Sov-t{n%

 Tuternal sort: recovds it n infernal memovy (olirecT access)
Extevnal Sort: on exfeynal devices — (Block tyansfer)

dis k/ -to'P& (s'zzuentn'ﬂ-\ a“e‘s)

c T: 3N ﬂ"a’\’ (keta, Comparisms)
1 Nz s Sl‘ect;O"/ mseytion, bu.\vble - e,lem.eyd'ay(;‘
- N f,a N : ﬁm‘ck (avevage), heap (wovst.)
* N . yodi% sovt distribution Couum!:ina

: S‘ m P‘“e : NO extva rmemoya(

. Stekle * 24 %18 812>11822845
Unstable : > 11222345

+ 3sort

a b C
if a>b then swap(a, b)
'lf- O > C Yhen Swa.P(aJc)
\§ b >C then swap(bc)

Q

b
S ML
Havdware implemevtatin

min(ab) Max(a,b)



 Selection sort
for 4 =1 to N-I do {

B 0 RT I N G

G ORTIN s min = 4;

G IRTON S for jo= il o N o

G T NITok 8 Al <ol s
min =1

G INOTIR s, Swap(ara ar»?:;J).

G INORIS, 3 =

G T NORSI
‘,.y'ecoYJ.Size

T = A/I;-Q-NM
¢ Good fov small N, IWQCM

¢ Tnsertion Sort

® j;Y almost So#e&. 'fi,e .

€ Compav‘e ad_jacen{'. pairs onla |
lengey 'eap



o Shell sovt

1 2 3456¢7 8 9o 1213415
ASORTINGEXAMPLE

AEORTINGEXAMPLS
ABAGEINMPLO RTXS

h=|3

h=1) & insertion

AAEEGILMNOPRSTX Sort
h-seqpenc: ., 1093, 34, 12|, 48 13 4 l

+ Bubble sort 8 2 2 2z@a)
2 il D B | 2
. qe 2 6. | 3 3
'FOY&‘=A/ dowﬁl'oi 23 7 .|:.555.
-on‘8==2to;Ldo qEIES"G“
if 0[3’4]7«[3’] Hhen |§5-‘;7 n 97
swap(alj-1, al§1) 5% 9 9919




D-’stvi bution Cou.wl:ing_
¢ kc'é €01~ M*‘}

M=8
L= 1 2 3 A 5 617 8 9 10 n 12 13 145 1
alil> 3 1 1 0 37 55 242 | 0 2 € 4
2! 2 b b 5 1
comtls] 2 3 3 2 2 2 | |
o 2. 2 4 B & %
cowtlil 2 5 8 10 12 14 15 16
1 2 2 A & & 7 88 0iiiz 8- 14 1k-16
Abril o0 1 1 FEFETI AL S 56 T
:fov { =N dowilo 1 do {
b.[cou»%[af&]]] = al4];
Count [afi1] = Count [aii] -1,
¢« T =aN

» Stable



Quick Sort

Quicksovt (2, v)
if ¥ > Q +hen {

Vi= a[YJ}' L= “"l; a :=Y,.

Yepeat
vepeat 4 := =4+| unti| ali] z v,
Vepeat 3 '= a-\ unt:| a['a] < V;
ti=ald; afile= alyl; ary) =t;

A= Pav'l:i‘tiov; (£, V.);

il 3‘& « Unt;l é«i.;
O\[a'] = Q[A.] af4] := G[YJ alr] := ".' )
%uncksovl;(ﬂ &_|) \a[ﬂea[J P 3uECk$0Y{:u,3);
‘buocksovi:(u-l, r);
) _
{ = Partition (£, ¥)
| 223466789 161 1213 s/
-0 ASORTINGE XAMPLE
A A s MPLE
A AE 0O X SMPLE
AAEETIN GO0 XS MPLR
I e i T R =
ald  oli] 2 a[4]

. Inefficiewbla on sovled file .

e Ali]z0 () Sextinel
aLylsv = +
3 (2) balane pavtition
® less Cc-mpl-‘c::d“ed.



OtS Ut o1 & 91
.
..LD -0 _/D
Dt os <O Kol
[]
Lt 2 < 0O < 5 e
o e <
S 0 =

TN




(b e g kg g8 ) 0’ 18 1R
R O B T NG BT M P TR
A ssamimecsaBint [abl 0 - oo Nt 0 X M o b B
T e
Al:A
A
o No@gi0 Ml X1 8
E 1 @ Ml o N
B P M
o
I
N| P
LT
T k=
T
B ® oy 0 1L M N QOCPFP R TR
'CN=,1]—Z(N+I+CK_.+CN_,<) Co=C =0
1< k<N
-N+|+%ZCK
€K< N-

(N+l)['l+—+
~ 2N ,03/\/

St

2
N#|

) |



Improvemen‘l:s (25 % ~ 30%)

4 Y
. Removina recuysion.: ’.‘@ /) 7
L:=1; Vi=N; initStack; ':Pwsh(ﬁ)j Ppush(v);
repeat
if r > 2 +hen §
L= 'PO\Y':H!'IOVI (-Q, Y)}
if Ai-f > Y-A +hen <« Pput la\fge.r subfile
"Push (2); ?ush(i—i); {:= At ; on stack
ClSe Dush (is); pushtv); Y ir;
else
Y = ‘POP j = ?0?;
until Stack =¢f g N oiliies on sfack

* Small subfile
H Y-2 =15 then insertion (2, Y);

e Median - of- -quee,.
threeSovt(ale), a[24£2] a[v]),
Swap (a [-Q—;-‘C-J 4 a[r-:]);

Pov tition (e+1, r-2); | T
: V/ / B
» 4 T
0 L e
* No sentine| . E
¢ Pavtition (L+1, y-2)
Sy

=2



Selection : Find Keh Smallest (k=% median)

- K small (.Sc.lec-l:ioh Sort )K =
- K |wr3ev ! 'PVior‘rl'g %ueue: (inSeH:)K(Yephce)”'K
— '0 K'
. K La.vge % L
Recursive Non vecursive k: global
Select (£, v, K) Select (K)  L=); Yeuw,
i+ Y> 4 +then § while vy>42 do §
A i= Pm’tition(ﬂ, V),. 4= P«vt:h‘on (£, Y);
if L > f+K-| +then if i 2 K ¥hen
Select (£, -, K); Vem a=l;
if L < L+K-1 +hen if LK +hen
Select (ixl v, K-i); Lim 4+,
3
KL
T —
i i y
Examp\g l
| 2 34567 8 9ol 12 1314 15
ASORTINGEXAMPLE
MAEETINGOXSMPLR
LINGOPMRX TS
LIGMo PN
M
T = : Wovs'r



Radix Sor‘l:'ma. (string 9’*"53‘ i

. I(ecas Yepresen"'zd . pase-M Sﬁs'l'em, (M- raal.x)
® 'Pracw 4 GomPa.Y'c pieces of keg.s vs. Compave+9xchanae

bits (%, K',j) = (’)6 div 2‘) mod Qé

b g .. 2
C I/////é] ]
oT.—.Nﬁ’A’NQoaN ' \'j
W) Radig Exchange Sor'l: (L> R)
M=2
A 00001 A 0jpo01 A 000011 A 00001
110011 E 00101 A C000ii A 00001
00111 O 01111 E 00101 I 00101
R 10010 L G[1100 E 00101 L& 00101
T 10100 M 01101 G 0011
I 01001 I (/1001
N 01110 N 0[1110 L 01100 L 01100
G 00111 G 00111 M 01101 M 01101
E 0C:01 E 000101 N 011100 N 01110
X 11750 A 00001 Q0111 O 01111
A 00001 X 11000 . S 10011 S 10011 P 100
M 01101 T 1{0100 T 101)0 R 10010 R 10010 - *C010
P 10000 P 10000 F 100C0 P 10000 S 10011 . -9011
L 01100 R 10010 R 10010 T 101/00
00101 “S-1j0011 X 11{000



2) S-I:raight Radix sort (R->L)

(1 » 321 13]

2%

3> 223 |23
47124 324

h = 324
2 >32) 223 |23 124
313

>

(1> 123 )24 13|
2-> 223

3 32| 324
5»

|24’ 324, 223’ 32|’ |23, 13|
M=2m=4.

321 13| 223 |23 124 324

32| 223, 123, 124 324 13|

123, 124, 131, 223 32I, 324

stoble

* Eoch pass ensures .
' distyibution couwl:.ng

nses

A 00001 T 10100 X 11j000 P 1j0900 A 00001

e Example:

m=|

S 1071
O 01111
R 10010
1" 10100

1 01001

N 01110
G 00111

E 00101 -

X 11000
A 00001
M 01101
P 10000
L 01100

E 00101

3) Linear sovt

X 110,00
P 10000
L 011j00
A 00001
I 01001
E 001/01
A 00001
M 011j01

‘E 00101

R 100110
N 01110
S 100{11
O 01111
G 00111

P 10000
A 00001
I 01/001
A 00001
R 10010
S 10911
T 10100
L 01f100
E 00101
M 01j101
£ 00j101
N 01j110
O 01111
G 00111

M 01101

O 01111

A 9001
A 0/0001
R 1/0010
S 10011
T 10100
E J0101
I 00101
G 00117
X 1(1000
I 01001
L 01100

A 00001
I£ 00101
E 00101
G 00111
I-01001
L 01100
M 01101
N 01110
O 0111
P 19700
R 10010
S 10011
T 10100
X 11000

I 01110

W 4 passes Straight radix sort (m=£~) > Lineay

@i 2 Passes onh lcm\iua bits (a\mos‘t szco\ mw)
+ inSertion sort

T=an



’PﬁOY't'ha @ueue_
e EXQMP'& : JOb Sc.hedu.\ev', Kea =(Pr;ov;‘|'3

e Opcra.'l:{ons $
Constmc'.t. - (Ime‘( -l:)N
¥ Insert
* Remove lavaesi: element ; (unless L is (a,,ﬂe,)
'Re.plee v) |av%est with new ‘.‘|‘em. = jnSert + vemove

C\mnge pviov'.'l'g of on element = delete +insert

Join 2 zueue.s
Delete (v)

+ Priority queue fov Sorking = (insert Y (remove)

) unovdeved. list —=» Selection Sort - burden on Yemove

2) ovdeved list $ InSe.Vta'oH Sovt : v inse_r«b
3) Heg.g =>  Heap Sort . amovlize

T=N 'og/\/



* Insert (v)
N e N""; a(N] =V,
thcap (N); .

* Down 'lco.p (W)

+ Replace (v)
:[03 =V, down‘\eap(o)).

YQP\GCQ = a[o]/.

« Remove
Yemove := all;
al] i= alwl; N« N-);
downheap (1);

1= 0( ‘oau)



'TE;P— down :

Bottom - up




: Heap sort

Q) (inserﬁ)M(Yemm’e)M ' Top down
(l)N v
= M; :
'P’" K = l;:.!. downle 1 do JConstm't Heape : Bottom up
downheap (K); . _
Vepeat
swap( a0y, amnl); Ni=w-|
downheap (1)
Unti\l N €|
Lo #95o QlE el S5t B A 8 2010 411918 14 18
A8 AORURT e liNSG B X A. M -.P L L
T N T
p MOt
X 3 e A e
R G E ‘
Bt riii 00N o b b Mee ™ 1, I
X BT e) 3T
Bkl oF R8s 05:iN-«GHEA VA M T L. E
PR O N AT
B R PLL RO NG BivA A Mo
;Y it 3 2 80 G el D0 ) Y € k) ey T G T
Pl Ob T By M AN« G Boc A A
O%, L. [N STHHE M T oA quisg oo
N L M BlaAnAY QB
Mt Lo/ BE e peattali g
L 1. BG B ACA
I G BwsA @B Al
G E.iEANA .
E A B A
BAT A
At
A | .
VIR ER Gieulial: NiiwOis: P Rk G v X

i




Selection x MeV%‘m%

- Selection : find RM swmallest
median, (K=4L)
split file (divide + Cohzuer)

. Mevgmﬁ : Sovied file + Sovled file <> ﬂavaer sorfed. Ffile

Merge file

Quick Sevt : divide 2 Sovied file > whole File sovled
: most done be-FOYe Yecursive Calls (Conauey 2 Div.‘de;

Mevge Sovt : o +merge >
: most done after vecuvsive calls(Divide 2 ConBUGY\

[



. Merae

2-Way merge : o TToTET K

array merqe : Ay, M >—>C 1112]3)4]5]é]

b 2‘4 5Nool M+N
|ist merge: -~ C .

8 ar-»]_e'>_)\> | h [3h L€l

b . .

S 2 —|4 5] 2] 4""%
T=M+N
L:=‘; a.{=|;

a[M+1] = 00; bN+1]) = 00
fov K= | to M+N do
if alil < bl'a'] then c[k) = a[i); 4 =4+;
else clle=bly); §:= g,
- Mevge Sort
. QYYQ%
M:= (L+r) div 2;
rmevﬂe Sort (2, on.); fmevaegort ('m+l, v) 3
Copy (@ b ¢, m); CopyK (@, b m+, v); o

mevge ‘ X |

iy

1 m=§:’.‘f Y

e~ | %
(= S8




o Ligk

T . i : {
R N e m Y/
\C-—"'\—--——/C ’ le|= 2+2x(31)

1
‘&.‘-'-' C, bi=c.next; b b.nex{:; b= b.next.
7

le b* Z do
Nh \Z:= C.’Y\e)('l:-; b‘-‘- b "e’(b; b"“b- ?‘ICX'I:;

b:=C.mext; C.mext = =;
merge Sort = Mevrge (fmevgeSoH; (@),
\.

e Buwild up small sorfed file wilo lavger ones (top down)

. MN=2Mg+N

'rnerge Sort (‘b))}.

=N|g/\/
..Exm*z
1 g 3 4K 80 100 1T 12 1314715
N850 R N G . B AR )
Q.8
A 1SN
{ ] e
I =N
ol N R e p
ALUN O R 8T
E G
V. .4
/S DR ¢ B
M P
)
! Jeoa N P
AEEGLMPX
AAEEGILMNOPR‘STX



f23a 8¢l g0 uiy
N=| ASORTINGEXAM®PL E
’ 1 Tla nlE X[A ML P(E
2 A slo R[I L P
STIAEELMPX
Q A GINOGR R R ST X
begin
N:=1; new(head); headt.next::c;
repeat
todozzhead’[.next; c:=head;
repeat
t:=todo;
@=t; fori:=] t, N-1 do t:=tT.next;
bi=t1. Xt; t.next:= ! 2
t:=bh; ?:fi:l ;ejlf\f—lzdo t:=t1.next; /\/+N‘> N
todo:=l:T.next; tT.next:-——z;
g.next:-—-merge(a, b);
for i:=1to N+-N do c:=ct.next
until todo=z;
N:=N4N;
until a=bead]‘.next;
mergesort:=head1.next
end;
=2
todo N
a7 b gt “
BB e R
7
head ,‘,C {q Jb $edo i -
AlTs{c ol ol bl 1 &y d

. Stoble
No stack.



Extevnal Sortim}

° Ex“':vno.\ memovg : dis“/ -taPe‘
. Acussinz cost domindles

0 S'las‘l'em. aspect as ‘nmpor‘fant as olaovirhm (fechno "’33 dep)
¢ 2-level memovy hiemvchz

- Geneva\l Sort- Mevae me+hod :
 Break File 'lvf"o SOYTQA blocks (vuny
+ Mevge wlo |avaev block

d Goa\ :
Reduce Ppasses

. Memova H; envdng ' ?f‘ﬁe
\

PO (Block) __:

Tvtevnal Mema
t 7
CoVe’ RAM

(Tast | ow COPMH'H Expensive&
’ ’ ﬁf
eTI”." Memyg
Dl' Sk, Tare’ e
(S'OW, Hl‘ﬁl'\ Co.Po\(.I‘f'ﬁJ Cl;ea_f\

\
>




- Balanced 'P-waua mevge

@) C‘\'enevad'e Initial Kuns : input tope
ASORTINGANDMERGI---

toped [AOS - DMN-AEX-

tope2 [T RT+ EGR-LMP* &==, |AOS

tope3 [AGN. G N-E- v '-'fjl*'-'"d Mamery
=3

P=3

(2) P-way Merge
tope4 [AAGINORST®

tapes MEGGIMNNR-
tope ¢ [AEELMPX-

topel [AAADEEEG -

+ lo%P-:—l;, PasseS
o A-tapes are enough

s How to merge L/



€ 'Rgplacement Se'ection
USC ’:PYiOY.I""a @ﬂﬂte HeaP_’ S'\'ZG‘P
« For P- Way Mmerge: '

tapet: AOS -+ DMN-+ -
tape 2: TET I EGR
topes: A G N-G@IN-

tape4: AAGINORST:

e o ’0000) (U
I
]

~ANAOZHLHD D~
AR ZHRHN

* Form Initial Runs
Hm?. size ’M

’-—J\-—\

Rl A8 0 Bl A°M D M| A* G* E*
T8 Rl D M- E P| E* G* M*
RN CERR MR L] ¢* P+ M*
NI-s ¢ 4 Tl a. M- R E| L* P* M*
gl TN IRl T MR M* P* E
Al ¢+ » v [G| M N R P* E
IN| * A N [E| N ¢t R E

D| N* A N* [X| R G* E*

M| N* A D Al X o+ E

tapel: AORST-ADEGIMNRX-E-=
topea: G I NN « AEGLMP-

. Panolom kejs = Tun Size -";-','- 2M

Some ovdey = Lon%ev Yuns
(Exomple : ¥ Key, less than M lavger kea

M befove it = 4 vun )

N
i "P-\:apesa log p 2y Ppasses.



. Scd.fil"em avchitecture

cpu

faPe:L

tape

ogessoy”

L p|ASOR L TING

tope 2

:PrfceSSoV‘ ‘

—M BEIM ! PQRX

‘l:ape
‘PYoCessoY'

Heap
Sovtin %
’PYo %mm

infernal me morg

. ’Prad'ica\ Consideyation
- OVe,Y\apPina © Inpit, output, Computing

e double bv\-FFevina
. —_)-_orecast‘m%



“Pmc'l'i-ca\ Considevations
* Overlap Input, Odput, 2 Comw'hng
* ’Dovdvlg, 'Buffcving : P,-wa% mevaing 2P : input buffers

2 : Mpd' o
taped: 1. 8. 8 1. 8.9, ©.7 -
tape2: 2,4 6,15, 20, 25,°
tope3: |,2 3, 4 -
inpat’  wpal ouk n in out
| 3 & 3 57 | 2
Z&] £ A.
& T §9 7] 156
> >
£ 15 [34] 5
_—5 | e . = e
20 25 5] [=g] 20 2§ a

_FOVe(as u3 5 %
Example: 3 ¢ & .. [En




"Poh‘phau merging_

e No need to » use Z‘P tapes
oR ii) Copy files betweer merging phases,

Example :

toped: AORST - IN-AGN -DEMR - GIN -
tape2: EGX + AMP . EL -

tape 3:

tapel: DEMR: GIN -
-i:ape?:

tapes: AEGORSTX: AIMNP - AEGLA -

tapel:
topez: ADEEGMORRSTX - AGIIMNNP-
topes: AEGLN -+

tapei: AA D‘E ceeone o ooe (sovted file)
tape2 -
‘t""-Pé. 2

3
How +o distribule ‘mit:d\%:.ns ?

¥R 1T T3 1%

g 1B u 7 I1I3=N+4+2

;l % : 2_ Generalized Fibonane: #s.
| (o 2 2

0 g )

| o o O



Vi\'i'u&\ Memonj Environment (EaSg'-)

. 'Page o\emo,ndina + Least ]?ecentlg Used (LRLI) page
. Lomh-l'a of Refevemce
e Intevnal S‘or&'m& with few 'o(a\'-‘"a wovks well .

Exsmple:  Quick sort: 2 localities
Radix sovt: © 4

/M
P W/
/

Counley : ///
In‘fem al
Memovg

Extevnal
Memwg



Seawc\n \ na

* Yetrieve recovds with l(eats rna"'c.hina a given Ke
. d.‘ctiona\ra, Scdmbo‘ +tables 3

. Opera‘t{ons: search
Insert
delete
Join
sort

: Sebvlewl:ial seavch :

5 ayraa : EXAMPLE T=N: unsuccessful
' Nfz:  successful

o linked list:

E'#x > o s Pl |e Ele

e Mmost -Fvcﬁuentla accessed VYecovds 80‘ first

. Self- ovaa.nizeds
EXAMPLE

J Sewch M
MEXAPLE

\} Searxch L
LMEXAPE

A Assume \OC&\"“"J of vefevence -FoY seavch keas



.‘Bina.ra search ( sovizd file)

[§580uo8 04 #8890 10011 1913 14 .15 16 |17
WA A CouR s BB G e T L AaMoN PR 8 X
Avd A QBB G IHET LM N-P R 8§ X
o LiaM INFP-R 8- X
P [R| 8§ X
T=104N I
“Binary search Tree (dlgnamic)
e |3 N (ave.)
N (wovet)
- Sort mf‘t
tveeprint () [ in-ovdey traversal /
W X% ml then {
treeprint (x1. left);
‘{)Yih'l: Node (x);
tvee pvint (x*. Yig"\t);
} L @ Y
=3 IJII T
°In‘\‘erpo|cd:ion sea.vch K1 v K2
V - KI
ARl e W i /S T L s W T D W i L L B T
A gl i e i G & Gl R Dl . B 11 (09 2= - L O
A Pl g e
S.—.
13=14+ 16 2]

X—A .
o T - la '3 N o= CO“‘TG“*. (lgtﬁ |0<5)




. Dcld:ion.
PO R

delete (£, %)
Yepeat

‘P'.:-.-. 9(5 :

if t.key < X. key

then X = X. L5
else X := X. Yj

bl L=

C:=X.Y;

if C=Z Hhen
X i= 0(,.2)"

elsif C.L=2 hen
C.2 = ’X..Q;
’x e &

\
’ Sewh-.|e cT.er L%Z do Ci=C.4

”x i= CQ}
C.Q := X.Y;
’X.!. = '{',l;
X.Y 1= 't-Y;
end
if -l:.kea o '\’.1«3 then PL= X,

else P.Y = %;




Balanced trees
e Wost case : |03‘A/
s Weigh{: balanced

. Height balanced : AVL trees, 2-3 tvees 2-3-4 trees
B-tvees
* AV L - 4rees (Hts diffevence <\)

loco] rvotation

Il‘ ﬁ
S l ‘f. (1)
T A
B .
InSeyLion
C
[/
(2) : u
l
+2-3-4 +tvees 3-node 4-node

A



Red-black tvee Yeyvesﬂt«t:on (one extra bit)

bR

. No Consewtive red links
» Search : as bmar% tyees

Sump|e, 7
Save fmemowj

o Ihsertion ?

insevyt + Yotod'é.
with 2 :

Yed, Pptrs




Insertion=

N (a )
() Sphit 4-node in Seavchmg @ (X) (@)
(2) Insert it bottem node m
e | £ lgN*‘ m o 8
Example ¢ ASEARCHINGEXAMPLE
Insert i @ S
A S E SR
2 .
(A A) (S

RC,H - N

(E R)

3. o
R FRMR FRERY







|oc«| Yetation




Hash‘ma,

« Scramble Ke'ds =
. Comp;d'e address in Hash table

- Hash Function : M-I
R (key) = oL - M-t}
¢« Sim|ay +t0 randon number 8eneri"or.

* Example: R(abe)> 14243 md M =6

* Collision : different keas hash to same addre-’sigggﬁ(ﬂ)

. Sel)omi"e d\a‘mma |°

AlT*|l8IT”|C

M| [

. Or" a.dol.ressma_

K e Rlk), R:(x), ..., Am(K)

0
£
0 Lineav probing: f;,(k) = Ri(k)+| mod M

2) Double Haslnna fia (K) = Ri(K)+U mod M

u-_-..' (k)
. UXO ¢

c(w,M)=1I
- Ux R(K)
+ U= M-2-K Mmod (M-2)

* T = Const (average)
N (worst )



(multi-lists, Se&uen-h'al Seaurck)
10

-
e

o Separdate C‘\aiﬁin&.

P

s
iy |28 gl e e
£ >
: o 0,
2; £ 10 :
H.: = <+
X 35 2. BT ey
o D._m.u. :
e R
~ v
- A
HS St /v o [\ 9
] S B
GR iy (=2] el e e T el Ll —
\II/NM
D e e Sz s = mEln wom
EEEP_ ni TE @0 e _nGI_G_lG o B
O o Almlm @ m
- = 0 @EEEEEEE,E_E-EEE
%9 = Mm b e
i ne |” ok o Blo O 0.0 v elope o
<<<q qul 2 2l < << < << <c <
NPT o | e ] R R R Y )
N W
“mwm = RNl 0 LM LN M W N
s
il
[ ]

(C/M)=,-

IRy

{ P e\

X||E|IL M

X

I
I

S -AGCAIBIHEBINGIH
How about R(K)+C?2

S Ader@ X BB Q- H
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