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Architecture of ATOM:
A Fast List Processing Machine

Ryoichi Wada Masato Homma Kazuo Okamura
Wireless Research Laboratory, Matsushita Electric Industrial Co., Ltd.
1006, Kadoma, Kadoma-shi, Osaka, 571 Japan

In this paper, an architecture of a list processing machine ATOM(A
Tabular List Representation Oriented Machine) is described. ATOM is an
SIMD machine constructed from Structure Operatioh Units (SOU), a Data
Operation Unit (DOU). Alist structure is represented as a set of tuples
which consist of the address and value part. Each tuple, which corresponds
to a leaf in a list, is assigned to a different SOU and all tuples are
processed by SOUs in parallel. Therefore ATOM performs 1list operations
without sequential references to pointers that cause a major bottleneck in

the conventional list processing machines.
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Fig.2.1 An Example of binary tree
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Table2.1 Tabular Representation of List
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Fig.3.2 Data Arrangement in ATOM
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* add_all/add_match_top_address

* add_all/add_match_top_address(I)

* add_all_trap_top..address

+ add_all_trap_top_address(I)

* add_match_trap_top_address

* add_match_trap_top_address(I)

* add_top_address

+ add_top_address(I)

* append_all_tree

* append_match_tree

* clear_matching_flag

* compare_all_leaf

+ compare_match_leaf

* complement_matching_flag

* delete_all_leaf ‘

+ delete_compare_all_leaf

* delete_compare_leaf

*+ delete_compare_value_leaf

*+ delete_match_leaf

* get_all_leaf

# get_match_leaf

* make_tree

* move_address

* move_all/move_match_address

* move_all/move_match_top_address
* move_all/move_match_top_address(I)
* move_all/move_match_value

* move_top_address

+ move_top_address(I)

* move_tree

* move_value

* negate_all/negate_match_top_address
* negate_top_address

* gearch_all_leaf

* search_match,_leaf

* set_eq

* set_matching_flag

* set_mr

* set_tag

* set_wild .

* shift_down_address

* shift_down_all/shift_down_match_address
* shift_up_address

* shift_up_all/shift_up_match_address
+ subtract_all/subtract_match_top_address
+ subtract_all/subtract_match_top_address(I)
* gubtract_all_trap_top_address

+ subtract_all_trap_top_address(I)

* subtract_match_trap_top_address

*+ subtract_match_trap_top_address(I)
* subtract_top_address

* subtract_top_address(I)

Tabled4.l List operation in ATOM
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[STEPS]

(defun Took (a X)
(cond ({(null X) nil).
((eq a (car x)) t)
(t (look a (cdr X)))))

A. A Sample Described by LISP

1 PUSH (BP-1) ;X
2 BRANCH-TRUE 5

3 PUSH NIL

4 RETURN -

5 PUSH (BP-0) ;a
6 PUSH (8P-1) ;X
7 CAR STACK

8 EQ STACK

9 BRANCH-FALSE 12
10 PUSH T

11 RETURN

12 PUSH (BP-0) ;a
13 PUSH  (BP-1) ;X
14 CDR STACK

15 CALL LOOK

B. Machine Instructions in '
an Ordinary LISP Machine

DN L WN -

MOVE A, (BP-1) ;X
MOVE cR, (BP-2) ;a
COMPARE A
BRANCH-MATCH 7
MOVE A, NIL
RETURN
MOVE
RETURN -

AT

C. Machine Instructions in ATOM

N
200
Ordinary " -
. LIsSP
: Machine
100 ‘ '
NN ATOM
04 {0 “3o°

[LENGTH OF LIST]

D. Execution Steps

Fig.5.1 Comparison of Execution Steps
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