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Abstract The cash flow matching problem(CFMP) aims to minimize the initial investment by paying the
total amount due for the T-year in principal and interest of bonds or bank deposits without paying the
full amount in cash. Linear programming(LP) is the only known way to solve CFMP. The linear
programming method is a problem that optimizes 7 linear functions, and it cannot be solved by
handwriting, so LINGO, which is a solution to the linear programming method, is used. This paper
proposes an algorithm that obtains the solution of CFMP solely by handwriting without the help of
LINGO. The proposed algorithm determines the amount of bond purchases by covering payments until
the previous year of the next maturity bond in the order that the maturity date falls from the longest
to the short term. In addition, until the year before the maturity of the shortest maturity bond, the
amount of deposit covered by the principal and interest of the bank deposit was determined. As a result
of applying the proposed algorithm to two experimental data, it was shown that more accurate results

can be obtained compared to the linear programming method.
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I 1. 37 CFMP-1
Table 1. CFMP-1 of pension liability

Year AS= Bond Saving
@D b6% | by6.5% | by(7.5%) | (4%
Y00 $0 - - - -
Y01 $12 0.06 0.65 0.75 0.04
Y02 $14 0.06 0.65 0.75 0.04
Y03 $15 0.06 0.65 0.75 0.04
Y04 $16 0.06 0.65 0.75 0.04
Y05 $18 1.06 0.65 0.75 0.04
Y06 $20 - 0.65 0.75 0.04
Y07 $21 - 0.65 0.75 0.04
Y08 $22 - 0.65 0.75 0.04
Y09 $24 - 0.65 0.75 0.04
Y10 $25 - 0.65 0.75 0.04
Y11 $30 - 1.65 0.75 0.04
Y12 $31 - - 0.75 0.04
Y13 $31 - - 0.75 0.04
Y14 $31 - - 1.75 0.04
Total $310 - - - -
@Al 7t $0.980 | $0.970 | $1.050 -
57 54 11d 149 -
Az} $1.000 | $1.000 | $1.000 -
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Fig. 2. Long-term bond first balance algorithm, (LBFBA)
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i 0.065 $9.3505]_s3L.00 5037] se22|_sisanss|
Vi3 1065 50.0000|_$33.00 50.00] 9585 se25500
Y14 $62.8500] $36.00 $2.51] $2.51 $29.3640f

Current Price| $0.980| $0.965 | Total $319
Face Value| $1.00| $1.00]

‘Total Investment $195.73 Jx1,000.000

J3 4. CFMP-20f| &5t LINGO af
Fig. 4. LINGO solution for CFMP-2

a9 49 23S BE b2 96, b= 90, B HE
o $4.8000, 27 da $10& FAsto] & FAAL
$195.732.2 $319(¢] : 1,000,000)5 A&otarat

¥ P Bond Cash Saving =100 A zpollo] HEz ZaEL
car | (cre) : wiwh b,(6%) | by(6.5%) as (4%) SR O Y059 Y120]4 Ztdlo] K3l X|FES
Sk A O O A =)
Y00 $10 - - $10 - A7 e A 9SS & 4 Tk CEMP-29] T
Y01 $11 0.06 0.065 - 0.04
= 5 o =]
Y02 $12 0.06 0.065 - 0.04 LBFBAE Zﬂ‘g‘cﬂ' 7&-“4"“: j—a\: SOﬂ Zﬂ/\] O}‘ﬁ‘:}‘. 0:17] k]
Y03 $14 0.06 0.065 - 0.04 b 64, b2 118, f= $10.8740, 7] A= $10S
S - 5 — . s = =
Y04 $15 0.06 | 0.065 - 0.04 P e = ’ =
Y05 §17 0.06 | 0.065 - 0.04 FA ot & FANL $§198.27= 1547 23 71
Y06 $19 1.06 0.065 - 0.04
B3 5 = S A&~ 0] 0 O < O
- . - R _— RE R = o 2 T xru= 2 T XK1.=2
Y0 20 0.06 0.04 FEZ08 Qg AHIE WA 4 USS & & k. 2
YO8 $22 - 0.065 - 0.04 = = =51=L = o
Y09 $24 i 006 i 004 E24 0 & LINGOO| HIs] $4.545 713t £AHES B
=) = =l = o A
Y10 $26 - | 0065 | - 0.04 o il 75 AHE BA e 2 de 5 9
Y11 $29 - 0.065 - 0.04 -
Y12 $31 - 0.065 - 0.04 A
Y13 $33 - 1.065 - 0.04
Y14 $36 - - - 0.04
Tot: al $3 1 9 - - - - 9gl : M Fund Investment Annual Payment(Coupons+Saving Interest+Bank Account)
o Bond #1 Bond#2 | Shorttem | Payment ield Cash & Saving
2 7t $0.980 | $0.965 - - ®) ® Fud® | (®) oo Compon] Tmerest | Tomlv | (.5)
Yoo S0 $64 $0.0 Y 50] 50 50 Y
W) ga | | - | - e S TII
ol - - Y02 0.060 0.065 $0.0000 $12.00 $4.16| $0.00| $4.16 -$7.8400|
— 67]— $ 1 - 000 $ 1 - OOO Y03 0.060 0.065 $0.0000 $14.00 $4.16| $0.00| $4.16| -$9.8400|
Y04 0.060 0.065 $0.0000 $15.00 $4.16| $0.00| $4.16| -$10.8400|
Y05 0.060 0.065 $0.0000 $17.00 $4.16| $0.00| $4.16 -$12.8400|
Y05 1.060 0.065 500000 | s19.00 5416 5000 416 s148400
Y07 0.065 $0.0000 $20.00 $4.16| $0.00| $4.16| -$15.8400|
G:Qha'_ th '_I.al 20 '_ut ion fou nd . Y08 0.065 $0.0000 $22.00 $4.16| $0.00| $4.16 -$17.8400|
A . N o Y05 0.065 50.0000 524.00 $4.16| 50.00) S4.06|  -519.8400)
Opjective wvalue: 1585.7245 Y10 0.065 500000 | $26.00 $4.16] 50.00) S4d6] 5218400
Extended solver stepa: 1 Vi 0.065 50.0000 520.00 $4.16] 50.00) Sa6] 5248400
o ST omEmEme Y12 0.065 $0.0000 $31.00 $4.16| $0.00) 54.16| -526.8400|
Total solver iterations: 27 Vi3 1.065 500000 | $33.00 56816 5000 568.16] §35.1600)
Y14 $35.1600 $36.00 $0.00] $1.41] S1.41 $0.5664f
o ‘Current Price| 50.980) 50965 Total 319
Variable Face Vahue S1.00) $1.00)
LUME Total Investment $71.76 J1.000.000
BUY( Z) (a) Bond #2(b,)
BUY( B) 93] M Fund Investment Anmual ‘Payment(Coupons=Saving Interest-Bank Account)
SIKRVEST( 1) Von Bond #1 Bond#2 | Shortterm | Payment ield Cash & Saving
= ®1) ®2) Fund(f) () _|Bond Coupon| _Interest Total(yi) (c.s)
SINVEST( 2) Yoo Siis 564 $0.0_ ] s10.00 i 5 S| s1.000
N 3) s X 24 2 2
SINVEST( 3) Yot 0.060 0.065 $0.0000 $11.00 $11.2 $0.00| S11.24 $0.2400|
N Y02 0.060 0.065 $0.2400 $12.00 $11.24] $0.01 $11.25 -$0.5104|
SINVEST( 4) Y03 0.060 0.065 500000 514.00 $11.24] 50.00) s11.24] -52.7600)
SII\-\FEST | 5 1] Y04 0.060 0.065 $0.0000 $15.00 $11.24| $0. 00| $11.24| -$3.7600)
: Y05 0.060 0.065 $0.0000 $17.00 $11.24] $0.00| S11.24| -$5. 754—)01
SINVEST({ &) Yoo 1.060 0.065 500000 | $19.00 5129.24] 5000 s12024] 1102400
SINVEST( 7} Y07 0.065 51102400 | $20.00 $4.16] s4.41 $8.57 598.8096|
’ Y08 0.065 $98.8096 $22.00 $4.16| $3.95] §8.11] $84. 9@
SINVEST( &) Y05 0.065 584920 | 524.00 $4.16 $3.40) §7.56] $68.4789)
1 Y10 0.065 $68.4789 $26.00 $4.16| $2.74| $6.90) $49.3780|
SINVEST l g ! yi 0.065 $49.3780 $29.00 $4.16| $1.98| $6.14) $26.5131
SINVEST{ 10) Y12 0.065 $26.5131 $31.00 $4.16) $1.06] 55.22| 50.7337]
- r Y13 1.065 $0.7337 $33.00 $68.16| $0.03| $68.19| $35.9230)
SINVEST( vis $359230 | $36.00 $0.00) 144 SL44) $1.3599
SINVEST({ 1 Current Price| 50,980 50.965  Total s319
- - Face Value .00 $1.00|
SINVEST( 13} Total Iavestment $187.40 Jx1.000.000
SINVEST{ 14)
SINVEST( 15) (b) Bond #1(b)

Solution: PBOND
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38l M Fund Investment Aol ‘Payment(Coupons-Saving Interest-Bank Account)

Yo Bond 21 Bond#2 | Shortterm | Payment ield Cash & Saving
(b1) (62) Fund(f) (P [Bond Coupon| Interest Total(Yi) (c, si)
Yoo $118 $64 [ $10.8740] sw.00 50] s0] 0| $10.0000
Yor 0.060 5108740 | s11.00 $11.24 5043 SILe7|  siisisn)
Y02 0.060 S15490 | $12.00 $11.24 50.46 S1L70[  s112509)
Y03 0.060 $112509 | s14.00 s11.24 5045 S11.69) $8.9410)
Y0! 0.060 $89410 | s15.00 s11.24 5036 S1L.60) 55535
Y05 0.060 555386 | s17.00 $11.24 5022 siLag| s0.0001
Y06 1.060 0000 | s19.00 $12924 5000 s12024]  siio2el]
Yo7 S1102401 | $20.00 5416 saa1 s8.57] 988097
Y08 5983097 | $22.00 5416 5395 Ss.01] ssaom1
Y05 849221 | s24.00 5416 53.40 5756 s6s.4790)
Y10 684790 | $26.00 5416 s2.74 S6.90] 5493782
Yi1 0.065 $93782 | $20.00 5416 5193 S6.14] 5265133
Y12 0065 5265133 | s3Loo 5416 5106 $5.22] 50.7338|
Y13 1.065 50.7338 533.00 $68.16] 50.03) 568.19) 535,923
Y $359232 | $36.00 50.00) s1.44] S1.44] 513601
Current Price| 50950 50965 Total 319

Face Valu| $1.00 $1.00

Total Investment $198.27 Jx1.000.000

(¢) Short-term fund(f)

J% 5. CFMP-20f &gt &7[xHH M
Fig. 5. LBFBA for CFMP-2
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