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Chapter 1

Q-HSK: An Ov erview

1.1 In tro duction

Curren tly , quan tum computing is a v ery theoretical �eld as no highly func-

tional quan tum computer exists. Researc hers exp ect quan tum computing to

b e realized in the next 30 y ears, but un til the �eld matures, the curren t state

of quan tum tec hnology allo ws only for simple calculations.

Quan tum sim ulators are used to mo del the activit y of a quan tum com-

puter on a classical computer, ho w ev er their functionalit y is limited. More-

o v er, within the quan tum comm unit y , the algorithmic language used to de�ne

quan tum functions and op erations is not formalized, whic h adds an unnec-

essary lev el of complexit y to quan tum computer sim ulation.

In order to sim ulate an algorithm, researc hers m ust co de complex math-

ematical op erations using an existing programming language. Curren t pro-

gramming languages, suc h as C/C++, MatLab and Ja v a, lac k the high-lev el

mathematical to ols for op erations related to quan tum mec hanics.

1.2 T eam HSK In tro duces Q-HSK

Q-HSK is mean t to facilitate the implemen tation of quan tum algorithms on

a classical computer. Belo w y ou will �nd the k ey attributes of our language.

7



8 CHAPTER 1. Q-HSK: AN O VER VIEW

1.2.1 F amiliar

Q-HSK expands up on the C language, and uses a similar syn tax. This creates

an easy-to-use dev elopmen t en vironmen t for programmers familiar with C

and is exp ected to spur the adoption of Q-HSK in the Computer Science

comm unit y .

1.2.2 Simple

Q-HSK hides the complex mathematics of quan tum mec hanics within its

built-in functions. This allo ws the researc her to p erform complex op erations

with ease and e�ciency . Programs are th us compact, p o w erful, and easy to

follo w.

1.2.3 Expressiv e

Q-HSK builds up on C with additional t yp es and op erators for use in a quan-

tum en vironmen t. This pro vides a higher lev el of abstraction for elegan t

form ulation of quan tum algorithms.

1.2.4 Epitomic

Q-HSK has the p oten tial to b e the �rst global language for quan tum com-

puter sim ulation. Curren tly there is no uni�cation of sim ulation languages

and tec hniques. Q-HSK hop es to pro vide this needed standardization.

1.2.5 Cutting-Edge

Q-HSK will b e instrumen tal in aiding the dev elopmen t of a quan tum com-

puter. It will allo w researc hers to e�cien tly dev elop and test new algorithms.

F urthermore, this language will not b e rendered obsolete when an extensiv e

quan tum computer is realized; it is sustainable with a quan tum arc hitecture.

1.2.6 Educational

Q-HSK will assist b oth the b eginning and adv anced user in terested in quan-

tum computation and quan tum algorithms. The graphical visualization of

quan tum algorithms pro vides a no v el metho d for b oth teac hing and researc h.
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1.3 Sample Programs

Three sample programs are pro vided b elo w.

The follo wing program calculates the hadamard transform of a quan tum

bit (qubit) and then measures it on a quan tum sim ulation. It demon-

strates the use of the new data t yp e qreg . It also con tains the functions

computeHadamard and Measure , whic h is included in the new language.

int main()

f

qreg *a; /*qbit a is an arr ay of 5 r e gisters j 00000 > */

a = create(5, \a");

int d;

a = computeHadamard(a, RegSize(a)); /*c ompute the hadamar d

tr ansform of a*/

d = Measure(a, RegSize(d), ``d''); /*me asur e the r esult*/

printf("%d",d); /*print the r esult*/

return 0;

g

The follo wing program calculates the quan tum fourier transform of a

qubit on a quan tum sim ulation. This requires a function call to computeHadamard

and to DFT , the quan tum fourier transform function.

int main()

f

qreg *a; /*qbit a is an arr ay of 7 r e gisters j 0000000 > */

inden t a = create(7, \a");

int q;

a = computeHadamard(a, RegSize(a)); /*c ompute the hadamar d

tr ansform of a*/

a =DFT(a, GetQ(a), RegSize(a)); /*p erform the discr ete quantum

fourier tr ansform*/

q = Measure(a, RegSize(q), ``q''); /*me asur e the r esult*/

printf(``%d'', q); /*print the r esult*/

return 0;
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g

The follo wing program calls Shor's algorithm on the n um b er 15 using

quan tum sim ulation. It calls the function shor whic h is lo cated in App endix

C. Sligh t mo di�cations to the source co de giv en in App endix C will ha v e to

b e made.

void main()

f

int prime;

prime=15;

shor(prime); /*c alculate the factorization using Shor's algorithm*/

g

1.4 Conclusion

Q-HSK is a language that facilitates quan tum computing researc h b y pro vid-

ing a forum for standard expression of quan tum op erations. The programs

can b e simply comp osed and implemen ted, as demonstrated b y the giv en

examples. It is pro jected that Q-HSK will b e assimilated in to mainstream

Computer Science b ecause of its syn tax similarit y to the existing C language,

and the adv an tages it o�ers.

F or more information send email to:

Mary am Kam v ar ( mkamvar@cs.columbia.edu )

Krysta Sv ore ( kmsvore@cs.columbia.edu )

Katherine Heller ( heller@cs.columbia.edu )



Chapter 2

A Brief T utorial on Q-HSK

2.1 In tro duction

W e b egin the tutorial b y lo oking at a small Q-HSK program. It is imp ortan t

that the programmer understand basic C/C++ programming concepts. A

basic kno wledge of linear algebra and quan tum mec hanics is desired, but is

not necessary for the Q-HSK programmer. Before jumping in to the program,

let's review some fundamen tals of quan tum computation.

2.2 Quan tum Computers

Sev eral de�nitions and concepts are giv en b elo w to assist the reader in learn-

ing ab out the magic of quan tum computation. Ho w ev er, this review is far

from complete. F or more information, see [1].

2.2.1 Qubits

A quan tum computer exploits quan tum mec hanics to p erform op erations on

bits. A quan tum circuit has quan tum bits whic h are analagous to classic

bits, ho w ev er a quan tum bit can assume not only a v alue of 0 or 1, but also a

sup erp osition of w eigh ted 0 and 1 com binations. This prop ert y is due to the

quan tum mec hanical prop erties of the quan tum bits. Th us, using quan tum

algorithms allo ws for exp onen tially faster computation. A quan tum bit is

con v en tionally referred to as a qubit. One or more qubits can b e placed in

11



12 CHAPTER 2. A BRIEF TUTORIAL ON Q-HSK

a quan tum register, m uc h lik e one or more classical bits can b e placed in a

classical register.

2.2.2 Quan tum Gates

W e again can dra w up on the analogy to classical computers to describ e quan-

tum gates. Qubits are passed through quan tum gates in a quan tum circuit,

just as bits are passed through classical gates in a classical circuit. Quan tum

gates include a subset of gates similar to those found in a classical circuit.

These include NOT gates, X OR gates, and AND gates. Quan tum gates also

include a new set of quan tum sp eci�c gates. Examples of suc h gates are the

unitary op erations whic h are rev ersible computations. There are Hadamard

transforms, F ourier transforms, con trolled phase shifts, and others. The true

p o w er of quan tum computation lies in these quan tum gates that are able

to act as blac k b o xes and p erform complicated mathematical op erations in

parallel. Refer to [1 ] for more information ab out quan tum gates. In addition,

the graphical in terface will pro vide more information ab out eac h gate.

2.3 A Simple Program

One w a y to learn Q-HSK is to lo ok at a sample program and step through

it. W e shall b egin b y lo oking at the follo wing program that demonstrates

the use of th y e qreg : a Q-HSK sp eci�c data t yp e.

1 #include ``complex''

2 #include <stdio.h>

3 int main()

4 f

5 int n, q, value;

6 n = 15;

7 q = GetQ(n);

8 qreg *reg1;

9 reg1 = create(RegSize(q)-1, ``reg1'');

10 reg1 = computeHadamard(reg1, q-1);

11 qreg *reg2;

12 reg2 = create(RegSize(n)-1, ``reg2'');
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13 reg2 = Norm(reg2, RegSize(n));

14 value = Measure(reg2, RegSize(n), ``reg2'');

15 printf(``The value is %d n n'', value);

16 return 0;

17 g

2.3.1 Wh y do w e need include statemen ts?

Lines 1-2 are the include statemen ts con taining the prop er header �les. In

Q-HSK, the C libraries con taining the C functions used within the program

m ust b e declared in the include statemen ts. Also, the complex header �le

pro vided b y the Q-HSK system m ust b e included if the t yp e complex or the

t yp e qreg is used in the program.

2.3.2 What are functions?

The main function marks the start of a Q-HSK program. Q-HSK do es not

allo w main to return t yp e void since there is no t yp e void in Q-HSK. The

return t yp e of main in this program is an in teger, but an y function can re-

turn an y of the Q-HSK data t yp es. There are no argumen ts to main in this

program, but it is p ossible to pass in argumen ts to a function if desired using

syn tax similar to C. Reading argumen ts from the command line again fol-

lo w C syn tax. This is ac hiev ed b y passing in parameters to the main function:

main(int argv, char *argv[]);

If the v alue of the v ariable n w as an argumen t to the program, line 6

w ould b e replaced with:

n=atoi(argv[1]);

It's that simple!

2.3.3 Ho w do w e declare a v ariable?

Declarations in Q-HSK are iden tical to v ariable declarations in C, with one

exception: v ariables cannot b e de�ned in the same statemen t they are de-
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clared. The line int a=5; is not allo w ed in Q-HSK! Line 5 con tains the

declaration of the v ariables, and lines 6-7 are the de�nitions of eac h v ari-

able. Line 7 calls the Q-HSK library function GetQ() , a function that re-

turns the in teger represen ting the n um b er of qubits required for the binary

represen tation of a n um b er n . F or further details, see the App endix C.

2.3.4 What is qreg ?

qreg is a new t yp e in Q-HSK that allo ws the user to manipulate quan tum

registers and qubits directly . A qubit is a complex n um b er. A qreg is a

v ector of qubits. In the ab o v e program, line 8 declares a quan tum register

reg1 . In this case, reg1 is a p oin ter to a quan tum register. This means that

it is dynamically allo cated memory . Just as in C, memory allo cation m ust

b e explicit. In Q-HSK, the function create is similar to malloc in C. On

line 8 w e create RegSize(q)-1 units of space for reg1 . See App endix C

for details on the Q-HSK library functions RegSize and create .

2.3.5 What are the other library functions?

There are sev eral other functions used in the ab o v e sample program. computeHadamard

is an implemen tation of the Hadamard transform. Norm normalizes the reg-

ister v alues so that the probabilit y of measuring a state is giv en b y summing

the squares of its probabilit y amplitudes. Measure measures the quan tum

register, collapses it in to a classical state, and outputs a single in teger. All

details on these functions can b e found in App endix C.

2.4 The Graphical In terface

During the compilation of a Q-HSK program, information is aggregated in

order to construct a visualization of the quan tum 
o w of the algorithm. This

information is then translated in to a Ja v a program whic h is automatically

executed to displa y the Q-HSK statemen ts concurren tly with the construc-

tion of the quan tum circuits.

T o run the ab o v e program, cop y and paste it in to y our text editor and

sa v e it as demo.q . T yp e qhsk demo.q ``demo'' to compile the program. If

there are no errors, then t w o executable �les will b e formed called cdemo and
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jdemo . cdemo is the textual output and jdemo is the graphical Ja v a �le that

can b e loaded to see the quan tum circuit in action.
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Chapter 3

Q-HSK Reference Man ual

3.1 Ov erview of Q-HSK

The Q-HSK programming language is designed to facilitate the implemen ta-

tion and sim ulation of quan tum algorithms on a classical computer. Q-HSK

outputs a graphical represen tation of quan tum op erations and gates, th us

pro viding a unique to ol for a deep er understanding of quan tum algorithms.

3.1.1 F eatures

Q-HSK o�ers man y k ey features for quan tum sim ulation programming. These

include:

� Sev eral classical data t yp es ( int, real, complex, char )

� A quan tum data t yp e for quan tum registers ( qreg )

� Manipulation of quan tum registers

� Easy C-st yle syn tax

3.1.2 A Simple Example

In this simple example of a Q-HSK program, w e tak e the measure of a quan-

tum register qreg after it has b een put in to a sup erp osition b y the Hadamard

transform.

17
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int main()

f

int a;

qreg *q;

q=create(5, ``q'');

q = computeHadamard(q);

a = Measure(q);

printf(``This is the measure: %d'', a);

return 0;

g

3.2 Q-HSK Syn tax

Q-HSK notation can b e describ ed with a con text-free grammar. The com-

plete grammar can b e found in App endix A. The program consists of lines,

whic h can b e either declarations or functions. F unctions are comp osed of

expressions, statemen ts, and declarations. The Q-HSK language pro vides

man y of the same con v en tions as other common programming languages. It

features conditional statemen ts, a lo op structure, and expressions. F urther

detail for eac h subset is pro vided b elo w.

3.2.1 Statemen ts

Q-HSK statemen ts can b e simple or complex. Statemen ts ma y include a

range of options suc h as function calls, simple commands, and con trol struc-

tures. An example of a statemen t is

if (x>5)

printf("x is greater than 5");

3.2.2 De�nitions

De�nitions asso ciate an iden ti�er with a sp eci�ed v alue. The iden ti�er is a

v ariable of t yp e consisten t with the v alue b eing assigned to it. F or example,

complex i;

complex i = (2.0, 3.0);
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3.2.3 Expressions

An expression is a syn tactically correct com bination of terminal sym b ols, as

de�ned b y the grammar rules found in App endix A. F or example, a + b is

an expression in Q-HSK.

3.2.4 Commen ts

Only C-st yle commen ts are supp orted in Q-HSK. Commen ts m ust start with

/* and end with */ . They ma y b e of an y length, but nested commen ts are

not supp orted. A * or / is not allo w ed within the commen t.

3.2.5 Include File

Files can b e included with the command #include �lename . All included

�les m ust b e within the same directory as the program �le. Included �les

m ust b e declared at the b eginning of the program �le.

3.3 Classical Expressions

3.3.1 Classical Data T yp es

The Q-HSK programming language con tains four classical data t yp es: int,

real , complex , and char and p oin ters to those t yp es.

T yp e Detail Example

int in teger 3

real real n um b er 2.237

complex complex n um b er (real part, imaginary part) (2.0, 3.0)

char c haracter a

typ e * p oin ter to a t yp e char *

3.3.2 In teger

An in teger is a whole n um b er or zero with an optional p ositiv e or negativ e

sign. If no sign is presen t, then the in teger is assumed to b e p ositiv e. An

int can b e up to 32 bits in size.
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3.3.3 Real Num b er

A real n um b er is made of a com bination of an in teger part and a fractional

part expressed in decimal notation. A t least one digit to the righ t and left of

the decimal p oin t is required. A + or - is optional. A t ypical size for a real

is 64 bits.

3.3.4 Complex Num b er

The complex data t yp e is represen ted with t w o real t yp es. The syn tax is

( r e al p art , imaginary p art ), where eac h part is a real t yp e.

3.3.5 Character

The char t yp e is an y alphan umeric c haracter.

3.4 Op erators

3.4.1 Arithmetic Op erators

There are sev eral arithmetic op erators in Q-HSK. Their precedence is the

same as that of C++. The follo wing table summarizes these op erators.

Op erator Detail Example T yp e

% in teger mo dulus 5 % 3 int

* m ultiplication 5*3 int, real, complex

/ division 4/2 int, real, complex

+ addition (1.0, 2.0) + (3.0, 4.0) int, real, complex

- subtraction 3.5 - 2.7 int, real, complex

3.4.2 Conditional Op erators

There are sev eral conditional op erators o�ered in Q-HSK. The precedence is

consisten t with that of C++. These are listed in the follo wing table.
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Op erator Detail T yp e

== equal int, real, complex, char

!= not equal int, real, complex, char

< less than int, real

> greater than int, real

<= less than or equal int, real

>= greater than or equal int, real

jj logical or int, real

&& logical and int, real

j bit or int, real

& bit and int, real

3.5 F unctions

There are sev eral functions o�ered in Q-HSK. They are listed b elo w.

F unction Detail

pow(x, y) x raised to the y p o w er

exp(x) e raised to the x th p o w er

log(x) natural logarithm of x

log(x, n) logarithm of x base n

sqrt(x) square ro ot of x

ceil(x) round up to nearest in teger

floor(x) round do wn to nearest in teger

max( x

0

; x

1

; :::; x

n

) maxim um of ( x

0

; x

1

; :::; x

n

)

random() random v alue b et w een [0, 1)

sin(x) sine of x

cos(x) cosine of x

tan(x) tangen t of x

cot(x) cotangen t of x

GCD(x, y) greatest common denom. of x, y
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3.6 T erminals

3.6.1 Keyw ords

The follo wing w ords are considered k eyw ords in Q-HSK: if, while, else,

return, printf, create, int, real, complex, char, qreg, CBLAS .

3.6.2 Iden ti�ers

Iden ti�ers in Q-HSK can b egin with an y letter, and can b e follo w ed b y an y

n um b er of alphan umeric c haracters or an underscore. Iden ti�ers are case

sensitiv e and cannot b e a Q-HSK k eyw ord.

3.6.3 V ariables

A v ariable is a t yp e-sp eci�c name whic h m ust b e declared b efore its use.

V ariables m ust b e declared and initialized in separate statemen ts. A v ariable

cannot b e a Q-HSK k eyw ord.

3.6.4 Scop e

A v ariable is exists within the co de blo c k in whic h it is de�ned. If there are

nested blo c ks of co de, v ariables existing in the outer blo c k exist in the inner

blo c ks.

3.7 P oin ters

P oin ters are allo w ed in Q-HSK. There m ust b e a space b et w een the t yp e and

the * sym b ol. P oin ters ma y b e used with an y t yp e. T o allo cate memory for

p oin ters of t yp e int, real, complex, char use the command malloc as

in C. When allo cating memory for p oin ters of t yp e qreg use the command

create .
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3.8 Classical Statemen ts

3.8.1 F unction Calls

Q-HSK supp orts recursiv e function calls.

3.8.2 Assignmen t

An assignmen t of a v alue to an iden ti�er can b e made with the op erator

= . The t yp es of the v alue and of the iden ti�er m ust b oth b e consisten t and

v alid.

3.9 Quan tum Statemen ts

3.9.1 Quan tum Registers

There is a single data t yp e for quan tum registers called qreg . qreg is a

quan tum register of qubits.

3.9.2 Quan tum Expressions

The follo wing table lists the w a ys to reference a quan tum register qreg and

its qubits.

Expression Detail Register

q quan tum register en tire register

q[i] qubit single qubit

T o dynamically create a qubit, use the function create() . The syn tax

can b e found in App endix C.

qreg *q;

q = create(5, ``q'');

3.9.3 Unitary Op erations

A unitary op eration U is an op eration suc h that U

y

U = I , where y is the

adjoin t (transp osition follo w ed b y complex conjugation) and I is the iden-

tit y matrix. An y unitary op erator is a v alid quan tum gate. They m ust b e
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rev ersible and in v ertible op erations. Suc h gates include the Hadamard gate,

the con trolled-not gate, and the SW AP gate.

3.9.4 Non-Unitary Op erations

The measuremen t op eration is imp ortan t in quan tum computation. It con-

v erts a single qubit in to a classical bit with a corresp onding probabilit y . This

is irrev ersible and non-in v ertible. Measure measures a quan tum register.

int i;

qreg *q;

q = create(2, ``q'');

q = computeHadamard(q);

i=Measure(q);

3.10 Con trol Flo w

3.10.1 Blo c ks

A blo c k is a set of statemen ts. Con trol 
o w in a blo c k m ust con tin ue from

statemen t to statemen t.

3.10.2 Conditional Branc h

Q-HSK con tains if and if-else statemen ts analagous to their de�nitions

in C++. If the expression is true, then the statemen ts within the if blo c k

are executed. Otherwise, the statemen ts in the else blo c k, if suc h a blo c k

exists, are executed.

3.10.3 Lo ops

There is only one t yp e of lo op in Q-HSK: the conditional while lo op. As

long as the giv en expressions remain true, the lo op con tin ues to execute.
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3.11 Subroutines

Subroutines are o�ered for b oth classical and quan tum settings. There are

classical functions of t yp es int, real, complex, and c har, pseudo-classical

op erators of t yp e qreg , general unitary op erators of t yp e qreg , algorithms

of t yp es int, qreg , and CBLAS matrix library function calls of t yp e complex

and qreg .

3.11.1 Restrictions

Subroutines can only b e called from other routines. There is no need to in-

clude a header �le to use the library functions of Q-HSK. Ho w ev er, functions

within a C library m ust include their prop er C header �le. A complete list

of Q-HSK library functions are listed in App endix C.

3.11.2 F unctions

F unctions can b e of t yp e int, real, complex, qreg or char . They ma y

require as man y parameters as deemed necessary . Lo cal v ariables are de�ned

at the b eginning of the function de�nition. T o return a v alue from the func-

tion, a return statemen t is in v ok ed. Recursion is allo w ed in Q-HSK and

calling of other functions is allo w ed. T yp ecasting is p ermitted in Q-HSK.

3.11.3 Included Subroutines

F unctions a v ailable in Q-HSK include prime testing, prime p o w er testing,

hadamard transform, quan tum fourier transform, quan tum measuremen t,

the size of a register, and the n um b er of qubits needed for a giv en op eration.

Refer to App endix C for a more complete listing. CBLAS functions can also

b e called.
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Chapter 4

Q-HSK Pro ject Plan

4.1 Pro cess

Implemen tation of the Q-HSK system b egan in Septem b er 2002. First, the

lexer, tok enizer, and parser w ere designed and tested. W e then con tin ued

dev elopmen t b y translating a Q-HSK program in to C++ with a robust trans-

lator and b y adding a graphical in terface w as added to pro vide a learning

to ol.

4.2 Implemen tation St yle Sheet

4.2.1 Inden tation

Use tabs for inden ting.

4.2.2 T abs

T abs shall b e at �v e space in terv als, except for the Y acc �le whic h is tabb ed

for readabilit y .

4.2.3 Braces

All braces shall b e aligned v ertically or horizon tally . If matc hing braces

are not readily iden ti�able, i.e., more than one screen apart, add n um b ered

27
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commen ts to matc h them. F or example, the braces enclosing the class blo c k

w ould b e: f //[1] and g //[1]

4.2.4 Statemen ts and Blo c ks

Blo c ks shall b e inden ted one tab space b ey ond their calling statemen t.

4.2.5 Metho ds

Lea v e a blank line b efore and after all metho ds.

4.2.6 F unction Names

All function names shall, whenev er p ossible, describ e the function's purp ose.

Names will b e initial upp er case with in termediate names capitalized.

4.2.7 V ariables

V ariable names shall describ e their purp ose. One letter v ariable names

(names without an y connotation) are reserv ed for lo op indicies and coun-

ters. V ariable names should ha v e initial lo w er case letters.

Global V ariables

Declare all global v ariables together at the top of the co de when p ossible.

Lo cal V ariables

Declare all lo cal v ariables at the b eginning of their resp ectiv e functions.

4.2.8 Constan ts

Constan t names shall describ e their purp ose. All constan ts names are all

UPPER CASE, with in termediate w ords separated b y an underscore " "

c haracter.



4.3. TIMELINE 29

4.2.9 Commen ts

All co de shall ha v e a commen ted blo c k at the v ery top of eac h function. The

blo c k shall include a description of the program's function and the name of

the team-mem b er who created the function.

Single-line Commen ts

Single-line commen ts should use the // ... format.

Multi-line Commen ts

Multi-line commen ts should use the /* ... */ format (do not use the

// format for m ulti-line commen ting). Do not place stars or other c har-

acters at the b eginning of eac h line of the in termediate lines. Instead,

to clearly deliminate the commen ted section, the section should b e sur-

rounded b y a line of stars at the b eginning and end of the function, i.e.

/********************** .

4.3 Timeline

Belo w is a timeline of our goal p oin ts during the implemen tation of the Q-

HSK system.
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Date Goal Ac hiev ed

10/1/2002 � Preliminary ideas of design

10/10/2002 � Whitepap er completed

10/17/2002 � P arsing of simple expressions

(no quan tum t yp es)

10/24/2002 � P arsing of complex expressions

(no quan tum t yp es)

10/31/2002 � Reference man ual rough draft

� Remo v al of con
icts in Y acc

11/7/2002 � Reference man ual completed

� Complete parsing of non-quan tum expressions

11/14/2002 � Implemen t basic graphics

� P arsing of complex

11/17/2002 � Allo w CBLAS calls

� P arsing of qreg

11/19/2002 � P arsing of Shor's algorithm

� Basic graphics w orking

� In-class demo

11/21/2002 � Add mouse in teraction to graphics

11/25/2002 � Complete in teraction b et w een

translator and graphics

11/27/2002 � Finish co de

12/1/2002 � F ull testing

� Finalize graphics

� Final rep ort rough draft

12/3/2002 � Pro ject completed

� Final rep ort completed

4.4 Roles and Resp onsibilities

The design and dev elopmen t of the Q-HSK system w as a co op erativ e, col-

lab orativ e e�ort b et w een all Q-HSK team mem b ers.

Eac h mem b er of the T eam w ork ed together to get the rudimen tary Lex,

Y acc and C translation �les running with a mak e�le. Establishing this foun-

dation together help ed the T eam to b etter understand the limitations and

abilities of these to ols, whic h w as paramoun t in deciding the future direction
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of the pro ject. Once these initial design plans had b een laid out ho w ev er,

leadership resp onsibilities w ere delegated to di�eren t team mem b ers in order

to exp edite progress.

The Q-HSK system w as divided in to three subsections for dev elopmen t

purp oses. Katherine Heller led the e�ort to dev elop the robust Lex , Y acc and

translation �les. Krysta Sv ore led the e�ort to dev elop the Q-HSK quan tum

function "library" in C++, and Mary am Kam v ar led the e�ort to dev elop

the Ja v a-based animation output of Q-HSK programs.

Leadership resp onsibilities primarily en tailed programming dev elopmen t,

and making design decisions in ternal to eac h mem b er's sub-section of the

Q-HSK system.

Although serv er space had b een allo cated for Q-HSK dev elopmen t on

whic h in tegration could b e p erformed remotely , T eam Q-HSK preferred to

b e together for this pro cess not only b ecause it w ould b e easier to iden tify

whic h part of the system w as causing the bug with three brains, but the

iden ti�cation of bugs in the system w ould often lead the team to re-consider

a ma jor design decision. These decisions could not ha v e b een made b y one

team mem b er herself b ecause they t ypically a�ected eac h part of the System.

4.5 Soft w are Dev elopmen t En vironmen t

The parsing �les w ere written in Lex and Y acc using Emacs and the trans-

lation �le w as also written in C using Emacs. The quan tum functions w ere

written in C++, again using Emacs. The Q-HSK animator w as written in

Ja v a using the F OR TE IDE.

4.6 Pro ject Log

Belo w is list of tasks b oth completed and uncompleted b y date.
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Date Ac hiev emen ts

10/1/2002 � Dev elop ed an o v erview of the

pro ject

10/10/2002 � Solidi�ed pro ject ideas

10/17/2002 � Able to parse simple non-quan tum

expressions

� Dev elop ed idea of graphical

in terface

10/24/2002 � Able to parse complex

non-quan tum expressions

� Begin design of graphics

� Need to test capabilities

of parser

10/31/2002 � Completed a rough draft of

the reference man ual

� Remo v ed most of the

con
icts in the Y acc

�le

� Need to handle complex n um b er

arithmetic

� Need to in v estigate

CBLAS, BLAS

11/7/2002 � Completed the reference

man ual

� Able to parse all

non-quan tum expressions

� Need to decide on a

matrix library

11/14/2002 � Finished basic graphics

� Able to parse t yp e

complex

� Included CBLAS matrix

pac k age

� Need to incorp orate

t yp e qreg
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Date Ac hiev emen ts

11/17/2002 � Able to handle

CBLAS calls

� Able to parse t yp e

qreg

mo di�ed complex library

11/19/2002 � Able to parse Shor's

algorithm

� Basic graphics w orking

� In-class demo

� Need to automate graphic calls

� Need to align g++ errors

with Q-HSK program errors

� Need to handle double-clic k

on a quan tum gate

� Need to translate ja v a calls

11/21/2002 � Need to con tin ue to

in terpret mouse mo v emen t

11/25/2002 � Completed in teraction b et w een

translator and graphics

11/27/2002 � Finished co de

12/1/2002 � F ull testing

� Finalized graphics

� Completed �nal rep ort rough draft

12/3/2002 � Pro ject completed

� Final rep ort completed
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Chapter 5

Q-HSK Arc hitecture

5.1 Structural Diagram

The diagram b elo w sho ws the 
o w of a program when it en ters the Q-HSK

system.

35
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5.2 In terfaces

The pro cess of compiling a .q program is fairly straighforw ard. The user

pro duces a .q file to b e compiled. This �le is then sen t through the tok-

enizer written in Lex to b e brok en in to tok ens. The parser then parses the

input from the Lex program and pro duces a C++ output �le. This is directly

passed through g++ for further compiling and error c hec king. g++ pro duces

a compiled, runnable executable �le a.out . When a.out is run, it pro duces

b oth a textual output �le and a Ja v a �le that can b e compiled to pro duce a

graphical represen tation of the quan tum steps of the original .q program. All

of this is done automatically when the command qhsk pr o gr am .q is executed.

5.3 T eam Resp onsibilities

The en tire team w ork ed on designing the v arious comp onen ts of the Q-HSK

system. Katherine Heller primarily dev elop ed tok enizing and parsing the

.q �le. She w ork ed with the Y acc, Lex, and C translation �les to help

pro duce a concise and accurate system. Krysta Sv ore mainly dev elop ed the

quan tum sim ulation comp onen ts of the system and asssited with the quan tum

translation. She mainly w ork ed with the C translation programs and the

connection b et w een the translated program and the Ja v a in terface. Mary am

Kam v ar primarily led the e�orts on the graphical in terface. She devlop ed

the Ja v a program and the comm unication b et w een the C++ and Ja v a �les

whic h pro duced a visual guide to quan tum algorithms.



Chapter 6

Q-HSK T est Plan

6.1 Examples

Belo w is a listing of the Q-HSK source co de and its translation in to C++.

6.1.1 Hadamard

The follo wing program calculates the hadamard transform of a quan tum

register and then measures it.

Q-HSK

int main()

f

qreg *a; /*qbit a is an arr ay of 5 r e gisters j 00000 > */

a = create(5, \a");

int d;

a = computeHadamard(a, RegSize(a)); /*c ompute the hadamar d

tr ansform of a*/

d = Measure(a, RegSize(d), ``d''); /*me asur e the r esult*/

printf("%d",d); /*print the r esult*/

return 0;

g
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C++

int main()

f

complex *a; /*qbit a is an arr ay of 5 r e gisters j 00000 > */

a = (complex *)mallo c(5*sizeof(complex));

int d;

a = computeHadamard(a, RegSize(a)); /*c ompute the hadamar d

tr ansform of a*/

d = Measure(a, RegSize(d), ``d''); /*me asur e the r esult*/

printf("%d",d); /*print the r esult*/

return 0;

g

6.1.2 F ourier T ransform

The follo wing program calculates the quan tum fourier transform of a qubit

on a quan tum sim ulation. This requires a function call to computeHadamard

and to DFT , the quan tum fourier transform function.

Q-HSK

int main()

f

qreg *a; /*qbit a is an arr ay of 7 r e gisters j 0000000 > */

inden t a = create(7, \a");

int q;

a = computeHadamard(a, RegSize(a)); /*c ompute the hadamar d

tr ansform of a*/

a =DFT(a, GetQ(a), RegSize(a)); /*p erform the discr ete quantum

fourier tr ansform*/

q = Measure(a, RegSize(q), ``q''); /*me asur e the r esult*/

printf(``%d'', q); /*print the r esult*/

return 0;

g
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C++

int main()

f

complex *a; /*qbit a is an arr ay of 7 r e gisters j 0000000 > */

inden t a = (complex *)mallo c(7 * sizeof(complex));

int q;

a = computeHadamard(a, RegSize(a)); /*c ompute the hadamar d

tr ansform of a*/

a =DFT(a, GetQ(a), RegSize(a)); /*p erform the discr ete quantum

fourier tr ansform*/

q = Measure(a, RegSize(q), ``q''); /*me asur e the r esult*/

printf(``%d'', q); /*print the r esult*/

return 0;

g

6.2 T est Suites

Q-HSK testing men talit y w as to p erform man y incremen tal in tegration tests.

Because of the sheer n um b er of test �les, the en tire test suite will not b e

outlined in this do cumen t. Ho w ev er, the k ey tests that comprise the testing

suite are outlined b elo w.

6.2.1 T est 1

This is the �rst test program that w as successfully run through Q-HSK sys-

tem.

int main()

f

int a;

a = 2+3;

g
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6.2.2 T est 2

This is a test program that rev ealed to team Q-HSK mem b ers that although

Q-HSK generated appropriate errors for m ulitiple declarations of a single

v ariable name, Q-HSK w ould erroneously rep ort v ariable clashes for v ari-

ables in di�eren t scop es. Note that as a result, the team decided that a C++

compiler w ould deal with complex error handling.

int main()

f

int a;

a = 5;

return 0;

g

int fun2()

f

int a;

return a;

g

6.2.3 T est 3

This is a test program whic h successfully parsed Q-HSK sp eci�c functions,

and generated an accurate C++ translation.

void main()

f

int a;

qreg *b;

b = create(5, ``b'');

a = 5;

return 0;

g
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6.2.4 T est 4

Shor's algorithm is a complete Q-HSK program whose output w as success-

fully run through the Ja v a animator. Shor's algorithm can b e found in Ap-

p endix B.

6.3 Automation

T o facilitate automation, Q-HSK had a mak e�le, with whic h it w as simple

to run eac h test �le that comprised the test suite. Unfortunately , complete

testing automation w as nev er ac hiev ed o v er the en tire suite.

6.4 T eam Resp onsibilities

The testing resp onsibilities for the Q-HSK system w as divided along the

same lines leadership resp onsibilities w ere divided. Katherine Heller w as

resp onsible for ensuring compilation and accurate output of the lex, y acc

and translation �les, Krysta Sv ore w as resp onsible for ensuring compilation

and accurate output of the C++ �le that con tained quan tum functions, and

Mary am Kam v ar w as resp onsible for ensuring compilation and accurate out-

put of the Ja v a animation �le. In tegration testing, m uc h lik e the in tegration

itself, w as the resp onsibilit y of the en tire team and w as p erformed together.



42 CHAPTER 6. Q-HSK TEST PLAN



Chapter 7

Lessons Learned

Belo w, eac h team mem b er describ es her exp erience during the design and

implemen tation of Q-HSK.

7.1 Katherine Heller

The most signi�can t lesson I learned from this pro ject is the imp ortance of

team w ork and collab oration. My fello w team mem b ers w ere extremely ded-

icated p eople and w e all w ork ed together extremely w ell, regardless of the

exten t of our undertaking. Without an y one team mem b er successful comple-

tion of this pro ject w ould not ha v e b een p ossible. I also b eliev e this pro ject

o w es greatly to the en th usiasm, a v ailabilit y , and general guidance (esp ecially

at the early stages) of b oth our T A and professor. Ev ery one I w ork ed with

w as full of p ositiv e energy and determination. I b eliev e that is wh y this has

b een the most enjo y able (regardless of sleep depriv ation) and probably most

successful pro ject I ha v e ev er w ork ed on.

I also learned the imp ortance of w orking hard to w ards am bitious goals,

regardless of ho w far o� or unattainable they ma y seem at the time. I learned

that it helps to plan and think ahead, while at the same time it helps to start

small and slo wly build up to a �nal pro duct.

Lastly , I learned that it is m uc h more in teresting to de�ne y our o wn

pro ject based on the in terests of y ou and y our teammates. This encourages

creativit y and inspires y ou to come up with no v el ideas.
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7.2 Krysta Sv ore

Ov er the course of the semester, I ha v e learned the ins and outs of writing

a robust programming language to suit a particular nic he. But I ha v e found

the the more lasting asp ect of the pro ject is the skills I ha v e acquired o v er

the past few mon ths.

I ha v e learned that it is crucial to main tain a list of goals and corre-

sp onding dates to complete those goals in order to mak e consisten t progress.

Without w eekly meetings and parallel programming sessions, I don't b eliev e

w e w ould ha v e accomplished near the amoun t that w e ha v e. When w e at-

tempted to �nish di�eren t sections on our o wn, it did not w ork out as w ell as

the parallel sessions. But as w e learned from these exp eriences, our language

grew and grew. W e b egan the pro ject with the b elief that our language migh t

nev er mak e it, and �nished with more functionalit y and co ol features than

ev er imagined!

I ha v e also found that it is imp ortan t to divide the w ork and delegate

one p erson as the leader of eac h division. This helps things progress more

quic kly and more easily . Eac h p erson really b ecame an exp ert in an area b y

the end of the semester, whic h really help ed main tain the forw ard mo v emen t.

W e all w ork ed together to solv e problems and bugs, but w e really tried to

distinguish the divisions of w ork.

A t the end, I learned that it is extremely imp ortan t to k eep testing the

v arious comp onen ts together. Sometimes w e fell a bit b ehind on this, and

realized that w e had 
a ws only after com bining the sep erate en tities. Ov erall,

I ha v e learned that an organized plan and a clear division of w ork is a large

comp onen t of a successful pro ject.

7.3 Mary am Kam v ar

Most imp ortan tly , this pro ject reinforced the immeasurable v alue of team-

w ork. F rom the inception of our team name, T eam Q-HSK acted as a uni�ed

force, w orking to w ards a b etter quan tum sim ulator. I b eliev e m uc h of the

success of our pro ject is due to the motiv ation and dedication of eac h team

mem b er, and moreo v er due to the ease with whic h w e w ere able to w ork
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together.

I also learned that although a picture can con v ey a thousand w ords, it

migh t lac k three vitally imp ortan t and k ey descriptiv e w ords. I learned this

lesson at ab out 2:30am one morning, while I w as demoing a rudimen tary

implemen tation of the graphics to m y other team mem b ers. I had b een mo d-

eling the animation after pictures dra wn on the whiteb oard, whic h hadn't

explicitly represen ted the non-concurrency in a quan tum state. This realiza-

tion resulted in a complete o v erhaul of the graphics system and ob jects. But

this situation also ga v e rise to another v aluable lesson: Implemen ting co de

t wice inspires signi�can t impro v emen ts! I b eliev e that the second design of

the graphics system is more extensible and manageable than the �rst.

As for future advice, I w ould encourage an y one em barking on a similar

endea v or to �nd a pro ject that is meaningful. Moreo v er, I b eliev e the pro ject

will b e m ulti-fold more exciting if y ou are able to �nd y our o wn 'nic he'

in to whic h y ou can use y our past exp eriences and apply y our kno wledge.

Although I had no bac kground in Quan tum Computing, I understo o d the

no v elt y of our idea, and w ork ed on the dev elopmen t of Q-HSK as a learning

to ol for Quan tum Computing. I appreciated this on t w o lev els: �rst, b ecause

I w an ted to learn as m uc h ab out Quan tum Computing as I could through

this pro ject, and secondly , b ecause I enjo y teac hing and exp erimen ting with

new teac hing to ols and metho ds. Hence I found the Q-HSK pro ject v ery

relev an t to m y o wn goals, and I think that eac h team mem b er w as similarly

able to �nd their o wn 'nic he'.

7.4 F uture Advice

Our advice for future groups stems from our o wn lessons learned o v er the

semester.

7.4.1 Comm unication

W e b eliev e comm unication is k ey . Detailing the design early helps to elim-

inate later problems. W e sp en t sev eral meetings redesigning comp onen ts

b ecause our early la y out w as not complete enough. Explicit de�nitions of

the input and the output for eac h comp onen t is imp ortan t and will sa v e the
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team v aluable time.

7.4.2 Organization

It is imp ortan t to b e organized b efore, during, and after the pro ject. If y ou

organize team deadlines along the w a y , then the pro ject will con tin ue to

progress. W e had w eekly team meetings and frequen t parallel programming

sessions to main tain organization. Also, b eginning small and expanding o v er

time will assist with the organization. It is alw a ys p ossible to add more fea-

tures, but w e found it to o o v erwhelming to start with a large legacy system.

W e are still planning more features for our system, but b y w orking along the

w a y w e ha v e a �nished pro duct at eac h goal p oin t.

7.4.3 Expansion

It is v ery imp ortan t to demo the pro duct to audiences at v arious p oin ts in

dev elopmen t. F ruitful c hanges and impro v emen ts can th us b e made b ecause

it will b e based on user feedbac k.



App endix A

Q-HSK Grammar

A.1 Notation

Literals are in typewriter font . Sub expressions are in italic . Expressions

that can b e rep eated 1 or more times are follo w ed b y a

+

. Expressions that

can b e rep eated 0 or more times are follo w ed b y a

�

. A j represen ts an "or".

P aren theses, (...) indicate that the grouping m ust b e done together. [...]

represen ts a regular expression.

A.2 Grammar

pr o gr am ! lines

lines ! c omment lines

! incls de clist lines

! c omment

! �

statements ! statement j statements statement

statement ! [ string j qr e g ] string = expr ;

!f statements g

! return expr ;

! printf ( quote dstring printlist ) ;

! if ( c omp arison ) statement elses
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! while ( c omp arison ) statement

! string ( c al list );

! de cs

! CBLAS

! c omment

! �

c omp arison ! ( string j ints ) ( j j & j == j > = j < = j > j < j ! =) ( string j ints )

printlist ! printlist , some c al l

! �

incls ! incls # include includestring

! incls # include quote dstring

! �

functions ! typ e string ( ar glist ) statement

functyp e string ( ar glist ) statement

ar glist ! ar gs j �

ar gs ! typ e string

! ar gs , t yp e string

de clist ! de clist de cs

! �

de cs ! typ e varlist ;

varlist ! string

! varlist , string

! qur e g

! varlistqr e g , qur e g

elses ! else statement

! �

expr ! expr (+ j � ) expr
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! expr ( = j � ) expr

! expr % expr

! ( expr )

! string ( c al list )

! - expr

! ints

! string

! qr e g

c al list ! some c al l

! c al list , some c al l

! �

some c al l ! expr j quote dstring j typ e

ints ! inte ger j r e al j c omplex

c omment ! /* [ ^ / *] */

int ! [ 0-9 ]

+

real ! [ 0-9 ]

+

.[ 0-9 ]

+

complex ! ( r e al , r e al )

char ! [a-zA-Z][a-zA-Z0-9]

�

quote dstring ! \ [ ^n n]

�

"

string ! [ a-zA-Z ]

+

includestring ! [ a-zA-Z ]

+

typ e ! int j real j complex j qreg j char

qreg ! string [ int ]

! string [ string ]

! string []
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App endix B

Shor's Prime F actorization

Algorithm

Belo w is an example of Shor's algorithm for prime factorization in the Q-HSK

programming language. It is a mo di�ed v ersion of the co de found in [2] and

[3].

#include <iostream.h>

#include <math.h>

#include <time.h>

#include ``complex''

#include <stdlib.h>

#include <stdio.h>

int flag;

int main(int argc, char * argv[]) f

flag=0;

/*Establish a random seed.*/

srand(time(NULL));

printf("Shor's Algorithm Restrictions are: 1) The number to be

factored must be >= 15. 2) The number to be factored must be odd.

3) The number must not be prime. 4) The number must not be a prime

power");

/*n is the number we are going to factor, get n.*/ int n;

n = atoi(argv[1]);

printf("n is %d n n", n);
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/*Test to see if n is factorable by Shor's algorithm. Exit if

the number is even.*/

if (n%2 == 0) f

printf("Error, the number must be odd! n n");

exit(0);

g /*Exit if the number is prime.*/

if (TestPrime(n)==1) f

printf("Error, the number must not be prime! n n");

exit(0);

g

/*Prime powers are prime numbers raised to integral powers. Exit

if the number is a prime power.*/

if (TestPrimePower(n)==1) f

printf("Error, the number must not be a prime power! n n");

exit(0);

g

/*Now we must pick a random integer x, coprime to n. Numbers

are coprime when their greatest common denominator is one. One is

not a useful number for the algorithm.*/

int x;

x=0;

x = 1 + (int)((n-1) � (real)rand() = (re al)R AND MAX);

while (GCD(n,x) ! = 1 jj x == 1) f

x = 1 + (int)((n-1) � (real)rand() = (real )RAN D MAX); g

printf("Found x to be %d. n n", x);

/*Now we must figure out how big a quantum register we need for

our input, n. We must establish a quantum register big enough to

hold an equal superposition of all integers 0 through q - 1 where

q is the power of two such that n ^ 2 < = q < 2n ^ 2.*/

int q;

q = GetQ(n);

printf("Found q to be %d. n n", q);

/*Create the register. QuReg star reg1 = new QuReg(RegSize(q)

- 1);*/
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qreg *reg1;

reg1 = create(RegSize(q)-1, "reg1");

printf("Made register 1 with register size = %d n n", (int)pow(2,

RegSize(q)-1));

/*This array will remember what values of q produced for x ^ q mod

n. It is necessary to retain these values for use when we collapse

register one after measuring register two. In a real quantum computer

these registers would be entangled, and thus this extra bookkeeping

would not be needed at all. The laws of quantum mechanics dictate

that register one would collapse as well, and into a state consistent

with the measured value in resister two.*/

int *modex;

modex = (int *)malloc(q*sizeof(int));

/*This array holds the probability amplitudes of the collapsed

state of register one, after register two has been measured it is

used to put register one in a state consistent with that measured

in register two.*/

complex * collapse;

collapse = (complex *)malloc(q*sizeof(complex) );

/*This is a temporary value.*/

complex tmp;

/*This is a new array of probability amplitudes for our second

quantum register, that populated by the results of x ^ a mod n.*/

complex * mdx;

mdx = (complex *)malloc(((int)pow(2, RegSize(n)))*sizeof(comp lex) );

qreg *reg2;

reg2 = create(RegSize(n),"reg2" );

printf("Created register 2 of size %d n n", (int)pow(2,RegSize(n)));
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/*This is a temporary value.*/

int tmpval;

/*This is a temporary value.*/

int value;

/*c is some multiple lambda of q div r, where q is q in this program,

and r is the period we are trying to find to factor n. m is the

value we measure from register one after the Fourier transformation.*/

real c,m;

/*This is used to store the denominator of the fraction p div

den where p div den is the best approximation to c with den <= q.*/

int den;

/*This is used to store the numerator of the fraction p div den

where p div den is the best approximation to c with den <= q.*/

int p;

/*The integers e, a, and b are used in the end of the program

when we attempts to calculate the factors of n given the period it

measured. Factor is the factor that we find.*/

int e,a,b, factor;

/*Shor's algorithm can sometimes fail, in which case you do it

again. The done variable is set to 0 when the algorithm has failed.

Only try a maximum number of tries.*/

int done;

done = 0;

int tries;

tries = 0;

while (done==0) f

if (tries >= 5) f

printf("There have been five failures, giving up. n n");

exit(0);

g
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/*Now populate register one in an even superposition of the integers

0 -> q - 1.*/

reg1 = computeHadamard(reg1, (q-1));

/*Now we preform a modular exponentiation on the superposed elements

of reg 1. That is, perform x ^ a mod n, but exploiting quantum parallelism

a quantum computer could do this in one step, whereas we must calculate

it once for each possible measurable value in register one. We store

the result in a new register, reg2, which is entangled with the first

register. This means that when one is measured, and collapses into

a base state, the other register must collapse into a superposition

of states consistent with the measured value in the other.. The

size of the result modular exponentiation will be at most n, so the

number of bits we will need is therefore less than or equal to log2

of n. At this point we also maintain a array of what each state

produced when modularly exponised, this is because these registers

would actually be entangled in a real quantum computer, this information

is needed when collapsing the first register later.*/

/*This counter variable is used to increase our probability amplitude.*/

tmp = (1.0,0.0);

/*This for loop ranges over q, and puts the value of x ^ a mod n

in modex[a]. It also increases the probability amplitude of the

value of mdx[x ^ a mod n] in our array of complex probabilities.*/

int i;

i=0;

while(i < q) f

/*We must use this version of modexp instead of C++ builtins as they

overflow when x ^ i > 2 ^ 31.*/

tmpval = modexp(x,i,n);

modex[i] = tmpval;

mdx[tmpval] = mdx[tmpval] + tmp;

i=i+1;

g

/*Set the state of register two to what we calculated it should
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be.*/

int k;

k=0;

while(k < pow(2, RegSize(n))) f

reg2[k] = mdx[k];

k=k+1;

g

/*Normalise register two, so that the probability of measuring

a state is given by summing the squares of its probability amplitude.*/

reg2 = Norm(reg2, RegSize(n));

/*Now we measure reg2. */

value = Measure(reg2, RegSize(n),"reg2");

/*Now we must using the information in the array modex collapse

the state of register one into a state consistent with the value

we measured in register two.*/

i=0;

while(i < q) f

if (modex[i] == value) f

collapse[i] = (1.0,0.0);

g

else f

collapse[i] = (0.0,0.0);

g

i=i+1;

g

/*Now we set the state of register one to be consistent with what

we measured in state two, and normalise the probability amplitudes.*/

int r;

r=0;



57

while(r < pow(2, RegSize(q)-1)) f

reg1[r] = collapse[r];

r=r+1;

g

reg1 = Norm(reg1, RegSize(q)-1);

/*Here we do our Fourier transformation. */

printf(" n nBegin Discrete Fourier Transformation! n n");

reg1 = DFT(reg1, q, RegSize(q)-1);

/*Next we measure register one, due to the Fourier transform the

number we measure, m will be some multiple of lambda div r, where

lambda is an integer and r is the desired period.*/

m = Measure(reg1, RegSize(q)-1, "reg1");

/*If nothing goes wrong from here on out we are done.*/

done = 1;

/*If we measured zero, we have gained no new information about

the period, we must try again.*/

if (m == 0) f

printf("Measured 0 this trial a failure! n n");

done = 0;

g

/*The DecMeasure subroutine will return -1 as an error code, due

to rounding errors it will occasionally fail to measure a state.*/

if (m == -1) f

printf("We failed to measure anything, this trial a failure!

Trying again. n n");

done = 0;

g

/*If nothing has gone wrong, try to determine the period of our

function, and get factors of n.*/

if (done==1) f

/*Now c = lambda div r for some integer lambda.*/
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c = (real)m / (real)q;

/*Calculate the denominator of the best rational approximation

to c with den < q. Since c is lambda div r for some integer lambda,

this will provide us with our guess for r, our period.*/

den = denominator(c, q);

/*Calculate the numerator from the denominator.*/

p = (int)floor(den * c + 0.5);

/*Give user information.*/

printf("measured %f, approximation for %f is %d / %d n n",

m, c, p, den);

/*The denominator is our period, and an odd period is not useful

as a result of Shor's algorithm. If the denominator times two is

still less than q we can use that.*/

if (den % 2 == 1 && 2 * den < q ) f

printf("Odd denominator, expanding by 2 n n");

p = 2 * p;

den = 2 * den;

g

/*Initialise helper variables.*/

e = 0;

a = 0;

b = 0;

factor = 0;

/* Failed if odd denominator.*/

if (den % 2 == 1) f

printf("Odd period found. This trial failed. Trying

again. n n");

]indent done = 0;

g

else f

/*Calculate candidates for possible common factors with n.*/

printf("possible period is %d n n", den);
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e = modexp(x, den / 2, n);

a = (e + 1) % n;

b = (e + n - 1) % n;

printf("%d ^ %d + 1 mod %d = %d, n n%d ^ %d - 1 mod %d

= %d n n", x, den / 2, n, a, x, den / 2, n, b);

factor = max(GCD(n,a),GCD(n,b));

g

g

/*GCD will return a -1 if it tried to calculate the GCD of two

numbers where at some point it tries to take the modulus of a number

and 0.*/

if (factor == -1) f

printf("Error, tried to calculate n mod 0 for some n. Trying

again. n n");

done = 0;

g

if ((factor == n jj factor == 1) && done == 1) f

printf("Found trivial factors 1 and %d. Trying again. n n",

n);

done = 0;

g

/*If nothing else has gone wrong, and we got a factor we are finished.

Otherwise start over.*/

if (factor != 0 && done == 1) f

printf("%d = %d * %d n n",n, factor, n / factor); g

else if (done == 1) f

printf("Found factor to be 0, error. Trying again. n n");

done = 0;

g

tries=tries+1;

g

free(reg1);

free(reg2);

free(modex);

free(collapse);
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free(mdx);

return 1;

g



App endix C

Q-HSK Library F unctions

C.1 Classical F unctions

C.1.1 TestPrime

The Q-HSK function TestPrime has the form:

int TestPrime(int n)

n m ust b e the n um b er to b e tested. TestPrime c hec ks if n is a prime

n um b er and returns 0 if true and 1 if false.

C.1.2 TestPrimePower

The Q-HSK function TestPrimePower has the form:

int TestPrimePower(int n)

n m ust b e the n um b er to b e tested. TestPrime c hec ks is n is a p o w er of

a prime n um b er and returns 0 if true and 1 if false.

C.1.3 RegSize

The Q-HSK function RegSize has the form:

int RegSize(int a)

RegSize tak es the in teger a and returns the n um b er of bits needed to

represen t that in teger.
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C.1.4 GetQ

The Q-HSK function GetQ has the form:

int GetQ(int n)

GetQ tak es an in teger n and returns the p o w er required b y the quan tum

computation.

C.1.5 denominator

The Q-HSK function denominator has the form:

int denominator(real c, int qmax)

denominator returns the denominator q of the b est rational denominator

q for appro ximating p=q for c with q < q max .

C.2 Quan tum F unctions

All quan tum library functions require the Q-HSK library complex .

C.2.1 modexp

The Q-HSK function modexp has the form:

int modexp(int x, int a, int n)

modexp tak es x, a , and n and returns x

a

modn .

C.2.2 computeHadama rd

The Q-HSK function computeHadamard has the form:

qreg * computeHadamard(qreg *z, int size)

z m ust b e a p oin ter to a t yp e qreg . size m ust b e an in teger con taining

the desired size of the qreg . It computes the hadamard transform on the

quan tum register z of size size , but will output a register of size 2

s

iz e .
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C.2.3 DFT

The Q-HSK function DFT has the form:

qreg * DFT(qreg *reg, int q, int reg size)

The computes the quan tum fourier transform of the quan tum register

r e g and returns a p oin ter to a quan tum register with the v alues after the

transformation.

C.2.4 Norm

The Q-HSK function Norm has the form:

qreg * Norm(qreg *State, int reg size)

State m ust b e a p oin ter to a t yp e qreg . r e g size m ust b e an in teger

con taining the size of the quan tum register. Norm normalizes the states of

the quan tum register.

C.2.5 Measure

The Q-HSK function Measure has the form:

int Measure(qreg *State, int reg size, char s[])

State m ust b e a p oin ter to a t yp e qreg . r e g size m ust con tain the size

of the quan tum register. s[] m ust con tain the name of the register State .

Measure measures the quan tum register and collapses it to a classical state.
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App endix D

Implemen tation Source Co de

D.1 The Lex File
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66 APPENDIX D. IMPLEMENT A TION SOUR CE CODE

D.2 The Y acc File



D.3. THE TRANSLA TION FILE 67

D.3 The T ranslation File
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D.4 The Ja v a File
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