Strategy File

REPORT ON STRATEQ ES | MPLEMENTED & OPTI M SATI ONS USED -
ASSNs 1,2 & 3

Al M

The objective is to design and inplenent a cost-effective algorithmto
play a given coin gane on a determnistic basis.

STRATEGY:

The obvi ous approaches to the problemare brute-force approach and the
cognitive one.

The hunman mind tackles this problem by reducing the given configuration
into sinpler geometrical shapes, and use pre-conceived notions so as to
devel op a potential w nning conbination. This pattern recognition
approach works for small nunmbers but becones unw el dy for |arger
nunbers.

The brute force algorithmis ruled out sinply by the huge conputationa
task involved in considering and deciding on all possible noves at every
stage of the gane.

Hence the idea was to streanline the algorithmso that the best possible
nove is selected as quickly as possible without conpromising on its
quality. Another nmjor consideration was to minimse the menory usage at
every step keeping in mind the limted resources avail abl e.

***The mmj or change to be incorporated was the redesi gned points system
whi ch entailed winning on points,even at the cost of |osing the game per
se.

DETAI LS:

Data Structure |nvol ved-

The configuration of coins is represented as a Lower Diagonal Matrix.
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Thi s approach has two advant ages over storage as an equil ateral
triangle.1l) space usage is econom sed,and 2)the valid noves are
sinmple,viz. vertical, horizontal and di agonal

Depth First Search-



The current configuration acts as the root of the game tree, with the
avai | abl e options being the 1st |evel nodes formng their own
subtrees. At each stage the subtrees branch out according to all the
possi bl e noves that can be played,until the last coin is picked(this
fornms the | eaf node). Thus an exhaustive search is nade of all possible
out conmes starting fromthe current configuration

This recursive approach had the constarint of linited menory use
bei ng feasible at each step. So i nstead of passing copies of the entire
matrix to the subsequent |evel s(which entailed formati on of nunerous
matrices),the same nmatrix is passed after making the requisite
changes. These changes are stored in an auxiliary array,with these being
reverted after its correspondi ng subtree has returned. This al so speeds
up the search i mensely.

*** | nmprovenent: In first round, the points systemwas favourable to

Wi nning the game only. So, the first best w nning nove was selected. In
second and third round, the points systemdeterm ned the nove. This tinme
the search is undertaken according to the priority of coins per nove,
which is decided by the given points system The aimis to get the
opti mum points picking up the optimum nunber of coins.Priority is
1,3,5,2,4 coins per nove. 6 coins nove is avoi ded altogether

Deci si on Maki ng-

M ni max approach- The entire is built on the precept of both players are
equally intelligent,with the first player having the initiative to

sel ect the wi nning nove, and the second player relying on the forner
slipping up for the latter to win. Thus at each stage, both players make
t he best avail abl e option

Cut-offs Applied- Gven a configuration,the probe stops once a w nning
nmove is found and its sibling trees are not anal ysed. This econoni ses the
time required for the decision to be made. This remains the same for
both players with a sure-win situation for one being a sure-Iloss
situation for the other

VWhen faced with a sure-loss situation,a single coin is picked.This is
done in order to nake the opposing algo think the hardest giving us a
chance of timng it out.This also stretches the gane giving the
opposi tion maxi num chance of slipping up

Speci al Optim zations-

1)

We observed that a | arge nunmber of sinilar configurations were anal ysed
repeat edly when the nunmber of coins was in the sub-10 range. This
unnecessarily slowed down the execution of the al gorithm where recursion
was concerned. So, taking a cue from Tabul ar Dynam ¢ Progranmm ng

techni ques, we decided to store the w nning configurations of the gane
up to 8 coins.

But this inplies storage of mllions of possible matrices, with the
extra tinme taken to search for a specific configuration and conpari sons.
So, this was not feasible unless some better way of matrix storage was
appl i ed.



The total nunmber of possible configuration is (2721)-1, which is wel
within the "long int" range. So, if a matrix can be encoded and decoded
into an integer, the storage space can be drastically reduced. The
matrix is first encoded into its binary equivalent, which is further
converted into its integral form

Thus a program was nmade which found all possible w nning configurations
when the nunber of coins was limted to <=8. These configurations are
|ater stored in the main program Hence, whenever the number of coins
falls in the sub-nine range, we encode the matrix to its correspondi ng
integral formand use Binary Search to find if it is a w nning
configuration. Thus the probe terninates i mediately after no. of coins
falls to less than 9. This greatly speeds up the algorithm

1)

*** \When t he nunmber of coins is large, there is still the problem of
ext ended

recursion. The solution is picking 1 coin until 16 coins limt is
reached, t hus

gi ving us maxi mum points: coin ratio and | eaving the maxi mum nunber of
coi ns

for the opposition to slip up

Conpr om ses-

In order to limt the depth of the gane tree, when playing as player 2,
we pick a singlet coin until the nunber of coins is reduced to 16.

Scope of inprovenent -

We select the first winning nmove without regard to the points it wll
fetch us.This can easily be incorporated in the code by storing the

Wi n/loss points ratio alongwith the wi nning conbinations. This could then
be made use of to select the winning nmove with the nost favourable
points ratio.Since this would have involved nore storage space and woul d
have bl oated the code, it was avoided for a gane of this nagnitude.

The sane strategy could also be inplemented in a sure-Iloss
situation,thus giving us the chance to lose in the best possible manner.

**** | nportant: The strategy of deciding best noves on the basis of best
"net points' was tried out and di scarded on account of the tinme limt
bei ng exceeded.

Sumar y-

In assignments 1 & 2, the thrust was on w nning the gane, since the

poi nts system demanded it. This was inplenented successfully by the
algorithm This algorithmwas first in assignment 1. But in assn.3, the
points systemrequired opting for the greatest points nove even at the
expense of wi nning the match. Hence a change was nade in the intervening
rounds of assn 3, naking the algo nore greedy in nature. But the strain
of searching the entire decision tree |ooking for the optimal nobve (one



whi ch guaranteed a win as well as greatest points) proved too nmuch for
t he al go.

Hence, t he approach for assns.4 & 5 began with devising an inproved
searching al go which mnimsed the repeated spanni ng of the decision
tree, noved on to devising an efficient nenpization techni que and using
t he nmenoi zed results to inmprove performance on the fly.

Strategy for assignnent 4 & 5

CGeneral strategy for assignments 4 and 5 was sanme, and will be

descri bed bel ow. However, assignment 5 incorporated dynam c inmprovenent
and nenoi zation, unlike assignnent 4. Both these features are expl ai ned
bel ow.

Changes in the probl em domain

- A Triangul ar configuration is replaced by a 6-row Square Matrix. This
didn't involve many changes in our previous encoding, with the Lower
Di agonal Matrix enpl oyed before being upgraded to a Square Matri x.

- The points systeminvol ves the nunber of coins picked.

Need for a New Approach

- Recursive calls to NextMve (ambunting to a few mllion) while the
current nove i s being considered are the bottleneck in the decision
maki ng process. This is due to the junps involved everytine as new
function is called.

- To open a sub-branch of the decision tree for all possible noves,
even with cutoffs, is a wastage of time. The idea here is to replace
recursive calls by iterative calculations at each call

New Al gorithm

We nake a break fromthe standard recursive approach allied with

m ni max approach with al pha-beta pruning. A totally new algorithmis

i mpl enent ed whi ch optim ses the decision making process at each call to
Next Move, taking into account the problem donain.

Conventi ons Used

Next Move: - Checks the matrix configuration, and returns whether it is
Wi nning or not? In case it is, it determ nes whether it can comnbine
parent's nmove with the winning nove at its level, and thus help the
parent to win. This function calls itself recursively. Two different
types of calls are nmade: for nei ghbouring coins, and for non-

nei ghbouring coins. This is because non-nei ghbouring coins can never be
conbined with parent's nove and this can be used to speed up the
function.



e Wn:- This variable stores whether atleast one wi nning nove is
present in the current configuration by picking up nei ghbouring coins.

Nei ghbouri ng coins: -

1 2 3
7 8 9
13 14 1

PP

0 ...

3 14 15 16

In this configuration, the neighbouring coins
of 8 are : 9,13,14,15. It doesn't include 2,3,4,7 etc. because in the
ordered progression in which each coin is considered, the conbinations
of these coins have already been anal ysed. The nove invol vi ng
nei ghbouring coins alongwith the current coinis called a Directiona
Move .
Moves i nvol vi ng non-nei ghbouring coins are called Non-directiona

noves.

ALGORI THM CONTROL
FLOANCHART
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Expl anati on: -

In this algorithm we use the domain know edge of the ganme and an
advanced use of the nini max approach to make deci sions at each |evel.
At each stage, the possible noves of the opponent are considered and
the decision is made with a view to preenpt the possible w nning
situation for the opponent. Thus the decision at every stage involves
recursively two levels of the decision tree. It involves inplenenting
pruni ng techniques to arrive at the optinmal solution at the earliest
possi bl e stage for all possible situations. The aimis to render
redundant as many noves as possible thus mnimsing the breadth of the
deci sion tree spanned. This approach inproves the actual perfornmance by
a factor.

To be nore specific, at each recursion of NextMve, only one coin is
pi cked up, and the control passes on to subsequent stages. The
children, ie, the opponent stores its bestnove, and passes it up to the



parent. The parent anal yses the nove, and if the parent can conbine the
coin it picked up with the opponent's BestMve, then effectively the
parent has found out a winning nove for itself. This process is applied
at each level of recursion tree. Thus, at each call to NextMve, only
noves involving a single coins are anal ysed recursively. Al other are
anal ysed by this procedure.

As an example, for configuration having only 4 coins: 12 3 4 0 0 .
00 ...

Pl ayer 1 picks up coin 1.

Pl ayer 2 picks up coin 2.

Pl ayer 1 picks up coin 3.

Pl ayer 2 picks up coin 4, and loses, and returns to parent (P 1).
Since P1is already winning, it passes on its w nning nove (coin 3)
o its parent P2.

Pl ayer 2 was earlier losing, so nowit attenmpts to conbine its nove
(c0|n 2) with its child s nove (coin 3). It is conbinable, so it
becomes the winning player with its Best Move being 2,3, and returns to
Par ent PL.

7. Now, Pl is losing. So now it attenpts to conbine its nove (coin 1)
with its child' s nove (coin 2,3). It is conbinable, so it becones the
wi nning player with its BestMve being 1, 2, 3.

oTuRwbE

So, finally P1L wins with nove 1,2,3 even though only single coin noves
were taken up in each recursion.

Advant age:- Earlier inplenentations would have considered the same
problemin a different manner. At level 1, the player 1 will consider
all the possible noves like 1; 2; 3; 4; 1,2; 2,3; 3,4; 1,2,3; and so
on. This very same process will be involved at each | evel of recursion
Thus we are maki ng the no. of nobves at each |level from exponential to
linear order. The no. of levels, however, still remains exponential by
the very defintion of the problem But, the drastic inprovenment in the
deci si on maki ng reduces the probl em magnitude from super-exponential to
exponential order, which can be handled in given tine.

Besi des, as only one-coin noves are considered, the redundancy in
matrix analysis is elimnated.

Dynam ¢ Menoi zation and Log Fil e Storage

An ingenious al gorithmwas devised for storage of natrices, which was
new to this assignnent. Each matrix was encoded in 1 bit only, wth
Q(1) storage and retrieval.

The 45 second period with nmore than 18 coins present in the matrix is
utilised for generating | ess than 8-coin matrices, analysing for w n-

| ose, and storing in log files. This ensures maxi mal utilisation of the
total tine available.

Along in Cis 4 byte (32 bits). W store the results of 31 matrix
configurations in an integer. All matrices of different configurations
are nmapped to a contiguous set of integers in the follow ng manner:

For exanple, the nunmber of matrices with 5 coins possible are 36 C 5.



Convert the 2-D Matrix into a linear 36-bit array. Treat this array as
a binary 36 bit integer. Now each matrix with 5 coins is to be mapped
to a particular nunmber with the first matrix ( 00 0 ...... 000111
1 1) being mapped to 1. Observe that the arrays are ordered according
to increasing value of the decinmal corresponding to the binary numnber.
Now al | possible matrices with 5 coins are generated, and napped to
contiguous integers using conbinatorial arithmetic. Simlarly for
matrices with other no. of coins, and the results are stored in
different log files.

Storage and Retrieval:- After 31 natrices have been generated
sequentially, and the Wn-Lose results anal ysed, the binary string of
31 ones and zeros is converted to its decimal equivalent, and witten
into the log file corresponding to that no. of coins (e.g. ¢s20401.1 o095
for above). The information is witten into the log file at the
position corresponding to the 32 bit |ong integer generated. This
ensures error-free, space-saving and highly efficient ( order(1l), since
no searching at all is required )storage and retrieval.

For retrieval, the matrix ( 36 ones and zeros ) to be retrieved is
converted to its decinmal equivalent. The integer at that position is
retrieved.

Suppose the decimal equivalent of the matrix is N. Now N 31 gives the
position of the integer containing the results of a group of 31
matrices, encoded as a long integer in the log file. To retrieve the
required result fromwithin this set, the bit at ((N1)%1 +1) position
is checked for one or zero. This allows all searching to be within Q1)
time. Alnpst all our log files are of very small size. So, this highly
optim sed storage schene ensures that program can run successfully on a
systemw th very | ow resources.

Opti m zati on of Resources: -

- Algorithmfor recursive search is such that it greatly reduces

Next Move function calls, and tries to decide a nove on the basis of
noves decided by its children. For instance, a w nning nove for a
child node, if conbinable with itself is viewed as a w nning nove for
the current node. The stack saving procedures and junps involved in a
function call are thus mnimsed and replaced by sinpler conputations,
|l eading to | esser strain on resources.

- The result of a particular matrix configuration is stored in
effectively 1 bit.The number of 6 coin matrices is approx. 19 | acs.
This grows to around 83 lacs for 7 coin matrices, and 30 mllions for 8
coin matrices. Storing the results as '"ints' would have required 4
bytes(32 bits) for every matrix. The space requirenment of the program
grows rapidly with increasing coins. The approach here is to store in 1
int the results of 31 matrices. The encodi ng and decodi ng of results

i nfo has al ready been expl ai ned above. So the technique results in 31
tinmes inprovenment in the storage space.

- The retieval of info stored in files takes place as in arrays, wth
the file pointer noving directly to the |ocation where the result is
stored. Thus, the retrieval takes place in Q1) tine.

G eedy Choi ce Property




For the range where our algorithmis not able to anal yse the nmove (no.
of coins >=18), or when we are given a | osing configuration, our

al gorithm anal yses the configuration, and picks the nove with the

maxi mum no. of points. This ensures we don't |ose with | ess points.

Runti me Anal ysis

- In the period where there are nmore than 18 coins in the gane, it

pi cks the best option on points but devotes the initial 40 second
period to generating and anal ysing snaller matrices, and nenpi zi ng the
results. Hence the tine taken would be greater than 40 seconds.

- Below 18 coins, the actual algorithmworks to anal yse the avail abl e
matrix and cone up with the wi nning nove.

- Initially, with 15-18 coins left, the time taken is nmaxi mum 40
seconds, and the minimumtine with the nost favourable configuration
m ght be as low as 10 seconds. This time decreases with nore natches
being played. This is due to the nenpization during the initia

mat ches. The maximum limt reduces to around 30 seconds then

- Wth 8-14 coins, the maximumtime sans nenoi zation is around 30
seconds. The mininumtine is al nost negligible for favourable
configurations.

- For less than 8 coins, the results are read fromthe files. This
menoi zati on can be raised further to 9 or 10 coins easily, but to
calcul ate all possible conbinations and their results, |arge nunber of
mat ches required. Upl oading previously calculated Iog files would
result in vastly inproved performance, but detract from actual dynamc
i mprovenent, when the log files are created dynamically, on the fly.

Dynam ¢ | nprovenent -

The i nmprovenent in performance of the algorithmis anmply denonstrated
by the fact that in the second round, it defeats teans to which it had
lost toin the first round. This reflects clearly in the difference
between the first and the second round scores. For exanple, this
algorithmlost to groups ¢s20403 and ¢s20404 in the first round, but
defeated them convincingly in the second and third rounds.

The mi nor decrease in the 3rd round score may be ascribed to inproved
performance by other teans |eading to wins by |esser margins.

Further | nprovenents

- Currently, information from nenoi zed files involves nunerous
calls to fread and fwite functions. Conpared to reading fromthe
RAM accessing information fromfiles involves nuch greater tine.
If, at the start of each game, all the nenoised files are | oaded
onto the RAM (in arrays), the inprovement in running time is
drastic. Mreover, since the size of log files has been
m nimsed, the load on the systemresources is niniml, thus



ensuring i nproved performance.

- Wthout any nenoization ( as in assignnent 4), the the inproved
recursion technique starts anal yzi ng noves from 16 coi ns onwar ds.
Menoi zing results of matrices upto 8 coins should have increased
this statistic to 22-24 coins ( sonething which has not been
achi eved by any group). However, this was actually limted to 17-
18 coi ns because of the speed difference in reading from hard-

di sk and reading fromRAM I|f the above nentioned inprovenment is
i npl enented, the perfornmance will inprove drastically.

I NDI VI DUAL CONTRI BUTI ON OF TEAM MEMBERS

Al the team nenmbers contributed in a unified manner and were equally
actively involved in every stage of devel opnent of this algorithm
Whenever one put forward an idea, the others anal ysed, debated,

devel oped, inplenented and tested the resulting algorithm So equa
credit goes to all the team nenbers.

THE TEAM ( CS20401) :

Akshat Kumar : 01010101
Ashi sh Awast hi : 01010104
Mohit Tiwari . 01010114
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