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A Generation Method for a Program Computing
Derivatives of Summation/Production Functions
Based on Fast Automatic Differentiation

Hisanort Nonaka,! Yasuniro KoBavasurt and Masayossr TaMURATT

An automated generation method for a Fortran program which efficiently computes de-
rivatives of summation/production functions has been developed on the basis of FAD (Fast
Automatic Differentiation), a graph theoretical technique for automatic differentiation.
It is indispensable for multi-variate nonlinear programming problems to generate efficient
programs which calculate partial derivatives of functions. A conventional FAD approach
requires two steps to differentiate summation/production functions ; transformation of the
functions into expressions with no repetitive structure, and application of FAD to the ex-
pressions. It is hard to vectorize a program with an unstructured derivative expression
obtained in two steps. In the proposed method for program generation, the summation/
production operators are explicitly treated in the FAD processing, and the repetitive struc-
tures of the function are maintained in their derivative expression. Therefore, this method
assures a compact and parallel-processing-oriented program. The method can also be ap-
plied to functions with a hierarchical summation/production structure. From results of nu-
merical experiments with vectorized programs, it was found that programs generated by
the proposed method can calculate partial derivatives of large-size summation/production
functions about 100 times as fast as those generated by the conventional approach.
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BEIC T A RRIEER TS 5. H1OMIN) =1
H2 (JMAX) =1

JEBBAB A RO TR F1 OREBEKE
Hrus 5 L0FERSEEK 14 1Ry, BEMK
SEICEBREEEEE S 25 2R3 TR
FEIOBS, FAD # TRk DFDX (1)
% DFDX(IMAX+1) ¥ To IMAX+1 HDORE
KON A BMICTIEL O HE TS0 7 5 &
LB, Tk, IMAX iclkfiLTcrFas s
LADERBERIKREL LB,

R 151 IMAX % 155 10000 % T&/L& &
72BaD F1 03 NTOANERICET % FLEHE

DO 200 J=JMIN+1, JMAX
K=JMAX+JIMIN-J
H1(J)=H1(J-1)*h,_;
H2(K)=H2(K+1) *hx+,

200 CONTINUE
i'—" DO 300 J=JMIN, JNAX i
! V03=3h,/ 3 Xn !
3 DFDX(m)=DFDX(m)+V01*V02#H1(J)*Hz(J)*V03E
1300  CONTINUE |

100 CONTINUE

BEHHETZ2OICEL 8RN0, 5 7 2R
3. R EEKIE HITAC-S820 Tk 3.

BEABONEC L D REBEEEE S0 /5 L1348
BUBELARATORORD, —ficiZ~<s b
ETERD. ThICHL T, ERBE#SEICL S

B 12 ZEOHRN - REFERNOREEEHN S 07 20
TERR B2
Fig. 12 Generation of differentiation program for
multiple summation/production function.
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200

300

400

vol=1
DO 100 I=1,5

V02=1

DO 200 J=1,5
V02=V02% (X (1) -X (J) #*2)

CONTINUE

DFDX (1)=DFDX (1) +V01xV02

V03=X(I)

H1(1)=1

H2(5)=1

DO 300 J=2,5
K=6-J
HI(D) =H1(J-1) * (X (1) =X (J-1) #*2)
H2(K)=H2 (K+1) % (X (1) =X (K+1) %%2)

CONTINUE

DO 400 J=1,5
V04=1
DFDX(1)=DFDX (1) +V01=V03+H1 (J)*H2 (J)*V04
V05=-2+X(J)
DFDX (J)=DFDX(J)+VO1xVO3*H1 (J)*H2(J) %05

CONTINUE

100 CONTINUE

13 @4)ROEK F ORUBEKHET 1 /"5 ADOFERSD

Fig. 13 Main part of differentiation program
for function F in (3.14).

EX : BEAMOBIC L 3 RERMGE v s 5 4
NS : JERBMAOEIC & 2 REEKHE S0 7 4
NV: NS Fu s 3 a%~s bfbU o REERE

a5 n

AMick3E, NS7Fus 542 EX 7ol 58k
DRREN. NS Fus 548 EX FPusssbidAR
EHICRELHEALTOBIRTTH B, NS Fn
75 AT, DO Vv—7"%KHd 27D DA —r—~

Vol=1
DO 100 I=1, IMAX
V02=SIN(X (1))
DFDX (1+1)=DFDX (1+1)+V01%V02
V03=X(I1+1)*C0OS(X (1))
DFDX (1) =DFDX (1) +V01xV03
100 CONTINUE

14 DA F1OREEPEHET w77 40

TS

Fig. 14 Main part of differentiation program

for function F1 in (4.1).

BEAHERMECE SR - RREFERNOBEHEBHA 0 25 A ERT R

1963

v FSohhdicdeEL NS,

NV ez 3543, 15 RLEEDDFEHE
BEGIHE v s 7 a0h TR bH#E . HIAE,
IMAX %5 5000 QAT EX Fu/'54k02
HrE# <, %/, COER IMAX TL56T,
BIR—ETH 5.

WIFNDOT eSS AR BT, AR
IMAX [t U BIRETBIZRICES T, 313
Db IMAX icHEBIL THINL T 3,

X 16 i SRR A RO TR L 72, F2 D
REEYGE S rs 52 0 XEES AR, &
7o, B 17 1@ F2 OREFBHEIEICE L 15 5k
MD7 5 7%R87. F2 i8N Td F1 LEREN
WWIEAROBEBELNTVS, L, EX 7
w5 adk NSTus 5 s 05RO RIS
2.6 £ F1OBEA/RIDIKELB>TVS, Th
B 16 hobhb X Hic, DO v—70thEhs
+eEfbIh TR C Eic k. B0l
KbEERET S &ickb, NS Fus 5 608
BRI, EX a7 5 A LABEICL EEZL
3.

BB, INSDFuSF Ak TERDONS
REEKED, BERUICRA—DLDTH B,
KBICIIETHEBICRET 25 EREORBIC LD

EEPEND CEBTREINS, L, CTTHL

CPU TIME [s]

1.0E-1 T 7 T T T T T

1.0E-2

1.0E-3

1.0E-4 - -
1.0E-5 -
1.0E-6 L i 1 ! ! L 3
0 5000 10000
IMAX

EX: BEMSRBRIC 2 REBBEHES 077 4
NS: EEAMSBRICX 3 REEBEHES RS T &
NV:NS Fu 7 a6&xR7 bfblicrla s 7 A
Bl 15 F1 oRHEBEHOFER
Fig. 15 Computational time to evaluate
derivatives of F1.



1964 HROEFLRIGE

FeBlicsnTid, IMAX A210000 DEAIC S, B

BERMEIL T UL LOBE TR L Tk,

UbkhoBohicmRE, DTE LD 3,

(a) REENKHE v/ 5,0 ERER, EX Fn
75 ahs IMAX K IL T REL LB 01K
U, NS7us 54 (NVFuasss) 3—eET
H5.

(b) EX 7025 23~y b bTEILOD, NS 7
a/5 aizRy P VEFRET D 5.

(c) EX us'54& NS 7us 5 s0HEREIT
REETH B, NS 7us5sir~y bk
L7c NV o5 a3y Baeicch s &
D 2 HFFREEE .

Vol=1

DO 100 I=1, IMAX
V02=100%2% (X (1+1) =X (1) %x*2)
DFDX (1+1)=DFDX(I+41)+V0O1%V02
V03=100%2% (X (1+1)-X (1) #%2) * (=1) %2+X ()
DFDX (1) =DFDX(1)+V01xV03
V04=2% (1-X(1)) = (-1)
DFDX (1) =DFDX(1)+V01#V04

100 CONTINUE

B 16 (4.2 ROEK F2 oRUBPEE 0S5 40D
FEES
Fig. 16 Main part of differentiation program
for function F2 in (4.2).

1.0E-1 T T T T T T T

1.0B-2}- -

1.08-3 |5 j/////’/’£> -

1.0E-4

CPU TIME [s]

1.0B-5}

L L 1 1

5000 10000

1.0E-6 ! ! 1
0

IHAX
EX: BRSO L 3 REBEEGH S0 s 7 4
NS: SERBMAEIC L A RHEBHER 1 77 A
NV: NS Fua 5 s%~7 biblicr’ar s
K 17 F2 olRHBR o ERR
Fig. 17 Computational time to evaluate
derivatives of F'2.

Oct. 1994

N7 bLORIRIL, 2 vt SBEUN—Fy
T OREBRLMRICIRE T AL H 508, — B~y
FVICBRRE A B LRI Y X T A AT AR Y,
NVFas 56l NS7as s Ak 0+RCEETH
BEE->TRU.

k&b, JEEERSO DY, BESESEL D REEME
BAERFHRE U TEN TN S EEREL .

5. 8 O IC

WA - MEEARORERROEADHER L FHET
327u 7 5 AOHBERFELZHERL .

AFHRZ, FAD 20T, #f - BREHERXNOR
BUBELZREL - RUBAKHAE v 7 5 A2 ERT
5. fERENT 0 76132 PALTERETH D,
FTRTOANEHICE T 2 RYUBAR O E A EHRICEHE
TECEMNYFTE S, CCTAFHEEIEBRESE
EERL 7. IEREBOEISRT - MREEADNESE
WKHAED X - e HERICH LU CHBERATRETHSZ C
AR,

Ffo, TERU CREBEMEE 0 s 7 2 2HVT,
B IATIEER O TR COANZER BT 5 [mEBE
BOBEAFET LREAZTML, JERERSEOFES
AR .

T T TR IR ERERTF R, SRR
0/ A~NOBERABERENEL T30, &FHPH
Wiz OTEAFICENT IERERERORERYE
MELTARERSD. AFHRETCO XD SREC
LCHBRTRTENTE S,

A1812, AFBABROREEMGIHEFENERT
BriaEkEd s, FIARE, ERES RO REEK
Fsbb~y2T8) RO LN B E, ThEIER
MEELGHEIISET A i kD, RKEOSHELS
DB EREDEEING,
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