROACH TS T0 ALLOW A “PULL SOLUTION”, WHERE ONCE WE KNOW THAT WE NEED A TEST
SYSTEM OF SOME FORM, WE USE THE PRINCIPLES OF INFRASTRUCTURE AS CODE AND CREATE THE SYSTEM FROM
UNMANAGED CLOUD RESOURCES “JUST IN TIME.”

THTS SOLUTION HAS MANY ADVANTAGES:

« THERE TS LESS LIKELTHOOD THAT THINGS WLLL GO WRONG THAN WHERE WE HAVE A CERTIFICATION
PROCESS THAT RESULTS IN THE PROMOTION OF SOME TEST SYSTEM INTO THE PRODUCTION SYSTEM, BECAUSE
WE HAVE PRACTICED BUTLDTNG THE SYSTEM MANY TIMES BEFORE PRODUCTION (OF COURSE, WLTH
DIFFERENT INSTANCE CAPACLTIES FOR EACH ENVIRONMENT).

« [T°S MUCH MORE TN LINE WTTH THE DEVOPS CONCEPT OF “CATTLE VERSUS PETS”

« WEDIVORCED OURSELVES FROM YET ANOTHER SYNCHRONOUS CLOCK CYCLE THAT SLOWED US DOWN BEFORE.



WHY CONTATNERS MAKE S0 MUCH SENS

[N KEEPING WLTH THE "PULL" APPROACH, THE USE OF CONTAINERS FOR HOUSING DEVELOPED
MODULES EXTENDS AND ENHANCES. NOW:

« WE CAN TESTON THE DESKTOP, CI SERVER, AND ALL UPSTREAM ENVIRONMENTS TN
THE VERY SAME FASHION THAT WE WILL USE FOR PRODUCTION. EARLIER TESTING IS
ALWAYS BETTER TESTING.

« WE CAN MAKE T REAL EASY AND VERY EFFECTIVE TO NETWORK THESE SYSTEMS
TOGETHER FOR INTEGRATION USING TOOLS LIKE DOCKER-COMPOSE T0 MAKE
NETWORKING AND DATA STORAGE EASY FOR WHEN WE DON'T NEED TO WORRY ABOUT
THOSE CONCERNS.

« DEPLOYING COMPONENTS INTO CONTATNERS AND THEN DEPLOYING CONTATNERS T0
(REATE SYSTEMS ENHANCES CREATION OF REPRODUCTBLE ARTIFACTS THAT CAN BE
BUILT EARLY ON, TESTED OFTEN, AND THEN RELTABLY DEPLOYED WITH DEPENDENCIES
ENCAPSULATED AND PRE-VERIFLED BEFORE FINAL DEPLOYMENT INTO PRODUCTION.




AND, OH BY THE WAY, WHILE YOU TRANSITION YOUR
ARCHITECTURE TO A BETTER PLACE...

DURTNG THE TRANSITION T0 FINE GRAINED MTCRO SERVICES, BREAK DEPENDENCIES ON
COMPONENTS YOU ARE WATTING ON AND PLACE THEM TN EASTLY DEPLOYED CONTAINERS.

ALSO MAKE SURE THAT YOU DEPLOY TEST DOUBLES (FAKES) AT THE EARLTEST POSSTBLE TIME
FOR ALL DEPENDED UPON COMPONENTS TO PERMIT EARLY INTEGRATION ON EXECUTABLE
REQUIREMENTS WHICH WE DEFINED AT BEGINNING OF DEVELOPMENT.

THAT WAY, THERE TS NO WATTING ON COMPLETION FOR EARLY INTEGRATION. WE CAN BE
ASYNCHRONOUS AND END UP TN A BETTER PLACE WHILE WE'RE AT T,

THATTS, MOVE TESTING AS FAR LEFT AS POSSIBLE .
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CLOSING THOUGHTS AND TAKEAWAY

ERE’S A DIFFERENCE BETWEEN
SYNCHRONOUS AND ASYNCHRONOUS
DIGITAL CIRCUTTS.

AND TT HAS T0 DO WITH A CLOCK.

KEEP LOOKING FOR THAT WATER AND
THINK ABOUT THE IMPLLCATIONS OF
SWIMMING IN ITLIKE AGILE FTSH

OYNCHRONOUS CIRCUTS ARE HOT THE MOST EFFLCLENT

MOR EFFECTIVE CICUTTS THAT WE CAN MAKE
JTTHEY ARE THE EASLEST

CATCTT WTTH NEEANTIATION
)0 15 TT WITH ORCANTZATION

Y0U AREN'T GONG T0 GET RID OF HIE
SYNCHRONOUS NATURE OF YOU

ORGANTZATION BY NEXT MONDAY AND

MAKE TTRUN AS FAST AS THE FASTEST

ASYNCHRONOUS [r‘,_f,- THAT AMAZE 1S

50 LONG,
AND THANKS FOR
ALL THE FISH

WE JUST AREN'T TRAINED 10§

CECINCK STEMAIT T
L ;(L\ ']Z; Jﬂ\ }w.r}'\

NCHRONOUS CTRCUTTS

SEE THEM OR T0
THINK THAT THEY COULD BE A BAD THING

BUT THERE ARE THINGS THAT WE CAN
[TERATIVELY TRY THAT CAN HELP

UNDERSTANDING THAT YOU HAVE A
PROBLEM IS THE FIRST STEP




[HERE'S A DIFFERENCE BETWEEN
SYNCHRONOUS AND ASYNCHRONQUS
DIGITAL CIRCUTTS.

AND TTHAS T0 DO WITH A CLOCK.



SYNCHRONOUS CTRCUTTS ARE NOT THE MOST EFFTCTENT
NOR EFFECTIVE CIRCUTTS THAT WE CAN MAKE.

BUT THEY ARE THE EASTEST.

50 TS TT WITH ORGANTZATIONS.



URGANTZATIONS USE CLOCK STGNALS JUST
LIKE SYNCRRONOUS CIRCULTS.

WE JUST AREN'T TRAINED TO SEE THEM OR T0
THINK TRAT THEY COULD BE A BAD THING.



ERE ARE A LOT OF VEN

PR

DCESSES AND SOFTWARE

DORS OUT THERE WHO WANT T0 SELL YOU

IH

ATWILL FTXYOUR ORGANTZATION'S

PROBLEMS.

BUT MOST OF THOSE PRODUCTS ULTIMATELY ARE SORT OF LIKE
PUTTING LIPSTICK ON A PTG AND GIVING THEM AN APPLE WATCH.

{0URE GOING TO GET DIRTY, AND THE PIG IS NOT GOING T0 LIKE IT.



fOU AREN'T GOING TO GET RID OF THE
»YNCHRONOUS NATURE OF YOUR
ORGANTZATION BY NEXT MONDAY AND
MAKE LT RUN AS FAST AS TRE FASTEST
ASYNCHRONOUS CPUS THAT AMAZE US.



BUT THERE ARE THINGS THAT WE CAN
LTERATLVELY TRY TRAT CAN RELP.

UNDERSTANDING THAT YOU HAVE A
PROBLEM L5 TRE FIRST STEP.



KEEP LOOKTNG FOR THAT WATER AND
THINK ABOUT TRE IMPLLCATIONS Of
SWIMMING IN IT LIKE AGILE FISH,



0 LONG,
AND THANKS FOR
ALL THE FTSH



QUESTIONS.
ANSWERS.
DEBATE
DEPART.



CLOSING THOUGHTS AND TAKEAWAY

ERE’S A DIFFERENCE BETWEEN
SYNCHRONOUS AND ASYNCHRONOUS
DIGITAL CIRCUTTS.

AND TT HAS T0 DO WITH A CLOCK.

KEEP LOOKING FOR THAT WATER AND
THINK ABOUT THE IMPLLCATIONS OF
SWIMMING IN ITLIKE AGILE FTSH

OYNCHRONOUS CIRCUTS ARE HOT THE MOST EFFLCLENT

MOR EFFECTIVE CICUTTS THAT WE CAN MAKE
JTTHEY ARE THE EASLEST

CATCTT WTTH NEEANTIATION
)0 15 TT WITH ORCANTZATION

Y0U AREN'T GONG T0 GET RID OF HIE
SYNCHRONOUS NATURE OF YOU

ORGANTZATION BY NEXT MONDAY AND

MAKE TTRUN AS FAST AS THE FASTEST

ASYNCHRONOUS [r‘,_f,- THAT AMAZE 1S

50 LONG,
AND THANKS FOR
ALL THE FISH

WE JUST AREN'T TRAINED 10§

CECINCK STEMAIT T
L ;(L\ ']Z; Jﬂ\ }w.r}'\

NCHRONOUS CTRCUTTS

SEE THEM OR T0
THINK THAT THEY COULD BE A BAD THING

BUT THERE ARE THINGS THAT WE CAN
[TERATIVELY TRY THAT CAN HELP

UNDERSTANDING THAT YOU HAVE A
PROBLEM IS THE FIRST STEP




WIE TS THIS TALK ABOUT! A TINY BIT OF THEORY ABOUT DIGITAL FAMOUS ASYNCHRONOUS DIGITAL LOGIC WHY ASYNCHRONOUS TS A HOT TOPIC IN 0w AND WHY ARE ORGANTZATIONS BECOMING
' ELECTRONTCS - SYNCHRONOUS VS ASYNCHRONOUS DEVICES THAT YOU MAY BE FAMILTAR WITH DIGITAL LOGIC DESIGN TODAY MORE LTKE SYNCHRONOUS DIGITAL CIRCUTTS!
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= ™~ B
] A

AREYOU SAYING THAT ALL THE SAtE WHERE DID ORGANTZATIONS GET THE IDEA THAT OK. NOW, AS AN ORGANTZATION, LET'S TMPROVE AND

« ¥ X ON VIRTUALLZATION AND

FLOW MODEL™ STUFF 15 ALL WRONG! MEETINGS TS WHERE “THE MAGIC HARPENST” REDUCE MEETINGS. WHAT WOULD THAT ook Like! CONTATNERTIATION AND W THEY CA HeLp CLOSING THOUGHTS AND TAKEAWAYS
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SYNCHRONOUS VS ASYNCHRONOUS DI6ITA
10 ORGANTZATIONAL DYSFUNCTION AND A

| CTRCUTTS AS AN ANALOGY

PPLIED T0 DEVOPS PRACTICES

DEVOPS
PRO
EUROPE




