Ev aluation of QOS-Con trol Serv ers on Real-Time Mach ? Kiy okuni Kaw ac hiy a 1 , Masanobu Ogata 2 , Nobuhiko Nishio 3 , Hideyuki T okuda 3 1 IBM Research, T oky o Research Lab oratory , <kawatiya@trl.ibm.co.jp> 2 Po w er Mobile Systems, IBM Japan, Ltd. 3 F acult y of Environmen tal Information, Keio Universit y Abstract. In an interactiv e multimedia environmen t that handles mul- tiple sessions dynamically , a mechanism to control QOS among sessions is very imp ortant. As such a mechanism, the QOS-Control Server has b een developed on R T-Mac h. This pap er giv es the results of several ex- p eriments with this server, and describ es the extensions of R T-Mac h. 1 In tro duction In the Keio-MMP (MultiMedia Platform) pro ject, we are extending Real-Time Mac h 3.0 (R T-Mac h) [1] and constructing servers for m ultimedia pro cessing on our extension [2, 3]. One goal of our pro ject is to incorp orate the concept of Qual- it y of Service (QOS), and to manage system resources ov er multiple con tin uous- media sessions on the basis of this concept. F or suc h supp ort, there should b e some framework for QOS management at the system-softw are lev el. W e adopted a QOS Manager-based scheme [4], and developed an exp erimental QOS-Control Serv er. This pap er gives the results of several exp eriments with this serv er, and describ es the extensions of R T-Mac h needed for e�cient QOS con trol. There hav e b een several studies of QOS-control arc hitecture. The QoS-A by Lancaster Universit y [5] tries to provide an integrated and coheren t framework for QOS con trol. The IBM Europ ean Netw orking Center has prop osed a media- scaling architecture with its transp ort system, HeiTS [6]. Most of these researc h pro jects fo cus on the QOS control in individual sessions ov er a netw ork, while this pap er fo cuses on dynamic QOS control among multiple sessions in a system. 2 A QOS-Control Server on R T-Mac h In R T-Mac h, contin uous-media pro cessing programs can b e written by using the system’s p erio dic real-time thread, which pro cesses a media data unit, such as a frame of video data, on every inv ocation. In this pap er, such threads will b e called \CM-Threads." Deadline misses of the thread can b e rep orted through a deadline p ort. Using these features, we developed an exp erimental QOS-Control Serv er shown in Fig. 1(a). When a CM-Thread is started, it registers its \QOS ? This research is conducted under the Op en F undamen tal Softw are T ec hnology Pro ject of Information-technology Promotion Agency , Japan (IP A).

Fig. 1. Exp erimental QOS-Control Server (a), and the result of QOS control (b) factor," which describ es the characteristics of the session. In accordance with the QOS factors, the server changes the p erio ds of the CM-Threads. T o judge the system load, the server monitors the deadline p orts of the CM-Threads. First exp eriment was carried out with this server using four dummy CM- Threads. 4 Thread 1 represents a session whose p erio d (QOS) is �xed to 50 msec. Thread 2 allows a change in the QOS, but requests 100 msec p erio d in the worst case. Threads 3 and 4 are high-priority sessions started during thread 2. Figure 1(b) shows the actual p erio d of each thread and system status. In this result, QOS con trol is partially achiev ed, but there are t w o ma jor problems: �rst, the p erio d of eac h thread jumps up and down b efore settling, as shown in the section b et w een 20 sec and 30 sec; and second, it vibrates even after the jump is settled. 3 OS Supp ort for E�cien t QOS Con trol The main reason for the problems is that the OS supp ort is insu�cient for e�cient QOS control. F or more e�cient QOS control, we made several extensions to R T-Mac h and the QOS-Control Server. 3.1 Extending the Real-Time Thread Mo del The largest problem in the exp eriment is the jump in the p erio d. W e found that the problem is caused by the \CA TCH UP" semantics of the p erio dic thread. Figure 2 shows the inv o cation timing and the actual execution of a p erio dic real- time thread during ov erload (hatched area) in R T-Mac h. The b ehavior of the CA TCH UP mo de is shown in Fig. 2(a). In this mo de, the inv ocation timing is decided in adv ance and is not changed. If a pro cessing unit is not �nished b efore the next in v ocation time, the \debt" is transferred to the subsequent inv ocations. 4 IBM ThinkPad 755C (9545-L, IntelD X4-75MHz) with R T-Mac h MK83g was used.

Fig. 2. Behavior of p erio dic real-time threads during ov erload So, even after the ov erload, the deadlines contin ue to b e missed until the thread catc hes up its original timing. This causes the jump in the exp eriment. In contin uous-media pro cessing with QOS control, the settlement of transient o v erload is more imp ortant than the exact inv ocation timing. Therefore, several new semantics are added to R T-Mac h, including a RESET mo de, shown in Fig. 2(b). In this mo de, the inv ocation timing is \reset" if a pro cessing unit is not �nished b efore the next inv ocation. By using the RESET mo de, we can create a thread suitable for contin uous-media pro cessing. This thread works as a p erio dic thread if the system load is light, and in b est-e�ort mo de in a (transient) ov erload situation that needs QOS control. 3.2 QOS Control Based on CPU Reserv ation By using the RESET mo de, the jump-up problem is solved, but there still re- mains the second \vibration" problem. In the exp erimen tal serv er, it is imp os- sible to av oid deadline misses. CPU utilization at times reaches 100%, and the real-time scheduler in R T-Mac h cannot schedule CM-Threads prop erly . T o solve the problem, tighter co op eration b etw een the serv er and OS is necessary . F or this purp ose, R T-Mac h’s CPU reserv ation mechanism [7] can b e used. This mecha- nism provides a new abstraction named \reserv e." Ev ery thread in the system is asso ciated with a reserve, and can gain preferen tial use of the CPU through it. Figure 3(a) shows the structure of the new QOS-Control Serv er based on CPU reserv ation. Instead of changing the p erio d of CM-Threads directly , the new server \issues" a reserve. The CPU-resource assignment to these reserves is calculated in accordance with the QOS factors. Eac h CM-Thread adjusts its o wn QOS (p erio d) to meet the restriction imp osed by its reserve. The CPU- time information in the reserve can b e used as a hin t in making this adjustment. Second exp erimen t was carried out with this new QOS-Control Server. The RESET mo de was used for the four dummy CM-Threads. As shown in Fig. 3(b), the b ehavior of CM-Threads b ecomes very stable. CPU utilization is also stable at 80%{90%, and the num ber of deadline misses is almost zero. In accordance with these exp eriments, we are now designing a new QOS- con trol mo del based on \QOS-Tick et" [8]. In this QOS-Tick et mo del, QOS con trol is achiev ed through co op eration b etw een a QOS Manager and each con tin uous-media session. The QOS-Tick et, which represents the resource reser- v ation for each session, mediates these tw o activities. The new QOS-Control Serv er based on CPU reserv ation can b e considered as a prototype of this mo del.

Fig. 3. New QOS-Control Server (a), and the result of QOS control (b) 4 Conclusion W e hav e describ ed sev eral QOS-control exp eriments with QOS-Control Serv ers on R T-Mac h. Through these exp eriments, we found that appropriate OS supp ort is imp ortan t for e�ective QOS control. F or example, the thread-mo del extension makes it p ossible to create a thread suitable for contin uous-media pro cessing, and the CPU-reserv ation mechanism gives more e�cient QOS con trol. Based on these exp eriments, we are now designing a \QOS-Tick et" mo del as a new QOS-control scheme. References 1. H. T okuda et al.: \Real-Time Mach: T o w ards a Predictable Real-Time System," Pr o c. USENIX Mach Workshop , pp. 73{82 (1990). 2. K. Kaw ac hiy a et al.: \Extending Real-Time Mach for Contin uous Media Applica- tions," Col le cte d Abstr acts 4th NOSSDA V , pp. 55{58 (1993). 3. N. Nishio et al.: \Conductor-Performer: A Middle W are Architecture for Contin uous Media Applications," Pr o c. 1st Intl. Workshop on R e al-Time Computing Systems and Applic ations , pp. 122{131 (1994). 4. H. T okuda and T. Kitay ama: \Dynamic QOS Con trol based on Real-Time Threads," Pr o c. 4th NOSSDA V , pp. 113{122 (1993). 5. A. Campb ell et al.: \A Multimedia Enhanced T ransport Service in a Quality of Service Architecture," Pr o c. 4th NOSSDA V , pp. 123{136 (1993). 6. L. Delgrossi et al.: \Media Scaling for Audiovisual Communication with the Heidel- b erg T ransport System," Pr o c. ACM Multime dia ’93 , pp. 99{104 (1993). 7. C. W. Mercer et al.: \Pro cessor Capacity Reserves: Op erating System Supp ort for Multimedia Applications," Pr o c. Intl. Conf. on Multime dia Computing and Systems , pp. 90{99 (1994). 8. K. Kaw ac hiy a et al.: \QOS Control of Contin uous Media: Architecture and System Supp ort," IBM R ese ar ch R ep ort, R T0108 , IBM (1995). This article was pro cessed using the L a T E X macro pack age with LLNCS style