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To pbits And Beyond

• In part 0, we explained how an AoB can
represent an entangled superposition…
and how layers up to RE avoid bit-level work

• The layers here are the programming interface
presented by a C++ library
• pbit – a dynamically managed RE reference
• pint – variable precision, signed/unsigned
• pfloat – variable precision (accuracy)



The C++ Library: pbp.h
• Any C++ program can #include <pbp.h>

• Warning: research-grade implementation!
• Defines pbit, pint, and pfloat classes
• These classes function like built-in types with

operators overloaded to handle them

• Library code lowers to optimized AoB ops
• Currently, entirely done at runtime (like qiskit)
• Actual execution is implicitly triggered when

needed, some versions use lazy evaluation



The C++ Library Parameters

• Library is highly portable
• 32/64 bit processors, SWAR support
• For ESP32, includes C++ subset interpreter

• Key library parameters:
• REWAYS: max ways entangled (≤32)
• AOBWAYS: ways per chunk (5..9)
• REREGS: how many RE registers
• AOBREGS: how many AOB registers
• ACSIZE: size of applicative cache







The pbit Layer

• pbit p; allocates p and initializes to NaN
• pbit p(0); allocates p and initializes to 0
• NOT(p); applies Pauli X to p
• CNOT(c,t); where c, t=~t
• CCNOT(a,b,c); where a AND b, c=~c
• SWAP(i0,i1); swap values of i0 and i1
• CSWAP(c,i0,i1); where c, swap values
• H(p,c); replace p with p^H pattern c
• SETMEAS(m); measure entanglement chan. m
• MEAS(p); measure chan. m of  p, collapse p



The pbit Layer

• p.Valid() checks for not NaN
• p.And(q), p.Or(q), p.Xor(q), p.Not()
• p.Rot(e) rotates e channels
• p.Flip(a) flips dimensions spec’d by a
• p.Reset(e), p.Set(e), p.Tog(e)
• p.Dom(e) domino channels from e downward
• p.Meas(e), p.Meas()
• p.First() lowest channel with value 1
• p.Ones() population count of 1 values in p
• p.Any(), p.All(), p.Show()



4-pbit Quantum Adder
void
pbitripple()
{
 // 4-bit wide pbitripple-carry adder per Cuccaro et al arXiv:quant-ph/0410184v1
 pbit a0(0), a1(0), a2(0), a3(0), b0(1), b1(0), b2(0), b3(0), z(0), x(0);
 H(a0, 0); H(a1, 1); H(a2, 2); H(a3, 3);
 CNOT(a1,b1); CNOT(a2,b2);
 CNOT(a3,b3); CNOT(a1,x);
 CCNOT(a0,b0,x); CNOT(a2,a1);
 CCNOT(x,b1,a1); CNOT(a3,a2);
 CCNOT(a1,b2,a2); CNOT(a3,z);
 CCNOT(a2,b3,z); NOT(b1);
 NOT(b2); CNOT(x,b1);
 CNOT(a1,b2); CNOT(a2,b3);
 CCNOT(a1,b2,a2);
 CCNOT(x,b1,a1);
 CNOT(a3,a2); NOT(b2);
 CCNOT(a0,b0,x); CNOT(a2,a1);
 NOT(b1); CNOT(a1,x);
 CNOT(a0,b0); CNOT(a1,b1);
 CNOT(a2,b2); CNOT(a3,b3);
 SETMEAS();
 printf("a=%d b=%d\n",
        MEAS(a0)+(MEAS(a1)<<1)+(MEAS(a2)<<2)+(MEAS(a3)<<3),
        MEAS(b0)+(MEAS(b1)<<1)+(MEAS(b2)<<2)+(MEAS(b3)<<3));
}



Notes

• Phase kickback doesn’t happen here for the
same reason that measurement need not
collapse a superposition… but PBP does have
phase operations

• In a quantum computer, measurement is of a
random entanglement channel; here, the
channel is selected as m in SETMEAS(m); and
should be consistently used after selection



Unphased

• How do we implement Deutsch’s Algorithm
without Phase kickback?

• E.g., use Ones() to count 1s in superposition;
same count as H(0) means balanced

pbit x(0); H(0, x);
pbit y(0); H(1, y);
CNOT(x, y);
cout << (y.Ones()==x.Ones()) << “\n”;



The pint Layer

• A pint is automatically dynamically sized
• Superposition with 1<<REWAYS int values
• Precision is 1..REWAYS pbits
• Signed, but only magnitude if non-negative

• p.Minimize() minimizes pbits for p’s value
• p.Logic() makes p have just 1 pbit
• p.Extend(b) makes p have b pbits
• p.Promote(q) makes p big enough to hold q
• p.Valid() false if NaN



The pint Layer

• All the usual C++ int operators are overloaded
• H(w), H(w,mask) create w-way H pattern
• p.Rot(e), p.Flip(a), etc. as for pbit
• p.Min(q), p.Max(q)min/max in each channel
• p.Abs(q) make unsigned value
• p.Signed(e), p.UnSigned()treat pbits as...
• p.Mul(q) the multiply used for *
• p.Mul(q,b) multiply constrained to b pbits out
• p.Summary(), p.Show()



The pint Layer

• p.ReduceOp()reduces superposition to scalar
• p.ScanOp()parallel-prefix of superposition
• p.Scatter(ip,n,e) converts an array

into entangled superposition
• p.Cover(min,max,dim) make superposition

that covers the specified range
• p.Range(min,max,dim) make superposition

that tightly covers, with 0 padding
• p.Gather(ip,n) converts into an array
• p.SortUp(), p.SortDown() bitonic sort



pint Square Root

• Square root by squaring…
For example, pintsqrt(169) is 13

void
pintsqrt(int val)
{
 // Compute square root of val
 pint a(val); // 8-bit number
 pint b = pint(0).Had(4); // possible sqrts
 pint c = (b * b); // square them
 pint d = (c == a); // which were 169?
 int pos = d.First(); // first non-0 is answer
 printf("Square root of %d is %d\n", val, pos);
}



pint Prime Factor
• Prime factoring by multiply…

For example, pintfactor(143) is 11 and 13
void
pintfactor(int val)
{
 // Factor val
 pint a(val); // 8-bit number
 pint b = pint(0).Had(4); // 4-bit possible 1st factor
 pint c = pint(0).Had(4,4); // 4-bit possible 2nd factor
 pint d = b * c; // multiply 'em
 pint e = (d == a); // which were 143?
 pint f = e * b;
 int spot = f.First(); // factors
 int one = c.Meas(spot);
 int two = b.Meas(spot);
 printf("%d, %d are factors of %d\n", one, two, val);
}



The pfloat Layer

• Buggy!
• A pfloat contains three pint values:

• Sign is always a single pbit
• Exp is allowed to grow/shrink as needed
• Frac with choice of two normalization rules:

to MSB or to LSB
• Standard C++ float operators and library

functions (e.g., p.ArcTan())
• All the pint extensions



π in C using int sampling
#include <stdlib.h>
#include <stdio.h>
int main(int argc, char **argv) {
 int i, j, intervals = atoi(argv[1]);
 int w = intervals * intervals, sum = 0;
 for (i=0; i<intervals; ++i) {
  int h = w / (intervals + ((i*i) / intervals));
  for (j=0; j<intervals; ++j) {
   if (h > j) ++sum;
  }
 }
 printf("Pi is roughly %f\n", (4.0 * sum) / w);
 return(0);
}



π in PBP, pint sampling
#include “pbp.h” // PBP classes and support
int main(int argc, char **argv) {
 int bits = atoi(argv[1]); // number of pbits
 pint intervals(1 << bits); // intervals in pbits
 pint w(1 << (2 * bits)); // int scaling factor
 pint x = pint(0).Had(bits); // all x values
 pint y = pint(0).Had(bits,bits); // all y values
 pint h = w / (((x * x) >> bits) + intervals);
 pint r = (h > y); // r is 1 where below curve
 // count 1s; quantum would sample probability
 double pi = (4.0 * r.Pop()) / (1 << REWAYS);
 printf("Pi is roughly %f\n", pi);
 return(0);
}


