Abstract

On using large physically-indexed, direct-mapped caches, the mapping of virtual to physical memory pages has to take the working set into account. Otherwise, there can be excessive cache misses. In operating systems neglecting working sets in page mapping, memory locations in different physical pages with the same prefix in their physical address can compete for the same cache region even if large parts of the cache are not used. This results in bad processor performance and unpredictable execution time. The first part of this paper examines page recoloring techniques tuned to the UltraSPARC I architecture.

Frequently, processes share memory. They use shared memory segments or copy data into and out of the kernel to communicate (e.g. via pipes). When a process touches shared memory the cache is filled. Other processes accessing the same memory region should scheduled once after another onto the same processor to take advantage of the hot cache. Thus, there is a trade-off between load-balance in multiprocessors, fairness and cache-locality. The second part of this paper presents the novel Follow-Up scheduling with respect to the architectural features offered by the UltraSPARC I processor.

Keywords: affinity scheduling, TLB information, page coloring, shared-memory multiprocessors, operating systems.

1 Dynamic P age Re-Coloring

Reducing the latency of memory accesses is the key issue in processor performance. Contemporary workstations and servers include direct-mapped external caches to decrease the frequency of time expensive data transfers from main memory to the processor’s register-file. If the location of pages, which belong to the working set of a process, is neglected by the operating system, cache conflicts degrade processor performance. Page coloring is a common technique to determine cache conflicts. Physical pages mapped on the same cache region share a unique color. There is a cache conflict if frequently used pages have the matching colors. A dynamic page mapping policy must determine and resolve cache conflicts by copying the corresponding pages to other, non-conflicting physical memory locations. The destination of the copy is a physical page with a color different from the source page. The dynamic recoloring policy performs the following sequence:

(1) Reset both Performance Instrumentation Counters of the Ultra I processor (PIC 0, PIC 1) and read the TICK register before starting a process.

(2) Read PIC 0, PIC 1 and TICK register. PIC 0 counts the E-Cache references (EC_ref). PIC1 counts the E-Ca-che hits (EC_hit). The difference of both values is the number of E-cache misses in the time interval (EC_wb can’t be used because read-after-read E-Cache misses without writeback are not counted.).

If the E-Cache miss rate exceeds a threshold, the process (kernel thread) is designated for recoloring.

(3) If a process is designated for recoloring, a MMU Demap Context (I/D Demap Type == 1) is initiated before the process restarts. From now the TLB-miss handler stores the colors and physical address fields of Translation Table Entries (TTEs) loaded into the TLB. If the number of E-Cache misses per active page exceeds a threshold, a recoloring of conflicting pages is initiated. The base of recoloring decisions is information stored by the TLB miss handler.

We expect a performance improvement for processes with a high reference locality and with working sets not going far beyond the size of the external cache.

2 Follow-Up Scheduling

In the Ultra I architecture, cooperating processes, so-calle correspondents, can be determined by analyzing the context field in the tag region if the Translation Storage Buffer (TSB) is periodically sorted according to the page-field in the data region. Correspondents of a process can be stored in the proc-struc-ture. If a process blocks, the correspondents’ priority as well as their affinity to the processor of the blocking process is increased. The consequence is a follow-up of correspondents while preserving load balance and fairness. A prerequisite is a scheduler with local runqueues and affinity scheduling like the one used in SGI’s IRIX 5.0. A Solaris 2.5.x implementation is planned.

Dynamic P age Re-Coloring and F ollow-Up Scheduling in UltraSP ARC Multipr ocessors

Frank Bellosa

University of Erlangen-Nürnberg Computer Science Department - Operating Systems - IMMD IV Martensstraße. 1, 91058 Erlangen, Germany email: bellosa@informatik.uni-erlangen.de

This work was supported in part by the Bavarian Consortium for High Performance Scientific Computing (FORTWIHR) and the Erlangen SUN Technology and Research Excellence Center (SUN TREC ).