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Yriaypdonon tng StdleEng

B Mn TTQOYQOUUATICOUEVOL ETIEEEQYAGTES

B YAoTtoinon pe £exwELaTo ¥elploTtit eAéyyou (controller) ko
xewplotn Sedouévwv (datapath)

B YAoTtolnon e unyavég TemeQaoUévmy KOTAGTAGE®Y e
yewplotn Sedouévwv (FSMD: Finite-State Machine with
Datapath)

m Efouoimon tng cuumepupoeds evog Un TeoyQOUULATILOUEVOU
ETMEEEQYOTTN ATTO Un GuvBEGLLO aAyolBukd LovTtéAo

m ITApeg Topddetyuo: €TTEEEQYOOTAG VIOl TOV VITOAOYIGUS TOU
uéyltgtov kowvov Sraupétn (GCD) dvo Jetikiv axkepalnv
aLiuwv
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Mn TTROYQOUUATIEOUEVOL ETIEEEQYAGTES

B Mn TTQOYQOUUATICOUEVOL ETIEEEQYAGTES elvan ekelva TA
KUKA®UOTO T oTtoia £xouv ayediactel €161 dGTE va
UIToQEOUVV Vo, eTAVGOUV €va Wovo TTEoRANnUa

m H un mpoyepaupaticidTnto opelAetal 6Tov TQéTT0
oXeSL0GULOY TOV UNYOVIGUAOV EAEYXOU T®V SLASIKAGLOV
emegepyaciog dedouévov TOoU GuUPAivOUV GTOV ETTEEEQYAGTI

B H Aoyikn eAéyyxov gtov emegepyaotn elval kaAwdiwpévn
(hardwired) kou yevikd dev pitopel va tpottoTtondel uetd
TNV VAOTIOINGN TOU £TEEEQYAGTI

m "Evag un sooyQoyuatiiouevog emeEeQyaoTing astoteAeiton
agrd To xewLoti eA€yxou (controller n control unit) kow To
yerplotn dedouévwv (datapath)
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H opydvwon evdg Un-mpoyQouuaticOUevoy eTTEEEQYATTI

@

B O XERLoTNG EAEYYOU TTOQAYEL GRUATO EAEYYOV YO ThV
SpouoAdynon Twv pnyovicuodv JTou Adufdvouv xdea GTov
XewLoTn dedousvav

B XTO XePLoTn Sedouévmv TTpayuatoTroleital n emegepyacio
dedouévmv ue Ta agykd dedouéva vo AauBdvovriar aTtd
KATTOL0, EEMTEQIKA TTNYN N aTtd aTotyelo agrobnkevong (..
uviiun ROM)

B O XelpleTNg dedouévwy eTGTEEPEL GTO XELELGTR EAEYXOU
onyota katdotaong (status signals) To omola katevdvvouv
Tn petdfacn avdueso TS EGMTEQIKES KATAGTAGELS TOU
XEQLGTN eAEYYOU

m O xepotiig eAéyyov viAoTtoleitan cuxvd ws FSM

NwoAaog Kappadias nkavv@physics.auth.gr nkavv@uop.gr TAdGoeeg Ierypapng YAtkov



H opydvwon evdg Un-mpoyQouuaticOUevoy eTTEEEQYATTI

@)

m [evikd oynuatikd Sidypauio evog un TTQOYQAULATLIOUEVOU
ETEEEQYATTI

cantrol inputs datapath inputs

control signals

KEIPITTAG

KEIPIOTAG eAEyYOU Bedopéviy

(control unit)

status signals

-l
=}

(datapath)

control outputs datapath outputs

NwoAaog Kappadias nkavv@physics.auth.gr nkavv@uop.gr TAdGoeeg Ierypapng YAtkov



Mn TTROYQOUUATICOUEVOL ETIEEEQYAGTES UE OQYLTEKTOVIKNA
FSMD

m H apyrtektovikn FSMD (Finite-State Machine with Datapath
attoteAel €va el80g TTEQLYQAPNS UNn TTEOYQOUUATICOUEV®V
£TEEEQYAGTAOV TNV oTtolo oL katootdoelg touv FSM 1o
otroio Agttovpyel S AOYIKA EAEYXOV EVGOUATOVEL TOUG
Unyovieuous Tou xewplatn dedousvav

m 'Eva FSMD yumopel vo VAOTIONGEL TTANQE®MS TN GUUTTEQLPOQRA
evog eTtegepyacth oe ertiztedo RTL
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To mwEéPAnUa Tov wéytgTouv Kooy draupétn dVo apLduwv

m Aegyduacte 6t ged(n,0) = ged(0,n) = gcd(0,0) =0

m To ¢ntovuevo elvar n gvpeon apBuo m o omoiog va elval o
ueyaATeQog JeTIkOC akéQAUOS 0 0TTolog drapel KAl TOUG
dvo apBuovg

B Xto apyalo EAAnvikG wobnuatikd ovTiirpoomItevel 1o
TTEOPANUO €VEEGNS KOWAES avOpodsS Yo Thy uétonon d0o
evbuydup®y TUNUAT®Y

m To mwedPfAnpa tov GCD emAveTal pwe tov aAyoeLlipo Tov
EvukAeidn

unsigned int gcd(unsigned int a, unsigned int b) {
assert(a > 0 & b > 0);
if (a == b) return a;
if (a > b) return gcd(a-b, b);
if (b > a) return gcd(a, b-a);
}

m Xtov alyépbuo tov EukiAeidn, n avadgoun uitopel va
aTtopevyBel
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O aAy6pBuog Tov HEYLGTOU KOOy SLonEétn

m O aAydépBuog viroAoyicuot) Tov Méyigtouv Koo'y Avougétn
V0 Yetikv arkepalnv

int gcd(int a, int b) result = x;
{ }
int result; else
int x, y; {
result = 0;
X = a; }
y = b; return (result);
}
if (x!=0 && y!=0)
{ int main(Q)
while (x != y) {
{ int result = gcd(196, 42);
if (x >=y) return (result);
X=X -Y; }
else ~
y=Yy - Xx;
}
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AAyoQBuikd Sidyeauuo Eong yua tov aiyépibuo GCD

- W= 88 yi=(

NwoAaog Kappadias nkavv@physics.auth.gr nkavv@uop.gr TAdGoeeg Ierypapng YAtkov



ApBunTtikd mapdderyua vitoloyiguot Tov GCD

m O wikedTeQoS aptiuds amd dvo apbuoic a,b agarpeital
aTtd tov ueyadtepo ae Sadoyikd Pruata

m ‘Otav ov §Vo agBuol yivouv {cot, ToTE LlGOVVTOL e TOV
Méyioto Kowvd Avougétn toug

B Xe qreQimtwon ou n diadikacio @Tdoel uéyptl To onyeio
grov a=1n b =1 t61€ 0L HVo apBuol dev €xovv un
tetowuévo GCD, SnAadn ueyaiitepo Tov 1

m ITopddewyua (a = 196,b = 42)

Bripa | A B

1 196 | 42
2 154 | 42
3 112 | 42
4 70 42
5 28 42
6 28 14
7 14 14

m To asotéAecua eival: ged(196,42) = 14
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Aoy wELGUOS TOU SLOyEAUULATOS QOGS GE KATAGTAGELS

£ s1

Y

result =0
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Teyvikég TTEQLYQAPNG VOGS Un TTROYQOUULATICOUEVOU
emegepyactn GCD

m Mn cuvBéaun Tegrypapn
m Iepypa@n Tng GUUITEQLPOQRAS TOU ETELEQYATTR GE
alyolBuwkd emimedo
B Xpron doudv vipnidov emItédou dTws douss emravdinyng
for ... 1loop kou while ... loop
B Xuyvd yencwoTole{tol w¢ Tunyua evog testbench yia tnv
€gouolman TG GUUTEELPOQRAS TOU KUKAMUOTOS KL TRV
egaywyn €£68wv avopods (reference vectors)
B XuvBéoun JreQrypapn
B YAomoinon ue yelplotn eAéyxov (tvmtov FSM) ko xelptotn
Sedouévwv (datapath)
B YAomoinon ue agyltektovikn FSMD
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Mn cuvBécun Tregrypapn tov GCD

®m 'Ectw A, B oL €l6odo1 dedopévov kot Y n €£080¢ ue tnv Tiun
Tov GCD

® YAomoinon ce ula process

GCD: process
variable A,B,Y: integer range 0 to 65535
begin

if (A /= 0 and B /= 0) then
while (B /= 0) loop
if (A >= B) then

A := A - B;
else
B := B - A;
end if;
end loop;
else
A :=0;
end if;
Y := A;

end process GCD;
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To GuvoMko kKUKAwU Tov emegepyactin GCD

start

x_sel
y_sel
¥_load
y_load

GCD

clock y_sub
controller
reset ¥_sub
omparator’
x_ot_y
/ x_ Iy
x_eq_y
xy_ne_z|
subtractor 0 subtractor
done l
r_sel oy
rmux
r_load outpreg
outp
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Awdypouua katactdcemv yio to FSM tou xepiotn
eAEYYOUL

not (start)

xl=y
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[Tepuypapn tov FSM (1)

library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_unsigned.all;

entity gcd_controller is
port (
clock : in std_logic;
reset : in std_logic;
start : in std_logic;
Xy_ne_zero in std_logic;
x_gt_y : in std_logic;
x_1lt_y : in std_logic;
x_eq_y : in std_logic;
x_load : out std_logic;
y_load : out std_logic;
r_load : out std_logic;
x_sel : out std_logic;
y_sel : out std_logic;
r_sel : out std_logic;
x_sub : out std_logic;
y_sub : out std_logic;
done : out std_logic
);
end gcd_controller;
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architecture fsm of gcd_controller is
type state_type is (s®,sl,s2,s3);
signal current_state, next_state:

state_type;
begin
processl: process (clock, reset)
begin
if (reset = ’1’) then

current_state <= s0;

elsif (clock = ’1’ and clock’EVENT)
current_state <= next_state;

end if;

end process processl;

process2: process (current_state,

start, Xy_ne_zero,

x_gt_y, x_1lt_y, x_eq.y)
begin

x_load <= ’0’;

y_load <= ’0’;

r_load <= ’'0’;

x_sel <= ’0’;

y_sel <= ’0’;

r_sel <= ’0’;

x_sub <= ’0’;

y_sub <= ’'0’;

done <= '0’;

TAdGeeg Ieprypapng YAtkov

hen



[Tepuypapn tov FSM (2)

M (
case current_state is when s2 =>
when sO => if (x_gt_y = ’1’) then
if (start = ’1’) then x_load <= '1’;
x_load <= '17; x_sel <= '1’;
y_load <= ’1’; x_sub <= '1’;
next_state <= sl; next_state <= s2;
else elsif (x_lt_y = ’1’) then
next_state <= s0; y_load <= 1’
end if; y_sel <= ’1’7;
when s1 => y_sub <= ’'1’;
if (xy_ne_zero = ’1’) then next_state <= s2;
next_state <= s2; else
else r_load <= ’'1’;
r_load <= '1’; next_state <= s3;
r_sel <= '17; end if;
next_state <= s3; when s3 =>
end if; done <= ’1’;
next_state <= s0;
end case;
end process process2;
end fsm;
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Lepapykn Jreprypa@n tov xewplatn dedousvwv (1)

B O TTOAVTTAERTNG ETTAOYAG WAG €16050v (a i b) Tou
KUKA®UOTOS KOL TOU OITOTEAEGULATOS TNG Apaipecng
X=X—YyNYy=Yy—X, 0KATAYWENTAS X (/) KOL O OLPOEETNG
euweavitovtol wg VITOKVKAwUA e dU0 aviitTuIta GTo
KUKA®UO Tov yewplotin dedouévav tou GCD

m To vIokUKA®UO aVTd UTtoel va TteQLyQapel Ge EEXwELGTN
entity (gcd partial_dpath) yio tnv kaAvtepn déuncn tng
TLEQLYQOPNGS TOV XELQLOTA Sedouévmv
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Iepaykn TTEQLYQOUPN TOV XELPLGTN dedouevav (2)

start A i
Yo
X sel XMLX
y:sel
x_load
lock GCD b UTTOKLE n_‘r. UTTORURAW P a
clocl y_sul ]
reset controller X 50D cd_parhal dpath gcd_partipl Jdpath
oy toavriToTT omparator 2o avTfTuTo
/ Wty
X_eq_y
xy_ne_z
done
r_sel — oy - —
= T
1_load outpreg
outp
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To vtokVkAwpo ged partial dpath

B Iynuotiko SidyQopio Tou Kool VITOKUKADWATOS YL TG
e€100080v¢g a kot b
in1 in2
sel

load

sub_en

subtractor

outd
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ITeprypapn tov ged partial dpath

library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_unsigned.all;

entity gcd_partial_dpath is
generic (WIDTH : integer);
port (
clock: in std_logic;
reset: in std_logic;
sel: in std_logic;
load: in std_logic;
sub_en: in std_logic;
inl: in
std_logic_vector (WIDTH-1 downto §);
in2: in
std_logic_vector (WIDTH-1 downto §);
outl: out
std_logic_vector (WIDTH-1 downto §)
)
end gcd_partial_dpath;

architecture rtl of gcd_partial_dpath is
signal inl_t, inl_r, res_t :
std_logic_vector (WIDTH-1 downto 0);
begin
process (sel, inl, res_t)
begin
if (sel = ’9’) then
inl_t <= inl;
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else

inl_t <= res_t;
end if;
end process;

process (clock)

if (load = ’1’) then
inl_r <= inl_t;
end if;
end if;
end if;
end process;

begin
if (sub_en = ’1’) then
res_t <= inl_r - in2;
else
res_t <= inl_r;
end if;

end process;
outl <= inl_r;
end rtl;

begin
if (clock = ’1’ and clock’EVENT) ther
if (reset = ’1’) then
inl_r <= (others =>
else

process (sub_en, inl_r, in2)
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To grakéto ged pkg

library IEEE;
use IEEE.std_logic_1164.all;

PACKAGE gcd_pkg IS
component gcd_controller

port (
clock in std_logic;
reset in std_logic;
start in std_logic;
Xy_ne_zero in std_logic;
x_gt_y in std_logic;
x_1lt_y in std_logic;
x_eq_y in std_logic;
x_load, y_load out std_logic;
r_load out std_logic;

x_sel, y_sel, r_sel out std_logic;
x_sub, y_sub out std_logic;
done out std_logic
);
end component;
component gcd_partial_dpath
generic (WIDTH integer);
port (
clock
reset
sel,

in std_logic;
in std_logic;
load in std_logic;

sub_en in std_logic;
inl, in2 : in
std_logic_vector (WIDTH-1 downto 0);
outl out
std_logic_vector (WIDTH-1 downto 0)
);
end component;
component gcd_datapath

generic (WIDTH integer);
port (
clock in std_logic;
reset in std_logic;

a, b : in

std_logic_vector (WIDTH-1 downto 0);
x_load, y_load, r_load
x_sel, y_sel, r_sel in std_logic;
x_sub, y_sub in std_logic;
Xy_ne_zero out std_logic;

x_gt_y out std_logic;
x_1lt_y out std_logic;
x_eq_y out std_logic;
outp out
std_logic_vector (WIDTH-1 downto 0)
DH
end component;
END gcd_pkg;
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[Tepuypapn tov ged datapath (1)

R ( ™
library IEEE; outp
use IEEE.std_logic_1164.all; : out std_logic_vector (WIDTH-1 downto
use IEEE.std_logic_unsigned.all; );
use WORK.gcd_pkg.all; end gcd_datapath;
entity gcd_datapath is architecture rtl of gcd_datapath is
generic (WIDTH : integer); signal x, y, res :
port ( std_logic_vector (WIDTH-1 downto 0)
clock : in std_logic; begin
reset : in std_logic; x_partial_datapath: gcd_partial_dpath
a : in generic map (WIDTH => WIDTH)
std_logic_vector (WIDTH-1 downto @); port map (
b : in clock => clock, reset => reset,
std_logic_vector (WIDTH-1 downto §); sel => x_sel,
x_load : in std_logic; load => x_load,
y_load : in std_logic; sub_en => x_sub,
r_load : in std_logic; inl => a, in2 => vy,
x_sel : in std_logic; outl => x
y_sel : in std_logic; );
r_sel : in std_logic;
x_sub : in std_logic;
y_sub : in std_logic;
xy_ne_zero : out std_logic;
x_gt_y : out std_logic;
x_1t_y : out std_logic;
x_eq_y : out std_logic;
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y_partial_datapath: gcd_partial_dpaég
generic map (WIDTH => WIDTH)
port map (
clock => clock,
reset => reset,
sel => y_sel,
load => y_load,
sub_en => y_sub,

inl => b,
in2 => x,
outl =>y
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ITeprypapn tov ged datapath (2)

e
process (clock)
begin
if (clock = ’1’ and clock’EVENT) ther
if (reset = ’1’) then
res <= (others => ’0’);
else
if (r_load = ’1’) then
if (r_sel = ’0’) then
res <= X;
else
res <= (others => '0’);
end if;
end if;
end if;
end if;
end process;
x_gt_y <= ’1’ when (x > y) else ’0’;
x_1lt_y <= ’1’ when (x < y) else ’0’;
x_eq_y <= '1’ when (x = y) else ’0’;
Xy_ne_zero <= ’'1’ when
(x /=0 and y /= 0) else '0’;
outp <= res;
end rtl;
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[Tpocouoiwon tov emegepyactn GCD (xelpuaTng

eAEYYOV)

Xpovikd Sidypauua tou xewlati eAéyyxou (ged_controller)

Signals
Tine

clock
reset
start
2y_ne_zers
zet_y
xlt_y
X_eq.y
= load
p-load
r_load
x_sel
v_sel
r_sel
x_suh
9_sub
done

Waves

93900 ps

139900 ps

2339
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[Tpocouoiwon tov emegepyactn GCD (xelpuaTng

dedouévmv)

Xpovikd Sidypauuo Tov xeplath dedopévav (ged_datapath)

Signals
clock
reset
start
wy_tie_zern
Egty
x 1ty
ey
x-load
v_Load
r_Load
x_sel
v_sel
r_sel
=[7:0]
sl7:0]
res[7:0]
outp[7:0]

Waves
; 83800 ps 133300 ps (23830
[ 1 [
1 1
[ [
[ 1 [
] 1 ]
| —
I R JiT) % 20 s 00 JiE] L il
I N il
il
1 i
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ITpocouoiwon tov emegepyactn GCD (SieTtoupn tov
GUVOMKOU KUKADUOTOG)

Xpovikd Sidypoupa (Tués to Seradikd)

Signals Waves
93ns 199 ne 299 ne 399 ng 499|ns EEEIFH 639|ns 799|ns 299ns 999 |ns. bl
[
0] 250 05 iR
18] BT b7 DT
0 5 L I T 5010
} Il il il

Xpovikd Sidypaupo (TWES 6To SeraeEadikd)

Signals Waves
s 199ne 299/ 5 3990 5= 499[5z 995z 8995 7994z 99z 293 [gs 1

al7:0] Bk IS 1 T
bl7:0] T AR EL 050 T
outp[7:0] sl i) YR i Y
done ] 1 1 1[Nl
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[Tepypapn tng vAomoinong FSMD tovu emtegepyactn
GCD (1)

library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_unsigned.all;

entity gcd is
generic (
WIDTH : integer

)

port (
clock : in std_logic;
reset : in std_logic;
start : in std_logic;
a : in std_logic_vector (WIDTH-1 downto 0);
b : in std_logic_vector (WIDTH-1 downto 0);
outp : out std_logic_vector (WIDTH-1 downto 0);
done : out std_logic

H

end gcd;

architecture fsmd of gcd is

type state_type is (s®,sl,s2,s3);

signal state: state_type;

signal x, y, res : std_logic_vector (WIDTH-1 downto 0);
begin
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[Tepypapn tng vAomoinong FSMD tovu emtegepyactn

GCD (2)

process (clock, reset)
begin
done <= '0’;

if (reset = ’1’) then
state <= s0;
x <= (others => ’0’);
y <= (others => ’0’);
res <= (others => ’0’);

case state is
when sO =>
if (start = ’1’) then
X <= a;
y <= b;
state <= sl;
else
state <= s0;
end if;
when s1 =>
if (x /= 0 and y /= 0) then
state <= s2;
else
res <= (others => ’'07);
state <= s3;
end if;

elsif (clock=’1’ and clock’EVENT) then
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[Tepuypapn tng vAomoineng FSMD tovu

GCD (3)

ETEEEQYOTTN

when s2 =>
if (x > y) then
X <=X -Y;
state <= s2;
elsif (x < y) then
y <=y - X;
state <= s2;
else
res <= Xx;
state <= s3;
end if;
when s3 =>
done <= '1’;
state <= s0;
end case;
end if;
end process;
outp <= res;
end fsmd;
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"EAeyyoc oBng Acttovpylac ue testbench (1)

m To yopaktnlotikd Tovu testbench yio tnv emtadibevon tng
000n¢ guuepLpopds Tov emegepyactin GCD

B Anyn e166dwv amd agyelo we yonon uetofAntov

m Efouoimwon tng guuieQlpoeds tov emeEeQYATTR GE
aAyoEBuKd emimedo

m [IpocBrikn agragiBuntii emddcewv (performance counter) yio
TNV Miypn Tou avaAUTIKOU TTRO@IA EKTEAEGNS TOV
emegepyaatin GCD yia StoupoeTikég elGO8oug

signal ncycles : integer;

PROFILING: process(clock, reset, done)

begin
if (reset = '1’ or done = ’'1’) then
ncycles <= 0;
elsif (clock = ’'1’ and clock’EVENT) then
ncycles <= ncycles + 1;
end if;

end process PROFILING;
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"EAeyxoc oOng Acttovpylac ue testbench (2)

B AlAwon SIGNAL tiUmou FILE yia Alyn €1668wv amd agyeio
KOl EKTUTTOON SlayvwoTIkng €€680v Ge agyelo

file TestDataFile: text open

read_mode is "gcd_test_data.txt";

file ResultsFile: text open write_mode is
"gcd_alg_test_results.txt";

m Ta Jregieyxdueva tov agyxeiov Kewévoy
"gcd_test_data.txt" (A, B, result)

21 49 7

25 30 5

19 27 1

40 40 40
250 190 10
5 250 5
111
000
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"EAeyxoc obng Acttovpylag ue testbench (3)

AAyopiBukni vAoTtoinen ko €Aeyxog 0Brig AettouQyiog

GCD_EMUL: process
variable A_v,B_v,Y_v,Y_Ref,temp: integer range 0 to 255;
variable ncycles_v: integer;
variable TestData, BufLine: line;
variable Passed: std_logic := '1’;
begin
while not endfile(TestDataFile) loop

readline(TestDataFile, TestData);
read(TestData, A_v);
read(TestData, B_v);
read(TestData, temp);

a <= conv_std_logic_vector(A_v, WIDTH);
b <= conv_std_logic_vector(B_v, WIDTH);

if (A_v /= 0 and B_v /= 0) then
while (A_v /= B_v) loop
if (A_v >= B_v) then
Av := A_v - B_v;
else
B_v := B_v - A_v;
end if;
end loop;
else
Av := 0;
end if;
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"EAeyxoc 0pbng Asttovpylag ue testbench (4)

AMy. vioTtoinon kot €Aeyyoc 0QONng Aettovpylog (Guvéyela)

Y_Ref := A_v;
wait until done = ’'1’;
Y_v := conv_integer (outp);

if (Y_v /= Y_Ref) then
Passed := ’'0’;
write(Bufline, string’("GCD Error: A="));
write(Bufline, A_v);
write(Bufline, string’(" B=")); write(Bufline, B_v);
write(Bufline, string’(" Y=")); write(Bufline, Y_v);
write(Bufline, string’(" Y_Ref=")); write(Bufline, Y_Ref);
writeline(ResultsFile, Bufline);
else
ncycles_v := ncycles;
write(Bufline, string’("GCD OK: Number of cycles="));
write(Bufline, ncycles_v);
writeline(ResultsFile, Bufline);
end if;
end loop;
if (Passed = ’1’) then
write(Bufline, string’("GCD algorithm test has passed"));
writeline(ResultsFile, Bufline);
end if;
wait for CLK_PERIOD;
end process GCD_EMUL;
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"EAeyyog 0p0ng Aettovpylag ue testbench ()

B Extimwon Stayvocetiking €£68ov gto apyelo
"gcd_alg_test_results.txt"

GCD
GCD
GCD
GCD
GCD
GCD
GCD
GCD
GCD

OK:
OK:
OK:
OK:
OK:
OK:
OK:
OK:

Number
Number
Number
Number
Number
Number
Number
Number

of
of
of
of
of
of
of
of

cycles=7
cycles=8
cycles=10
cycles=3
cycles=12
cycles=52
cycles=3
cycles=2

algorithm test has passed
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