PROJECT 5

20023064 Byung-guk Kim and 20035184 Changhyo Yu
Exhaustive search of Q-circuits

How to define cost?

Hadamard : 0

All primitives except for Hadamard : 1

How to define complexity?

Hadamard : 1 (Because the Hadamard gate is more complex than just wires and is less complex than 2 input gates such as Contolled NOT, Controlled V)
When the distance between the wire that has control bit and the wire that controlled bit is ‘1’ : 2

When the distance between the wire that has control bit and the wire that controlled bit is ‘2’ : 14


(When the distance between the wire that has control bit and the wire that controlled bit is ‘2’,


2 swap gates(cost : 3) is added. Therefore, the number of all gates is ‘14’.  (7*2 = 14) )

Case 1.

i> a set of gates to use : 21 gates

# of wires : 3

cost : 0,
complexity : 1
0.7 0 0 0 0.7 0 0 0 
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ii> a set of gates to find : 5 gates (Margolus, Kerntopf, Peres, Fredkin, Toffoli)
Margolus
1 0 0 0 0 0 0 0

0 1 0 0 0 0 0 0

0 0 1 0 0 0 0 0

0 0 0 1 0 0 0 0

0 0 0 0 1 0 0 0

0 0 0 0 0 0 1 0

0 0 0 0 0 1 0 0

0 0 0 0 0 0 0 1

Kerntopf
1 0 0 0 0 0 0 0

0 1 0 0 0 0 0 0

0 0 1 0 0 0 0 0

0 0 0 1 0 0 0 0

0 0 0 0 1 0 0 0

0 0 0 0 0 1 0 0

0 0 0 0 0 0 0 1

0 0 0 0 0 0 1 0

Peres
0.7 0 0 0 0.7 0 0 0 

0 0.7 0 0 0 0.7 0 0

0 0 0.7 0 0 0 0.7 0

0 0 0 0.7 0 0 0 0.7

0.7 0 0 0 -0.7 0 0 0

0 0.7 0 0 0 -0.7 0 0

0 0 0.7 0 0 0 -0.7 0

0 0 0 0.7 0 0 0 -0.7

Fredkin
0.7 0 0.7 0 0 0 0 0 

0 0.7 0 0.7 0 0 0 0

0.7 0 -0.7 0 0 0 0 0

0 0.7 0 -0.7 0 0 0 0

0 0 0 0 0.7 0 0.7 0

0 0 0 0 0 0.7 0 0.7

0 0 0 0 0.7 0 -0.7 0

0 0 0 0 0 0.7 0 -0.7

Toffoli
0.7 0.7 0 0 0 0 0 0 

0.7 -0.7 0 0 0 0 0 0

0 0 0.7 0.7 0 0 0 0

0 0 0.7 -0.7 0 0 0 0

0 0 0 0 0.7 0.7 0 0

0 0 0 0 0.7 -0.7 0 0

0 0 0 0 0 0 0.7 0.7

0 0 0 0 0 0 0.7 -0.7

--------------------------------------------------------------------

<Result of Case 1>

When I have a set of 21 gates to use, I use a maximum of 5 gates(segment 5).
(More than 5 gates requires the execution time more than 2 days as well as big output file.)
After program completes synthesis, synthesized gates among 5 gates are Toffoli and Peres gate. Margolus, Kerntopf, Fredkin gate are not synthesized.
Case 2.
How to reduce from 21 gates to 12 gates?


I select 12 gates that is frequently used in the result of Case1.

i> a set of gates to use : 12 gates

# of wires : 3

cost : 0,
complexity : 1
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-------------------------------------------------------------
ii> a set of gates to find : 5 gates (Margolus, Kerntopf, Peres, Fredkin, Toffoli)

same as Case1.

--------------------------------------------------------------------

<Result of Case 2>
When I have a set of 12 gates to use, I use maximum of 5, 6, and 7 gates(segment 5, 6, 7).
(Because 12^7, 12^6, 12^5 times of comparisons require modest execution time, I could choose 5,6,7 segments.)

After program completes synthesis, synthesized gates among 5 gates are Toffoli and Peres gate. Margolus, Kerntopf, Fredkin gate are not synthesized.

< Classification Method >

In classification 1 and 2, we made a simple program to get information from the output file of the “Qe” as provided with project. And we modified the original program slightly to acquire the data easily as shown below.

i) Modified Qe

Output format

LCFE 
->  LCFE
Synth Gate is 2
We can get the information easily not testing the whole matrix by the synthesized gate number.

ii) The classification program

Input format : The output file of the Qe

Output format : The classified result file

gate 0

gate 1

gate 2

Synth : "LCFE" cost = 4 complexity = 20

•
•
•
Synth : "CFCGL" cost = 5 complexity = 22

gate 3

gate 4

Synth : "LFEFC" cost = 5 complexity = 22

•
•
•
Synth : "CFEFL" cost = 5 complexity = 22
In Classification 3, we used the program by changing slightly. 

i) Modified Qe

We want the result of the synthesizing that it is fail to synthesize a gate. Therefore we removed these codes.

if (matrixTest) {}
ii) The classification program

We used the same program in classification 1 and 2 but we used the heap structure contrary to the array because of the huge data size.

Input format : The output file of the Qe

Output format : The classified result file

Synth : "B" ham hori. = 10 ham vert. = 10

Synth : "C" ham hori. = 4 ham vert. = 4

Synth : "D" ham hori. = 10 ham vert. = 10
•
•
•
Synth : "HEGKE" ham hori. = 48 ham vert. = 49

Synth : "IEGKE" ham hori. = 74 ham vert. = 73

Synth : "JEGKE" ham hori. = 74 ham vert. = 73

Synth : "KEGKE" ham hori. = 36 ham vert. = 36
•
•
•
< Result >

We want to synthesize five types of gates which are Margorous, Kentoff, Peres, Fredkin and Toffoli. The following tables are shown our result. We run the program only 7 segment with 12 primitives and 5 segment with 21 primitives because of the time limitation. In this circumstance, we can find that there are gates cannot be synthesized. 

Environment A : 12 primitive gates

	Number of Segments
	1 ~ 3
	4
	5
	6
	7

	Margorous
	No
	No
	No
	No
	No

	Kentoff
	No
	No
	No
	No
	No

	Peres
	No
	Yes
	Yes
	Yes
	Yes

	Fredkin
	No
	No
	No
	No
	No

	Toffoli
	No
	No
	Yes
	Yes
	Yes


Environment B : 21 primitive gates

	Number of Segments
	1 ~ 3
	4
	5
	6
	7

	Margorous
	No
	No
	No
	No
	No

	Kentoff
	No
	No
	No
	No
	No

	Peres
	No
	Yes
	Yes
	Yes
	Yes

	Fredkin
	No
	No
	No
	No
	No

	Toffoli
	No
	No
	Yes
	Yes
	Yes


1. Cost ( result file : Find_output_12_7_toff.out, Find_output_21_5.out)

We classified the result by the cost effect.

	LFEFC
	5

	…
	

	CFEFL
	5

	
	Sub : 10

	LCFEBB
	6

	…
	

	CFELBB
	6


	
	Sub : 108

	CFLGCBB
	7

	…
	

	LCDDEBB
	7

	
	Sub : 1350



Total : 1468 Synthesized Toffoli Gates from 12 types of primitive gates

10 Synthesized Toffoli Gates of cost 5.
	RHGHE
	5

	HRGHE
	5

	HGRHE
	5

	RJSJE
	5

	HGHRE
	5

	JSJRE
	5

	SHEHG
	5

	HSEHG
	5

	HESHG
	5

	SJRJG
	5

	HEHSG
	5

	JRJSG
	5

	SGHEH
	5

	GSHEH
	5

	GHSEH
	5

	REHGH
	5

	ERHGH
	5

	EHRGH
	5

	EHGRH
	5

	GHESH
	5

	RJSEJ
	5

	SJRGJ
	5

	SJGRJ
	5

	SGJRJ
	5

	GSJRJ
	5

	RJESJ
	5

	REJSJ
	5

	ERJSJ
	5

	HGHER
	5

	JSJER
	5

	EHGHR
	5

	JSEJR
	5

	JESJR
	5

	EJSJR
	5

	HEHGS
	5

	JRJGS
	5

	GHEHS
	5

	JRGJS
	5

	JGRJS
	5

	GJRJS
	5




Total : 40 Synthesized Toffoli Gates from 21 types of primitive gates

40 Synthesized Toffoli Gates of cost 5.
There are many type of synthesized gates in the 21 types of primitives better than that of 12 due to their combination cases.

2. Complexity ( result file : Find_output_12_7_toff.out, Find_output_21_5.out)

The results are shown in the files “c12_7_1_toff.out” and “c21_5.out”.  

	tofolli
	Cost
	complexity

	RHGHE
	5
	22

	HRGHE
	5
	22

	HGRHE
	5
	22

	HGHRE
	5
	22

	SHEHG
	5
	22

	HSEHG
	5
	22

	HESHG
	5
	22

	HEHSG
	5
	22

	SGHEH
	5
	22

	GSHEH
	5
	22

	GHSEH
	5
	22

	REHGH
	5
	22

	ERHGH
	5
	22

	EHRGH
	5
	22

	EHGRH
	5
	22

	GHESH
	5
	22

	HGHER
	5
	22

	EHGHR
	5
	22

	HEHGS
	5
	22

	GHEHS
	5
	22

	RJSJE
	5
	34

	JSJRE
	5
	34

	SJRJG
	5
	34

	JRJSG
	5
	34

	RJSEJ
	5
	34

	SJRGJ
	5
	34

	SJGRJ
	5
	34

	SGJRJ
	5
	34

	GSJRJ
	5
	34

	RJESJ
	5
	34

	REJSJ
	5
	34

	ERJSJ
	5
	34

	JSJER
	5
	34

	JSEJR
	5
	34

	JESJR
	5
	34

	EJSJR
	5
	34

	JRJGS
	5
	34

	JRGJS
	5
	34

	JGRJS
	5
	34

	GJRJS
	5
	34


This is the synthesized results of the toffoli gate from the 21 primitives with 5 segments.

3. Hamming Distance ( result file : ham_peres.xls, ham_toffoli.xls )

	
	Vertical
	Horizontal
	Sum

	LCFE
	0
	0
	0

	CLFE
	0
	0
	0

	CFLE
	0
	0
	0

	CFEL
	0
	0
	0

	LCFGC
	0
	0
	0

	CLFGC
	0
	0
	0

	CFLGC
	0
	0
	0

	CFGLC
	0
	0
	0

	F
	2
	2
	4

	BB
	2
	2
	4

	DD
	2
	2
	4

	GF
	2
	2
	4

	GBB
	2
	2
	4

	FDB
	2
	2
	4

	DFB
	2
	2
	4

	FEC
	2
	2
	4

	FBD
	2
	2
	4

	GDD
	2
	2
	4

	BFD
	2
	2
	4

	…
	…
	…
	…


These are the synthesized results of peres gate at 12 primitives. Arranged by incrementally. The distance of ‘0’ means that it is synthesized correctly and otherwise is not.

	
	Vertical
	Horizontal
	Sum

	LFEFC
	0
	0
	0

	FLEFC
	0
	0
	0

	FELFC
	0
	0
	0

	FEFLC
	0
	0
	0

	G
	2
	2
	4

	DB
	2
	2
	4

	CC
	2
	2
	4

	EC
	2
	2
	4

	BD
	2
	2
	4

	CE
	2
	2
	4

	EE
	2
	2
	4

	FF
	2
	2
	4

	GG
	2
	2
	4

	HH
	2
	2
	4

	JI
	2
	2
	4

	IJ
	2
	2
	4

	KK
	2
	2
	4

	LL
	2
	2
	4

	FBB
	2
	2
	4

	…
	…
	…
	…


These are the result of toffoli gate at 12 primitives. 

All of data are in two folders. The one is in the class12 and the other is class3.






