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The subject
How one can use Proc FCMP, User-written functions, and %MACROs to use
in-memory resident Hash Tables to share data between datasteps?
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Open Code

Data step 1
Data step 2

FCMP+Resolve(%Macro)

Proc FCMP and function
with Hash Table
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Open Code

Data step 1
Data step 2

FCMP+Resolve(%Macro) is a "bridge"
which allows to exchange data
between datasteps boundaries,
inside a hash table embedded into
a function, without reading the
data from a disk drive each time.

Proc FCMP and function
with Hash Table Art Carpenter introduced the idea

of embedding FCMP with Hash table
inside %MACRO to retrieve data.

Idea to use the RESOLVE() function to keep the same Hash Table
between datasteps boundaries was independently suggested to Art
by me and Thomas Billings.
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ARRAY gadabouts[1:5] Alf BoB Cid Dex Edd;

1 2 3 4 5

123 234 345 456 567

Alf BoB Cid Dex Edd

i = 5; PUT gadabouts[i]=; name = VNAME(gadabouts[i]);
gadabouts
[ 5 ]
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temporary array

ARRAY tmp[1:5] $ 2 _TEMPORARY_ ("Pp" "Qq" "Rr" "Ss" "Tt");

1 2 3 4 5

"Pp" "Qq" "Rr" "Ss" "Tt"

i = 4; put tmp[i]=;
tmp
[ 4 ]

name = VNAME(tmp[i]);

ERROR: Array elements of _TEMPORARY_ arrays are not defined
as variables and therefore do NOT have NAMES or LABELS.
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temporary array?
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ARRAY tmp[-2:2] $ 2 _TEMPORARY_ ("Pp" "Qq" "Rr" "Ss" "Tt");

i =-1; put tmp[i]=;
tmp
[-1 ]

# OK #
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temporary array?
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98 76 54 32 10



hash table?

1 2 3 4 5

"Pp" "Qq" "Rr" "Ss" "Tt"

LENGTH k 8 d $ 2;
DECLARE HASH h(ordered:"a"); ARRAY a
h.DefineKey("k"); [1:5]
h.DefineData("d"); $ 2 _temporary_
h.DefineDone(); ;

k=

d=

k=1; d="Pp"; h.ADD(); k=2; d="Qq"; a[k] = d;

k=3; h.FIND(); put d=; k=4; d = a[k]; put d=;

hash world array world(kind of)

add data:

get data:
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temporary array ”vs.” hash table

ARRAY a
[1:5]
$ 2 _temporary_
;

1 2 3 4 5

" " " " " " " " " "

Qq

k=2; d="Qq"; a[k] = d;

Tt

k=5; d="Tt"; a[k] = d;
...
..
.
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LENGTH k 8 d $ 2;
DECLARE HASH h(ordered:"a");
h.DefineKey("k");
h.DefineData("d");
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1 2 5

"Pp" "Qq" "Tt"

k=2; d="Qq"; h.ADD();
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temporary array ”vs.” hash table

LENGTH k 8 d $ 2;
DECLARE HASH h(ordered:"a");
h.DefineKey("k");
h.DefineData("d");
h.DefineDone();

1 2 3 5

"Pp" "Qq" "Rr" "Tt"

k=2; d="Qq"; h.ADD();
k=5; d="Tt"; h.ADD();
k=1; d="Pp"; h.ADD();
k=3; d="Rr"; h.ADD();

4

"Ss"

k=4; d="Ss"; h.ADD();



hash table

IF 0 THEN SET work.dataset;
DECLARE HASH h(dataset: "work.dataset");
h.DefineKey(" ", "nK");
h.DefineData("nD", " ");
h.DefineDone();

nK= 1 3 5 7 7

nD= 123 234 345 456 567

...
STOP;
RUN;

cK
cD

cK= "a9x" "b7d" "c6e" "d0b" "d0b"

cD= "Alf" "BoB" "Cid" "Dex" "Edd"
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functions and subroutines

PROC FCMP; #
01 FUNCTION num_fun(num_arg, char_arg $);
02 ...
03 RETURN(num_value);
04 ENDSUB;
05
06 FUNCTION char_fun(num_arg, char_arg $) $;
07 ...
08 RETURN(char_value);
09 ENDSUB;
10
11 FUNCTION array_arg_fun(array_arg[*]) VARARGS;
12 ...
13 RETURN(one_value);
14 ENDSUB;
RUN; #

#
num_fun num_arg char_arg $

...
num_value

char_fun num_arg char_arg $ $
...

char_value

array_arg_fun array_arg[*]
...

one_value

#



functions and subroutines

PROC FCMP #
01 OUTLIB = library.dataset.package;
02 FUNCTION Pythagoras(a, b);
03 c = SQRT(a**2 + b**2);
04 RETURN(c);
05 ENDSUB;
06 RUN;
07
08 OPTIONS CMPLIB = (library.dataset _DISPLAYLOC_);
09
10 DATA _null_;
11 a = 3;
12 b = 4;
13 c = Pythagoras(a, b);
14 PUT _ALL_;
RUN; #

#
library dataset package
Pythagoras a b

c a b
c

library dataset

a 3;
b 4;
c Pythagoras a b

#

NOTE: Function ’Pythagoras’ loaded from library.dataset.PACKAGE.
a=3 b=4 c=5 _ERROR_=0 _N_=1
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13 c = Pythagoras(a, b);
14 PUT _ALL_;
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#
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functions and subroutines

PROC FCMP; #
01 SUBROUTINE arg3out2sub(first_arg, second_arg, third_arg);
02 OUTARGS first_arg, third_arg;
03 ...
04 RETURN;
05 ENDSUB;
06
07 SUBROUTINE subarray(arrone[*], arrtwo[*], arrthree[*]);
08 OUTARGS arrthree;
09 DO _i_ = 1 TO DIM(arrthree);
10 arrthree[_i_] = arrone[_i_]**2 + arrtwo[_i_]**2;
11 END;
12 RETURN;
13 ENDSUB;
14
RUN; #

#
arg3out2sub first_arg second_arg third_arg
first_arg third_arg

...

subarray arrone[ ] arrtwo[ ] arrthree[ ]
arrthree

arrthree
arrthree[ ] arrone[ ] arrtwo[ ]

#



functions and subroutines

arg_1 ... arg_n
\ / \ /
*=+ +--...--+ +=inputs=============*
| |
| |
| |
*=function==============output=+ +=*

/ \
value

arg_1 ... arg_n
\ / \ /
*=| |--...--| |=inputs/outargS=====*
| / \ / \ |
| |
| |
*=subroutine=======================*

arg_1 ... arg_n

... inputs

function output

value
arg_1 ... arg_n

... inputs outargS

subroutine ====== ===

~~~~~

~~~~~~~
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functions and subroutines

FunctionF is a set F of ordered pairs (argument, value) such that for each
argument there exists exactly one value .

example∗: counter-example:

subject id (trtstdt, trtendt)
001 (2018-01-01, 2019-01-01)
002 (2018-02-01, 2019-01-02)
003 (2018-03-01, 2019-01-03)
004 (2018-02-01, 2019-01-02)
005 (2018-05-01, 2019-01-05)

subject id subject name
001 Alf
002 BoB
003 Cid
002 Dex
005 Edd

∗tricky

FRemember title of this section
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functions and subroutines

Proc FCMP:

\ / \ / \ /
*=| |----| |---------| |=inputs/outargs===================*
| / \ / \ / \ |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
*=*subroutine*============================================*

subj_id, trtstdt, trtendt
[ ] [ . ][ . ]

+-----+--------------#hashtable#-+
|#key | #data |
+-----+--------------------------+
| | ( , ) |
+-----+--------------------------+
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functions and subroutines

Data Step:

\ / \ / \ /
*=| |----| |---------| |=inputs/outargs===================*
| / \ / \ / \ |
| |
| +-----+--------------#hashtable#-+ |
| |#key | #data | |
| +-----+--------------------------+ |
| | 001 | (2018-01-01, 2019-01-01) | |
| | 002 | (2018-02-01, 2019-01-02) | |
| | 003 | (2018-03-01, 2019-01-03) | |
| | 004 | (2018-02-01, 2019-01-02) | |
| | 005 | (2018-05-01, 2019-01-05) | |
| +-----+--------------------------+ |
*=*subroutine*============================================*

subj_id, trtstdt, trtendt
[003] [ . ][ . ]

+-----+--------------#hashtable#-+
|#key | #data |
+-----+--------------------------+
| 001 | (2018-01-01, 2019-01-01) |
| 002 | (2018-02-01, 2019-01-02) |
| 003 | (2018-03-01, 2019-01-03) |
| 004 | (2018-02-01, 2019-01-02) |
| 005 | (2018-05-01, 2019-01-05) |
+-----+--------------------------+
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Data Step:

\ / \ / \ /
*=| |----| |---------| |=inputs/outargs===================*
| / \ / \ / \ |
| |
| +-----+--------------#hashtable#-+ |
| |#key | #data | |
| +-----+--------------------------+ |
| | 001 | (2018-01-01, 2019-01-01) | |
| | 002 | (2018-02-01, 2019-01-02) | |
| | 003 | (2018-03-01, 2019-01-03) | |
| | 004 | (2018-02-01, 2019-01-02) | |
| | 005 | (2018-05-01, 2019-01-05) | |
| +-----+--------------------------+ |
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| 004 | (2018-02-01, 2019-01-02) |
| 005 | (2018-05-01, 2019-01-05) |
+-----+--------------------------+



functions and subroutines

Data Step:

\ / \ / \ /
*=| |----| |---------| |=inputs/outargs===================*
| / \ / \ / \ |
| |
| +-----+--------------#hashtable#-+ |
| |#key | #data | |
| +-----+--------------------------+ |
| | 001 | (2018-01-01, 2019-01-01) | |
| | 002 | (2018-02-01, 2019-01-02) | |
| | 003 | (2018-03-01, 2019-01-03) | |
| | 004 | (2018-02-01, 2019-01-02) | |
| | 005 | (2018-05-01, 2019-01-05) | |
| +-----+--------------------------+ |
*=*subroutine*============================================*

subj_id [003]
trtstdt [ . ]
trtendt [ . ]

-> 003 2018-03-01 2019-01-03

+-----+--------------#hashtable#-+
|#key | #data |
+-----+--------------------------+
| 001 | (2018-01-01, 2019-01-01) |
| 002 | (2018-02-01, 2019-01-02) |
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| 005 | (2018-05-01, 2019-01-05) |
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functions and subroutines

Data Step:

\ / \ / \ /
*=| |----| |---------| |=inputs/outargs===================*
| / \ / \ / \ |
| |
| +-----+--------------#hashtable#-+ |
| |#key | #data | |
| +-----+--------------------------+ |
| | 001 | (2018-01-01, 2019-01-01) | |
| | 002 | (2018-02-01, 2019-01-02) | |
| | 003 | (2018-03-01, 2019-01-03) | |
| | 004 | (2018-02-01, 2019-01-02) | |
| | 005 | (2018-05-01, 2019-01-05) | |
| +-----+--------------------------+ |
*=*subroutine*============================================*

subj_id [003]
trtstdt [2018-03-01]<-
trtendt [2019-01-03]<-

-> 003 2018-03-01 2019-01-03

+-----+--------------#hashtable#-+
|#key | #data |
+-----+--------------------------+
| 001 | (2018-01-01, 2019-01-01) |
| 002 | (2018-02-01, 2019-01-02) |
| | ( , ) |
| 004 | (2018-02-01, 2019-01-02) |
| 005 | (2018-05-01, 2019-01-05) |
+-----+--------------------------+



functions and subroutines

Data Step:

\ / \ / \ /
*=| |----| |---------| |=inputs/outargs===================*
| / \ / \ / \ |
| |
| +-----+--------------#hashtable#-+ |
| |#key | #data | |
| +-----+--------------------------+ |
| | 001 | (2018-01-01, 2019-01-01) | |
| | 002 | (2018-02-01, 2019-01-02) | |
| | 003 | (2018-03-01, 2019-01-03) | |
| | 004 | (2018-02-01, 2019-01-02) | |
| | 005 | (2018-05-01, 2019-01-05) | |
| +-----+--------------------------+ |
*=*subroutine*============================================*

subj_id, trtstdt, trtendt
[003] [2018-03-01][2019-01-03]

+-----+--------------#hashtable#-+
|#key | #data |
+-----+--------------------------+
| 001 | (2018-01-01, 2019-01-01) |
| 002 | (2018-02-01, 2019-01-02) |
| 003 | (2018-03-01, 2019-01-03) |
| 004 | (2018-02-01, 2019-01-02) |
| 005 | (2018-05-01, 2019-01-05) |
+-----+--------------------------+
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macro language

Data processing languages like:

4GL, SQL, IML, DS2 or SCL

are SAS dialects (or slangs) which’s data are data (e.g. SAS datasets, tables,
matrices, databases or lists...)

While MACRO language is a SAS dialect which’s data is... your code...



macro language

%

macroinstruction

and&

macrovariable
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macro language

What you run :
%MACRO abc(n, prefix=Set_Nmbr, distr=Normal);
DATA work.&prefix._&n;
CALL STREAMINIT(&n);
DO _N_ = 1 TO %SYSFUNC(SQRT(&n));
x = RAND("&distr.") * &n;
OUTPUT;
END;
RUN;
%MEND abc;

%abc(42, distr=Uniform)
%abc(17, prefix=The_Best)

SAS

Set_Nmbr_42
42
6.4807406984078602

Uniform 42

The_Best_17
17
4.1231056256176605

Normal 17

What runs:

DATA work. ;
CALL STREAMINIT( );
DO _N_ = 1 TO ;
x = RAND(" ") * ;
OUTPUT;
END;
RUN;

DATA work. ;
CALL STREAMINIT( );
DO _N_ = 1 TO ;
x = RAND(" ") * ;
OUTPUT;
END;
RUN;



macro language

What you run :
%MACRO abc(n, prefix=Set_Nmbr, distr=Normal);
DATA work.&prefix._&n;
CALL STREAMINIT(&n);
DO _N_ = 1 TO %SYSFUNC(SQRT(&n));
x = RAND("&distr.") * &n;
OUTPUT;
END;
RUN;
%MEND abc;

%abc(42, distr=Uniform)
%abc(17, prefix=The_Best)

SAS

Set_Nmbr_42
42
6.4807406984078602

Uniform 42

The_Best_17
17
4.1231056256176605

Normal 17

What runs:

DATA work. ;
CALL STREAMINIT( );
DO _N_ = 1 TO ;
x = RAND(" ") * ;
OUTPUT;
END;
RUN;

DATA work. ;
CALL STREAMINIT( );
DO _N_ = 1 TO ;
x = RAND(" ") * ;
OUTPUT;
END;
RUN;



macro language

%LET arg1 = ... ;
...
%LET argN = ... ;
%LET val =
%SYSFUNC(UsrDfFunc(&arg1,...,&argN));
%PUT &=val;

%LET ioarg1 = ... ;
...
%LET ioargN = ... ;
%SYSCALL UsrDfSbrt(ioarg1,...,ioargN);
%PUT &=ioarg1 ... &=ioargN;



(almost) live demo

(Almost)
Live Demo

In fact it is a demo of a demo... go to the following web address
and read the code to see the ”bare metal”.

Page: http://www.mini.pw.edu.pl/~bjablons/SASpublic/

Code: Function-Hash-Macro-sandwich.sas
(supplement
Function-Hash-Macro-sandwich-approach-2.sas)
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