Test-Driven

el i Development
By Example

[3£] Kent Beck
i 1I¥¥

{ﬁ!hiﬁglizjﬁFﬁ

= 6%
TEST-DRIVEN
[DEVELOPMENT

»
-
% A x
4 X Kent Brc i
. d B
[ 6 53
: [ i |
, , iy ;

Software Development Productivity K¥{EM

o~
=
Z

S HL i it

POSTS & TELECOM PRESS




~
5
\

3
)
§
e
©
;;‘
o
)
©
a
©

@ (@) (@) @ (@) (@)
!

il

[5¢] Kent Beck %
W R

A B B 4 A
* ®



BHEMSE (CIP) iR

WA FR GEBIR) / (32) N3 (Beck,K.) #;
TR, —JbRt: ARERHEHAREE, 2007.11

IR R 350D

ISBN 978-7-115-15620-4

I. @ . OR--@Fh- T HWAFE—RX
V. TP311.52

h [E R A B 1E CIP #idlE#z 7 (2007) 28 087157 5
fit AL = B
Original edition, entitled Test-driven Development: By Example, 0321146530 by Kent Beck, published by Pearson
Education, Inc, publishing as Addison-Wesley, Copyright © 2003 by Pearson Education, Inc. and Kent Beck.
All rights reserved. No part of this book may be reproduced or transmitted in any form or by any means, electronic or

mechanical, including photocopying, recording or by any information storage retrieval system, without permission
from Pearson Education, Inc.

China edition published by PEARSON EDUCATION ASIA LTD., and POSTS & TELECOMMUNICATIONS
PRESS Copyright © 2007.

This edition is manufactured in the People’s Republic of China, and is authorized for sale only in People’s Republic of
China excluding Hong Kong, Macau and Taiwan. ’

RFREARLMEREA (FEEFEEE. RIIFNITHEENHEETHE) HE.
FHHEREH Pearson Education GEEHE HMER) MABHARE. FREETFGHE.

N R0
KRB FF & GEFERRD
¢ F [%] Kent Beck
OB W 7
TGRS XK
¢ ARMEHBAHERT & ISrmErRyBEFE 145

fR% 100061 T 315@ptpress.com.cn
Pk http://www.ptpress.com.cn

LR BEN R BR 2 =] B
e SRR RAT A

¢ JFFa: 800x1000 1/16

ENgk: 16
FEH. 354 FF 2007 4 11 AF 1R
Ei¥. 13500 At 2007 £ 11 A4 1 KENRI

ZHERESAELES BEF: 01-2006-3667 5
ISBN 978-7-115-15620-4/TP
SEH: 49.00 7
EERE S (010067132705 ENFEFREBHE: (010)67129223




AFRE

IR, WRGRE (XP) 7ErhE R il ok 2 B B, kR % TR BT 8
R XP (773 A 225 . MRRIENFFR (TDD) bk BRARFLA) T B A1, e LU A BBl
ACEIIFE R, BEMAL TACHS, SUBIE T 8fh k. AT AKZERIEHIA A TDD T H, F4H M
2k LR B 2 77 SR B R R TR R AR . BRI ARG Z 5 X E 2 TDD AR
ApRr STV R

A A TR A A A RN JE SO Pk, R T TDD SEB N\ REE LA R IR SR
RO, DURE] S B AR 4 B B0 (0 PR . B b G R PR
St ST BLBCKS xUnit SEB1I A Java i 5 U IORRCAS -



th hiw it B

IR TFE 4 2K Roger S. Pressman JIT 5, “ 0 TRE A>3 4738 BT 52 I 1 Pt B f) JEL AL
BB ERXNTRE%R. SR, EELPR NN —AMEB NI . 4000 2% > FiFh 2
SR EE.”

EHENLENBEES, A4 TSR 2 4 ] GERE R 55 5 RS20, S B e B AL 2 it /i)
ZUEN .. ERAE SPBREIHES, IR RS T e, EA R E R,
AJ LL— B 47 Hiu g 0] Y0 4t R & b K B SO, ANS BRI D i B A A RS Bk s #
PHAS DY DL B2, AT LS, AN —HAER, MRS FIH, GRS, 30—
A SkEE. WZ), WRAEETIAE T RKIEMSOE, TIREFEME, R MKEE, FhE
FRzIH. MATFHZ . TEE IS HFGRESE, BXERmAERS LR T RE453)
BB ARER S, REASR—MARNER.

H T3 TREEZ Y2 A EEMS AT, B2 2 BRIESHCTRE, mHA
UAREFPE S R EUE, XA XT3 TR 1 0 B0 12 A L At A8 o0 ' Bt v o A5 40 S 1 & O
B, HATMELIBIA “f5. 1A, MY, M DRSS EE, HRDREH A A H A CRIFESCER
FEH AR HER B R B H AR 3% T JR SCE & AN 1R 2 AR b 2 b, FRLE IR 3 SCF HEE A&
AT BATE . AF SR SR, EHAR ER B RE X Z /ML ReHE — G S b =R
RIS, RS AT RE A B A RE T M AR S, B 5.

H—75 M, 1E40 Roger S. Pressman it: “#K{f TREH¥ &2k XTI ERATT AT LA 5E - 7
Frederick P. Brooks 7 { A H#fiE) H (B SH “ME—AZHRBHUAL”, AMIRHELZLSF
REARBRKNE . 8 24 BT ) SE BRI G B H B R DR RS, IXFEA R IX — 2R R IE S Y8
Ro HBREGGHM LEEFERREY, BEVISFERNEN, 250H R R BOR R ks 4T
LM, f5H UMLChina FIAFI OS5 “8AFLLAAAR”, &5 HLBRRS K, mEk
ATTHE VR R P e 25 ) H A R A S [ P A DG AT M N R R, A SR AR A I Y st
EWRBETR, NESOEREAR BB, B EREEE, UAMRESI K, Bk E.




To Cindee: wings of your own



ERERF

R J JUnit B, Martin Fowler 5§ — )% 5 : “tt 5 W& B A AR TUnit —FEFH
g R vl B AR 2 N A SR A e AR KM & o7 i A A SR K 3 T & T BB JUnit R348 4
WP, IR A XA KT Kent Beck 4%, NiZ3REBEREHITENIE? RATEE a7 L
“HE S EMRER TR B EEREG CIRIRS) TT &) IX AL F a0 1 v 0 S0 245 A\ K Skt it
Rt E” ?

WA FF RAR—M A, MEFES. B Java B 0] LUE TS BIAC I £ % S 146
main J7VER, XHEMARBEZELHANZEARAT S . w5 HGEAEN RIS Tk, FA
ALE “WB)” —F b, WRARHL KRB NRHGRAN R ST X—E k&, mERn
EIA IS .

EH R IRB AR BHIEBRRNLS . MRE DX MY R, RIEFESIREN FkE
KT TDD W& — A%, R E X —ERNZH, TDD L PBIEREN —FEFELE T RS
TTRAES, WA T NKGAEFEP R K FEdr, MR, M CiESEImHANS.

Frel RS FRE A XIS, NIXAZEIREE S 14 & Technical ZLAEA KL B S HBRIG
I, WS LRI BEA ELS » Fobi 1542 B 1) [/ Y (e A X R AR T, BESR TDD W] LUK
43 Eclipse IX#£ XA TN H ) R 31, B REN [ A 22 BRI H 1 RAR 7

EAPKERERE S, RBEEMETEANEE, ma2MA T K& TDD SZEk A A 7E TE
T LSRR AOEAS . IERAI, R IEA RN SR %%, BE3% Kent Beck
B R B LB H A [ WS — AR RAERAEAIE B0 . MIvE BRI e KR RTE Tk s B 3k
MRAR, BeS—MAE “—TFIMHREER” *%%Tﬁrﬁ]c\

AT EZFAF KA RERA R, b SRR . A BT BRAEaELUT
JL2E:

P ERERE—EMNHLER

AERFARIBLETABATIXER, ARETHE—FHPOEMN, A RiZSTHEKRE L,
VAR AL ik A ) ik B AT A M7 G 5 ik Bk



WX F L CEBRR)

R BBA S EAM XML, L RATF@ILAFR XY &, Ad kg R R Ay
BE G P MR E S MR E KXY ZEZN,

" »': B R e e,

ABNETRACHITLERZ2B L LN ERRBESHFLERLFEEZIEGEIRAANN.

ISR ~

. T .
s H AR RIEAR T PLAR A AR R BATRY AR E L.
A FBE SR R P TDD M55, A TIMARMD. Bk BA%

o T H A ERAM GRS R, WA TR MRS IR L B ARAF £ BN B . T TDD
BT HANXA Y, Bt EELEEREEX, B TDD g BN RES, F&ABR
B SR Use Case, FREMTRN “BEE” WHEEM, ELBMFFRAR HEEBERR
FAN—FT & B/,

TR RR LT A T EAHER TAERIEE B, BRALARER, RN iZK S ) Python UES
UK Java B SRR, A EAREE R FE LA E. B EANB TR AHET TDD 8 FEHAT,
HBAEM B TIRE K B ENAE K. B Kent Beck. Martin Fowler. Eric Gamma Fl
HAth TDD BI5EATH, MEAIEE T Wb K & . B Eclipse, W& A XA KT ZEH], TDD
wAREHELSK!

A

SVN % ] |if
RSB HRDERAE US FETEHAHE
EhEE @S AR AFRELINER



[ |

“REDHLEF " (Clean code that works), Ron Jeffrey 13X f¥E ke B B2 18 A T 015X 5 T
% (TDD) Wi H#¥r. HTLLUTFMIJERE, Clean code that works {3 FAT 2 SEELHT H#x .

o R AT HIE F R T R PRAT LLAE A4 BHR REMSE, A RO — K H ) bug
FBEE R

o TEAHR—ANLE, RATLLE S BT RIS AR . R AR E BN
5, B AVRE A B R 5 8 ) — AN AP R ik

o B T URIRIR A B BE SR LT R AE ARG

o uf LLik FBA P EBZ 18] ELAR{E #

o S H R R ELRHE T o

ERBAVEMRAREGRE HEEA ML ? SRR R RA T B HEH AN, £2
TE B A RS . A AR % % IR SRR, AT A 2 A — 4 B B —— A
HIFE (TDD) HIXME—RMES AT I & THE. ERRIKS TR, Nix:

o AN AR SR B A G S BT AR

o HEREREMAM.

XA RN, (BRI E R MR RBHARAT D IVE, FHFRATHEARE X:

o WA NIHBHT R, iHEATE WAL TEA [F Pk 2 A SR At S 5t

o W O TS MARFERT, BN IRAIA G RIR AR 2 i A) 20 55 75 A\ 9w 5 MR e 5

o FATTHYTT R IR DA TR BN ) AR AL SR A PR ) J N 5

o ChHTHALINR, FATKE LM HFE mNE. KRG HE k.

X P4 JE LA RS 7R T gr R AT 55 1 — TG .

(1) Ot—RE— AN RRESITHEZE —FF8R 7] RETC g d i kR e

(2) Gta——RPAFNRE LR, AMAER LA EERBENFE.



RRI I Z CGEBIR)

(3) EHHy W LA EE.
ANV SVE X XL TDD By 13k,

T IR XA AR A D2 W AT, A e I R — D Ak AR R4l iR % 1, 3 BLAE
TARR) E B A MR UEINE Y . SR IXFE, A U505 A8 K I SR BT A AR
2T ERIE R E o

o UWREHIREEREB WA WL, BARERIE (QAD LR ALH MBEshAr 2 13,

o RS AMNEIRIESNTLATE D>, AT H SR A Rt 55, LUEiLSERR
BEREHHEITR.

o WERERIHR I R AT LUE SEIE R, 84 B D RRIAT K 5 A fE kAT LAB N 24T B R
fE, MARBREEE —REHF —ANEH.

o I, WRHREEA LI RN, AT T LU R A S B Th R K AR
i, AT 5% 7 RN X R KT .

XHEER, XABESRE R, EIHRM A2 B AR — AN T RGBSR k5
5 HNRYE? Rt A SN TREIH B TS AR 2 U D BB, B b sk i i S 2
AR R E TR RENZRSHUKER? EXEHA.

B

MR I K RAEGRIE P EFIBER —F k. 98, BRARRBFHELEHGOBE (BN
MRV RRERR D, MR —MAINOMEIEAG “XE-NEENSE, REHTIFL, HF
AFIGR” FRARE. WS “F T MARRM, BaBEREN /N7 AR
Rio /AN EBAHLFAE, BREIA V2 HARA R .

o BRIERIMEBAR;

o BHiLIR B FARF:

o RBRILMREERE

o BHEILUREAREE.

XEAR R R By, UGS MR R % . B R AR T B R mx —
ARRAERERE, I A

o JRBRIFMERAARISS], MARMBAR,

o HIGMMATHA, AR B MR

o IHAKKAFWIM RS, MALRETRE:

VIXHNER TR NERE AR ERR 0.



=
)

e (ZTHARM, & BCHRIE.

WHERERREN BRI BIRK—F . ZKBRANE R, —AHEENERR
W8T o KRRt B WK%, RATRES KRR ERZ AT R . XIRE
BB EHERR SR ERIRAENISARE T, KEBE, SRR EE LRI A
Z (B i BRI .

BRI R R AR S F R M h R E bR . — Hik—ARRE, AT
EERKEET . Sl — MR, SmEhEa T —. WEHILE T —MEY, REHT
=, BE R A BUGER, FREMEEEE, FA0AE SN ERED .

3 A 7 — A Extreme Programming Explained W12 Al fe S 1E R IR R mFE (XP)
1 TDD ZEi8 i LA . TDD MR XP HFELAERT. XP iR “iX B2 — SRR 15,
HHE—SE S, T TDD NIF 5. TDD & 5t 4 A2 2 o A vk A 4 ) ) Z2 BR R A
A, DARFBEHIXMERAEAR, “WREL - EPERK LM, R)a@EERKN RS E
AFE? FBR TDD 47 7 8%, XE TDD. #REIRBE T hE MR M EKERE, mHERA R
T XM ERR,

KEBS3% 3] TDD KA RIUAA IR FR L BRI B 7 R B0 T “IABEYL” (Test Infected)
J& Erich Gamma & [ R #R X H IR IE. MR E S F R RS EL MR, m
BXR—EBENEAR TAEFRE TR, H—MERE, —SRA LT TDD 25
FEIBILIATMRESTE, FUEE TDD 1E % W0 4 F B AT AN B R 5ol ) 2 R 7 % .

L8R, (B ARG ARk . Flu, ZetRMIFET
MR RPA TDD MAEBS P R B ArR 8. R 2o s sSe o T oer A, 8
S R T AT T 1 AR5 300 1 R PR (0 b S FA BT o B/ S B 9 AT A AN e AEAUAE
AT R AT SE M IR .

HiE AT, AT

o [HETFR;

e w5 B3h;

o HEMBRIGIM—A R HRE.

XA R 3

o F 1 WMH—BWmBIF, —MEH TDD HEMREKHRAET. FEZEMEMN Ward
Cunningham # EHB2XAF, FHEHAMSIA “EHMEE” Uokog 2R HEIE. X467
HHSHRMMERERDATEERER, AP

o 2 #4——Unit Bl F, —MNEH EEERUBERFNHF (BIEBEMRE), hAa3
MR IF R —MER ., XM FIESmARSN A xUnit G50y, X2 VFS R 2R T 2R
O HHEZABIFH, RESFREATHE M P EMRM T, HhaFESsFre it




MRS AR CGEBIR)
BV R ERENA IR A2~ (self-referential hoo-ha).

o F 33— H KFER, KXo NBHEHR S AFEFIRRRERAH xUnit 47
BRI, U ] T O B e R B B B B T

B E XL TR EE R T RRAFE R RERE . W RARE R EL R §T 5 & Hh
B, BMARTRE A HERR R 3 85, RAEREHNFHIHETFHEIE. WRREZREN
MEFERGEEME U EMERE 7L, B2 FREANEETSENT, BTHR -1
AR FHIRHER — TR, HIEEXIEA—MSEREH ., AH —SHEEFSu. Sb
TIfT FmBEREE, MARE, ARF/EBTOEINRBRRER, ORI K B kw78 iX
5+ 2 5k

StFEIFH— A, 2 B ERIRAER XA FE L AR - (REERD
R DL ) A 3 b — L A AR RBIAEL T A . AT AMNIXLER I, SN REP) . F
EETEREE N RIER AT ER—M “EL” MR, (B, RWEKE I H A BEIR
B ARt B—— (B BEE . FFGiHexE “dF” HiBme 72 ur, iE 15 B8, A
Z— MRS, KPR, sk EE, NMEEEMERNBRTE, R ERIRB
B R A FFEEME%. TDD ol IFR5| % B C AR T IX A g Em B %,




Acknowledgments

Thanks to all of my many brutal and opinionated reviewers. I take full respon-
sibility for the contents, but this book would have been much less readable and
much less useful without their help. In the order in which I typed them, they
were: Steve Freeman, Frank Westphal, Ron Jeffries, Dierk Konig, Edward Hie-
att, Tammo Freese, Jim Newkirk, Johannes Link, Manfred Lange, Steve Hayes,
Alan Francis, Jonathan Rasmusson, Shane Clauson, Simon Crase, Kay Pente-
cost, Murray Bishop, Ryan King, Bill Wake, Edmund Schweppe, Kevin
Lawrence, John Carter, Phlip, Peter Hansen, Ben Schroeder, Alex Chaffee, Peter
van Rooijen, Rick Kawala, Mark van Hamersveld, Doug Swartz, Laurent
Bossavit, Ilja Preufl, Daniel Le Berre, Frank Carver, Justin Sampson, Mike
Clark, Christian Pekeler, Karl Scotland, Carl Manaster, J. B. Rainsberger, Peter
" Lindberg, Darach Ennis, Kyle Cordes, Justin Sampson, Patrick Logan, Darren
Hobbs, Aaron Sansone, Syver Enstad, Shinobu Kawai, Erik Meade, Patrick
Logan, Dan Rawsthorne, Bill Rutiser, Eric Herman, Paul Chisholm, Asim Jalis,
Ivan Moore, Levi Purvis, Rick Mugridge, Anthony Adachi, Nigel Thorne, John
Bley, Kari Hoijarvi, Manuel Amago, Kaoru Hosokawa, Pat Eyler, Ross Shaw,
Sam Gentle, Jean Rajotte, Phillipe Antras, and Jaime Nino.

To all of the programmers I’ve test-driven code with, 1 certainly appreciate
your patience going along with what was a pretty crazy sounding idea, espe-
cially in the early years. I've learned far more from you all than I could ever
think of myself. Not wishing to offend everyone else, but Massimo Arnoldi,
Ralph Beattie, Ron Jeffries, Martin Fowler, and last but certainly not least Erich
Gamma stand out in my memory as test drivers from whom I've learned much.

I would like to thank Martin Fowler for timely FrameMaker help. He must
be the highest-paid typesetting consultant on the planet, but fortunately he has
let me (so far) run a tab.

My life as a real programmer started with patient mentoring from and con-
tinuing collaboration with Ward Cunningham. Sometimes [ see Test-Driven



P B IR CGEBR)

Development (TDD) as an attempt to give any software engineer, working in
any environment, the sense of comfort and intimacy we had with our Smalltalk
environment and our Smalltalk programs. There is no way to sort out the
source of ideas once two people have shared a brain. If you assume that all of
the good ideas here are Ward’s, then you won’t be far wrong.

It is a bit cliché to recognize the sacrifices a family makes once one of its
members catches the peculiar mental affliction that results in a book. That’s
because family sacrifices are as necessary to book writing as paper is. To my
children, who waited breakfast until I could finish a chapter, and most of all to
my wife, who spent two months saying everything three times, my most-pro-
found and least-adequate thanks.

Thanks to Mike Henderson for gentle encouragement and to Marcy Barnes
for riding to the rescue.

Finally, to the unknown author of the book which I read as a weird 12-year-
old that suggested you type in the expected output tape from a real input tape,
then code until the actual results matched the expected result, thank you, thank
you, thank you.



Introduction

Early one Friday, the boss came to Ward Cunningham to introduce him to
Peter, a prospective customer for WyCash, the bond portfolio management sys-
tem the company was selling. Peter said, “I'm very impressed with the function-
ality I see. However, I notice you only handle U.S. dollar denominated bonds.
I’m starting a new bond fund, and my strategy requires that I handle bonds in
different currencies.” The boss turned to Ward, “Well, can we do it?”

Here is the nightmarish scenario for any software designer. You were cruising
along happily and successfully with a set of assumptions. Suddenly, everything
changed. And the nightmare wasn’t just for Ward. The boss, an experienced
hand at directing software development, wasn’t sure what the answer was going
to be.

A small team had developed WyCash over the course of a couple of years.
The system was able to handle most of the varieties of fixed income securities
commonly found on the U.S. market, and a few exotic new instruments, like
Guaranteed Investment Contracts, that the competition couldn’t handle.

WyCash had been developed all along using objects and an object database.
The fundamental abstraction of computation, Dollar, had been outsourced at the
beginning to a clever group of software engineers. The resulting object com-
bined formatting and calculation responsibilities.

For the past six months, Ward and the rest of the team had been slowly
divesting Dollar of its responsibilities. The Smalltalk numerical classes turned
out to be just fine at calculation. All of the tricky code for rounding to three
decimal digits got in the way of producing precise answers. As the answers
became more precise, the complicated mechanisms in the testing framework for
comparison within a certain tolerance were replaced by precise matching of
expected and actual results.

Responsibility for formatting actually belonged in the user interface classes.
As the tests were written at the level of the user interface classes, in particular
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the report framework,! these tests didn’t have to change to accommodate this
refinement. After six months of careful paring, the resulting Dollar didn’t have
much responsibility left.

One of the most complicated algorithms in the system, weighted average,
likewise had been undergoing a slow transformation. At one time, there had
been many different variations of weighted average code scattered throughout
the system. As the report framework coalesced from the primordial object soup,
it was obvious that there could be one home for the algorithm, in AveragedColumn.

It was to AveragedColumn that Ward now turned. If weighted averages could be
made multi-currency, then the rest of the system should be possible. At the
heart of the algorithm was keeping a count of the money in the column. In fact,
the algorithm had been abstracted enough to calculate the weighted average of
any object that could act arithmetically. One could have weighted averages of
dates, for example.

The weekend passed with the usual weekend activities. Monday morning the
boss was back. “Can we do it?”

“Give me another day, and Il tell you for sure.”

Dollar acted like a counter in weighted average; therefore, in order to calcu-
late in multiple currencies, they needed an object with a counter per currency,
kind of like a polynomial. Instead of 3x* and 4y>, however, the terms would be
15 USD and 200 CHE

A quick experiment showed that it was possible to compute with a generic
Currency object instead of a Dollar, and return a PolyCurrency when two unlike cur-
rencies were added together. The trick now was to make space for the new
functionality without breaking anything that already worked. What would hap-
pen if Ward just ran the tests?

After the addition of a few unimplemented operations to Currency, the bulk of
the tests passed. By the end of the day, all of the tests were passing. Ward
checked the code into the build and went to the boss. “We can do it,” he said
confidently.

Let’s think a bit about this story. In two days, the potential market was mul-
tiplied several fold, multiplying the value of WyCash several fold. The ability to
create so much business value so quickly was no accident, however. Several fac-
tors came into play.

¢ Method—Ward and the WyCash team needed to have constant experience
growing the design of the system, little by little, so the mechanics of the
transformation were well practiced.

1. For more about the report framework, refer to c¢2.com/doc/oopsla91.html.



¢ Motive—Ward and his team needed to understand clearly the business
importance of making WyCash multi-currency, and to have the courage to
start such a seemingly impossible task.

* Opportunity—The combination of comprehensive, confidence-generating
tests; a well-factored program; and a programming language that made it
possible to isolate design decisions meant that there were few sources of
error, and those errors were easy to identify.

You can’t control whether you ever get the motive to multiply the value of
your project by spinning technical magic. Method and opportunity, on the
other hand, are entirely under your control. Ward and his team created method
and opportunity through a combination of superior talent, experience, and dis-
cipline. Does this mean that if you are not one of the ten best software engineers
on the planet and don’t have a wad of cash in the bank so you can tell your boss
to take a hike, then you’re going to take the time to do this right, that such
moments are forever beyond your reach?

No. You absolutely can place your projects in a position for you to work
magic, even if you are a software engineer with ordinary skills and you some-
times buckle under and take shortcuts when the pressure builds. Test-driven
development is a set of techniques that any software engineer can follow, which
encourages simple designs and test suites that inspire confidence. If you are a
genius, you don’t need these rules. If you are a dolt, the rules won’t help. For
the vast majority of us in between, following these two simple rules can lead us
to work much more closely to our potential.

e Write a failing automated test before you write any code.
* Remove duplication.

How exactly to do this, the subtle gradations in applying these rules, and the
lengths to which you can push these two simple rules are the topic of this book.
We’ll start with the object that Ward created in his moment of inspiration—
multi-currency moncy.

Introduction



